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ABSTRACT

Prumycin (1) and related compounds have been synthesized from benzyl
2-(benzyloxycarbonyl)amino-2-deoxy-5,6- O-isopropylidene-f-p-glucofuranoside (4).
Benzoylation of 4, followed by deisopropylidenation, gave benzyl 3-O-benzoyl-2-
(benzyloxycarbonyl)amino-2-deoxy-fS-p-glucofuranoside (6), which was converted,
via oxidative cleavage at C-5-C-6 and subsequent reduction, into the related benzyl
B-p-xylofuranoside derivative (7). Benzylation of 3-O-benzoyl-2-(benzyloxycarbonyl)-
amino-2-deoxy-D-xylopyranose (8), derived from 7 by hydroiysis, afforded the
corresponding derivatives (9, 11) of - and x-D-xylopyranoside, and compound 7 as
a minor product. Treatment of benzyl 3-O-benzoyi-2-(benzyloxycarbonyl)amino-
2-deoxy-4-0-mesyl-#-p-xylopyranoside (10), formed by mesylation of 9, with sodium
azide in N,N-dimethylformamide gave benzyl 4-azido-3-O-benzoyl-2-(benzyloxy-
carbonyl)amino-2,4-dideoxy-x-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-[N-(benzyloxycarbonyl)-p-alaninoyloxyjsuccinimide, gave the
corresponding derivative (15) of 1. Reductive removal of the protecting groups of 15
afforded 1. Prumycin analogs were also synthesized from compound i4. Evidence
in support of the structures assigned to the new derivatives is presented.

INTRODUCTION

2,4-Diamino sugars have been isolated irom such antibiotics as Kasugamycin',
Prumycin?, and Minosaminomycin3, and from other natural sources*°.

Prumycin, isolated by Hata ez al.” in 1971, is a new antibiotic exhibiting a
selective, inhibitory effect against phytopathogenic fungi such as Sclerotinia sclero-
tiorum. The structure was finally elucidated to be 4-(p-alanylamino)-2-amino-2,4-
dideoxy-L-arabinopyranose by Ohmura et al.? in 1974. Recently, Kuzuhara et al.®
and Yoshimura et al.? independently confirmed the structure by chemical synthesis.

In previous papers'®~*'2, we have shown that various N-substituied 2-amino-2-
deoxy-D-aldohexoses react with 2,2-dialkoxypropane-N,N-dimethylformamide—p-

*For a preliminary communication on part of this work, see Carbohyvdr. Res., 51 (1976) C10-C12.
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toluenesulfonic acid at room temperature to give 4,6-O-isopropylidene derivatives,
and at 80-90° to give mainly 5,6-O-isopropylidenchexofuranoses. 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).

O
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NHR
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i
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RESULTS AND DISCUSSION

Treatment!? 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-3,6-O-isopropylidene-fS-pD-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 benzy! 3-0-
benzoyl-2-(benzyloxycarbonylamino-2-deoxy-f-p-glucofuranoside (6) 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-g-n-
xylofuranoside (7) in 95% yield. Hydrolytic removal of the benzyl group of 7 with
20:1 acetic acid—-2m 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 (H™)
resin at 85° gave a mixture from which benzyl 3-0-benzoyl-2-(benzyloxycarbonyl)-
amino-2-deoxy-f-D-xylopyranoside (9, 45%) and the corresponding w«-D-xylo-
pyranoside (11, 36%), together with compound 7 as a minor product, were isolated.
Compounds 9 and 11 were respectively mesylated with methanesulfony! chloride in
pyridine at 0° to produce the 4-O-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-f-D-xylopyranoside (10) was treated
with an excess of sodium azide in N,N-dimethylformamide for 10 h at 120° to afford
benzyl 4-azido-3-O-benzoyl-2-(benzyloxycarbonyl)amino-2,4-dideoxy-a-L-arabino-
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pyranoside (13) in 91% yield. The n.m.r. spectrum of 13 was well resclved, and the
values of the coupling constants (see Table I) indicated that this compound had
the arabino configuration. As the mesy! and the benzoyl groups in 10 are trans to
each other, the formation of small amounts of xylo azide and 3-azido compounds
resulting from neighboring-group participation may be expected. However, no
such compounds were isolated, probably because they were formed in only very smail
amounts. Saponification of 13 with sodium methoxide in methanol afforded benzyl
4-azido-2-(benzyloxycarbonyl)amino-x-L-arabinopyranoside (14) quantitatively.

Selective reduction of the azide group in compound 14 (in 1:1 1,4-dioxane-
triethylamine) with hydrogen in the presence of 10% Pd/C catalyst gave the desired
benzyl 4-amino-2-(benzyloxycarbonyl)amino-2,4-dideoxy-x-L-arabinopyranoside,
which was used for the next reaction without purification. The amino compound
was treated with an equivalent amount of N-[N-(benzyloxycarbonyl)-p-alaninoyloxy}-
succinimide in 1,4-dioxane at room temperature, affording benzyl 4-[N-(benzyl-
oxycarbonyl)-p-alanylamino}-2-(benzyloxycarbonylyamino-2,4-dideoxy-x-r-arabino-
pyranoside {benzyl N,N’-bis(benzyloxycarbonyl)-«-Prumycinide] (15) in 83% yield
on the basis of compound 14. When treated with N-[N-(benzyloxycarbonyli)-L-
alaninoyloxylsuccinimide according to the same procedure, the amino compound
yielded benzyl4-[ N-(benzyloxycarbonyl)-L-alanylamino]-2-(benzyloxycarbonyl)amino-
2,4-dideoxy-az-L-arabinopyranoside (6) in 88% yield. By the same treatment of the
benzyl diaminodideoxy-L-arabinopyranoside derived from compound 14, with the D-
alanine derivative, benzyl 2,4-di-(¥-benzyloxycarbonyl-p-alanylamino)-2.4-dideoxy-
z-L-arabinopyranoside (17) was obtained in good yield.

In the n.m.r. spectra (see Table II) of compounds 15, 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 (dimethyl sulfoxide-d,), those of compounds 15 and 17 are 5.0 and 4.6 Hz,
respectively. It appears that, in dimethyl sulfoxide solution, both chair conformations
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of the compounds are present in substantial proportions in equilibrium, but that,
in chioroform, there is a shift in the conformational equilibrium to favor the 'C, (L)
conformation. It is known that the solvent-dependence of the conformational
population of polysubstituted, pyranoid ring-systems is affected by the anomeric
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TABLE 11

N.M.R. DATA FOR COMPOUNDS 15, 16, AND 17 IN CDCI; AND Me2SO-dy

NHR3 oBn
e g— [o] O
Hem// o8 =— RN -
NHR,
MNHR,
Compound Solvent Anomeric proton
Chemical shift (7) Coupling constanr, 3y 2 (Hz)

15 CDCl; 5.27 2.6
15 Me,SO-dg 5.57 5.0
16 CDCl, 5.30 1.5
17 CDCl, 5.34 2.0

17 Me,SO-d, 5.57 4.6
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effect!3-1%, 1,3-diaxial interaction'®'!®, vicinal-gauche interaction, and intra-
molecular hydrogen-bonding'”. The main cause for compounds 15 to 17 to adopt
_ the 'C4(L) conformation in chloroform must be the anomeric effect, which favors
" the axial orientation for the benzyloxyl group. It is also important to add the effect
of intramolecular hydrogen-bonding between the O-benzyl group at O-1 and the
hydrogen atom of OH-3 in axial orientation in stabilizing the 'C (L) conformation
in chloroform. The gauche interaction between the C-1 and C-2 substituents, and the
nonbonded interaction between the bulky, axial substituent at C-4 and the ring-
oxygen atom to destabilize the *C,(L) conformation must also be important.

The protecting groups of compound 15 were removed by hydrogenolysis with
10% Pd/C catalyst in aqueous methanol in the presence of acetic acid. After evapora-
tion of the methanol, the amount of 0.IM hydrochloricacid calculated to be equivalent
to the base was added to the residual solution, and the mixture was evaporated i
vacuo at 30° to give Prumycin dihydrochloride (1) in almost quantitative yield.
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Fig. 1. Partial n.m.r. spectra of Prumycin dihydrochloride (1) and the analog (2) at 90 MHz in D,0.
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The i.r. and n.m.r. spectra, and R values in t.l.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 (1), and the
values of the coupling constants indicate that both of the compounds have the
+C,(1) conformation.

EXPERIMENTAL

General. — Melting peints 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 chioroform-4, unless otherwise noted. Lr. spectra were recorded with a
Jasco IRA-1 spectrophotometer. Preparative chromatography was performed on
300-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 in vacuo.

Benzyl 2-(benzyloxycarbonyi)amino-2-deoxy-5,6-O-isopropylidene-B-p-gluco-
furanoside (4). — A solution 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!® (400 ml) and p-toluenesulfonic acid (5g) were added. The
mixture was stirted for 10 min at 120° cooled, and deacidified with Amberlite
IRA-410 ion-exchange resin. The mixture was filtered, and the filtrate evaporated,
and the syrupy residue was eluted from a column of silica gel (1,000 g) with benzene,
and then with 70:1 benzene—methanol. The latter eluted the title compound (4; 77.8 g,
55%). Recrystallization from ethanol-ether gave needles, m.p. 89.5° (lit.'* syrup),
[#]2® —44° (¢ 0.3, chloroform) (lit.} % [«]3* —35°); n.m.r. data: = 2.68 (Ph), 5.0 (1 H,
s, H-1), and 8.60 and 8.68 (2 s, Me,C).

Anal. Cale. for C,,H,oNO;: C, 65.00; H, 6.59; N, 3.16. Found: T, 64.95;
H, 6.63; N, 3.19.

Benzyl 3-O-benzoyl-2-(benzyloxycarbony!)amino-2-deoxy-3,6-O-isopropylidene-
B-p-glucofuranoside (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 5h at 0°, and extracted with
benzene. The extract was successively washed with 2M hvdrochloric acid, M sodium
carbonate, and water, dried (sodium sulfate), and evaporated. The product, purified
by chromatography on a column of silica gel with 10:1 benzene-methanol, was
obtained as a syrup: wt. 27.2 g (93%), [«]3° —69° (¢ 1.0, chloroform); viim 3270
(NH), 1715 (ester), 1690 and 1500 (amide), 840 (Me,C), and 725, 700, and 690 cm™ 1
(phenyl); n.m.r. data: T 1.92-2.53 (5 H, COPb), 2.62 (10 H, 2 Ph), 4.33 (1 H, dd,
Js 3 6.0 Hz, J3 4 2.2 Hz, H-3), 4.51 (1 H, d, J, n;; 8.0 Hz, NH), 480 (1 H, d, J, >
1.5 Hz, H-1), 4.83 (2 H, s, CO,CH,Ph), and 8.59 and 8.79 (2 s, Me,C).

Anal. Calc. for C;,H;3NQOg: C, 67.99; H, 6.07; N, 2.56. Found: C, 68.20;
H, 6.22; N, 2.56.
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Benzyl 3-O-benzoyi-2-(benzyloxycarbonyl)amino-2-deoxy-f-D-glucofuranoside
{6). — A solution of 5 (5§ g) in 70% aqueous acetic acid (50 ml) was heated for 5h
at 40-45°, 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°, [«]}’
—-15° (¢ 0.3, chloroform); viui°! 3430 (OH), 3280 (NH), 1730 (ester), 1730 and 1540
(amide), and 730, 710, and 700 cm™ ! (phenyl).

Anal. Calc. for C,gH,oNOg: C, 66.26; H, 5.76; N, 2.76. Found: C, 66.31;
H, 5.77; N, 2.82.

Benzyl 3-O-benzoyl-2-(benzvloxycarbonyllamino-2-deoxy-B-0-xylofuranoside
(7). — To a stirred solution of 6 (6 g) in methanol (180 ml) was added 0.4m 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 solution 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 2m 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°, [o]3° —33° (¢ 0.4, methanol);
vRujol 3400 (OH), 3320 (NH), 1740 (ester), 1680 and 1530 (amide), and 690 and
700 cm~ ! (phenyl); n.m.r. data: t 1.96-2.60 (5 H, COPh), 2.69 (10 H, 2 Ph), 4.66
(1 H,dd, J; 3 6.5 Hz, J5 4 3.3 Hz, H-3), 4.67 (1 H, d, J; vy 8.0 Hz, NH), 4.85 (1 H,
d, J, » 1.5 Hz, H-1), and 4.90 (2 H, s, CO,CH,Ph).

Anal. Calc. for C,;H,,NO;: C, 6791; H, 5.70; N, 2.93. Found: C, 67.89:
H, 5.73; N, 3.10.

3-O-Benzoyi-2-(benzyloxycarbonyl)amino-2-deoxy-p-xylopyranose (8). — To a
solution of 7 (10 g) in acetic acid (60 ml) was added 2m hydrochloric acid (3 ml). The
mixture was heated for 1 h at 55°, and again 2m hydrochloric acid (1 ml) was added.
The reaction was conunued for another 2 h at 55°; starting material was then no longer
detectable by t.l.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°, [z]3! +52.5° (¢ 0.5, equil., methanol); vNui!
3500 (OH), 3380 (NH), 1700 (ester), 1690 and 1510 (amide), and 700 and 690 cm ™'
(phenyl).

Anal. Calc. for C,oH,;NO,: C, 62.01; H, 5.46; N, 3.62. Found: C, 62.23;
H, 5.51; N, 3.62.

Benzy! 3-Q-benzoyl-2-(benzyloxycarbonylamino-2-deoxy-B-p-xylopyranoside
(9) and benzy! 3-O-benzoyl-2-(benzyloxycarbonyl)amino-2-deoxy-a-D-xylopyranoside
(11). — To a solution of 8 (15 g) in benzyl alcohol (160 ml) was added Amberlite
IR-120(H ™) resin (20 g), and the mixture was stirred for 44 h at 85°. The resin was
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filtered off, and the filtrate evaporated to a syrup which was chromatographed on a
column of silica gel (200 g) with benzene, and then 200:1 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°, [«]3° +179° (¢ 0.3, chloroform);
vieiel 3500-3350 (OH, NH), 1720 (ester), 1700 and 1500 (amide), and 740, 720, and
690 cm ! (phenyl); n.m.r. data: © 1.90-2.62 (5 H, COPh), 2.69 and 2.85 (I H, 25,
2 Ph), and 5.06 (2 H, s, CO,CH,Ph). Other n.m.r. data are given in Table 1.

Anal. Calec. for C5;H,;NO;: C, 67.91; H, 5.70; N, 2.93. Found: C, 67.86;
H. 5.51; N, 2.99.

Compound 9 appeared as the slower-moving component: wi. 8.3 g (45%),
m.p. 142-143°, [a]3° —3.3° (¢ 0.3, chloroform); vNui°' 3400-3300 (OH, NH), 1700
(ester), 1680 and 1500 (amide), and 745, 720, and 690 cm ™' (phenyl); n.m.r. data;:
72.02-2.65 (5 H, COPh), 2.71 and 2.78 (10 H, 25, 2 Ph), and 4.96 (2 H, s, CO,CH,Ph).
Other n.m.r. data are given in Table I.

Anal. Calc. for C,;H,;NO;: C, 67.91; H, 5.70: N, 2.93. Found: 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).

Benzyl 3-O-benzopl-2-(benzyloxycarbonyl)amino- 2-deoxy-4£-O-mesy!l-f-b-xylo-
pyranoside (10). — To an ice-cooled solution cf 9 (3.9 g) in pyridine (20 ml) was
azdded methanesulfony! 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 2M hydrochloric acid, M 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°, [«]2% —37° (c 0.3,
chloroformy); viuic! 3320 (NH), 1730 (ester), 1700 and 1530 (amide), 1180 (SO,),
and 730, 700, and 690 cm™ ' (pheny!); n.m.r. data: t 1.98-2.68 (5 H, COPh), 2.71
and 2.76 (10 H, 2 Ph), 4.97 (2 H, s, CO,CH,Ph), and 3.70 (3 H, Me). Other n.m.r.
data are given in Table 1.

Anal. Calc. for C,gH.oNOGS: C, 60.53; H, 5.26; N, 2.52. Found: C, 60.58;
H, 5.34; N, 2.52.

Benzyl 3-O-benzoyl-2-(benzyloxycarbonyl)amino-2-deoxy-4-O-mesyi-a-p-xylo-
pyranoside (12). — To an ice-cooled solution of 11 (500 mg) in pyridine (7 ml) was
added methanesulfonyl chloride (200 mg). The mixture was kept for 4 h at 0°, and
¢vaporated to a syrup which was extracted with chloroform. The extract was suc-
cessively washed with 2M hydrochloric acid, M sodium carbonate, and water, dried
(sodium sulfate), and evaporated to a crystalline mass (560 mg, 96%) that migrated
as a single spot in t.l.c. Recrystallization from ethanol gave needles, m.p. 115-116°,
[J3° +103° (c 0.3, chloroform): viuie! 3280 (NH), 1720 (ester), 1680 and 1510
(amide), 1170 {SO,), and 730, 710, and 690 cm ™' (phenyl); n.m.r. data: 7 1.90-2.60
(5 H, COPh), 2.69 and 2.87 (10 H, 2 Ph), 5.12 (2 H, s, CO,CH,Ph), and 2.18 3 H,
s, Me). Other n.m.r. data are given in Table 1.
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Anal, Cake. for CygH9NOGS: C, 60.53; H, 5.26; N, 2.52. Found: C, 60.51:
H, 519 N, 249,

Beneyl doiaricdo«3-Q-benzoyl-2-(benzyloxycarbonyl)amino-2,4-dideoxy-o-L-ara-
Saswprpramavide (13). — To a solution of 10 (950 mg) in dry N,N-dimethylformamide
§500 by was added sodium azide (950 mg), and the mixture was heated with stirring
far B0 % at 1207, It was then cooled, the salts were filtered off, and the filtrate was
sreapoeated to 4 syrup which was extracted with benzene. The extract was successively
washed with 2m Lydrochloric acid, M sodium carbonate, and water, dried (sodium
wifate), amd evaporated to a syrup which was purified on a column of silica gel (20 g)
wyth chloroform. Compound 13 was obtained as needles, 780 mg (91%), m.p. 114,
il ~ 25.5° (¢ 0.3, chloroform); vl 3320 (NH), 2090 (N,), 1730 (ester), 1700 and
F330 (amade), and 730, 700, and 690 cm ™! (phenyl); n.m.r. data: + 1.91-2.64 (5 H,
COPRY 273 and 2.78 (10 H, 2 Ph), 496 (2 H, 5, CO,CH,Ph), and 5,08 (1 H, d.
Z, a0 Hz, MH). Other n.m.r. data are given in Table 1.

Anal, Cale. for C;0H,N,O,: C, 64.53; H, 5.22: N, 11.15, Found: C, 64.51,
H. 533 N, 1108,

Berecyl 4+azido-2-(benzylexycarbonyl)amino-24-dideoxy-o~L-arabinopyranoside
i — To a solution of 13 (1.7 g) in methanol (120 ml) was added sodium metal
% wig), and the mixture was kept for 10 min at room temperature, and then treated
with Amberlite TR-120 ion-exchange resin., The solution was evaporated to give a
arwstalfine mass. Recrystallization from ethanol afforded the title compound 14,
wt |32 (96%), m.p. 185, [o]3’ —110° (¢ 0.4, methanol); viui*' 3300 (OH, NH),
2140 (M), 1690 and 1540 (amide), and 720 and 690 cm™' (phenyl); n.m.r. data
: 284 (10 H. 2 Ph), 4.90 (2 H, 5, CO,CH,Ph), 5.08 (1 H, d, J, »y 8.0 Hz, NH), and
S 43¢l H, d. J, ; 4.5 Hz, H-1),

tnad. Cale for CyoHy,NLO4: C, 60.29; H, 5.57; N, 14.06. Found: C, 60.30,
M,S SN, 1401,

NN C-Bustbenzyloxycarbonyly-o-Prumycinide (15). — The azido ¢compound 14
§ 10 mg) was dissolved in 1,4-dioxane (12 ml) and triethylamine (12 ml), 10% Pd,(
wwtalyst (10 mg) was added, and hydrogen was bubbled through the mixture, with
sirring, for 35 min at room temperature. The catalyst was removed by filtration, and
the Gltrate was evaporated to give a crystalline mass which was used for the new
sepction withour purification. To a solution of the amino compound in dry 1.4
deonane (95 mi) was added N-[N-(benzyloxycarbonyl)-p-alaninoyloxylsuccinimide
100 mg), and the mixture was stirred at room temperature while the progress of the
traclion wias monitored by tl.c.; after 1 h, the starting material was no longer detect-
able. The mixture was treated with Amberlite IR-410 (OH ™) fon-exchange resin, and
svaporated 1o a syrup, which was extracted with chloroform. The extract was washud
with water, dried, and evaporated to a syrup. The product was chromatographed on u
cotumn of silica gel (10 g) with 100:1 chloroform-methanol, to give 120 mg (83°.)
of compound 18; after recrystallization from ether, this was obtained us needles,
mop 124-125 (2]3% ~44° (¢ 0.4, methanol); R 34203320 (OH, NH), 1700,

mix

1663, and 1325 (amide), and 730-690 cm™ ' (phenyl); n.m.r, data: v 2.71 (15 H.
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3 Ph), 3.38, 4.38, and 4.50 (3 H, 3 NH), 4.93 (4 H, 5, 2 CO,CH,Ph), 5.27 (1 H, d,
Ji.2 20 Hz, H-1), and 8.71 (3 H, d, Jye,n 6.0 Hz, Me).

Anal. Cale. for C3 H35N304: C, 64.46; H, 6.11; N, 7.28. Found: C, 64.50;
H, 6.11; N, 7.32.

Benzyl 4-(N-benzyloxycarbonyl-L-alanylamino)-2-(benzoylxycarbonyl)amino~2,4-
dideoxy-a-L-arabinopyranoside (16). — Selective reduction of compound 14 (400 mg)
in 1,4-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-alaninoyloxy]jsuccinimide (600 mg) in 1,4-dioxane (30 ml), by the same procedure as
just described, afforded the title compound; wt. 510 mg (88%), m.p. 89-90°, [«]7}
~63.5° (¢ 0.3, chloroform); vul°' 3400-3240 (OH, NH), 1680, 1640, and 1500
(amide), and 730 and 690 cm ™! (phenyl); n.m.r. data: = 2.62 and 2.64 (10 H, 2 Ph),
3.42, 3.94, and 4.25 (3 H, 3 NH), 4.93 and 4.96 (4 H, 2 s, 2 CO,CH,Ph), 530 (1 H,
d. J, ; 1.5 Hz, H-1), and 8.76 (3 H, d, Jp.u 7.0 Hz, Me).

Anal. Cale. for C3,H3sN,O04: C, 64.46; H, 6.11; N, 7.28. Found: C, 64.51;
H, 5.98; N, 7.30.

Benzyl 2,4-di-(N-benzyloxycarbonyl-p-alanylamino)-2,4-dideoxy-u~\1.-arabino-
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 1h
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)-p-alaninoyloxyJsuccinimide (200 mg) as already described, to give com-
pound 17; wt. 295 mg (91%), m.p. 194-195°, [«]2* —33° (c 0.4, raethanol); vhulol
3400-3270 (OH, NH), 1695, 1665, and 1530 (amide), and 730 and 690 cm ™' (phenyl);
1.m.r. data: 7 2.65 (15 H, 3 Ph), 4.91 (4 H, s, 2 CO,CH,Ph), 5.34 (1 H, d, J, , 2.0 Hz,
H-1), 8.64, and 8.66 (6 H, 2 d, Jy.u 7.5 Hz, 2 Me).

Anal. Calc. for Cy H 4 oN4Og: C, 62.95; H, 6.22; N, 8.64. Found: C, 63.25;
H, 6.21; N, 8.50.

Prumycin dihydrochloride (1). — Compound 15 (300 mg) was dissolved in
methano! (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 cowse of the
reaction being monitored by t.L.c. The catalyst was filtered off, and 0.1m hydrochloric
acid (10,35 ml) was added. The solution was evaporated below 30°, to give an amor-
phous mass of 1 (150 mg, 93%), [€]2® +95° (¢ 0.5, equil., methanol); lit.* [a]f°
~98° (¢ 0.7, methanol). The i.r. and n.m.r. spectra, and the Ry values of the thin-
layer chromatograms were all identical with those of an authentic sample.

The crystalline f anomer was isolated from methanol, m.p. 195-199° (dec.)
[lit.? m.p. 198-200° (dec.)}; n.m.r. data (D,0): 7 4.56 (d, J, , 3.8 Hz, H-1), 5.18 (d,
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Ji-2-9.5 Hz, H-1), 6.59 (dd, J, ; 3.8 Hz, J, ; 10.0 Hz, H-2), 6.91 (dd, J,. - 9.5 Hz,
J;-3- 11.0 Hz, H-2'), and 8.49 3 H, d, Jy. u 7.2 Hz, Me).-

Anal. Cale. for CgH,{;N3;0,4-2 HCI-H,0: C, 30.95; H, 6.95; N, 13.55. Found:
C, 30.81; H, 7.15; N, 13.28.

4-(1-Alanylamino)-2-amino-2,4-dideoxy-L-arabinopyranose diliydrochloride (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), [«]3°
—44° (c 1.6, equil.; methanol); n.m.r. data (D,0): v 4.56 (d, J, , 3.8 Hz, H-1),
518 d, Jy.2- 9.5 Hz, H-1"), 6.59 (dd, J, ., 3.8 Hz, J, ; 10.0 Hz, H-2), 6.90 (dd,
Jyo.2- 9.5 Hz, J,. 3. 11.0 Hz, H-2), and 8.49 (3 H, d, Jy. 4 7.2 Hz, Me).

Anal. Calc. for CgH,,N;0,-2 HCl-H,0: C, 30.95; H, 6.95; N, 13.55. Found:
C, 30.70; H, 7.24: N, 13.35.

2,4-Bis(D-alanylamino)-2 4-dideoxy-L-arabinopyranose diltydrochloride (3). — To
a solution of 17 (300 mg) in methanol (60 ml), water (4 ml), and acetic acid (1 ml)
was added 10% Pd/C catalyst (300 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); 0.1nm hydrochloric acid (9 ml) was added to the solution, and the
mixture was again hydrogenated with 10% Pd/C (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.), [«}3* +33° (c 0.4, equil., methanol); n.m.r. data (D,0):
T 4.76 (d, J,,, 3.0 Hz, H-1), 5.17 (d, J,. 5. 10.0 Hz, H-1’), and 8.47 and 8.49 (6 H,
2d, Jyeq 7.5 Hz, 2 Me).

Anal. Calc. for C;;H,,N,05-2 HCl: C, 36.62; H, 6.66; N, 15.53. Found:
C, 36.30; H, 6.95; N, 15.22.
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