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Note

Synthesis of methyl 3,6-diacetamido-2,3,4,6-tetradeoxy-g-L-thres-hexopyrano-
side, an intermediate in the synthesis of the antibiotic negamycin

WOLFGANG STREICHER AND HELLMUTH REINSHAGEN
Sandoz Forschungsinstitut Wien, A-1235 Wien 23 (Austria)
(Recetved August 27th, 1979, accepted for publication, December 2nd, 1979)

Negamycin (1) 1s an antibiotic 1solated from Streptomyces purpeofuscus and
posesses strong growth-nhibitory activity against Gram-negative bacteria® The
structure of 1 has been determuned as {2-][ (3R,5R)-3,6-diamino-5-hydroxyhexanoyl -
1-methylhydrazino }acetic acid, and its total synthesis was first reported by Umezawa
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and co-workers® ® In an 11l-step sequence, D-galacturonic acid was converted into
methyl 3,6-diacetamido-2,3,4,6-tetradeoxy-f-L-threo-hexopyranoside (2) Hydrolysis
and oxidation of 2 gave 3,6-diacetamido-2,3,4,6-tetradeoxy-L-thireo-hexono-1,5-
lactone [(3R,5R)-3,6-diacetamido-5-hexanolide] (3), which was 1dentical with a
compound previously obtained by degradation of natural negamycin The same paper
also described a synthesis of the enantiomer of 3 starting from 3-amino-3-deoxy-D-
glucose One of the intermediates obtained n this reaction sequence was methyl
3,6-diacetamido-2,3,4,6-tetradeoxy-a-D-threo-hexopyranoside (4)

Both syntheses® have i common the stepwise elimmation of OH-2 and -4
of the respective carbohydrate intermediates For the synthesis of 3, the configuration
at C-3 and -5 was mnverted to obtain the desired 3R,5R configuration. For the synthe-
sis of the enantiomer of 3, the configuration at C-3 and -5 remained unchanged,
leading to the 35,58 compound Starting from 3 (or 1ts enantiomer), the N-hydroxy-
succinimide esters of (3R,5R)- [or (3S5,55)-] 3,6-di-N-benzyloxycarbonylamino-5-
tetrahydropyranyloxyhexanoic acid were prepared? Condensation of these active
esters with (1-methylhydrazino)acetic acid and subsequent deprotection completed
the synthesis of negamycin and its enantiomer
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Chmuielewski er al ¢ recently described the synthesis of racemic derivatives of
3,6-diamno-2,3,4,6-tetradeoxy-threo-hexopyranoses starting from dihydropyranes
Using a similar approach, Streicher ez al ® carried out the total synthesis of rac
negamycin and of negamycin analogs Syntheses of other analogs of negamycin
have also been described®~1°

In the present communication we describe the synthesis of an intermediate
for a chiral synthesis of negamycin Baer and Neilson!! have shown that 2-O-acetyl-
4,6-0O-benzylidene-3-deoxy-3-nitrohexopyranosides may be converted 1n two steps,
wvia ehmination and hydrogenation, nto 4,6-O-benzylidene-2,3-dideoxy-3-nitro-
hexopyranosides This deacylation-reduction procedure was also performed in one
step by the application of sodium borohydride to methyl 3,6-dideoxy-2-O-methyl-
sulfonyl-3-nitro-«-D-glucopyranoside (or the 4-O-mesyl-isomer) to yield methyl
2,3,6-trideoxy-3-nitro-a-D-arabino-hexopyranoside (or the 3,4,6-trideoxy-1somer)*2:13
Our synthetic plan centered on the simultaneous replacement by a hydrogen atom of
OH-2 and -4 of a 3-deoxy-3-nitrohexopyranoside For the synthesis starting from a
2.4-di-O-acetyl-3-deoxy-3-nmtro-L-hexopyranoside, 1t was anticipated that sodium
borohydride would twice eliminate acetic acid and subsequently hydrogenate the
nitro-olefin intermediates This would lead to a 2,3,4-trideoxy-3-nitro-L-hexopyrano-
side having the desired 3R,5R configuration, provided that the nitro group occupied the
equatorial position after the reduction step

Periodate oxidation of methyl a-L-arabinofuranoside!* and subsequent nitro-
methane condensation according to the procedure of Baer'® *¢ (for the o-D isomer)
gave a mixture of isomeric methyl 3-deoxy-3-nitro-«-L-hexopyranosides (5) in practi-
cally quantitative yield Monotosylation of § with p-toluenesnlfonyl chloride in
pyridine gave a nmuxture of the corresponding 6-O-tosyl compounds (6) in ~409%
yield Chromatographic separation of a small sample of 6 gave two main 1somers,
which were shown by *H-n m r analysis to be the a-L-manno (6a) and a-1-gluco (6b)
compounds However separation of 6 was not required to carry out subsequent
steps Boron trifluoride-catalyzed acetylation'” of 6 gave a mixture of 1someric
methyl 2,4-di-O-acetyl-3-deoxy-3-mtro-6-O-p-tolylsulfonyl-a-L-hexopyranosides (7)
1in quantitative yield Treatment of 7 with a large excess of sodium borohydride in
ethanol, and subsequent chromatography on silica gel gave, in ~30% yield, a
crystalline product, the structure of which was established to be methyl 2,3,4-tr1-
deoxy-3-mitro-6-O-p-tolylsulfonyl-a-L-threo-hexopyranoside (8) Treatment of 8
with sodium azide 1n hexamethylphosphoric triamide gave the azide 9 (100%)
Catalytic hydrogenation of 9 1n the presence of Raney nickel gave the diamino
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compound 10, which on acetylation yielded crystalline methyl 3,6-diacetamido-2,3,4,6-
tetradeoxy-a-L-threo-hexopyranoside (11, 709/ from 9) The melting point and optical
rotation of 11 are 1n excellent agreement with the values reported? for 1ts enantiomer 4

The remaiming steps (hydrolysis of the glycosidic bond, oxidation to lactone 3,
and opening of this lactone for a total synthes:s of negamycin) have been described
previously? * The preparation of the intermediate 11, starting from L-arabinose
(6 steps, 6 6%, overall yield from methyl a-L-arabinofuranoside), thus provides
another synthetic route to negamycin

EXPERIMENTAL

General — Melting points are uncorrected Optical rotations were measured
with a Perkin—Eimer Model 141 polarimeter N mr spectra were recorded, for
solutions, at 90 or 100 MHz, with tetramethylsilane as internal standard (s, singlet,
d, doublet, t, triplet, q, quartet, m, multiplet, b, broad) Ir spectra (for potassium
bromude discs or chloroform solutions) were recorded with a Perkin—Elmer 421
spectrophotometer T lc was performed on Silica Gel GF,s, (Merck) plates (the
spots being detected with 10dine vapor and by visualization under u v light) and
column chromatography on silica gel (40-63 um, Merck)

Methyl 3-deoxy-3-nitro-o-L-hexopyranosides (5) — A solution of sodium
metaperiodate (61 22 g, 0 29 mol) in water (700 mL) was cooled to 5°, and a solution
of methyl a-L-arabinofuranoside'? (47 g, 029 mol) mn water (100 mL) was added
with stirring over a period of 10 min The mixture was then warmed to 23° and kept
for 3 h Ethanol (1 5 L) was added, and the precipitate that formed was removed by
filtration and washed with ethanol The filtrate was evaporated to dryness and the
residue taken up 1n ethanol Another crop of inorganic material was filtered off and
washed with ethanol The combined ethanol solutions were again evaporated to a
syrup The dialdehyde thus obtained was dissolved 1n dry methanol (500 mL), and
nitromethane (18 mL) was added A solution of sodium (7 5 g) in methanol (250 mL)
was added during 15 mn to the solution cooled to 2° After being rewarmed to 23°
for an additional 45 min, the yellow solution was treated with Amberlite IR-120
(H™) 10n-exchange resin (450 mL) and gently stirred for 15 h The solution was
decanted from the resin and passed through a column of Amberlite IR-120 (H")
1on-exchange resin (200 mL) Both batches of resin were washed with methanol, and
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the combined solvents were evaporated to give 5 as a syrupy residue (58 5 g, 91%,)

Methyl 3-deoxy-3-nitro-6-O-p-tolylsulfonyl-a-L-hexopyranosides (6) — To a
solution of § (36 3 g, 0 16 mol) 1n freshly distilled pyridine (150 mL) chilled to 0°
was added p-toluenesulfonyl chloride (34 1 g, 0 18 mol) dissolved 1n pyridine (50 mL)
After being kept for 18 h at room temperature, the solution was poured mnto 2Mm
hydrochloric acid (1 5 L) The resulting solution was extracted 5 times with chloro-
form (200 mL each), the combined chloroform layers were washed twice with 2m
hydrochloric acid and water, dried (sodium sulfate), and evaporated to yield 6 as a
syrup (23 1 g, 389;) The aqueous phase contained large amounts of colored, polar
by-products which were not investigated further

Column chromatography (50 1, v/v, chloroform-ethanol) of a sample (2 g)
of 6 gave two homogeneous fractions (ratio of 6a to 6b ~2 3), both as viscous syrups

Methyl 3-deoxy-3-mtro-6-O-p-tolylsulfonyl-a-1.-mannopyranoside (6a) — T1c
(20 1, v/v, chloroform-ethanol) Rr 041, [a]2° —12 7° (¢ 0 6, chloroform), nm T
chloroform-d, assignments made after addition of trichloroacetyl 1socyanate) & 4 66
(d, J1,,2Hz, H-1),456 (t, J,,; = J,3 = 3 Hz, H-2), 44543 (m, J5 4, = J4 5 =
9 Hz, H-3,-4,-6,-6"), 374 (td, Js ¢ = Js¢ = 3 Hz, H-5), 3 34 (s, OMe), and 2 44
(s, CeH,CH3)

Anal Calc for C ,H;(NOgS C, 4456, H, 507, N, 371, S, 850 Found
C,44.77, H, 529, N, 341, S, 822,

Methyl 3-deoxy-3-nitro-6-O-p-tolylsulfonyl-o-L-glucopyranoside (6b) — Tlc
(20 1, v/v, chloroform~ethanol) Ry 034, [«]2° —98 3° (¢ 0 7, chloroform), nm r
(chloroform-d, assignments confirmed by INDOR technique) 64 73 (t,J5 ; = J3 4 =
10 Hz, H-3),4 72 (d, J, , 4 Hz, H-1), 4 36 (m, H-6,-6"),4 07 (t,J, ; = J, s = 10 Hz,
H-4), 4 04 (dd, J,,, 4, J» 3 10 Hz, H-2), 3 38 (s, OMe), and 2 43 (s, C¢H,CH;)

Anal Calc for C,;H;,NOgS C, 44 56, H, 507, N, 371, S, 850 Found C,
4463, H, 518, N,352,S,817

Methyl 2,4-di-O-acetyl-3-deoxy-3-mitro-6-O-p-tolylsulfonyl-a-L-hexopyranosides
(7) — A solution of 6 (23 1 g, 61 mmol) 1n acetic anhydride (75 mL) was treated
at 5° with boron trifluoride etherate (1 S mL) After 15 h at room temperature, the
solution was evaporated under diminished pressure The residue was taken up 1n
ethyl acetate, and the solution washed with saturated aqueous sodium hydrogen-
carbonate and water, dried (sodium sulfate), and evaporated to yield 7 (26 7 g, 95%)

Treatment of 6a or 6b in the same manner gave the corresponding diacetates
7a and 7b, which were chromatographically homogeneous (t1c, chloroform) and
1dentical with the main spots of the 1someric nuxture 7 Compound 7a was obtained
as a viscous syrup, and 7b crystallized from dichloromethane-isopropyl ether

Methyl 2,4-di-O-acetyl-3-deoxy-3-nitro-6-O-p-tolylsulfonyl-o-L-mannopyrano-
side (Ta) — [a]3° —145° (c 1, chloroform), nmr (chloroform-d) & 565 (t,
Ja3 = Jy 5 = 105 He, H-4), 552 (dd, J, 3 3 5 Hz, H-2), 498 (dd, J5, 105 Hz,
H-3), 478 (d, J; , 2 Hz, H-1), 44-38 (m, H-5,-6,-6"), 341 (s, OMe), 248 (s,
Ce¢H,CH,), 2 08 (s, OAc), and 2 05 (s, OAc)
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Anal Calc for C,gH,;N;S C, 4685, H, 502, N, 303, S, 694 Found C,
4756, H, 523, N,276, S, 660

Methyl 2,4-di-O-acetyl-3-deoxy-3-nitro-6-O-p-tolylsulfonyl-a-L-glucopyranoside
(7b) — Mp 115-116°, [«]2® —1124° (c 1, chloroform), nmr (chloroform-d,
assignments confirmed by INDOR technique) 6 530 (t, J5 4, = J, 5 = 95 Hz,
H-4), 516 (dd, J, ; 10 5 Hz, H-2),497 (d, J, , 3 5 Hz, H-1), 493 (dd, J5 4 9 5 Hz,
H-3), 340 (s, OMe), 240 (s, CsH,CHS), 2 09 (s, OAc), and 2 06 (s, CAc)

Anal. Calc for C,gH,;NO,;S C, 4685, H, 502, N, 303, S, 694 Found
C,4719,H,503, N, 292, S, 706

Methyl 2,3,4-trideoxy-3-nitro-6-O-p-tolylsulfonyl-a-L-threo-hexopyranoside (8)
— Sodium borohydride (13 4 g) was added, 1in portions, with stirring, to a solution
of 7 (26 7 g, 58 mmol) 1 ethanol (400 mL) The suspension was stirred for 20 h
at 20° and then adjusted to pH 6 by addition of acetic acid After removal of most of
the solvents, the residue was taken up 1n 0 IM hydrochloric acid (300 mL), and the
solution extracted several times with chloroform The combined extracts were dried
(sodium sulfate) and the solvent was evaporated The residue (16 6 g) was punfied
by column chromatography. with chloroform as the eluent The fractions that were
homogeneous 1in t1lc (chloroform) were combined and evaporated Crystallization
from 1sopropyl ether gave pure 8 (6 g, 30%), mp 76-78°, [«]3%> —784° (c 12,
chloroform), vEBr 1540 and 1350 cm™' (NO,), nmr (chloroform-d) & 488 (bd,
Ji120 25 Hz, H-1), 482 (tt, J3 5, = J34 = 117, J5,. = J3 4. = 45 Hz, H-3),
5154 8 (m, H-5,-6,-6"), 3 31 (s, OMe), 246 (s, C¢H,CH;), and 2 5-1 5 (m, H-2a,
-2e,-4a,-4e)

Anal Calc for C,;H,,NO,S C, 4870, H, 555, N, 406 Found C, 48 72,
H, 558, N, 405

Spectroscopic examination of the slower-moving fractions indicated that one
component was the corresponding «-L-erythio 1somer of 8 Other by-products were
shown to contain additional hydroxyl groups

Methyl 6-azido-2,3,4,6-tetradeoxy-3-mitro-a-L-threo-hexopyranoside 9) —
Compound 8 (15 g, 43 mmol) and sodium azide (20 g) were added to hexamethyl-
phosphoric tnnamide (100 mL), and the mixture was heated at 75° for 1 h with stirring
The solution was then poured into water, and the aqueous phase was extracted several
times with ether The combined extracts were washed with water and dried (sodium
sulfate) After evaporation of the solvent, 9 remaimned as a chromatographically
(20 1, v/v, chloroform—-ethanol) homogeneous 011 (9 1 g, 97%), [«¢]3> —111° (¢ 1 25,
methanol), vi'™ 2100 (N;), 1550, and 1360 cm~! (NO,), nmr (chloroform-d)
6497 (bd, J; ;,25Hz, H-1), 487 (tt, J3 3, = J3 4, = 12, T3 5. = J5 4. = 4 5 Hz,
H-3), 4 15-3 85 (i, H-5), 3 39 (s, OMe), 3 40-3 20 (m, H-6, H-6"), and 2 6-1 6 (m,
H-2a,-2e,-4a,-4¢e)

Anal Calc for C;H,,N,O, C, 3889, H, 559, N, 2591 Found C, 3932,
H, 556, N, 2545

Methyl 3,6-diarno-2,3,4,6-tetradeoxy-a-L-threo-hexopyranoside (10) — To a
solution of 9 (4 g, 18 5 mmol) in methanol {100 mL) was added Raney nickel (0 5 g),
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and the suspension was hydrogenated for 15 h at 1 MPa and room temperature The
catalyst was filtered off and the filtrate evaporated, to yield 10 (2 3 g, 78%,), which

was used for the next step without purification

Methyl 3,6-diacetamido-2,3,4,6-tetradeoxy-a-L-threo-hexopyranoside (11) —
Crude 16 (i 1 g, 6 9 mmoi) was dissolved in methanol (100 mi) and treaied wiih
acetic anhydride (20 mL) After being kept for 2 h at room temperature, the solution
was evaporated to dryness and the residue was crystallized from methanol-ether
toyield 11 (1 5 g, 89%), m p 192-194° Recrystallization from ethyl acetate-hexane
raised the m p to 196-197°, [«]3% > —132 6° (c O 7, water) [Iit 3 for the enantiomer
mp 191-192, [«]3° +137° (c 0 8, water)], vEPr 1650 cm ™! (NHAc), n m r (chloro-
form-d) & 480 (bd, J; ,, 3 Hz, H-1), 4 27 (m, on exchange with D,O, collapsed to
t, J330 = J34e = 4, J3 2. = J34. = 12 Hz, H-3), 386 (m, H-5), 344 (dd,
Jss 13, Js s 4 Hz, H-6), 332 (s, OMe), 319 (dd, J5 ¢ 13, J5 ,s 7 Hz, H-6"), 20
(s, OAc), 194 (s, OAc), ~2 (m, H-2e,4e), 142 (dt, J. 1 3, S22 2. = J2.3 = 12 Hz,
H-2a), and 1 14 (q, J4 30 = Jaa,4c = Jaa,s = 12 Hz, H-4a)

Anal. Calc for C,;H,oN,O, C, 5408, H, 825, N, 1147 Found C, 54 18,

H, 830, N, 1151
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