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ABSTRACT 

The title glycoside, having the daunosamine structure but with amination at 

C-2 instead of C-3, was synthesized in nine steps from 2-acetamido-2-deoxy-D-glu- 

case. The sequence also provided preparative access to methyl 2-acetamido-2,3-di- 

deoxy-a-D-ribo-hexopyranoside and its 4.6-benzylidene acetal. 

INTRODUCTION 

In a quest for anthracycline antibiotics’ of improved antitumor potential, and 

as part of a structure-activity evaluation of analogs of these antibiotics, we have 

synthesized stereochemical and structural variants of daunosamine3, coupled them 

to suitable aglycons”, and subjected the products to in viva antitumor screening in 

mice . 4-b A survey of much of this work has recently been published’. Thus far, 

our results and those of others8 reveal a strong dependence on the stereochemistry 

and substitution pattern of the sugar. 

As part of this program, we set out to prepare an analog in which the 2-deoxy 

and the 3-amino functionalities are interchanged. A rationale for preparing such a 

compound is based on the activities observed with the adriamycin and daunorubi- 

tin analogs having a 2-amino-2-deoxy-P-D-glucopyranosyl substituent at O-7; they 

show activities comparable to those of the parent drugs, although at higher dose 

levels*~“. Amination at C-2’ thus does not cause inactivation. suggesting that a 2’- 

amino analog differing (from daunorubicin or adriamycin) only in the position of 

the amino group might possess high efficacy and potency. In order to prepare such 

a compound, synthesis of the previously unknown sugar constituent was required. 

The present report describes the synthesis of this novel amino sugar (the title com- 
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pound), together with a new route to its 6-hydroxylated kpimer (r~iho configu- 

ration). 

RESULTS AND DISCUSSION 

Glycosidation of 2-acetamido-2-deoxy-D-glucose (1) with methanol gave”’ 

crystalline methyl 3-acetamido-2-deoxy-D-glucopyranoside (2) as a 17:3 Ly&mix- 

ture”, benzylidenation c >f which” gave methyl 2-acetamido-l,h-O-benzylidene-3- 

deoxy-D-glucopyranoside (3) also as an anomerlc mixture. Extensive recrystalliza- 

tion of 3 from methanol gave the pure a anomer. but with unacceptable losses; the 

cy./3 mixture was used directly in the next step. Treatment of 3 with 

trifluoromethanesulfonic (trifiic) anhydride in pyridine at ---NC, with gradual 

warming to -5” during a 2-h period, gave the corresponding l-trifatrs 4 as an 
anomeric mixture in high yield. ‘This product was quite unstable until it had been 

isolated pure, and careful control ot the preparative conditions was essential for as- 

suring high yields. Recrystallization of 4 from methanol gave the pure R anomer, 

but only in low yield. because of decomposition on heating. The pure cy anomer 

was stable during storage. The observed low-field (6 5.01) signal for H-3 and the 

J,,, value (4.2 Hz) confirm the structural and anomeric assignment There were no 

products arising from decomposition of 4, although others” have observed 1.3- 

oxazolines resulting from attempts to displace sulfonate groups in 2-act’tamido-7- 

deoxy-3-O-sulfonylglycosides. 

The anomeric mixture of triflates (4) reacted with sodium benzenethioxide 

in N.N-dimethylformamide during 17 h at -5’ to gi\,e a mixture of methvl 1- 

acetamido-3.6-O-l~cnzvlicicnc-?-dcoxy-3-S-phenyl-.i-thi~~-~-~~-~~ii~~pyr~noside (5) 
and its p anomer (6). from which I could be obtaIned in 7tL-i(I’~j wield by direct 

crystallization from methanol Chromatography on silica gel na\ required in order 

to isolate 6. Both anomerc were obtained crystalline and analytically pure. Rrpeti- 

tlon of the henzenethioxide displacement-reaction with the pure tu-triflate 4 gave 

the 3-phcnylthio a-product 5 in >9OC’r yield, demonstrating that the replaccmcnt 

was essentially quantitatlce. The analvtical data for the products established that 

the triflate group had been replaced by phenylthio. Both products showed I?.3 and 

J3,J values of 3 Hz, indicating that H-3 is equatorial. that the products had the ~rllrj 

configuration. and consequently that the products arose from direct SN~ displacc- 
ment of the excellent C-3 leaving-group in 4 by the powerful PhS nuclcophile. de- 

spite the presence of a very goad, potential participating-group at C-2. Subsequent 

chemical conversions independently vrrlfied the replacement at c‘-? hk sulfur. The 

J, 2 values of 5 and 6 were 3.0 and 0.0 Hz. respectikelv. indicating 5 tc> bc the CY. and 

6 the /3. anomer. 

Benzylidene ring-opening in 5 by N-hromohuccinimlde’” gave c).Ici, of crystal- 

line methyl 3-acetamido-4-Q-benzoyl-6-bromo-7.6-dideox~-3-S-phen~l-3-thio-ru-D- 

alhpyranoside (7). characterized by spectral and elemental analysec (see Euperi- 

mental section). The H-l signal showed the expected. downfield shift ((5 3 93 for 5. 
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5.18 for 7), and the JJ,s value (10.0 Hz) indicated the ‘c,(D) conformation for 7. 
The bromine atom in 7 was replaced by iodine; the t.l,c. mobility of the resultant 
6-iodide (8) was almost identical with that of 7, but their n.m.r. spectra were 
sufficiently different to establish completion of the reaction. The product was 
characterized by n.m.r.- and mass-spectral analyses. 

Dehydrohalogenation of the iodide 8 was accomplished by the action of 1,5- 
diazabicy~lo~5.4.O]undec-5-ene (DBU) in acetonitrile, and the resultant enol ether, 
methyl 2-acetamido-4-O-benzoyl-2,6-dideoxy-3-S-phenyl-3-thio-LY-D-ribo-hex-5- 
enopyranoside (9), was obtained crystalline in 34% yield; side reactions, evident 
from t.1.c. examination, were responsible for the relatively low yield. The silver 

fluoride-pyridine elimination method15, as frequently and effectively used in this 
laboratory16 for dehydrobromination of 6-bromo-6-deoxyaldose derivatives, was 
found unsatisfactory for converting the bromide 7 into the alkene 9; possibly, the 
sulfur atom present in 7 interferes with the reaction. The terminal, alkene function- 
ality in 9 was readily evident from the n.m.r.-spectral lines for H-6,6’ (broad 
singlet at 6 4.49) and H-4 (doublet at 6 5.75, showing fine, allylic coupling). O-De- 
benzoy~ation of 9 by the method of Zemplen gave the crystalline 4-hydroxy analog 
10 in 84% yield; an upfield shift of H-4 (to 6 4.65), together with i.r.- and mass- 
spectral data, helped to characterize compound 10. 

Hydrogenation of 10 in the presence of Raney nickel gave an - 12: 1 mixture 

of methyl 2-acetamido-2,3,6-trideoxy-p-r.-lyxo-hexopyranoside (11) and its a-D- 

r&o isomer, as indicated by the ‘H-n.m.r. spectrum of the mixture. Column 

chromatography on silica gel gave the pure L-fyxo isomer 11 crystalline in 27% 
yield. The ‘H-n.m.r. spectrum of 11 showed that both reduction of the 5,6-alkene 

and hydrogenolysis of the phenylthio group had occurred. The success of the con- 

version l&-+11 is noteworthy, as hydrogenation of alkenes in the presence of 

Raney nickel is commonly supposed to be precluded when thio groups are present 

in the molecule. 

The stereochemistry at C-5 of product 11 could not be unambiguously deter- 

mined, as the H-4 and H-5 resonances were coincident. A downfield shift of H-4 

was observed, however, upon conversion of 11 into its 4-0-acetyl derivative 12, al- 

lowing determination of Jj,g (2.0 Hz), Jse,4 (3.0 Hz), and J3a.4 (4.0 Hz) on a first- 

order basis. The small values of the coupling constants observed are consistent only 

with the ‘C, conformation as the preponderant chair-form for 12. It was conciuded 

that 12 and, therefore, 11 must have the L-lyxo configuration (and not the D-ribo 
configuration), because the latter compound would undoubtedly favor the “Cr con- 
formation”; the ‘C, conformation would be strongly destabilized by N-2-0-4 syn- 

diaxial interactions, by the bulk of an axial methyl group at C-5, and by an unfavor- 

able, anomeric effect. 

The high stereoselectivity achieved in the reduction of 10 is consistent with 
results of catalytic hydrogenations of other hex-5-enopyranosides”-I*. Studies 

have shown that catalytic reduction of a-hex-5-enopyranosides gives, either exclu- 
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sively or mainly. the I. enantiomers. whereas reduction of ~-hex-~-cnopyranosidcs 

gives mostly the 1) enantiomers. 

It was not possible to rcvcrse the order of the debenzoylatlon and Raney 

nickel-reduction reactions. because hydrogenation of 9 did not lend to the l-O-ben- 

zoyl derivative of 11. but afforded. instead, methyl 2-acrtamido-2.3.4.6-tet- 

radeoxy-lu-I>-g/~c~c~~~A~ex-A-enopyranoside (13). I’hc structure of 13 was deduced 

from ‘H-n.m.r.- and mass-spectral data. The n.m.r. spectrum indicated loss of the 

benzoyl and phenylthio groups. and the prcscncc of only four ring-protons. plus 

the anomcric proton. together with an allylic methyl group (A 1.75). i.oss of the 

phenylthio group undoubtedly resulted from simple hydrogenolysis. Removal of 

the benzoyl group and rearrangement of the double bond, on the othrr hand. ma) 

be envisaged as proceeding through a six-membered. transition slate. in which ;I 

single molecule of hydrogen simultaneously effects hydrogenolysis of bcnzoate and 

rearrangement of the double bond. 

The 3-(.phenylthioM.h-bcnzylidene acetal 5 reacted with freshly prepared 

Raney nickel to give. in 67% yield. the known methyl 2-acetamido-2.5dideoxy-cw- 

t+ribo-hexopyranosidel” ” (14). This reaction further verified the \tructural as- 

signment of 5. If the Raney nickel used in this reaction was not fresh. hydro- 

genolysis of the 4,6+enzylidene acetal did not occur. and methyl 2-acctamido-3.6 

O-benzylidene-2,3-dideoxv-ru-n-ribr,-hex(~pvran(~sidc (15) was obtained. C’om- , 
pound 15 was characterized by comparison with published values. I’hc structural 
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assignments of 14 and 15 were also supported by the observation that reaction of 

14 with c-u+-dimethoxytoluene gave 15. 

The preparation of 14 from 1 by the preceding procedure provides a practical 

route to this compound. As with the method of Haskell et al.‘“, the essential fea- 

ture is deoxygenation at C-3 by the three-step sequence of triflation, displacement 

by sodium benzenethioxide. and hydrogenolysis. The method just described re- 

quires fewer manipulations of the protecting groups, although the net yield re- 

ported by Haskell et al. ” was higher. Both methods offer fewer steps and higher 

yields than that used by Brewer and Guthrie’” and Kitahara et al. “. They prepared 

14 from 15 (obtained, in turn, from methyl a-D-glucopyranoside) in eight steps by 

the method of Rosenthal and Catsoulacas”. 

Preparation of the target glycoside 11 by the route described here is simple 

and effective, despite two relatively low-yielding steps. The sequence demonstrates 

that a phenylthio substituent. introduced to effect eventual deoxygenation, does 

not interfere with the inversion at C-5 via the 5.6-alkene. 

EXPERIMENTAL 

General methods. - Evaporations were performed under diminished pres- 

sure at 40”. Melting points were determined with a Thomas-Hoover “Unimelt” ap- 

paratus and are uncorrected. Perkin-Elmer models 141 or 241 polarimeters were 

used for measurement of optical rotations. 1.r. spectra were recorded with Perkin- 

Elmer model 457 or “Infracord” spectrophotometers. N.m.r. spectra were re- 

corded by Herman Flynn at either 200 or 300 MHz with a Varian XL-200 or a Vari- 

an SC-300 spectrometer; the results are summarized in Table I. Mass spectra (elec- 

tron impact, 70 e.V.) were obtained by C. R. Weisenberger with an AEI MS-9 

spectrometer or by Jack Smith with an LKB 9000 spectrometer. Fragment assign- 

ments and notations are based on the work of Chizhov et al.23. Thin-layer 

chromatography (t.1.c.) was performed on silica gel GFzsj (Analtech) plates; de- 

tection was by U.V. light or with ceric sulfate (l%)-sulfuric acid (10%) spray. Col- 

umn chromatography was conducted with silica gel (E. Merck, No. 7734, 70-230 
mesh). Solvent volumes are v/v; petroleum ether refers to fractions boiling at 3& 

65”; ether refers to diethyl ether. Microanalyses were performed by W. N. Rond or 

by Jane Wu and her associates. 

Methyl 2-acetamido-2-deoxy-3-O-tri~uoromethylsulf(~nyl-~,P-~-glucopyra- 
noside (4). - Trifluoromethanesulfonic anhydride (10 mL, 18 g, 62 mmol) was 

added to a solution of methyl 2-acetamido-4,6-0-benzylidene-2-deoxy-a$-D- 

glucopyranoside (3; 10 g, 31 mmol) in pyridine (300 mL) at -20” under nitrogen. 

The mixture was allowed to warm during 1 h to -5”, and kept at that temperature 

for an additional 1.5 h. T.1.c. (9: 1 toluene-methanol) showed essentially complete 

conversion of the anomeric alcohols into their corresponding. faster-moving tri- 

flates, the LY and p anomers of both 3 and 4 being clearly differentiated in this sol- 

vent system. The mixture was poured into ice-water, and the resulting precipitate 



I-. F. (;Al.i..ACiHF.R. D. HORTON 232 



METHYL 2-ACETAMIDO-2,3,6-TRIDEOXY-P-L-/&w-HEXOSIDE 233 

was collected by vacuum filtration, washed with water, air-dried for 2 h, and dried 

in vucuo over calcium sulfate for 18 h. This product (14 g) was used without further 

purification in the next step. An analytically pure sample of the LY anomer (faster- 

moving in t.1.c.) of 4 was obtained by recrystallization of a portion of the crude 

product from methanol; m.p. 135” (dec.), [a]$ +20.2” (c 0.74, chloroform); v::; 

3300 (NH), 1670, and 1530 cm-’ (NHCO). 

Anal. Calc. for C17H1-OF3NOsS (455.36): C, 44.84; H, 4.43; N, 3.08; S, 7.04. 

Found: C, 45.05; H, 4.67; N, 3.03; S, 6.88. 

The course of the triflation reaction was especially sensitive to the conditions 

employed. Under the conditions described here, complete conversion of 3 occur- 

red within -2.5 h, without significant formation of side products. However, if the 

reaction was not processed immediately, decomposition began to occur; even with 

immediate isolation. various degrees of decomposition were noticed. The isolation 

procedure that minimized decomposition involved pouring the mixture into ice- 

water, immediately collecting the precipitate, and washing it with a copious 

amount of water. The product, at this point, could be dried. and stored for several 

days without further decomposition. 

Methyl 2-acetamido-4,6-O-benzylidene-2-deoxy-3-S-phenyl-3-thio-a- (5) and 
-P-D-allopyranoside (6). - Benzenethiol (21 mL, 24 g, 0.22 mmol) was added 

dropwise to a suspension of sodium hydride (50% in mineral oil; 7.4 g, 0.15 mol) 

in NJ-dimethylformamide (200 mL) at 0” under nitrogen. The mixture was stirred 

for 2 h at room temperature, and then cooled to 0”. A solution of the crude triflate 

4 (14 g, 0.31 mol) in N./V-dimethylformamide (50 mL) was added in one portion to 

the cooled solution of sodium benzenethioxide, and the resulting solution was al- 

lowed to warm gradually to room temperature during 12 h. T.1.c. (9:l toluene- 

methanol) showed conversion of the anomeric triflates into 5 plus 6, which gave a 

single, faster-moving spot in t.1.c. in this solvent system. The mixture was diluted 

with toluene, successively washed with water, 5% aqueous sodium hydroxide, and 

water, dried (sodium sulfate), and evaporated. The residue was triturated with pe- 

troleum ether, to yield a light-yellow solid consisting of a mixture of the anomers 

5 and 6, as indicated by t.1.c. (resolution of 5 and 6 in t.1.c. was effected by using 

100: 1 chloroform-methanol as the eluant; the LY anomer 5 was the faster-moving of 

the two products). Recrystallization of the mixture from methanol gave pure 5; 

yield 2.6 g (20%); m.p. 183-184”, [a]: -70.9” (c 0.8, chloroform); ~m”,“x’ 3300 

(NH), 1650, and 1550 cm-’ (NHCO); m/z: 415 (Mk), 356 (Mk - NH*Ac), and 

266 (h,). 

Anal. Calc. for C72H25N05S (415.50): C, 63.60; H. 6.04; N, 3.37; S, 7.72. 

Found: C, 63.74; H, 6.29; N, 3.40; S, 7.46. 

A sample of pure 6 was obtained by evaporating the mother liquors, subject- 

ing the residue to column chromatography (200: l-150: l-+100: 1 chloroform- 

methanol), and recrystallizing the chromatographed product from methanol; m.p. 

224-225”, [a]2 -163”; m/z: 415 (M’), 383 (M.+ - 0CH3), 356 (M” - NHzAc), 

and 325 (383 - NH,Ac). 
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Anal. Caic. for CL~H,5N05S (315.50): C’. h3.60: H. 6.01: N. 3.37: S. 7.72. 

Found: C. 63.71; H.6.15: N. 3.33: S. 7.74. 

Methyl ~-c~~rlrrmido-1-C~-ht~n;r~yl-fi-hrorno-E,6-ciid~~t~ ~~-.~-S-i’l7t,w~i...~-l~7i(~-i~- 

D-allop~ranosint~ (7). -..---. N-Hmmosuccinimide (2.5 g. 13 mmc>l) and barium c;\I-- 

honate (2.5 g) were added to ;I solution of 5 (5.5 g. 1.; mmol) in carbon tcl- 

rachioride (100 ml_) and I.1.2.3-tetrnchiorocthane (50 ml_j. 1 hc mixturr was 

heated for 2 h at 80L. during lvhich time the initially ~olorlcs~ solution IWXIT~~ suc- 

cessively yellow, red. and faint yciiow. ‘I’.l.c. (2: ! chloroform-;lsctl,nc! show~~l 

complete conversion of 5 into a single. faster-migrating: produc’l. I‘hc cooled mix- 

ture was diluted with dichiorc.,methane, and the barium salt\ wcrc rcrn~~cd by V:IC’- 

uum filtration. The fiitratc was washed with SC:.;. queous sodium tl~lirog~11c;Irt~tl- 

nate, and evaporated. ‘The residue wa:, vacuum tilterect through :J IXK~ of silica ccl 

with Y: 1 dichioromcthunc-,-cttler. Evaporation of’thr: liltratr pa\ I‘ f ah ;I r‘hromatop- 

raphicaily pure, whirc solid; yield 6. I g (Y35). Kecr)~taliizaticrn 01 it portion from 

methanol gave analytically pure 7; m.p. t36-~l.J?‘. l~)i, --!7.(i” (L. 0.52. 

chloroform): v,F::E’ 3400 (NH). 1750 (cstcr CO). lf170. and 152li cm ’ (N~KWj; 

m;‘z: 497 (M.’ + -lj. -Pi6 ikl.’ i- 3). IO.5 (M.’ -A L’ ). 3Y4 ( h1.I -+- I I. 303 ( M .j ) . 

371 (B!). 352 (A,:!j. _Wl ;,A-]). 37-I (C‘.~~. 7111 ((_‘:i), ?!,2 (Eii. ?.?Ci 1 A,i’!. 2nd ?iU 

(E,‘). 

Anal. Chic. for C,7213.,i3rNOsS (,41)4.-k)): C. ?;.?I: Ii. 4.h9: N. Z.&j; 5. h.JK. 

Found: C, 53.31; H. -1 99: ?G. 2.67: S, 6.41. 

Methyl 2-c~rr~rrtni~io-l-~.>-bt~t~~~t~l--7.6-~ii~iuo.r~~~~6-ir~tl~~-.1’-S-p~~t~~~~l-.~-tirio-tu-t~- 
alfopyratwside (8). -- A mixture oi 7 (2.5 g. 5. I mrnoi~ anti sodium iodide (3.X F. 

2.6 mmoi) in ;~.N-dimcthplfl~)rm~~~~~~ie (25 ml...) wa\ heated for .i ~!:i>s at YO”. ‘I‘.l.c. 

(Y: I totuene-methanol. 2: 1 chloroform--a:rrtonc. or 1 : I c:?I! 1 2Cct.ltc--hc’lan< 1 L L 

misleadingly did not give any indication that a Ictaction had ock.urrrtl. The cooled 

solution was evaporated. the residue was trituratrd with dich!ilromcth;ltlc. undis- 

solved salts were removed by vacuum filtration. and the filtrate wa> t:r:aporated tc, 

a brown syrup that was subject& to column chromatopraph) (’ 1 : 1 c>thyi acetate-. 

hexane). Fractions containing pure matenal were combined. and ctap~atcd. to 

give a white solid; yield 1 .X g (67%); tn/z: 532 [Mf-,I. .$I!(! (M ! -. PhCO,1\; b, 300 

(AZ”), 3X8 (A?‘). 372 (X:,7’). 310 ($20 - PhSH). 3X0 (Hc ‘1. and 2hO (M.’ - OCH,, 

- PhSH - CH21). 

M&y1 ~-act~~trtnir~o-~-C~-b~~r~~~~~~l-3,3-tii~eo.rv-.~-S-~~h~~t~~l-.~-thrtr~-rt-~~-~r~~hrr,- 
he.r-.~-etropy~crtiosirle (9). .-- 13ia7.ai,icl;clo[5.4.l))ur;d~c-~-en~ ; i>Rk :: (i.c)?. ml._. ().Yl 

g. 6.0 mmol) was added to a solution of I) ( I .h g. 3.i.) mmoi) in acctonitrile (50 mI.1. 

and the solution was kept for 3 days at room temperature. T.1.c. (1: I c>thyi awtatt~--- 

hexane) showed the formation of 9 (slower-moving), together with ;I small amount 

of material that co-migrated with the starting iodide and some ncmmlgrating matr- 

riai. The reaction was continued for two additional days. T.1.i.. showc~i no pcrccpti- 

ble change in composition of the mixture. The solvent was rvaporatrG. and the rc’- 

sidue vacuum-filtered through a pad of silica gel (ether) to rcmovc t?:isc-iinc mart‘- 

riai and color. Evaporation r>f the cluate. followed by crystaiii7ation L~f the rcciduc 
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from methanol, gave 9 as white needles; yield 0.42 g (34%); m.p. 166-167”, [LY]~ 

-96” (c 0.5, chloroform); v~~~‘~ 3500 (NH), 1740 (ester CO), 1670 (amide I, 

C=C), and 1520 cm-’ (amide II); m/z: 413 (My), 304 (M+ - SPh), 292 

(M” - PhCO,,.), 259 (M.+ - PhC02H - CH,OH), and 182 (292 - PhSH). 

Anal. Calc. for Cz2Hz3N0$ (413.49): C, 63.90; H. 5.61; N, 3.38; S. 7.75. 

Found: C. 63.45; H, 5.58; N, 3.38; S. 7.72. 

Methyl 2-acetamido-2,6-dideoxy-3-S-phenyl-S-thio-a-D-erythro-hex-5-enopy- 
ranoside (10). - A catalytic amount of sodium methoxide was added to a solution 

of 9 (0.50 g, 1.2 mmol) in abs. methanol (25 mL). and the mixture was kept for 18 

h at room temperature. T.1.c. (2: 1 ethyl acetate-hexane) showed disappearance of 

starting material and formation of a single, slower-moving product. The solvent 

was evaporated, the residue was dissolved in dichloromethane, and the resulting 

solution was washed with water, dried (sodium sulfate), and evaporated. The re- 

sidue was triturated generously with petroleum ether and sparingly with ether, to 

give 10 as fine, white needles; yield 0.31 g (84%); m.p. 147-148”, [a]: + 13” (c 1 .O, 

chloroform); vrnax CHC” 3450 (OH, NH), 1670 (amide I, C=C). and 1510 cm-’ (amide 

II); m/z: 309 (Mk), 277 (Mt - CH,OH), and 259 (277 - H20). 

Methyl 2-acetamido-2,3,6-trideoxy-P-L-lyxo-hex~pyranoside (11). - Raney 

nickel (W. R. Grace. No. 28; 5 mL) was added to a solution of 10 (0.25 g, 0.81 

mmol) in abs. ethanol (25 mL). The mixture was stirred in a stoppered flask for 

18 h. T.1.c. (9: 1 chloroform-methanol) then showed formation of two closely mig- 

rating, slower-moving products, the faster of the two being 11. and the other. its 5- 

epimer. T.1.c. also showed the presence of a third, even slower-moving, product. 

The mixture was stirred for 18 h under a stream of hydrogen. T.1.c. still showed the 

presence of 11 and its 5-epimer, but the third product had disappeared. The mix- 

ture was filtered, and the catalyst was washed with ethanol. The combined filtrate 

and washings were evaporated, and the residue was subjected to column 

chromatography (50: 1 and 25: 1 chloroform-methanol). Fractions containing only 

11 were combined and evaporated. The product was obtained as a white solid; 

yield 45 mg (27%); m.p. 107-llO”, [(Y]E +31” (c 0.78, chloroform); Vale” 3450 

(OH, NH), 1670, and 1530 cm-’ (NHCO); m/z: 185 (M’ - HzO) and 171 

(My - CH,OH). 

Other fractions from the column contained additional 11 in admixture with 

its 5-epimer. 

Anal. Calc. for CgH17N04 (203.24): C, 53.19; H, 8.43: N, 6.89. Found: C, 

52.74; H, 8.30; N, 6.54. 

Methyl 2-acetamido-4-O-acet)‘I-2,3,6-trideoxy-~-~-lyxo-hexopyranoside (12). 
- Acetic anhydride (0.5 mL) was added to a solution of 11 (20 mg. 98 pmol) in 

pyridine (5 mL), and the mixture was kept for 18 h at room temperature. T.1.c. 

(25: 1 chloroform-methanol) then showed complete conversion of 11 into a single, 

faster-moving product. The excess of acetic anhydride was decomposed by the ad- 

dition of water. The resulting solution was evaporated, and remaining traces of 

water and acetic acid were removed by co-evaporation of toluene from the residue, 



which was then dried ltz \‘UCZU over phosphorus ptlntaoside, 10 gore chromato- 

graphically pure 12 as a clear syrup: yield 71 mg (07”; ): kz. _‘I4 iM .’ - OCHI) 

and 186 (M.’ - CH,COJ.). 

Alrthyl 2- rtcr~tc~mirln-~,3,3,6-tc~trr~deo.\-~-tz-~~-gl~cero-lri~r~J-c~r~opvrarro.viti* 

(13). -- Raney nickel (Lz’, R. Grace. No. ;Iti: :! mL) was added tci :i \olution of c) 

(0.70 g. 0.48 mmol) in ahs. ethanol (75 mL). and the mikturt‘ uas btirred 111 ;i \top- 

pered flask for h h. T.1.c. (2: 1 ethyl acetate-hexane) then indicntrd cc)mplrte disap- 

pearance of starting material. and the formation of ;I single. blower-moving prod 

uct. The mixture was filtered, the catalvst wa+ed wrth ethanol. the tiltratc c\ ape- 

rated, and the residue dissolved in methanc~l to v hich silica gel had hccn ad&d. 

The methanol wa\ evaporated. and the impregnated \~lica 9’1 \v:I\ ;~pplled to :I curl- 

umn of silica gel that wab elutrd with 2: I cthvl Ltcctntc‘~hc\:tnc”. Evap~~ration of 

fractions contaming onlb 13 gabe :I white. arnorph~xl< ~>lrc!. !itllci <I) mg (56”;): 

WZ/Z: 1X5 (bI,+). I53 (M.’ - CHTOH). 196 (M;’ - NH;Ac). :iltd “F (17h - 
0(‘H3). 

Methyl L-acrtur~~itio-_7,.~-d~d~~~.~~:-~x-~-ri~~~-~~~~.~~~p~~~~~t~o.~id~~ ( 1-i). ~~~ Kant\ 

nickel (15 mL. freshly prepared as described lor de>ulfurizitic~n rcactionS”l \v;is 

added to a \usprnsion of compound 5 (7.0 g, 4.X mmol) in mctltan~>l i $0 ml ). and 

the mixture was shaken for i h at room tcmpcraturc ‘I‘.1 L (‘1 I hcn7enc-~- 

methanol) showed complete disappearance of 5. and formatlc>rl I)L ;I >fn$c. slower- 

moving product. The mixture was liltcrcd, and the nickc! was t\.i\hcit with a large 

volume of methanol. Evaporation ot the combined tijtratc and mashings ga\c I-l a\ 

a white, crystalline solid; yield 0.70 g (67“; ): m.p. 105-131 I-. Rccr~st,rlltz~~tion front 

ethanol gave analytically pure 1: m p 114-715” (lit.“’ m.p. Z1 1 112 lit.“’ m.1) 

X-2 IO”). 

iltzrrf. Calc. for C,,H,.NO, (119.1-t): c’. 19)..31; H. 7.812: N. TV.%. Found: (‘, 

49.1’: H, 7.61: N. 6.75. 

Me thy1 17-trc~c~tntr7ido-~.6-O-hrtz~\-~li~ict7e-.!,.i-tiidr~c~.~-~~-~-f~-r-rbt~-i71~.\-r~p~~~1rf7o- 

side (15). - A solution of 14 (0.25 g, I. 1 mmol). era-dimethou! toiucnc (0.10 g. 7.h 

mmol), and p-toluenesulfomc acid monohydratc (0 02 g) III dr\ .1’.,V”ciirnethvlf(lr-- 

mamide (10 ml_), in LL 25ml.., round-bottomed Mask equipped with ‘\II air-cooled 

condenser attached to ;I \\ister aspirator, was strrrcci lor .: h at 75 I .I c. (9: I hcn- 

zene-methanol) then shvucd complete conversion ot starting mutcri;ll int<, a \ingltb 

faster-mkng product. The mixture MS poured. with mechanical starring. into ;I 

10% aqueous solution of <odium hydrogensulfite (50 mI_). Aftt_r k>cing \tlrrcd for 

I h, the initially gummy precipitate settled as a finely divldrd. amorphous ~hd. 

The product was collected by vacuum filtration. &mashed with icater. and dried ttz 

VCICUO over phosphorus pentaoxidc: yield 0.77 g ( 77rJ ). Rrcr\~\talliz;ttlon from 

oxolane-petroleum ether gave analytically pure IS: m.p. 122’ (drc.). [~]i;” +-.S I. 1” 

(c 0.86. chloroform); lit.‘” m.p. 715” (subl.). 1~1~) +55.5’ (r, o.u~): III.‘! m.13, _~:ilc 

(subl.), [a],, +53.-F (c. 1 .O). 

i-l&. Calc. for C,,,H,,N05 (307.31): C. 611.53: H. h.SO; N. 4.5h. Found: (‘. 

63 55: I-l. 6.86: N, 4 -I? 
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