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XBSTRACT 

Prumycin (1) and related compounds have been synthesized from benzyl 
2-(benzyloxycarbonyl)amino-2-deoxy-5,6-O-isopropylidene-B-D-glucofuranoside (4). 
Benzoylation of 4, followed by deisopropylidenation, gave benzyl 3-O-benzoyl-2- 
(benzyloxycarbonyl)amino -2-deoxy-P-D-glucofuranoside (6), which was converted, 
riu oxidative cleavage at C-5-C-6 and subsequent reduction, into the related benzyl 
P-D-xylofuranoside derivative (7)_ Benzylation of 3-0-benzoyl-2-(benzyloxycarbonyl)- 
amino-Zdeoxy-D-xylopyranose (S), derived from 7 by hydroiysis, afforded the 
corresponding derivatives (9, 11) of fi- and X-D-xylopyranoside, and compound 7 as 
a minor product. Treatment of benzyl 3-0-benzoyl-2-(benzyloxycarbonyl)amino- 
2-deoxy-4-0-mesyl-@-D-xylopyranoside (IO), formed by mesylation of 9, with sodium 
azide in N,N-dimethylformamide gave benzyl 4-azido-3-0-benzoyl-2-(benzyloxy- 
carbonyl)amino-2,4-dideoxy-a-L-arabinopyranoside (13), which was debenzoylated 
to compound 14. Selective reduction of the azide group in 14, and condensation of 
the 4-amine with N-EN-(benzyloxycarbonyl)-D-alaninoyloxyJsu~inimide, gave the 
corresponding derivative (15) of 1. Reductive removal of the protecting groups of 15 
afforded 1. Prumyein analogs were also synthesized from compound 14. Evidence 
in support of the structures assigned to the ne-w derivatives is presented. 

INTRODUCTlON 

2,CDiamino sugars have been isolated from such antibiotics as Kasugamycin ’ , 
Prumycin2, and Minosaminomycin3, and from other natural sources&‘. 

Prumycin, isolated by Hata et al. ’ in 1971, is a new antibiotic exhibiting a 
selective, inhibitory effect against phytopathogenic fungi such as Sclerotinia sckro- 
tiorcrm. The structure was finaIly elucidated to be 4-(o-alanylamino)-Zamino-2,4- 
dideoxy-r_-arabinopyranose by Ohmura et al.’ in 1974. Recently, Kuzuhara et a1.8 

and Yoshimura et a1.g independently confirmed the structure by chemical synthesis. 
In previous papers’ O--I *, we have shown that various N-substituted 2-amino-2- 

droxy-r)-aldohexoses react with 2,2-dialkoxypropane-N,N-dimethylformamide-~- 

‘For a preliminary communication on part of this work, see Cmbolz_vdr. Res., 51 (1976) ClO-Cl?, 
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toluenesulfonic acid at room temperature to give 4,6-O-isopropylidene derivatives, 
and at S(r90” to give mainly 5,6-O-isopropylidenehexofuranoses. The potential 
utility of this reagent for syntheses in the amino sugar field was emphasized. 

We have now extended these studies to provide a facile, stereoselective synthesis 
of Prumycin (1) and related compounds (2 and 3). 
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RESULTS AND DISCIJSSION 

Treatment l2 of 2-(benzyloxycarbonyl)amino-2-deoxy-D-glucose with the 2,2- 
dibenzyloxypropane reagent for 1 h at 85” gave benzyl 2-(benzyloxycarbonyl)amino- 
2-deoxy-5,6-O-isopropylidene-fi-D-glucofuranoside (4) (40 %). When the reagent 
mixture was employed for 10 min at 120” for preparative work, compound 4 was 

obtained in 55% yield. Benzoylation of 4 gave the 3-benzoate 5, from which the 
isopropylidene group could be cleaved by mild, acid hydrolysis to give benzyl 3-0- 
benzoy&2-(benzyloxycarbonyl)amino- 2-deoxy+?-D-glucofuranoside (ii) in good yield. 
Oxidative cleavage between C-5 and C-6 of compound 6 with sodium metaperiodate 
gave a syrupy aldehyde, which was converted by reduction with sodium borohydride 
for 10 min at 0” into benzyl 3-O-benzoyl-2-(benzyloxycarbonyl)amino-2-deoxy-P-D- 
xylofuranoside (7) in 95% yield. Hydrolytic removal of the benzyl group of 7 with 
2O:l acetic acid--%! hydrochloric acid at 55” afforded 3-0-benzoyl-2-(benzyloxy- 

carbonyl)amino-2-deoxy-D-xylopyranose (8). 
Treatment of 8 with benzy! alcohol in the presence of Amberlite IR-120 (Hi) 

resin at 85” gave a mixture from which benzyl 3-0-benzoyl-2-(benzyloxycarbonyl)- 
amino-2-deoxy-j?-D-xylopyranoside (9, 45%) and the corresponding SC-D-XylO- 

pyranoside (11, 36%), together with compound 7 as a minor product, were isolated. 
Compounds 9 and 11 were respectively mesylated with methanesulfonyl chloride in 
pyridine at 0” to produce the 4-0-mesyl derivatives (10, 12) in quantitative yield. 
The structures of 9 and 11 were determined from their n.m.r. data and those of the 
corresponding 4-0-mesyl derivatives (10, 12) (see Table I). Benzyl 3-0-benzoyl-2- 
(benzyloxycarbonyl)amino-2-deoxy-4-O-mesyl-~-~-xylopyranoside (10) was treated 
with an excess of sodium azide in NJV-dimethylformamide for 10 h at 120” to afford 
benzyl 4-azido-3-O-benzoyl-2-(benzyloxycarbonyl)amino-2,4-dideoxy-~-L-arabino- 
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NHCbz NHCOz 

4R=H 6 7 

5R=E3z 

Bn = CH2Ph 

BZ = COPh 
Cbz = COOC!+f’h 

pyranoside (13) in 91% yield. The n-m-r. spectrum of 13 was we11 resolved, and the 
values of the coupling constants (see Table I) indicated that this compound had 
the arabino configuration. As the mesyl and the benzoyl groups in 10 are tram to 

each other, the formation of small amounts of x~lo azid= and 3-azido compounds 
resulting from neighboring-group participation may be expected. However. n3 
such compounds were isolated, probably because they were formed in only very smail 
amounts. Saponifkation of 13 with sodium methoxide in methanol afforded benzyl 
J-azido-2-(benzyloxycarbonyl)amino-z-L-arabinopyranoside (14) quantitatively. 

Selective reduction of the azide group in compound 14 (in 1:I 1 ,Qdioxane- 
triethylamine) with hydrogen in the presence of 10% Pd/C catalyst gave the desired 
benzyl 4-amino-2-(benzyloxycarbonyl)amino-Z,J-dideoxy-a-L-arabinopyranoside, 
which was used for the next reaction without purification. The amino compound 
MS treated with an equivalent amount of ~-[~-(ben~yioxycarbonyI~-D-alaninoyloxy]- 
succinimide in 1,4-dioxane at room temperature, affording benzyl 4-EN-(benzyl- 
osycarbony~)-~-alanylamino]-2-(benzyioxycarbonyl~am~no-2,-l-dideoxy-x-t-arabino- 
pyranoside [benzyl NJ’-bis(benzyIoxycarbonyl)-r-Prumycinide] (15) in 83% yield 
on the basis of compound 14. When treated with N-IN-(benzyloxycarbonyi)-L- 
alaninoyIoxy]succinimide accordin, 0 to the same procedure, the amino compound 
yielded benzyf4-[N-(benzyloxycarbonyl)-r-alanylamino] -S(benzyioxycarbonyi)amino- 
2,4-dideoxy-cr-t-arabinopyranoside (16) in 88% yield. By the same treatment of the 

benzyl diaminodideoxy-~-arab~nopyranoside derived from compound 14, with the D- 

alanine derivative, benzyl 2,4-di-~N-benzyloxycarbonyf-D-alanylamino)-2.4-dideoxy- 
r-i_-arabinopyranoside (17) was obtained in good yietd. 

In the n-m-r. spectra (see Table If) of compounds E&16, and 17 in chloroform-d, 
the coupling constants are 2.0, 1.5, and 2.0 Hz, respectively. However, in a more polar 
solvent (dimerhyl suIfoxide-d,), those of compounds 15 and 17 are 5.0 and 4.6 f-I& 
respectively. it appears that, in dimethyl sulfoxide soIution, both chair conformations 
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of the compounds are present in substantial proportions in equilibrium, but that, 

in chloroform, there is a shift in the conformational equilibrium to favor the ‘C,(L) 

co~f@rmation. it is known that the solvent-dependence of the conformational 

population of polysubstituted, pyranoid ring-systems is affected by the anomeric 

8 -!- 

NHCbZ NHCbz 

/ 
9R= H ltR= i\l 
10R = MS 12 R = b-15 

TABLE II 

s.!.I.K. DATA FOR C~~~POIJNDSIS. ~~,AND 171N CDCIJ AND MeiSO-& 

‘?R, F]Bn 

NHR, I 
EIHR, 

.SQff%Wf Arrumerfc proron 

Chemical shifr (7) Cattplin!: consraw, JJ ,I (Hz) 

15 CDC13 5.27 2.0 
IS Me2SO-c& 5.57 5.G 
16 CDClLi 5.30 1.5 
17 CDCI~ 5.34 2.0 
17 Me,SO-& 5.57 4.6 
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effect’3*‘4, 1,3-diaxial interaction’5*16, vicinal-gauche interaction, and intra- 
mofecular hydrogen-bonding’ ?. The main cause for compounds 15 to f7 to adopt 
the ‘C4{~) conformation in chloroform must be the anomeric effect, which favors 

” the axial orientation for the benqloxyl group. It is also important to add the effect 
of intramolecular hydrogen-bonding between the U-benzyl group at O-I and the 
hydrogen atom of OH-3 in axial orientation in stabilizing the *C4(~) conformation 
in chloroform. The gutrche interaction between the C-i and C-2 substitnents, and the 
nonbonded interaction between the bulky, axial substituent at C-4 and the ring- 
oxygen atom to destabilize the 4Cr(~) conformation must also be important. 

The protecting groups of compound 15 were removed by hydrogenolysis with 
10% PdjC catalyst in aqueous methanol in the presence of acetic acid. After evapora- 
tion of the methanol, the amount of 0. iM hydrochIoric acid calculated to be equivalent 
to the base was added to the residual solution, and the mixture was evaporated in 
uclcuo at 30” to give Prumycin dihydrochloride (1) in almost quantitative yield. 

1 I I 

4.5 5 55 6 6.5 z 7 

Fig- 1. Partial n.m.r- spectra of Prumycin dihgdrochloride (I) and the analog (2) at 90 MHz in DtO. 
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The i.r. and n.m.r. spectra, and RF values in t.1.c. were identical with those of an 
authentic sample of Prumycin dihydrochloride. By the same procedure, the related 

compounds 2 and 3 were synthesized from 16 and 17, respectively. The n.m.r. spectrum 

(see Fig. 1) of the Prumycin analog (2) is similar to that of Prumycin (l), and the 
values of the coupling constants indicate that both of the compounds have the 
aC, (L) conformation. 

ESPERlhfENTAL 

General. - Melting pcints were determined on a Yanagimoto micro melting- 

point apparatus and are uncorrected. Specific rotations were determined with a 
Yanagimoto OR-50 polarimeter. N.m.r. spectra were recorded at 90 MHz for solu- 

tion in chloroform-d, unless otherwise noted. 1.r. spectra were recorded with a 
Jasco IRA-I spectrophotometer. Preparative chromatography was performed on 
3GO-mesh silica. gel (Wako Co.) with the solvent systems specified. N,N-Dimethyl- 
formamide was distilled, and dried over Drierite (W. A. Hammond Drierite Co.). 
Evaporations were conducted itt uactlo. 

Betlzyl 2-(betlz~~lox~lctubo~_vi)a~tjtzo-2-deo~~-5,6-0-isopuop~~lirlet:e-~-o-glrrco- 
fhattoside (4). - A solntion of 2-(benzyloxycarbonyl)amino-2-deoxy-D-glucose 
(100 g) in dry N,N-dimethylformamide (400 ml) at 120” was stirred whilst 2,2- 
dibenzyloxypropane’8 (400 ml) and p-toluenesulfonic acid (5 g) were added. The 

mixture was stirred for 10 min at 120”, cooled, and deacidified wivith Amberlite 

IRA-410 ion-exchange resin. The mixture was fiItered, and the filtrate evaporated, 
and the syrupy residue was eluted from a column of silica gel (1,000 g) with benzene, 
and then with 7O:l benzene-methanol. The latter eluted the title compound (4; 77.8 g, 
55%). Recrystallization from ethanol-ether gave needIes, m.p. 89.5” (lit.” syrup), 
[@ -44” (c 0.3, chloroform) (lit.‘z [a]f: -35”); n.m.r. data: T 2.68 (Ph), 5.0 (1 H, 
s, H-l), and 8.60 and 8.68 (2 s, Me,C). 

Anal. Calc. for CZ4Ht9N07: C, 65.00; H, 6.59; N, 3.16. Found: C, 64.95; 

H, 6.63; N, 3.19. 

Benzy/ 3-0-betzzo~~-2-(benz~~ox~~curbon~I)atni~o-2-~eo~~~-~,6-O-isoFrop~~idene- 
/I-mghtcofkranoside (5). - To a solution of 4 (23.5 g) in pyridine (60 ml) was added 
benzoyl chloride (10 g) at 0”. The mixture was kept for 5 h at 0”, and extracted with 
benzene. The extract was successively washed with 2h1 hydrochloric acid, M sodium 
carbonate, and water, dried (sodium sulfate), and evaporated. The product, purified 
by chromatography on a column of silica gel with 1O:I benzene-methanol, was 
obtained as a syrup: wt. 37.2 g (93X), b]Ls -69” (c 1.0, chloroform); v::‘: 3270 
(NH), 1715 (ester), 1690 and 1500 (amide), 840 (Me&), and 725,700, and 690 cm-’ 
(phenyl); n.m.r. data: 5 1.92-2.53 (5 H, COPh), 2.62 (10 H, 2 Ph), 4.33 (1 H, dd, 
J 2.3 6-O Hz, J3.5 2.2 Hz, H-3), 4.51 (1 H, d, JL,NK 8.0 Hz, NH), 4.80 (1 H, d, J,., 
1.5 Hz, H-l), 4.83 (2 H, s, CO,CH,Ph), and 8.59 and 8.79 (2 s, Me,C). 

Anal. Calc. for CX1HS3NOs: C, 67.99; H, 6.07; N, 2.56. Found: C, 68.20; 
H, 6.22; N, 2.56. 
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Bet& 3-O-benzo_vi-2-(benzyloxycai-bon_v~)amino-_ 3-deoxv-B-D-glucoflirarlosirle 

(6). - A solution of 5 (5 g) in 70% aqueous acetic acid (50 ml) was heated for 5 h 

at 40-W, and then evaporated at 40”. The residue crystallized from ether, and 
recrystallization from ethanol-ether gave 6 as needles (4.3 g, 93%), m.p. 131”, p]i 
-- 15” (c 0.3, chloroform); tmsx oNuj”’ 3430 (OH), 3280 (NH), 1730 (ester), 1730 and 1.540 
(amide), and 730,710, and 700 cm- r (phenyl). 

Anal. Calc. for GsH,,NO,: C, 66.26; H, 5.76; N, 2.76. Found: C, 66.31; 
H, 3.77; N, 2.52. 

Ben& 3-O- ben.zo>TI-2 - (benzylox_vcarbonyl)an~ino -2-deoxy -B-D -xylof~wano_virle 

(7). - To a stirred solution of 6 (6 g) in methanol (180 ml) was added 0.4~ aqueous 
sodium metaperiodate solution (36 ml) at 0”, and the mixture was kept for 50 min at 
0”. In order to decompose the excess of the reagent, ethylene glycol was added to the 
mixture, and the precipitate was removed by filtration. The filtrate was evaporated to 
a syrup, which was extracted with benzene. The extract was washed with water, 
dried (sodium sulfate), and evaporated to a syrup which was used in the next reaction 
without further purification. A &lution of the syrup in methanol (150 ml) was stirred 
at 0” while sodium borohydride (300 mg) was added. The mixture was gently stirred 
for 10 min at 0”. Acetic acid (1 ml) was added to the mixture, and it was evaporated 
at 20” to a syrup which was extracted with benzene. The extract was successively 
washed with 2~ hydrochloric acid, M sodium carbonate, and water, dried (sodium 
sulfate), and evaporated, to afford a crystalline product; this was recrystallized from 
methanol to give needles (5.4 g, 95%); m-p. 117-118”, [a!]2 -333O (c 0.4, methanol): 
vN”jo’ 3400 (OH), 3320 (NH), 1740 (ester), 1680 and 1530 (amide), and 690 and nl3X 
700 cm-’ (phenyl); n.m.r. data: r 1.96-2.60 (5 H, COPh), 2.69 (10 H, 2 Ph), 4.66 
(1 I-I, dd, .Jz,s 6.5 Hz, J3,J 3.3 Hz, H-3), 4.67 (1 H, d, JZ,NH 8.0 Hz, NH), 4.85 (1 H, 

d, J,,, 1.5 Hz, H-l), and 4.90 (2 H, s, C02CHIPh). 
Anal. Calc. for C,,H,,NO,: C, 67.91; H, 5.70; N, 2.93. Found: C, 67.89: 

H, 5.73; N, 3.10. 
.3-0-Benzo_vi-2-(be~~zylo_~ycarbo~~y~)amino- 2-deosy-D-xylopyrmlose (8). - To a 

solution of 7 (10 g) in acetic acid (60 ml) was added 2~ hydrochloric acid (3 ml). The 
mixture was heated fnr 1 h at 55”, and again 2~ hydrochloric acid (I ml) was added. 
The reaction was conrmued for another 2 h at 55”; starting material was then no longer 
detectable by t.1.c. The mixture was evaporated below 55” to give a syrup which was 

: crystallized from chloroform-ether. Recrystallization from chloroform afforded 8 
(4.1 g, 50%) as needles, m-p. 168”, [a];’ + 52.5” (c 0.5, equil., methanol); vale’ 
3500 (OH), 3380 (NH), 1700 (ester), 1690 and 1510 (amide), and 700 and 690 cm-’ 

(phenyl). 
Anal. Calc. for CzoHZ1N07: C, 62.01; H, 5.46; N, 3.62. Found: C, 62.23; 

H, 5.51; N, 3.62. 
Benzy! 3-O-benzoyI-2-(be~rzy/o~yca~bonjll)a~~~ino-2-~eo_~~~-~-~-~ylopyra~~osi~i~~ 

(9) and benzyl 3-O-ben,-oy~-2-(benryloxycarbonyl)a~?~~~lo-2-rZeoxy-a-o-xyZoprvranosi~f~~ 

(11). - TO a solution of 8 (15 g) in benzyl alcohol (160 ml) was added Amberlite 
IR-120(W) resin (20 g), and the mixture was stirred for 44 h at 85”. The resin was 



SYNTHESIS OF PRUMYCIN 145 

filtered off, and the filtrate evaporated to a syrup which was chromatographed on a 
column of silica gel (200 g) with benzene, and then 20&l benzene-methanol. With 

the latter eluant, compound 11 issued as the faster-moving component, and was 
obtained as needles (6.6 g, 36%), m.p. 153-154”. b]g + 179” (c 0.3, chloroform); 

s”jO’ 3500-3350 (OH, NH), 1720 (ester), 1700 and 1500 (amide), and 740, 720, and 
iG;crn- ’ (phenyl); n.m.r. data: r 1.90-2.62 (5 H, COPh), 2.69 and 2.85 (1 H, 2 s, 
2 Ph), and 5.06 (2 H, S, CO,CH,Ph). Other n.m.r. data are given in Table I. 

Anal. Cab for C27H2,NOi: C, 67.91; H, 5.70; N, 2.93. Found: C, 67.56; 

H, 5.51: N, 2.99. 

Compound 9 appeared as the slower-moving component: WC. 8.3 g (45%), 
n1.p. 142-143”: [X1$ -3.3” (c 0.3, chloroform): I ::‘,“I 3400-3300 (OH, NH), 1700 
(ester), 1680 and 1500 (amide), and 745, 720, and 690 cm-’ (phenyl); n.m.r. data: 
r 2.02-2.65 (5 H, COPh), 2.71 and 2.78 (10 H, 2 s, 2 Ph), and 4.96 (2 H, s, C02CH,Ph). 

Other n.1n.r. data are given in Table I. 

Anal. Calc. for C,,H,,NO,: C, 67.91; H, 5.70; N, 2.93. Fourtd: C, 67.88; 
H, 5.71; N, 2.95. 

Further elution of the column yielded 1.4 g of 7 and the starting material 8 

(360 mg). 

&A’ZVl ~-~-b~F~ZO~~i-~-~~beFl~~~~O~~yCU~bOFl~~~~aF?IiFIO- 2-deoxy-C-0-Fnesyl-/l-D-syfo- 

p~mnoside (IO). - To an ice-cooled solution cf 9 (3.9 g) in pyridine (20 ml) was 
added methanesulfonyl chloride (1 2 g), and the mixture was kept for 4 h at 0’. The 

mixture was evaporated, the residue extracted with chloroform, and the extract 
successively washed with 2~ hydrochloric acid, hi sodium carbonate, and water, 

dried (sodium sulfate), and evaporated to give a crystalline product. Recrystalliza- 

tion from ethanol afforded 10 (4.2 g, 93%) as needles, m-p. 149”, b]z -37” (c 0.3, 

chloroform): YE:?’ 3320 (NH), 1730 (ester), 1700 and 1530 (amide), 1180 (SO& 
and 730, 700, and 690 cm- ’ (pheny!); n.m.r. data: r 1.98-2.68 (5 H, COPh), 2.71 
and 2.76 (10 H, 2 Ph), 4.97 (2 H, s, C02CH,Ph), and 3.70 (3 H, Me). Other n.m.r. 

data are given in Table I. 

Anal. Calc. for C,,H,,NO,S: C, 60.53; H, 5.26; N, 2.52. Found: C, 60.58; 
H, 5.34; N? 2.52. 

~enzy~3-O-beF~~oy~-2-(beF?~_v~o.~ycarborl)-~-~-n~esyf-cr-D-xy~o- 

pwaFzosirle (12). - To an ice-cooled solution of 11 (500 mg) in pyridine (7 ml) was 

added methanesulfonyl chloride (200 mgj. The mixture was kept for 4 h at 0”, and 
evaporated to a syrup which was extracted with chloroform. The extract was suc- 
cessively washed with 2ar hydrochloric acid, hr sodium carbonate, and water, dried 

(sodium sulfate), and evaporated to a crystalline mass (560 mg, 96%) that migrated 

as a single spot in t.1.c. Recrystallization from ethanol gave needles, m.p. 115-116”, 

[xl: +103” (c 0.3, chloroform); vtEc* 3280 (NH), 1720 (ester), 1680 and 1510 

(amide), 1170 (S02), and 730, 710, and 690 cm- ’ (phenyl): n.m.r. data: r l-90-2.60 

(5 H, COPh), 2.69 and 2.87 (10 H, 2 Ph), 5.12 (2 H, s, C0,CH2Ph), and 3.18 (3 H, 

s, Me). Other n.m.r. data are given in Table I. 





$yN’rHESIS OF PRWMYCIN 147 

3 Ph), 3.38, 4.38, and 4.50 (3 H, 3 NH), 4.93 (4 H, s, 2 C02CH2Ph), 5.27 (I H, d, 
J,+~ 2,O Hz, H-l), and a.71 (3 H, d, JMs,” 6.0 Hz, Me). 

Anal. Calc. for Cj+&NJOS: C, 64.46; H, 6.11; N, 7.28. Found: C, 64.50; 
H, 6.11; N. 7.32. 

Benzyl C(N-benzyl~x~~curbony~-~-alany~~mino)-2-(~~enzoylxycarbo~yl)amino~2,4 
dideoxy-z--t-urabinopyranoside (16). - Selective reduction of compound 14 (400 mg) 
in l&dioxane (48 ml) and triethylamine (48 ml) with hydrogen in the presence of 
10% Pd/C catalyst (40 mg), and subsequent coupling with N-[N-(benzyloxycarbonyl)- 
L-akninoyloxy]suceinimide (600 mg) in 1 ,Cdioxane (30 ml), by the same procedure as 
just described, afforded the title compound; wt. 510 mg (88%), m.p, 89-90”, [ct]ks 
-63.5” (C 0.3, chloroform); u,,, NuJo’ 3400-3240 (OH, NH), 1680, 1640, and 1 SO0 
(amide), and 730 and 690 cm- 1 (phenyl); n.m.r. data: ‘f 2.62 and 2.64 (IO H, 2 Ph), 
3.42, 3.94, and 4.25 (3 H, 3 NH), 4.93 and 4.96 (4 H, 2 s, 2 C0,CH2Ph), 5.30 (I H, 
d, Jr,:, 1.5 Hz, H-l), and 8.76 (3 H, d, .&,,, 7.0 Hz, Me). 

Anal. Calc. for CJIHJsN30s: C, 64.46; H, 6.11; N, 7.28. Found: C, 64.51; 
H, 5.98; N, 7.30. 

B~nzyl2,4-di-~-ben,rrzyloxycarbon~~l-~~alanyf~m~no)~2,4-d~deoxy-~~~-urobino- 
pyranoside (17). - Compound 14 (200 mg) was dissolved in ethanol (30 ml); 10% 
Pd/C catalyst (200 mg) was added, and hydrogen was bubbled through for 1 h 
while the solution was stirred at room temperature, After removal of the catalyst 
by filtration, the filtrate was evaporated to a crystalline mass which was used for the 
next reaction. The amino compound obtained was coupled with N-[N-(benzyloxy- 
carbonyl)-D-alaninoyloxy]succinimide (200 mg) as already described, to give corn- 
pound 17; wt. 295 mg (91%), m.p. 194195”, [a]? -33” (c, 0.4, methanol); vz$” 
3400-3270 (OH, NH), 16951665, and 1530 (amide}, and 730 and 690 cm” ’ (phenyl); 
1.m.r. data: z 2.63 (15 H, 3 Ph), 4.91 (4 H, s, 2 CO&H2Ph), 5.34 (1 H, d, J, J 2.0 Hz, 
H-l), 8.64, and 8.66 (6 H, 2 d, JMe,rr 7.5 Hz, 2 Me). 

Anal. Caic. for C34H40Nb09: C, 62.95; H, 6.22; N, 8,64. Found: C, 63.25; 
H, 6.21; N, 8.50. 

Ptwmycin dihydrochloride (1). - Compound 15 (300 mg) was dissolved in 
methanol (70 ml) and water (7 ml), 10% Pd/C catalyst (300 mg) was added, and 
hydrogen was bubbled through while the mixture was stirred for 30 min at room 
temperature. The catalyst was removed by filtration and washed with water (10 ml). 
After evaporation of the methanol below 30”, 10% Pd/C (200 mg), acetic acid (0.5 ml), 
and water (15 ml) were added to the residual solution. Hydrogen was again bubbled 
through the mixture, with stirring for 1.5 h at room temperature, the CQUISC of the 
reaction being monitored by t.1.c. The catalyst was filtered off, and 0. I M hydrochloric 
acid tin 35 ml\ was z&&xi. The solution was evaporated below 31)“. to give an amor- - \ _ _ %_ L _-_-, 

phous mass of 1 (150 mg, 93%), [a(]i5 -1-95” (c OS, equil., methanol); ht.” [u];~ 
-9V (c 0.7, methanol). The i.r. and n.m.r. spectra, and the RF values of the thin- 
layer chromatograms were all identical with those of an authentic sample. 

The crystalline p anomer was isolated from methanol, m.p. 195-199” (dec.) 
[lit.’ m-p. 198-200” (dec.)]; n.m.r. data (D,O): T 4.56 (d, JIB1 3,8 Hz, H-l), 518 (dl 
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J I.,z. 9.5 Hz, H-l’), 6.59 (dd, J,,, 3.8 Hz, J2,3 10.0 Hz, H-2), 6.91 (dd, J,.,z. 9.5 HZ, 

J 2,.3, 11.0 Hz, H-2’), and 8.49 (3 H, d, JMc,H 7.2 Hz, Me).- 

Anal. Calc. for CsH,,N,O,-2 HCl.HzO: C, 30.95; H, 6.95; N, 13.55. Found: 

C, 30.81; H, 7.15; N, 13.28. 
4-(L-Alafzylanzino)-2-atzziilo=, 3 4-dideoxy-z_-arabifzopyranose dil?l;droc~zloride (2). - 

By the same procedure described in the previous section, all of the protecting groups 

of compound 16 (300 mg) were removed. The dihydrochloride of the anomeric 
mixture was obtained; colorless, amorphous; wt. 160 mg (quantitative yield), [XI;’ 

-44” (c 1.6, equil.; methanol); n.m.r. data (D,O): T 4.56 (d, J,,Z 3.8 Hz, H-l), 

5.18 (d, J1,.2, 9.5 Hz, H-l’), 6.59 (dd, J,,z 3.8 Hz, Jz,3 10.0 Hz, H-2), 6.90 (dd, 
J 1’,2. 9.5 Hz, Jt,,s, 11.0 Hz, H-2’), and 8.49 (3 H, d, JhleSH 7.2 Hz, Me). 

Anal. Calc. for CsH17N304-2 HCl.H,O: C, 30.95; H, 6.95; N, 13.55. Found: 
C$ 30.70; H, 7.24: N, 13.35. 

2,4-Bis(D-aZan)?lamio)-2,4-d~deoxy-L-arabjnopyrai?ose dilydrochloride (3). - To 
a solution of 17 (300 mg) in methanol (60 ml), water (4.mI), and acetic acid (1 ml) 
was added 10% Pd/C catalyst (3OG mg), and hydrogen was bubbled through for 2 h 

while the solution was stirred at room temperature. The catalyst was removed by 

filtration, and the filtrate was evaporated below 30” to give a syrup which was dissolved 

in water (15 ml}; O.lhr hydrochloric acid (9 ml) was added to the solution, and the 

mixture was again hydrogenated with 10% PdjC (150 mg), with stirring, for 2 h at 

room temperature. The solution was evaporated below 35” to a crystalline product 
which was recrystallized from ethanol, affording the title compound 3 (150 mg, 

92%), m-p. 190-200” (dec.), [rl];’ -i-33” (c 0.4, equil., methanol); n.m.r. data (D,O): 

,c 4.76 (d, J,,, 3.0 Hz, H-l), 5.17 (d, J,,,,, 10.0 Hz, H-l’), and 8.47 and 8.49 (6 H, 

2 d, fw H 7.5 Hz, 2 Me). 

Aial. Calc. for C,,H,,N,05.2 HCl: C, 36.62; H, 6.66; N, 15.53. Found: 

C, 36.30; I-I, 6.95; N, 15.22. 
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