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ABSTRACT 

Three analogs of prumycin [4-(o-alanylammo)-2-ammo-2,4-drdeoxy-r_-arabi- 
nose], i.e., the 3-deoxygenated (l), that having the 2-amino and 3-hydroxyl groups 
interchanged (2), and that having C-2 deaminated (3), were synthesized. Examination 
of the antifungal and antileukemic activities showed that, for 1, the former activity 
was more potent against some fungi, whereas the latter was shghtly weaker, than that 
of prumycin. 

INTRODUCTION 

Studies on the antimicrobial activity of all seven synthetic prumycin diasterec- 
isomers, in which its 2,4_diaminopentose morety had been altered, proved that only 
the L-Zyxo isomer showed moderate activrty’, indicating that the activity would be 
very sensitive to the configuration, namely, the relative, spatral arrangement of 
such functional groups as the C(o-alanylamino) and the 2-amino. In order to elucidate 
more clearly the role of these functional groups for development of activity, three 
analogs of prumycin were synthesized. The first was the simplest model-compound, 
having only these two functional groups, i.e., 4-(D-alanylamino)-2-amino-2,3,4- 
+,:J,,,.. r +L,,, r.a-+-rra II \ .,.1,:,l. :I +a., 3 ~,,,....&-.~+a~ ,,..i,- At- _.... -..,I, P:-:,.-., L.11u%Zvny-L--rrrr r”-I.‘=U:“3~ \L,, WIIlLIl,> LIIG J-u=“ny~;c;llcrF;u all&vi; “I P” ul*‘yr;lu. ~llllllil‘ 
deoxygenation has often been found to be successful in the development of powerful, 
new aminoglycoside antibiotics, such as’ 3’,4’-dideoxykanamycin B, against resistant 
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bacteria, and found to be reasonable by study of the mechanism of acquiring resistibd- 
lty3. The second analog was 4-(D-alanylammo)3-ammo-3,4-dldeoxy-L-arabinose (2), 
m which the 2-amino and 3-hydroxy functions were interchanged (one ofthe position- 
al isomers), and the third was 2-deammated prumycin, namely, 4-(D-alanylamino)-4- 
deoxv-r -arahinoe (31. , - -_--__--l_ ,-,_ 

RESULTS AND DISCUSSION 

Synthesis of 1 started with a mixture (4), from ammonolysls of benzyl 2,3- 
anhydro-4-azido-4-deoxy-/3-L-nbopyranoside, that was composed of benzyl 2-ammo- 
4-azido-2,4-dideoxy-b-r_-arabinopyranoside and benzyl 3-amino-4-azldo-3,4-dideoxy- 
/i-L-xylopyranoside. The former had previously been used for the synthesis of prumy- 
cm4_ As both isomers should be converted into the same 2,3-eplmmo delivatlve, which 
was selected as a suitable intermediate for the synthesis of 1, the ammonolysls mixture 
(4) was used without separation of the two components. For deoxygenation, the 
introduction of an iodine atom at C-3, followed by selective reduction, was chosen, 
because du-ect, selective reduction of the aziridine ring might be difficult. The selec- 
tivity of the rmg-opening reaction was then examined by using four 2,3-epimino-P-L- 
lyxopyranoslde derivatives (9-12) having different substltuents on the nitrogen atom 
in the eplmino ring. 

Mixture 4 was treated with p-anisaldehyde in 1,4-dioxane, to give a mixture of 
N-anisyiidene derivatives (5), which was then converted into a mixture of the corre- 
sponding mesylates (6). Then, 6 was IV-de-anisylidenated with M hydrochloric acid, 
to give a mixture of benzyl 2-amino-4-azido-2,4-dtdeoxy-3-O-mesyl-8-L-arabino- 
pyranoside (7a) and benzyl 3-amino-4-azido-3,4-dldeoxy-2-O-mesyl-P-L-xylopyrano- 
side (7b), which could be separated on sl:ica gel. However, for the next reaction, it 
was not necessary to separate these isomers, and the mixture (7) in 10: 1 N,N-di- 
methylformamide (DMF jwater, in the presence of sodium acetate, was heated at 
70-SO”, to afford the 2,3-eplmmo derivative (9), in 62% yield from 4. The corre- 
sponding N-acetyl (IO) and N-(benzyloxycarbonyl) (11) derivatives of 9 were prepared 
in the usuai way. Furthermore, reduction of 6 with sodium borohydride &orded the 
corresponding N-&methoxybenzyl) derivative (S), which was then cyclized in the 
same way, to give the IV-tip-methoxybenzyl)-2,3-eplmino denvative (12) in 43% 
yield from 4. The structure of these 2,3-epimino denvatives was readily confirmed 
by the signals of the protons attached to the epimino rmg, which resonate at higher 
field (6 -2.6 for 8 and 12, and 6 2.9-3.0 for 10 and 11) than those of the usual 
ring-protons of pyranosides, as shown in the Experimental section. The structure 
was aiso ascertained by the small coupling-constants between H-4 and the two protons 
on C-5 (2.3-2.7 and 1.5 Hz, respectively), indicating that they adopt the OHS con- 
formation almost exclusively. 

The reaction of 9, 10, and 11 with sodium iodide gave two positional isomers 
(13 and 17, 14 and 18, and 15 and 19, respectively) in the ratios shown in Table I, 
whereas that of 12 gave the 3-iodo derivative (16) exclusively. Although these 2,3- 
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TABLE I 

BATXOS OF IsohiERs PRODUCED BY THE REACTION OF ‘+Aw>o-2,3,‘&TRlDEOXY-2,3-EPIMINO-~-L-LYXO- 

PYRANOSIDE DEBIVA-INES 

Substrate Total 

yield (%I 

Products 

3-Iodo 
derivative 

(Rattos tn %) 2-Iodo 
derivatrve 

9 55= 13 (85 : 15)” 17 
10 73 14 (67 : 33)= 18 
11 81 15 (80 :ZO)b 19 
12 93 16 (1oo:O)b 

aIsolated as N-benzyloxycarbonyl denvatives. *DetermIned by the amounts of the products isolated. 
CDetermined by the intensity of n m.r signals, as described in the Expenmental section. 
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epimino sugars adopt the OH, conformation, which is favorable for substitution on 
C-2 from the electro-stereochemical point of view (Fiirst-Plattner rules), the pre- 
ponderant products were, in all cases, the 3-iodo derivatives, indicating the larger, 
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positive, Inductive effect of the anomeric carbon atom, as widely proved in the 
reaction of 2,3-anhydroaldopentopyranosides 6_ The introduction of an electron- 
withdrawing group onto the mtrogen atom facilitates substitution at C-2. The results 
may be explained by the acceleration of the ring-opemng reaction, causing relative 
deereme in nredominance of the electrnntatic over the electm-sterenchemical effect _____ -__ -- =__-____ _______ -- --- _--- - --_----- -.-_ --_ - _____ - -_- ___________- -- _--_-- 

for regloselectivity. 
In consideration of the yield, and readiness of deprotectlon, compound 15 

was used for the synthesis of 1. Selective reduction of the azido and iodo groups 
with hydrogen in the presence of Raney nickel gave the Camino-3-deoxy derivative 
(20) m 45% yield. 3-Deoxygenation was confirmed by Its n.m.r. spectrum, which 
showed typical signals due to methylene protons at C-3 (6 1.6-2.1). This selective 
reduction proceeded in better yield (-70%) on usmg nickei chloride and sodium 
borohydride’, i.e., “nickel boride” formed in situ. Condensation of 20 with N- 
(benzyloxycarbonyl)-D-alamne (N-Z-D-Ala) with N,N-dlcyclohexylcarbodiimlde 
(DCC) in acetonitriie gave, in 78 o/0 yield, 21, which was then hydrogenolyzed in the 
presence of palladmm-charcoal m methanol-water containing hydrochloric acid, to 
give 1 as the dlhydrochloride in good yield. 

On the other hand, compound 2 was similarly synthesized from a minor 
ammonolysis product (22) of benzyl 2,S-anhydro4azido-4-deoxy-/3-L-lyxopyrano- 
side* (26) by N-(benzyloxycarbonyI)ation, selective reduction with hydrogen (Raney 
nickel), condensation with IV-Z-D-Ala, and hydrogenolysis via compounds 23, 24, 
and 25. 4-(r+Alanylamino)4deoxy-j?-L-arabinose t-3) was prepared from 26 by 
reduction of the azldo group, condensation with N-Z-D-Ala and simultaneous 
opening of the oxirane ring, and hydrogenolysis via compound 28. The ready rmg- 
opening, accompanied by condensation of the alanine moiety, may be explained by 
neighboring-group participation of the amido carbonyl group’. 
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The antifungal activities of these synthetic prumycin analogs (l-3) against 
12 representative phytopathogenic fungi were examined, and the preliminary results 
were expressed m terms of the inhibition ratio of hypha growth, together with the 
minimum inhibitory concentration of prumycin reportedlo, as shown in Table II. 
AIthough the antifungal activity of these analogs could not be compared directly 
with that of prumycin, in the case of 1, more-potent activity against some fungi 
(such as Diaporthe citri) was observed. Because the antitumor activity of prumycin 
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TABLE II 

ANTIFUNGAL ACITVITY OF PRUhlYCiN ANALOGS, EXPRESSED AS INHIBITION RATIOS OF HYPHA GROWTH 

Fungi 

Sclerotinra scierotioram 100 30.4 13.0 7.2 1.4 0 8.7 72 4.3 (25 
Botrytis &era 100 65.8 31.6 10.5 2 6 0 18.4 13 2 79 (25 
Diaporthe citri 100 121 152 152 9.1 6.1 91 61 3.0 200+X 
Cochliobolus miyabeanus 44.0 100 100 16.0 8.0 0 22.0 18.0 20.0 400-800 
Pyrlcularia oryzae 18.6 7.1 0 0 0 7.1 0 0 800 
Rhizoctonia solani 54.8 19.4 0 0” 0 0 0 0 0 >800 
Pythium debaryanam 16.9 1.1 0 0 0 0 0 0 0 ~800 
Fusariom oxysporam 15.6 0 0 22 0 0 0 0 0 >800 
&balsa ceratoperum 100 162 0 13.5 16 2 16 2 29.7 8.1 0 
Colletoriclum lag,-norum 100 13.0 4 3 17.4 8.7 8.7 13.0 4.3 0 1” 
Roseltinia rrecatrrx 60.7 0 0 3.6 0 0 0 0 0 - 
Aiternaria maii 23 9 13.0 13.0 13.0 8.7 4.3 13.0 8.7 4.3 - 

InhIbition ratios of hypha growth Reported 
1 2 3 -MIC values 
Concentrationa 

loo IO I 

Concentrations 

100 IO I 

Concentrationa 

IO0 IO I 

of prumycin b 

Woncentration in pg/mL. ~Minirnum inhrbrtory concentratron m pg/mL (see ref 10). CNot reported, 

TABLE III 

ANTILEUKEhtIC ACI-IVTN OF 1 

Compound Dosage (mgjkg) a Average survivaL time, in days TIC 
lUb 

Control - 10.6(C) 1.00 
1 50 12.2 1.15 
1 100 12.8 1 21 
1 200 12.9 1.22 
Prumycm~ 100 - 1.35 

aOne and five days after leukemra P-388 maculation. *SIX CDFI mrce/group CReported (see ref 11) 
using BgFr mice by single administration one day after leukemia P 388 inoculation. 

has recently been reported”, that of 1 against leukemia P 388 was also examined; it 
showed a moderate activity, albeit weaker than that ofprumycin, as shown inTable III. 

These results indicate the importance of the C(D-alanylamino) and 2-amino 
functions, and that the 3-hydroxyl group also plays an apprecrable role in the develop- 
ment of the biological activities. 

ExPERniENTAL 

General. - Melting points were determined with a Mel-Temp melting-point 
apparatus and are not corrected. Optical rotations were measured in chloroform at 
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c 1.0, unless stated otherwise, usmg a OS-dm tube with a Carl Zeiss LEP-Al or a 

JACSO DIP-4 polarimeter. 1.r. spectra were recorded with a Hitachi EPI-G2 gratmg 
spectrometer. N.m.r. spectra were recorded at 100 MHz with a JEOL JNM PS-LOC 

spectrometer for solutrons m chloroform-dcontaining tetramethylsllane as the mternal 
standard: unless stated otherwise. Chemical shifts and counllng constants are given =_.__ ~ ---__--_- -_- z- - --- 
in 6 and Hz umts, respectively, and i-r. frequencies in cm-l. Column chromatography 

and preparative t-1 c. were performed on Wakogel C-200 (Wako Pure Chemical 

Industries, Ltd.) and Kieselgel 60 HF 254 (Merck), respectively. Evaporations were 
conducted under dlminished pressure at a temperature not exceeding 50”. 

Benzy14-azrdo-2,3,4-trideox~-2,3-epB~zino-~-L-lyxop~ranoside (9) -A mixture4 

(4; 1.75 g, 5.95 mmol) of benzyl 2-amino-4-azido-2,4-dideoxy+L-arabinopyranoside 

and benzyl 3-amino-4-azldo-3,4-dideoxy-/?-L-xylopyranoside was dissolved m 1,4- 

dioxane (25 mL), and to this solution was addedp-amsaldehyde (0.9 mL, 7.4 mmol). 

After being stirred overmght at room temperature, the solution was evaporated to 

give a mixture of N-anisyhdene derivatives (5) and the excess ofp-anisaldehyde as a 

syrup which was esterified with methanesulfonyl chloride in pyridine. The solution 
was poured into ice-water, and extracted with benzene The extract was washed 

with water, dried (anhydrous magnesium sulfate), and evaporated, to give a mixture 

of the isomenc N-amsyhdene-O-mesyl derivatives (6) and the excess ofp-anisaldehyde 
as a syrup; vF$’ 2120 (N3). 1643 (C=N), and 1355 (MS) 

The mixture was treated with M hydrochloric acid (20 mL) under vigorous 

stirring for 1 h. The solution was washed with benzene to remove thep-anisaldehyde 

liberated, made neutral with sodmm hydrogencarbonate, and extracted with chloro- 

form. The extract was dried, and evaporated, to give a syrupy mixture (7) of O-mesyl 

derivatives. A portion was separated by preparative t.l.c., to give the /3-L-arabino 
(7a) and B-L-,uyZo (7b) isomers, which were characterized by i-r. and n.m.r. data; 

compound 7a: v”,“,:’ 3400 (NH), 2120 (N3). 1350, and 1177 (MS) cm-‘; n.m.r.. 4.97 

(d. H-l, J1.? 3.3), 3.26 (dd, H-2, fz,3 IO.4), 4.86 (dd, H-3, J3,4 3.5), 4.12 (m, H-4), 

3.70 (dd, H-5a, J4,sa 2.3, J50,5e 10.8), 3.94 (dd, H-5e, J4,5e l.S), 3.17 (s, MS), 4.48 
and 4.62 (ABq, Bn), and 1.62 (s, NH,); compound 7b: Vale’ 3400 (NH), 2110 (Ns), 

1355, Xid i i78 (MSj cm -1. _ - - _ A “A [_I ,T 1 
L).LtY \U, lTl-l,& 

7E\ A-inI-I_A XT-3 , 11.III.I. I._)),* .LU \uu, EL-L, LFz*3 9.6j, 2.95 

(s, OMs), 4.56, and 4.90 (ABq, Bn). 

For the next step, murture 7 was used wlthout separation. A solution of 7 in 

DMF (50 mL) and water (5 mL) was heated in the presence of sodium acetate tri- 

hydrate (4.5 g) for 10 h at 70-SO”, with stirring. To the solution were added chloro- 
form (50 mL) and water (30 mL), the mixture was shaken vigorously, and the chloro- 

form layer was separated, washed with water, dried, and evaporated, to give 9 (0.9 1 g, 
c-0, r___ 1, -_ - -_.-..-_ r-.-l * -7-l co 
CUT0 lrVIIl‘+J 2i.S ?i Syrup; LUJD t 11-J , 

..Nac-I mrnr\ hTTT\ -__( nrnn /XT \ ---1. - - - 
V&-G‘ 3mlUU \L’KlJ kiUU LlUU (113 J UII ) ll.IIl.1~. I 

5.06 (d, H-l, J1,? 3.0), 2.58 (m, 2 H, H-2,3), 3.47 (m, H-4), 3.99 (dd, H-5, J4,s 2.6, 

JSSS. 13.0), azd 3.53 (dd, H-5’, J-5,5, 1.5). 
Anal. Calc. for C,,H,.N,O,: C, 58.52; H, 5.73; N, 22.75. Found: C, 58.11; 

H, 5.57; N, 22.59. 
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Benzyl N-acetyl-Ca~ido-2,3,4-trideoxy-2,3-epimirzo-P-L-Zyxopyratzoside (10). - 

Compound 9 was acetylated with acetic anhydride-pyridme in the usual way, to give 
10 as a syrup in quantitattve yield; [a]n -I- 108 8”; vf,$’ 2105 (Ns) and 1707 (AC) cm-‘; 
n.m.r.: 5.11 (d, H-l, Jr,z 3.4), 2.96 (dd, H-2, J2,3 5.7), 3.05 (dd, H-3, J3,4 1.5), 3.60 
(m, H-4), 4 01 (dd, H-5, J4,5 2.7, J5,5, 12 9), 3.61 (dd, H-5’, Ja,5S l-5), 2.20 (s, AC), 
4.60, and 4.83 (ABq, Bn). 

Anal. Calc. for Ci4Hi6NJ03- C, 58.32; H, 5.59; N, 19.44. Found: C, 58.32; 
H, 543; N, 1898. 

Bertzyl 4-a~ido-N-(benz~io.uycarbor~yi)-2,3,4-trideo_~y-2,3-epimi~~o-~-r-Iysop~~ra- 

noside (11). - To a solution af 9 (773 mg, 2.8 mmol) in 1,4-droxane (15 mL) and 
water (15 mL) were added sodmm hydrogencarbonate (340 mg) and benzyl chloro- 
formate (0.62 mt), wrth stirring. After the solution had been stirred for 3 h at room 
temperature, ether was added, and the mixture was shaken. The ether layer was 
washed twice with water, dried, and evaporated, to give a syrup which was purified 
on a column of silica gel with 15 : 1 benzene-acetone as the eluant, to afford pure 11 
in quantitative yield; [~]n f81.3”; v”,“,:’ 2110 (Ns) and 1732 (Z) cm-‘; n.m.r_: 5.07 
(d, H-l, J,,z 3.6) 2.94 (dd, H-2, J2,3 6.0), 2 84 (dd, H-3, J,_, l-5), 3.48 (m, H-4), 
3.88 (d, H-5, J4,5 2.3, J,,,. 12.6), 3.45 (dd, H-5’, Ja,5, 1.5), 5.01 (s, Z), 446. and 4.70 

(AJW, Bn). 
AnaC. Calc. for C,,H,,,N,O,: C, 63.15, H, 5.30, N, 14.73. Found: C, 63.16; 

H, 5.43; N, 14.38. 
Benzyl I-azido - 2,3,4 - trideoxy- 2,3-epimino-N- (p-metl~oxybenzyI)-/3-L-lyxopy- 

ranoside (12). - Mixture 6 was prepared from 4 (1.75 g, 5.95 mmol) as described 
for 9. To a solution of 6 in methanol (20 mL) was added sodmm borohydride (290 mg, 
7.6 mmol), portionwise, with strrring at room temperature. Stirring was contmued 
for 3 h, benzene and water were added, and the benzene layer was separated, washed 
with water, dried, and evaporated, to give a syrup which was freed of contaminating 
p-methoxybenzyl alcohol on a column of sihca gel eluted with 50 : 1 benzene-acetone, 
to afford a mixture (8) of ZV-(p-methoxybenzyL)-O-mesyl derivatives. The conversion 
of 8 into 12 was performed by heating in DMF-water as described for 9. The yield 
from 4 was 62 %; [a]n + 77.5 O; v:~:’ 3300 (NH) and 2100 (N3) cm-‘; n-m-r.: 5.06 (d, 
H-l, JI,t 3-O), 2.58 (m, H-2,3), 3.47 (m, H-4), 3.99 (dd, H-5, J4,5 2.6, J5,5S 13-O), 
and 3.53 (dd, H-5’, Jb,5, 1.5). 

Anal. Calc. for C,,Hz2N403: C, 65.55; H, 6.05; N, 15.29. Found. C, 65.65; 
H, 6.04; N, 14.88. 

Ring-opening reaction of benzyl 4-azido-2,3,4-trideoxy-2,3-epiminoqk-lyxo- 
pyranoside derivatives (9-12) with sodium iodide. - To a solution of the 2,3-epimino 
sugar (1.0 mmol) in acetone (10 mL) were added sodium iodide (825 mg, 5.5 mmol), 
sodium acetate (82 mg, 1.0 mmol), and acetic acid (1 mL), with stirring. The mixture 
was boiled under reflux for 5 h, and cooled; chloroform and water were added, and 
the chloroform layer was separated, washed with water, dried, and evaporated, to 
give a syrup which was purrfied, or fractionated, by preparative t 1 c., using 50: 1 : 1 
benzene-acetone-ethyl acetate as the eluant. The yields are given in Table I. In the 
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case of 9, the reaction products (13 and 17) were isolated, and characterized as their 
IV-(benzyloxycarbonyl) derivatives 15 and 19. The ratio of the two isomers was 
estimated from the amount isolated, except for 10. For 10, the ratio was determined 
from the intensity of the n.m.r. signals of the mixture. 

Ben& i-acetamido-4-azido-2,3,4-trideoxy-3-iodo-~-~-arabinopyranoside (14) 

and benzyl 3-acetarnido-I-azido-2,3,4-trideolcy-2-iodo-8-L-xylopyranoside (18). - The 
reaction of 10 wrth sodium iodtde, as just described,, gave a mixture of 14 and 18 as 
a syrup which was characterized by n.m.r. and elemental analysis; n.m.r.: 3.28 (dd, 
H-5a of 18, 0.4 H), 5.75 (d, NH of 14, 0.65 H), 6.69 (d, NH of 18, 0.35 H), 1.98 (s, 
AC of 14, 2 H), and 2.08 (s, AC of 18, 1 H). 

.4naZ. Calc. for C,,H,,IN,O,: C, 40.37; H, 4.08; N, 13.31. Found. C, 40.63; 
H, 4.14; N, 12.94. 

Ben& 4-azido-2-(benzylo_~ycarbon~~~amino)-2,3,4-trideoxy-3-iodo-~-~-arab~t~o- 

pyranose (15) and benzyl 4-azido-3-(benzyIoxycarbonyl)amino-2,3,4-trideoxy-2-iodo- 

B-L-xylopyranoside (19). -The reaction of 9 wrth sodium Iodide, as already described, 
yielded 15 and 19. 

Compound 15: m-p. 159-160”, [~]n +199.5”; ~2; 3320 (NH), 2100 (Ns), 
1688, and 1530 (Z) cm-‘; n m r.: 4.87 (d, H-l, JI,? 3.0), 4.28 (ddd, H-2, Jt,3 11.7), 
4.48 (dd, H-3, J 3v5 2.4), 3.96 (m, H-4), 3.72 (dd, H-5a, J4,5a 2.3, J5.,5e 12-S), 3.98 
(dd, H-5e, J4,Se 1.5). 5.05 (d, NH, JZ,NH 11.7), 5.11 (s, Z), 4.44, and 4.69 (ABq, Bn). 

Anal. Calc. for C,eH,,IN,O,: C, 47.31; H, 4.14; I, 25.01; N, 11.04 Found: 
C, 47.74; H, 4.21; I, 24.82; N, 10.95. 

Compound 19: m-p. lQO-193”, [a]n -101.4”; ~2:; 3280 (NH), 2105 (N3), 
1690, and 1540 (Z) cm-‘; n.m.r.: 4.58 (d, H-i, J,., 7.5), 3.26 (dd, H-5a, J4,5a 9.8, 

J 5o.se 10.8), 5.15 (s, Z), 4.60, and 4.87 (ABq, Bn). 
Anal. Calc. for CtoH,,lN,O,: C, 47.31; H, 4.14; I, 25.01; N, 11.04. Found: 

C, 47.41; H, 4.63; I, 25.53; N, 11.00. 
Benzyl 4-azido-2,3,4-trideo.uy-3-iodo-2-(p-methoxybenzyl)amino-~-L-arabinopy- 

ranoside (16). - The reaction of 12 wrth sodium iodide as already described gave 16 
exclusively, as a syrup, characterized by the following spectral data: v:~:’ 3400 NH 
and 2110 (N3) cm-‘; n.m.r.: 4.78 (d, H-l, J,,, 3.2), 3.03 (dd, H-2, J2,3 11.7), 4.54 (dd, 
H-3, J3,4 3 3), 3.78 (s, OMe), 3.66 (s, N-&r), 4.44 and 4.70 (ABq, O-Bn), and 1.92 
(s, NH). 

This compound has a tendency to recyclize readily at room temperature, and 
an analytically pure sample could not be obtained. 

Benzyl 4-amirzo-2-(benzyloxycarbonyl)amino-2,3,4-trideoxy-B-L-threo-pentopy- 

ranoside (20). - Method A. To a solution of 17 (1.27 g, 2.5 mmol) in ethanol (50 mt) 
was added Raney nickel (- 1 g), and hydrogen was bubbled in until all of the 17 
had disappeared. The catalyst was filtered off, and evaporation of the filtrate gave a 
syrup which was purified by preparatrve t.1.c. with 5: 1: 1 benzene-methanol-ethyl 
acetate as eluant, to yreld 20 in 45 oA yield; et; 3370 (NH) and 1724 (Z) cm-‘; mm-r.: 
4.82 (d, H-l, Jl,Z 3.3), 4.12 (m, H-2), 1.64-2.10 (m, H-3a,3e), 3.16 (m, H-4), 3.42 
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(dd, H-5a, J4,5,, 0.5, J50,5e 12.0), 3.89 (dd, H-5e, J4,5e 1.5), 5.06 (s, Z), 4.44, and 4.73 

(ABq, Bn). 
Metlzod B. To a solution of 17 (1.0 g, 1.9 mmol) in ethanol (40 mL) and 1,4- 

dioxane (10 mL) were successrvely added nickel chloride hexahydrate (0.9 g, 3.8 
mmol) and sodium borohydrrde (0.87 g, 22.8 mmol) in methanol (10 mL), portion- 
wise, at room temperature, with stu-ring Processing srmrlar to that described in A 
gave 20 in almost 70% yield. 

Benzyl 4-(N-benzyloxycarborzyl-D-alatzyl)amiizo- 2- (benzyloxycarbonyl)amino- 

2,3,4-trideoxy-/I-L-threo-pentopyrazzoside (21). - To a solution of 20 (491 mg, 1.4 
mmol) in acetonitrrle (15 mL) were added N-(benzyloxycarbonyl)-D-alanine (443 mg, 
2.2 mmol) and DCC (433 mg, 2.1 mmol) portionwise, with stirring at room tempera- 

ture. Stirring was continued for 2 days, and the 1,3-dicyclohexylurea that had separated 
out was filtered off. Chloroform was added to the filtrate, and the solution was 
washed successively with aqueous sodium hydrogencarbonate and water, dried, and 

evaporated, to give a syrup which was purified on a column of silica gel with 10: 1 
benzene-acetone as eluant, to afford 21 in 78% yield; m-p. 139-140”, [cY],, -I- 104.5”; 

~2: 3325 (NH), 1690 (Z), and 1640 (amide) cm-‘; n.m.r.: 4.81 (d, H-l, J1,2 X3), 1.7% 

2.05 (m, H-3a,3e), 3.44 (dd, H-5a, J4,50 1.0, JS11,5e 12-O), 3.86 (dd, H-5e, J4,5e 1.5), 
5.02 and 5.11 (each s, Z), 4 42 and 4.70 (ABq, Bn), 1.36 (d, C-Me, J 7.2), 2.72, 5.10, 
and 5.86 (NH). 

Anal. Calc. for CssH,,N,O,: C, 66.76; H, 6.48; N, 7.30. Found: C, 66 53; 
H, 6.40; N, 7.46. 

4-(D-AZanyZaznitzo)-2-amizzo-2,3,4-trideoxy-L-threo-pentopyranose (1) dztzydro- 

cJzloride. - Compound 21 was hydrogenolyzed m methanol-water containing hydro- 
chloric acid, in the presence of palladium<harcoal, as previously reported5, to grve 1 
as the dihydrochloride in 94.5 % yield; m.p. 145-152’ (dec.), [a]u - 14.0’ (c 0.69, 

H,O); ‘3C-n.m.r.: 192.4 (CO), 95.2 (C-l of /3 anomer), 90.1 (C-l of a anomer), 
31.8 (C-3), and 17.9 p-p-m. (CH,); ratio of CL to j? anomer, - 1.0: 1.0. 

Anal. Calc. for CsHIgClzN303 - H20: C, 32.66; H, 7.20; N, 14.28. Found: 
C, 33.09; H, 7.33; N, 13.88. 

BenzyI 4-azido-3-(benzyloxycarbony!)amino-3,4-drdeoxy-B-L-arabirropyra~zoside 
(23). - Compound 18 (ref. 12) was N-(benzyloxycarbonyl)ated as described for 11, 
to give 23 in 92% yield; m-p. 104-106”, ca]u + 187.6”; I!:!$ 3430 and 3320 (OH and 

NH), 2130 (N3), 1682, and 1535 (Z) cm-‘; n.m.r. (exchanged wrth D,O): 4.92 (d, 

H-l, J1.2 3.3), 3.58 (dd, H-2, J2,3 10.5), 4.02 (dd, H-3, J,,a 3.3), 3.66 (dd, H-5a, 
J 4,5o 1.8, J50,5e 12.6), 5.09 (s, Z), 4.51, and 4.75 (ABq, Bn). 

Anal. Calc. for C2,-,H2zN405: C, 60.29; H, 5.57; N, 14.06. Found: C, 60.06; 
H, 5.51; N, 13.37. 

Benzyl 4-atnino-3-(benzyloxycarboityl)amino-P-L-arabinopyranoside (24). - 
Compound 23 was hydrogenolyzed in the presence of Raney mckel as descrrbed for 
20 (Method A), to give 24 in 85.1% yield; m.p. 89-94”, [a],, + 15.1”; vz; 3500 and 
3350 (OH and NH), 1684, and 1540 (Z) cm-‘; n.m.r. (exchanged with D,O): 4.92 (d, 
H-l, J1,2 3.8), 3.54 (dd, H-2, J2,3 10.8), 3.93 (dd, H-3, J3,4 4.5), 3.03 (m, H-4), 3.36 
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dihydrochloride in 96% yield; m.p. 118-122” (dec.), [a]n f61.6” (c 1.12, H,O); 
13C-n.m.r.: 172.5 (CO), 97.9 (C-l of j? anomer), 93.5 (C-l of o( anomer), and 18.C 

p.p.m. (CH,); ratio of c( to #I anomer, -2: 1. 
Anal. Cab for CsH1,CINZ05 * 0.5 H,O: C, 36.16; H, 6.82; N, 10.54. Found: 

C, 35.80; H, 6.48; N, 10.82. 
Antifungal activity of 1,2, and 3. - Fungi were grown on potarz-sucrose-agar, 

and inoculated on the same agar containing 1,2, or 3 m three drfferent CL nrxttrations. 
The activity was evaluated after 2 days of mcubatton at the opttmum temperature 
(21 or 27”, according to the kmd of fungus). 

Antileukemic activity of 1. - CDF, mice were inoculated mtraperttoneally 
with 1 x IO6 cells of P 388 (6 mice/group). A solution of compound 1 m phystological 
saiine sohrtion was administered intraperitoneally into mice, one and five days after 
leukemia inoculation. 

ACKNOWLEDGMENTS 

The authors thank Kumrat Kagaku Co. for the tests of brologrcal actmty, 

and Mr. Y. Ishida and Mr. Y. Nakamura for measurement of the ‘H- and 13C-n m.r 
spectra. This work was partially supported by a Grant-m-Atd (No 554158) for 
Scientific Research from the Ministry of Education, Sctence, and Culture. 

REFERENCES 

1 H. HASW~OTO, K. ARAKI, ANLY 3. YOSHI~IURA, Nippon Kagaka KaIshr, (1981) 805-812. 

2 H. UhrrZAw.4, S. U~~EZAWA, T. TSUCHIYA, AND Y. OICAZAKI, f. Atzttblot , 24 (1971) 485-487. 
3 H. UhfrzixwA, Adv. Carbohydr. Chem. Btochem , 30 (1974) 183-225. 
4 H. HA~HWOTO, T. NISHIDE, F. CHIBA, AND J. YOSHIMURA, Carbohydr. Res., 60 (1978) 75-84. 
5 A. FUR~T AND P. A_ PLATI-NER, Abstr Pap. lilt. Congr. Pure Appl. Chem , 12th, New York, 1951, 

p_ 409. 
6 N. R. WILLIAMS, Adv. Carbohydr Chem. Biochem., 25 (1970) 109-179. 
7 T_ THIEM AND .J SCHWENTMR, Tetrahedron Lett , (1978) 459-362 
8 H. HAs~uro~o, K. I\RAKI, AND J. YOSHIMURA, BaM. Chem. Sot fpn., 54 (1981) 3015-3019. 
9 L. GOODMAN, Adv. Carbohydr. Chem., 22 (1967) 127-141. 

10 T. HATA, S. OMURA, M. KATAGIRI, K. ATSUMI, J. AWAYA, S HIGASHIKASA, K. YASUI, H TERADA, 
AND S. KZTYAI\IA, J, Antrbiot., 24 (1971) 900-901. 

11 S. OKUBO, N. NAKAMURA, K. ITO, H. MARUMO, M. TANAKA, AND S. OMURA, J. Antlbrot., 32 
(1979) 347-354. 

12 H. l%.smo~o, F. CHIBA, K. ARAKI, AND J. YOSHIMURA, Carbohydr. Res., 72 (1979) 261-266. 


