
Carbohydrate Research, 136 (1985) 325-334 
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands 

SYNTHESIS AND HYDROGENATION STUDIES OF 3-AZIDOHEX-2- 
ENOPYRANOSIDES, PRECURSORS OF THE SUGAR CONSTITUENTS OF 
ANTHRACYCLINE GLYCOSIDES 

JOACHIM THEEM* 

Organisch-Chemisches Irzstitut der Westf&schen Wilhelms- Vniversitzit Mkzster, Orlkans-Ring 23, D-4400 
Munster (Federal Republzc of Germany) 

ANDDIRKSPRINGER 

Institut fiir Organische Chemre der UniversztiEt Hamburg, Martin-Luther-King-Platz 6, D-2000 Hamburg 
13 (Federal Republzc of Germany) 

(Received June 12th, 1984; accepted for publication. October 20th. 1984) 

ABSTRAff 

AppIi~ation of the allylic azide rearrangement~~-iodosuccinimide glycosyla- 
tion procedure to 3,4-di-O-acetyl-L-fu~al gave exclusively benzyl 4-O-acetyl-3- 
azido-2,3,6-trideoxy-2-iodo-rY-r_-idopyranoside. A simiiar reaction of 3,4-di-O- 
acetyl-r_-rhamnal gave both the corresponding L-ah-o (12) and L-manno glycosides 
(14) in the ratio 4: 1. Deacetylation of 12 and 14 and oxidation of the products with 
pyridinium dichromate also caused the elimination of hydrogen iodide and gave 
crystalline benzyl 3-azido-2.3,6-trideoxy-a-r.-glycero-hex-2-enopyranosid-4-ulose 
(18). Reduction of 18 with sodium borohydride at low temperature gave benzyl 
3-azido-2,3,6-trideoxy-a-L-erythro-hex-Zenopyranoside (19). The crystalline 
mesylate of 19 was treated with caesium propionate, and the product 22 was 
saponified to give benzyl 3-azido-2,3,6-trideoxy-a-L-threo-hex-2-enopyranoside, a 
suitable A unit precursor for the sequential synthesis of class 11 anthracycline 
oligosaccharides. The stereospecific farmation of the 3-a~etamido-2,3,6-trideoxy-ff- 
L-glycosides with the r&o or xylo configurations could be achieved by reduction of 
19 and 22, respectively, with sodium borohydride. 

INTRODUCTION 

Anthracycline antibiotics, such as daunorubicin and the less toxic adriamycin 
(class I anthracycline glycosides), are widely used in the treatment of a variety of 
human tumoursiJ. A severe side-effect of adriamycin is cumulative dose-dependent 
cardiotoxicity3. Recently, clinical interest was developed in the oligosaccharide 
analogues (class II anthracyciines), e.g., the aclacinomycins3-6 or marcellomycin7-x. 
Structure-activity correlations for various class I and class II species gave evidence 
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of the enhanced activities and potencies of the latter”. ;I\ well a:, rcducctl 

cardiotoxicity2. 

We have described”‘,” different approaches to the synthesis of the terminal 

C-R disaccharides and modified derivatives of class II anthracyclinc trisaccharidcs 

of the cinerubin and aclacinomycin type. Other groups have also developed pnth- 

ways to the preparation of disaccharide compoundsl’ -14. and Monnrrct et af Ii and 

welh have recently reported the first synthetic approaches towards the trisaccharide 

units. 

The problem in the sequential construction of a C-B--A trisaccharidr unit by 

any glycosylation procedure involves the low reactivity of the axial HO-3 in the 

essential I_vxr> derivatives. Accordingly, it was necessary to ha\-c an appropriate 

precursor for the 3-amino-2.3.6trideoxy unit A. Ideally suited to fulfil these 

requirements would be a dihydropyran derivative containing an allylic alcohol 

function with enhanced nucleophilicity and reduced stcric congestion. and we now 

report on the synthesis of such compounds. 

RESULTS AND DISCUSSION 

Previously. we have applied the combined azidelN-iodosuccinitnide proce- 

dure for the synthesis of 3-amino-2.3.6trideoxy-cll-glycosides, which represent the 

type of sugar unit attached to the tctracyclic aglycon17. Because these sugars (c’.s,, 

daunosamine and rhodosamine) have the L-ixso configuration. the synthesis was 

started from 3.4di-O-acetyl-I.-fucal (1). Reaction of 1 with sodium azide in the 

presence of boron trifluoride ctherate was expected t:.lh to give the intertnediatc 

4-O-acetyl-cu- (3) and -p-r.-dzr-c>o-hes- 2-rnopyranosyl azlde:, (5). hvhich should 

equilibrate with 7 and 9. respectively, involving a (?.3]sigmatropic rearrangcmcnt 

On treatment of this mixture with N-iodosucclnimide and henzyl alcohol, the enol 

ether derivatives 7 and 9 should be markedly more reactive than the olctinic dcriva- 

tives 3 and 5, resultkg in displacement of the equilibria and the formation of the 

glycosides I1 and 13. IElowt’vct 1 reaction at low temperature gave cuclus~vely hcnzyl 

~-U-acetyl-3-~azido-2,~,6-trideoxy-3-lodo-rw-l.-idopyranoside (11) in 35% yield. 

Whereas the coupling constant I:~3 9. I indicates that 11 prcfercntially adopts the 

%,(I~) chair conformation. J, J 5.7 as welt as J,,, 7.0 point to some dktclrtion. The 
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cu-I.-tale 3-epimer 13 could not be detected and the stereospecific formation of 11 

suggested the exclusive preliminary formation of 3. The outcome of this reacticln 

implie\ that the projected approach to 3-amino-9.3,h-tricleoxy-!.-~~~~~ derivatives 

cannot he followed (cl: ref. IOj. 

OBn OBr, 

13.14 

1 3,5,7.9,11 13 R' = 1 R' -: ')AC 

2.4,6,8.10 12.14 K' - CA‘ H = H 

Attention was then turned to 3,+di-0acetyl-r>-rhamnal (2). since inversion 

cf configuration at C-4 leads to the desired L-Iyxu series. Treatment of 2 as de- 

scribed above for 1 pave the N- (4) and p-t.+@zro (6) azides which equilibrated 

with the 3-azido-t-rib (8) and -I.-rtrclhino-glycals ( 10)iiJ'. respectively. Trcatmcnt 

of the equilibrium mixture of 4, 6, 8, and 10 with N-iodosuccinimide and benzyl 

alcohol gave the a-I.-dtro (12) and a-L-rnunno (14) glycosides in the ratm 4: 1 (70% 

combined yield). The syrupy minor L-~~anrzo compound 14 showed coupling con- 

stants which indicated the expected ‘C,(L) conformation. However. the crystalline 

I_-ultra derivative 12. in solution in chloroform at room temperature, showed a con- 

formational equilibrium of the Y’,(r.) (12a) and ‘C’J I ) (12b) conformations in the 

ratio -‘. _.3, as deduced from the coupling constants (.I,,- 3.1. J,,, 5.h. yll., 3.6. and 

.I, ‘; 7.5 Hz). 
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Unfortunately, only the minor isomer 14 was suitable for the planned 
synthesis. Zemplen transesterification of 14 and oxidation of the product with 
pyridinium dichromate*l surprisingly gave crystalline benzyl3-azido-2,3,6-trideoxy- 
cr-L-glycero-hex-Zenopyranosid-4-ulose (18) in good yield. The structure of this 
quite unusual cr-carbonyl-stabilised vinyl azide (azido-enosidulose) became evident 
from the ‘H-n.m.r. spectrum which contained resonances for only three ring 
protons, that for H-2 being at low field indicating an olefinic sugar. The 13C-n.m.r. 
spectrum contained signals for cy-alkoxy (C-1,5), olefinic (C-2,3), and carbonyl 
(C-4) carbon atoms. The presence of the azide group was indicated by the i.r. 
absorption at 2100 cm-‘. 

12 + 14 

OBn OBn 

15 16 

/J 1 
OBn 

HO N3 N3 

17 18 

-Thus, after oxidation at C-4 to give 16, H-3 could be abstracted easily by the 
base in the oxidation reagent to give, after truns-elimination of hydrogen iodide, 
18. Similar treatment of the a-L-&-o 3-epimer 12 also gave 18. This result can be 
understood by a primary oxidation at C-4 to give 15. which enolised with base to 
yield the enol (17) of 16 which then lost hydrogen iodide to give 18. Thus, there 
was no need to isolate 12 and 14, and the mixture could be converted directly into 
18. 

Borohydride reduction of the carbonyl group in 18 at room temperature in 
ethanol was stereoselective, the labile, syrupy a-L-erythro derivative 19 and its Q-L- 

three epimer 21 being obtained in the ratio -7:2 (70%) and isolated by chromato- 
graphy. The structures were assigned on the basis of the ‘H-n.m.r. data. Thus, 19 
showed an allylic coupling (J2,4 1.4 Hz) and a large Jd,s value (8.8 Hz), whereas 21 
showed a small J4,s value (2.2 Hz). Borohydride reduction of 18 at -20” yielded 19 
exclusively. 
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The inversion of configuration at C-4 in the a-L-erythro compound 19 could 

be effected by treatment22 of the crystalline mesylate 20 with caesium propionate in 

N,N-dimethylformamide at 60”, which gave an almost quantitative yield of the crys- 

talline a-L-three 4-propionate 22. The a-L-threo derivatives 21 and 22 are precursors 

for unit A of anthracycline oligosaccharides and, in contrast to the a-~4~x0 com- 

pounds, contain a sufficiently reactive secondary allylic alcohol group for glycosyla- 

tion reactions. Their synthesis involved seven steps and an overall yield of 23% 

from 2. 

RO 
- 

N3 N3 
19 R=H 21 R-H 

20 R=Ms 22 R=EtCO 

f 

OBn OBn 

23 24 

RO 

25 R-AC 

26 R=EtCO 

T Ti 
OBn 

\ 

T 

ycp$n * Me+--& e Et;owBn 
NH 

E+:o 
NH2 iI 

NH 

27 0 28 29 

Although glycosylation reactions with 21 gave trisaccharides16, it was 

necessary to demonstrate the conversion of the vinyl azides into the saturated 3- 

amino derivatives. Hydrogenation of 22 using various heterogeneous catalysts was 

unsuccessful. Pressure hydrogenolysis of a solution in 1,Cdioxane over Pt/C at 

room temperature for 24 h gave, after acetylation and a tedious work-up procedure, 

only 22% of benzyl 3-acetamido-2,3,6-trideoxy-4-O-propionyl-a-L.xylo- 
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hexopyranoside (26) together with 6% of the epimcr 23. Hydrogenolysis of 22 

should lead to the intermediate enaminc 24 which can renrrangc into the, pre- 

sumably, more-stable acyloin-type cnamine 28. This intermediate should hc rn 

equilibrium with the imines 29 and 27, which will add hydrogen exclusively frclm 

the less-hindered side (“below”), and N-acetylation would then give 26 and 23. The 

low yields may be due partly to hydrolysis of the intermediate enamincs atr detected 

by t.1.c. 

An effective and much simpier reduction of 19 could be achieved with sodium 

borohydride in boiling ethanol. Acetvlation of the product gave only the 5 

acetamido-cY-I_-rihc, derivative 23 (ben7yl N-acetyl-O-rrcetyl-ru-l-rlstosaminitJe) in 

acceptable yield. Similarly, reduction of the u-I.-f/rrro compound 21 gave the i- 

acetamido-cx-r.-,ry1o derivative 25 cxclusrvely. which is ;I 3-cpl-dallnc,~aminide. 

Applications of the above procedures in the synthesis t~f tricar~charide deriva- 

tives’” are presently being investigated 

ESPERIMFNTAI 

Chzeral. - Reactions were monitored by t.1.c. on silica grI 60 CiF:,, (Merck) 

with detection by U.V. light or charring with sulfuric acid. Prepar:itive t.1.c. (0.115 

mm and OS-mm layers with and without a concentrating zone) was also done on 

Glica gel 60 CJFJsJ. Silica gel 60 (Merck) was used for column chromatography. 

Meltmg points were determined with a Leitz melting-point microscope or a Mettler 

FP-61 apparatus, and are uncorrected. Optical rotations ( I-dm path length) were 

recorded at 589 nm with a Pcrkin-Elmer X1 polarimeter. ‘H-N.m.r. spectra (intcr- 

nal Me,??) were recorded at 271) (Rruker WI-l 770) or 100 MHz (Hrukcr WM 300). 

and “C-n.m.r. spectra were recorded at 30.15 MHz (Hruker WP 80). Microanalyses 

were performed by Analvsen~rbteilung, Institut fair Organrschc (‘henlie. lJniversit;it 

Hamburg. 

BerzzJl 4-O-ucet~l-.~-a~i~it~-~,3,6-trrdrc~x~-~-ioclo-cu-l.-inop!’rrrl~~~.si~~e (11). - A 

solution of 3.~-di-O-acetyl-r.-fucal (1: 100 mg. 0.37 mmol) and sodium azidc (95 

mg. 1.15 mmol) 11~ dry acetonitrile (2 mL) was stirred with boron trifluoride 

etherate (200 pL. 198 mg) at -2.5’. The temperature was allowed to rise to -5’ 

during 1 h. until t.1.c. (ethyl acetate-tolucne, 1:3) showed no remaining 1. After 

the additton of sodium hydrogencarbonate (400 mg). the mixture was stirred at 

room temperature for 30 min, filtered, and concentrated. and a solution of the 

residue in dichloromethane was washed with water. dried (MgSO,). and cc)ncen- 

trated. A solution of the residue in dry acetonitrile (j. mL) was stirred with an 

excess of molecular sieves (4 A), bcnzyl alcohol (I.?() mg. 1.2 mmol), and N- 

iodosuccinimide (100 mg, 0.43 mmol) for :! h at room temperature. A single 

product was formed (t.1.c.). The mixture was concentrated in i~zc~o, and a solution 

of the residue in dichloromethane was washed successively with aqueous sodium 

thiosulfate and water. dried (MgSO,). and concentrated. Column chromatography 

(ethyl acetate-light petroleum, 1 : IO) of the residue gave 11 (70 mg, 35%) a\ ;r 
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colourless syrup, [ab 2o -24“ (c 1.9, chloroform). “H-N.m.r. data (CDCl,): S 5.09 
(d, H-l), 3.91 (dd, W-2), 3.95 (dd, H-3), 4.83 (dd, H-4), 4.35 (dq, H-5), 1.18 (d, 3 
H, CHMe), 4.55 and 4.73 (ABq, 2 H, JAB 11.8 Hz, PhCN,), 2.15 (s, 3 W, OAc), 
7.25-7.38 (m, 5 H, Ph); J,,, 5.7, & 9.1, +& 7.0, 54,5 4.5, 55,6 6.8 Hz. 

AnaL C&c. for C~~~~s~N~O~ (431.2): C, 41.78; If, 4.21; I, 29.43; N, 9.74. 
Found: C, 41.59; H, 4.16; 1, 30.19; N, 9.71. 

Ben@ 4-0-aceryl-3-azido-2,3,4-trideoxy-2-iodo-tu-L-altro- (12) and -(~-~-mutt- 

~~~y~u~o~~d~ (14). - Compound 2 (257 mg, 1.20 mmo1) was transformed~~ 
into a mixture of 4, 6, 8, and 10. A solution of this mixture (196 mg) in dry 
acetonitrile (4 mL) was stirred with benzyl alcohol (200 mg, 1.85 mmol) and IV- 
iodosu~c~nimid~ (293 mg, 1.3 mmol) at room temperature for 12 h. After work-up 
as described for 111, the residue was subjected to column chromatography (ethy1 
acetate-to~uen~, 1: Zh 1: 30). Eluted first was 14 (70 mg ,14% ) , isolated as a coiour- 
less syrup, [&” -53” (c 1.3, chloroform), “H-N.m.r. data (CDCl,): S 5.15 (d, 
H-l), 4.31 (dd, H-Z), 3.56 (dd, H-3), 5.06 (dd-t, H-4), 3.89 fdq, H-5). 1.19 (d, 3 
H, CHMe), 2.10 (s, 3 H, OAc), 4.49 and 4.65 (ABq, 2 H, J,, 11.8 Hz, PHCN,), 
7.26-7.37 (m, 5 H, Ph); J,., 1.2, J2.3 4.1, J3,4 9.5, J4.5 9.5, J5,6 6.3 Hz. 

Eluted second was 12 (272 mg, 53%), m.p. 67” (from ether-hexane), [cy]i” 
-47” (c 1.4, chloroform). ‘H-N.m.r. data (CDCl,): S 5.05 (d, H-l}, 4.32 (dd. H-2), 

4.12 (dd, H-3), 5.18 (dd, H-4), 4.23 (dq, H-5), 1.22 (d, 3 H, CHMe), 2.13 (s, 3 H, 
OAc), 4.53 and 4.74 (ABq, 2 H, JAB 11.8 Hz, PhCN,), 7.26-7.38 (m, 5 H, Ph); .Jt,2 
3.1, & 5.6, fs.4 3.6, J*.s 7.5, .T5,6 6.6 Hz. 

Arzal. Calc, for C,,H,,IN,O, (431,2); C, 41.78; M, 4.21; I, 29.43; N, 9.74. 
Found for Xk C, 41.76; H, 4.22; I, 27.70; N, 9.73. Found far 14: C, 41.68; H, 4.20; 
I, 29.55; N, 9.75. 

BenzyE 3-azido-2,3,6-tr~~euxy-ff-L-glycero-hex-2-enopyranosi~-#-~~o~e (18). 
- A mixture of I.2 and 14 (1.10 g, 2.55 mmol) was dea~etylated conventionally 
using methanolie sodium methoxide. A solution of the syrupy product in 
di~h~oroInetban~ (10 mL) was stirred with pulverised molecular sieves (4 A; 1.0 g) 
and pyridinium djcbromate (1.5 g, 4.00 mmol) for 12 h at room temperatures 
filtered, concentrated to 5 mL, diluted with ether (100 mL), entered, washed succes- 
sively with aqueous sodium th~osu~fate and water, dried (~gS~~), filtered through 
silica gel, and concentrated in vacua. The residue was recrystallised from aqueous 
ethanol to give ll8 (433 mg, 65%) as pale-yellow crystals, m.p. 64’, [c~]&~ +56.5” (c 
1.1, ch~oroform)~ v,,, 2100 cm-’ (N3). N.m.r. data (CDCI,): “H, 6 5.34 (d, H-l), 
6.15 (d, H-2), 4.62 (q, H-S), 1.41 (d, 3 H, CHMe), 4.64 and 4.79 (ABq, 2 H, JAB 
11.8 Hz, PhCN,), 7.28-7.40 (m, 5 H, Ph); J,,, 4.0, J5,6 6.7 Hz; 13C, S 15.3 (C-6), 
70.5 and 70.9 (C-5 and PhCH,), 93.2 (C-l), 124.9, 128.1 and 128.5 (C-2 and aryl- 
C), 134.2 (aryl-C), 137.0 (C-3), 192.7 (C-4). 

Anal. Calc. for C,,H,,N,O, (259.3): C, 60.23; H, 5.05; N, 16.21. Found: C, 
60.19; H, 5.02; N, 15.99. 

Ben& 3-azido-2,3,6-trideoxy-a-berythro- (19) and -cY-L-threo-hex-2-eno- 
~yra~oside (21). - (a> A solution of 1% (450 mg, 1.74 mmo1) in dry ethanol (5 mL) 
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was stirred with sodium borohydride (200 mg, 5.29 mmol) at room temperature. 
After a few minutes, t.1.c. (ethyl acetate-hexane, 1:s) showed reaction to be com- 
plete, and water was added dropwise. The mixture was concentrated, and a solution 
of the residue in dichloromethane was washed with water. dried (MgSO,), and 
concentrated in vacuo& Column chromatography (ethyl acetate-light petroleum, 
1:2(I) of the residue gave 19 (247 mg, 54%) and 21(68 mg, 15%). 

(b) When the reaction was performed at -20” for 30 min, work-up as above 
gave 19 (450 mg. lOO%), and column chromatography was unnecessary. 

Compound 19 was obtained as a coIourless syrup, [ml&” -87” (c 2.5, 
chloroform). IH-N.m.r. data (CDCI,): 6 5.15 (d. H-l), 5.37 (dd. H-2), 3.79 (m, 
H-4), 3.89 (dq, H-S), 1.26 (d, 3 H, CHMe), 2.37 (d. HO-4), 4.61 and 4.77 (ABq, 
2 H, JAR 11.9 Hz, PhCt-I,), 7.26-7.40 {m, 5 H, Ph); J,,, 3.4, J, J 1.4, Jj,_5 8.8. J1s.,o_j 
6.2, .J5.h 6.2 Hz. 

Compound 21 was obtained as a colourIess syrup, [cyts” +32” fc 0.68, ethyI 
acetate). ‘f-I-N.m.r. data (CDCI,): 6 5.13 (d, H-I), 5.36 (d, H-2). 3.47 (dd, H-4), 
4.14 (dq, 5-H), 1.20 (d, 3 H, CHMe), 1.83 (d, HO-4). 4.52 and 4.68 (ABq, 2 H, 
I,, 11.7Hz, PhCNJ, 7.18-7.31 (m, 5 H, Ph);J,,z3.6,Jl,s2.2.J,.wo_~ 10.1,Jsh6,5 
HZ. 

Compounds L9 and 21 were rather labile; satisfactory combustion analyses 
could not be obtained. 

Benzyl 3-nzido-2,3, 6-trideoxy-l-O-methanesulfonyI-~-L-erythro-hex-2-eno- 
pyranoside (20). - A solution of 19 (227 mg, 0.87 mmol) in dry pyridine (5 mt) 
was stirred at (r” with methanesulfonyl chloride (1.5 mL) ad then overnight at 5”. 
T.1.c. (ethyl acetate-hexane, I :5) then showed reaction to be complete and the 
mixture was poured onto crushed ice (50 g). The precipitate was collected, dried, 
and recrystallised from ether-hexane to give 20 (247 mg, 84%) as colourless 
crystals, m.p. X4-85”, [cr];” - 150” (c 1.5, chloroform). ‘E-l-N.m.r. data (CDCl,): 6 
5.25(d,H-l),S.S8(dd,H-2).4.78(dd,H-4),4.20(dq,H-5), 1.38(d,3H,CHMe), 
3.20 (s, 3 H, OMs), 4.63 and 4.77 (ABq. 2 H, JAR 11.7 Hz, PhCH,), 7.31-7.40 (m, 
5 H, Ph); J,., 3.5, I,,, 1.4, J4,s 8.7, Js,h 6.3 Hz. 

Anal. Calc. for C,,H,,N,O,S (339.4): C, 49.55; H, 5.05; N, 12.38; S, 9.45. 
Found: C, 49.57; H, 5.07; N, 12.35; S, 9.26. 

Benzyl 3-azid~-2,3,6-rrideosy-4-O-prop~~nyi-~-~-threo-hex-~-e~t~pyr~~os~d~ 
(22). - To a solution of 20 (63 mg, 0.19 mmol) in dry ~,~-dimethylformamide (3 
mL) was added caesium propionate (1.50 mg, 0.73 mmol), and the mixture was 
stirred at 60”. The reaction was compiete after 4 h (t.l.c.; ethyl acetate-hexane, 
1:3); the mixture was then filtered and concentrated in VKUO, a solution of the 
residue in dichIoromethane was filtered through silica gel and concentrated, and 
the residue was crystallised from hexane to give 22 (56 mg. 92%) as colourless 
crystals, m.p. 65-67”, [a];(’ i-50“ (c 1, ethyf acetate). ‘H-N.m.r. data (C,D,): 6 5.00 
(d, H-l), 5.27 (d, H-2), 5.06 (d, H-4). 4.05 (dq, H-5). 1.08 (d, 3 H, CHNr), 2.08 
(cm, 2 H, CH,CW,CO), 0.93 (t, 3 H, CH,CH,CO), 4.34 and 4.59 (ABq, 2 ff, JAR 

12.OHz,PhCII,),7.10-7.31 (m,5H,Ph);J,,z3.5,.~,,,2.5.J,,~6.S,J~~H~.~~.1,7.2:Hz. 
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Anal. Calc. for C,,H,,N,O, (317.3): C, 60.56; H, 6.03; N, 13.24. Found: C, 
59.57; H, 6.08; N, 13.20. 

Benzyl 3-acetamido-4-O-acetyl-2,3,6-trideoxy-cu-L-xylo-hexopyranoside (25). 
- A solution of 21 (20 mg, 0.06 mmol) in ethanol (2 mL) containing sodium 
borohydride (20 mg, 0.53 mmol) was boiled under reflux for 4 h, diluted with water 
(10 mL), and extracted with dichloromethane. The extract was washed several 
times with water, dried (MgSO,), and concentrated, and the residue was conven- 
tionally acetylated (acetic anhydride-pyridine). The product was subjected to pre- 
parative t.1.c. (ethyl acetate-toluene, 2: 1; 2 developments) to give 25 (10 mg, 52%) 
as a colourless syrup, [CX] do -99” (c 0.17, chloroform). rH-N.m.r. data (CDCI,): S 
5.06 (dd-d, H-l), 2.21 (ddd, H-2a), 1.68 (ddd, H-Ze), 4.17 (cm, H-3), 4.82 (dd, 
H-4). 4.13 (dq, H-5), 1.13 (d, 3 H, CHMe), 6.98 (d, NHAc). 1.89 and 2.13 (2 s, 
each 3 H, NAG and OAc), 4.53 and 4.75 (ABq, 2 H, JAB 11.5 Hz, PhCH,), 7.31- 

7.43 (m, 5 H, Ph); I,., 3.2, J,,, 1.2, J,,, 14.5, f,,, 4.5, & 2.3, & 3.0, J3,NN 7.5, 
J4,5 1.1, J5,6 6.4 Hz. 

Anal. Calc. for C,,H,NO, (321.4): C, 63.54; H, 7.21; N, 4.36. Found: C, 
62.20; H, 7.39; N, 4.20. 

Benzyf 3-acetumido-4-O-ace~l-2,3,6-trideoxy-a-~-ribo-hexo~yrunoside fben- 
zyl N-acetyt-0-acetyl-a-L-ristosaminidej (23). - A solution of 19 (75 mg, 0.29 
mmol) in ethanol (3 mL) containing sodium borohydride (100 mg, 2.65 mmol) was 
boiled under reflux for 4 h, diluted with water (10 mL), and extracted with 
dichloromethane. The extract was washed with water, dried (MgSO,), and concen- 
trated, and the syrupy residue was conventionally acetylated (acetic anhydride- 
pyridine). The product was subjected to preparative t.1.c. (ethyl acetate-toluene, 
2: 1; 2 developments) to give 23 (43 mg, 46%) as a colourless syrup, [czJ#) -92” (c 
1.6, chloroform). ‘H-N.m.r. data (CDCI,): 6 5.01 (dd-d, H-l). 2.10 (ddd, H-2a), 
1.94 (ddd, H-2e), 4.62 (cm, H-3), 4.59 (dd, H-4), 4.02 (dq, H-5), 1.23 (d, 3 H, 
CHMe), 7.00 (d, NHAc), 1.89 and 2.03 (2 s, each 3 H, NAc and OAc), 4.55 and 
4.80 (ABq, 2 H, JAB 11.4 Hz, PhCH,), 7.35-7.46 (m, 5 H, Ph); J,., 4.0, Jr,, 1.2, 
J za,2e 14.5, Jza,s 3.5, Jze.3 2.8, 53.4 3.9, J3,r.w 8.5, Ja,s 9.8, Js.6 6.3 Hz. 

Anal. Calc. for C,,H,,NO, (321.4): C, 63.54; H, 7.21; N, 4.36. Found: C, 
62.48; H, 7.34; N, 4.26. 

Compounds 23 and 25 were hygroscopic, which is reflected in the C,H,N 
values. 

Hydrogenation of 22. - A solution of 22 (10.4 mg, 0.03 mmol) in 1,4-dioxane 
(1 mL), acetic anhydride (0.1 mL), and ethanol (0.5 mL), together with 10% Pt/C 
(IO mg), was stirred for 24 h at room temperature under IO bar of hydrogen. The 
mixture was then filtered through Celite, the filter pad was washed with 1,4- 
dioxane, and the combined filtrate and washings were concentrated with toluene. 
The residue was subjected to preparative t.1.c. (ethyl acetate-toluene, 2:l; 2 
developments), to give, as the main product, 26 (2.2 mg, 22%), isolated as a colour- 
less syrup, [a]&” -51” {c 0.26 chloroform). *H-N.m.r. data (CDCI,): 6 5.06 (dd-d, 
H-l), 2.21 (dddd, H-2a), 1.67 (ddd, H-2e), 4.16 (cm, H-3), 4.83 (ddd, H-4), 4.14 
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(dq, H-5), 1.11 (d, 3 H, CHMe), 6.98 (d, NHAc), 1.88 (s, 3 H, NAc), 2.42 (q, 2 

H, CH,CH,CO), 1.17 (t, 3 H, CH,CH,CO), 4.53 and 4.76 (ABq, 2 H, J,, 11.6 Hz, 

PhCH,), 7.31-7.44 (m, 5 H, Ph); J1.Za 4.0, J,.Ze 1.2, Jz0,2p 14.5, JL,.l 4.7, Jzc,3 2.5, Jl+ 

1 .o, J,,, 3.2, ~~~~~ 8.0, J,,, 1.0. J,., 6.5, JCH_7,CH 7.5 Hz. 
Compound 23 (0.6 mg, 6%) was also is&ated. 
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