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Synthesis of methyl 3,6-diacetamido-2,3,4,dtetradeaxya-L-threo-hexopyrano- 
side, an intermediate in the synthesis of the antibiotic negamycin 
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Negamycm (1) IS an antlblotlc Isolated from Strepfomyces purpeofuscus and 
posesses strong growth-mhlbltory activity against Gram-negative bacterIaI The 
structure of 1 has been determmed as {2-[(3R,5R)-3,6-dlammo-5-hydroxyhexanoyl]- 
1-methylhydrazmo}acetlc acid, and Its total synthesis was first reported by Umezawa 
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and co-workers2 3 In an 1 l-step sequence, D-galacturomc acid was converted into 
methyl 3,6-dlacetamldo-2,3,4,6-tetradeoxy-B_L-to-hexopyranoslde (2) Hydrolysis 
and oxldatton of 2 gave 3,6-dlacetamldo-2,3,4,6-tetradeoxy-L-tizo-hexono-l,5- 
lactone [(3R,SR)-3,6-dlacetamldo-5-hexanohde] (3), which was ldentlcal with a 
compound previously obtamed by degradation of natural negamycm The same paper 
also described a synthesis of the enantlomer of 3 startmg from 3-ammo-3-deoxy-D- 
glucose One of the mtermedlates obtained m this reactlon sequence was methyl 
3,6-dlacetamldo-2,3,4,6-tetradeoxy-a-D-r~reo-hexopyranoslde (4) 

Both syntheses3 have m common the stepwlse ehmmatlon of OH-2 and -4 
of the respective carbohydrate intermediates For the synthesis of 3, the configuratlon 
at C-3 and -5 was inverted to obtain the desired 3R,5R configuration. For the synthe- 
SIS of the enantlomer of 3, the configuration at C-3 and -5 remamed unchanged, 
leading to the 3S5S compound Starting from 3 (or Its enantlomer), the N-hydroxy- 
succmlmlde esters of (3R,5R)- [or (3&59-l 3,6-dl-N-benzyloxycarbonylammoJ- 
tetrahydropyranyloxyhexanolc acid were prepared 2 Condensation of these active 
esters with (1-methylhydrazmo)acetlc acid and subsequent deprotectlon completed 
the synthesis of negamycm and its enantlomer 
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Chmtelewskt ef al 4 recently descrrbed the synthesis of racemtc derrvatrves of 
3,6-dlamlno-2,3,4,6-tetradeoxy-~~zreo-hexopyranoses starting from drhydropyranes 
Using a srmrlar approach, Stretcher ef al 5 carried out the total synthesis of rat 

negamycm and of negamycm analogs Syntheses of other analogs of negamycm 
have also been descrrbed6-lo 

In the present commumcatron we describe the synthesis of an mtermedrate 
for a choral synthesis of negamycm Baer and Nerlson’l have shown that 2-O-acetyl- 
4,6-0-benzyhdene-3-deoxy-3-mtrohexopyranosrdes may be converted m two steps, 
vza elrmmatton and hydrogenation, mto 4,6-O-benzyhdene-2,3-dtdeoxy-3-mtro- 
hexopyranosrdes Thrs deacylatton-reduction procedure was also performed m one 
step by the apphcatron of sodmm borohydrrde to methyl 3,6-drdeoxy-2-O-methyl- 
sulfonyl-3-mtro-a-D-glucopyranosrde (or the CO-mesyl-isomer) to yield methyl 
2,3,6-tndeoxy-3-nltro-a-D-arabmo-hexopyranoside (or the 3,4,6-trrdeoxy-rsomer)12*13 
Our synthetic plan centered on the simultaneous replacement by a hydrogen atom of 
OH-2 and -4 of a 3-deoxy-3-mtrohexopyranosrde For the synthesis starting from a 
2,4-dr-0-acetyl-3-deoxy-3-rutro-L-hexopyranoslde, rt was anticipated that sodium 
borohydride would twrce ehmmate aCehC acid and subsequently hydrogenate the 
mtro-olefin mtermedrates This would lead to a 2,3,4-trrdeoxy-3-mtro-L-hexopyrano- 
srde having the desrred 3R,5R configuratron, provrded that the rutro group occupred the 
equatorral posrtron after the reduction step 

Penodate oxrdatron of methyl a-L-arabmofuranosrde’4 and subsequent mtro- 
methane condensahon according to the procedure of Bae? l6 (for the a-D isomer) 
gave a mrxture of rsomerrc methyl 3-deoxy-3-mtro-cr-L-hexopyranosrdes (5) In practr- 
tally quantrtattve yreld Moootosylatton of 5 with g-toluenesulfonyl chlorrde m 
pyrrdme gave a mrxture of the correspondmg 6-0-tosyl compounds (6) m -40 % 
yield Chromatographtc separatton of a small sample of 6 gave two man-r Isomers, 
which were shown by ‘H-n m r analysis to be the ct-L-l-manno (6a) and a-L-glrrco (6b) 
compounds However separation of 6 was not required to carry out subsequent 
steps Boron tnfluonde-catalyzed acetylatron’ 7 of 6 gave a mixture of rsomenc 
methyl 2,4-d~-O-acetyl-3-deoxy-3-mtro-6-O-p-tolylsulfonyl-a-~-hexopyranos~des (7) 
m quantrtatrve yreld Treatment of 7 wrth a large excess of sodturn borohydrrde m 
ethanol, and subsequent chromatography on stlrca gel gave, m -30 % yreld, a 
crystalhne product, the structure of which was estabbshed to be methyl 2,3,4-tn- 
deoxy-3-nltro-6-O-p-tolylsulfonyl-a-L-~~~eo-hexopyranos~de (8) Treatment of 8 
with sodmm azrde m hexamethylphosphonc tnamrde gave the azrde 9 (100%) 
Catalytrc hydrogenation of 9 m the presence of Raney nickel gave the drammo 
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__(g= RwMe +yMe 
O*N * R 

5 R=R=H 6a R=H R=R=OH 

6 R=H R=Ts 6b R = R-r OH R=H 

7 R = AC R =Ts 7a R=H R=R=OAc 

7b R= R=@AcR=H 

0 R =NO, R=OTs 

9 R= NO2 R’=Nj 

Kl R=R=NH, 

11 R= R= NHAc 

compound PO, which on acetylatlon ylelded crystallme methyl 3,6-dlacetamldo-2,3,4,6- 
tetradeoxy-a-L-tlzreo-hexopyranoslde (11,70 % from 9) The melting pomt and optlcal 
rotation of 11 are m excellent agreement with the values reported3 for its enantlomer 4 

The remammg steps (hydrolysis of the glycosldlc bond, oxldatlon to lactone 3, 
and opening of this lactone for a total synthesis of negamycm) have been described 
previously * 3 The preparation of the mtermedlate 11, startmg from L-arabmose 
(6 steps, 6 6 % overall yield from methyl cc-L-arabmofuranoslde), thus provides 
another synthetic route to negamycm 

EXPERIMENTAL 

General - Melting pomts are uncorrected OptIcal rotations were measured 
with a Perkm-Elmer Model 141 polarlmeter N m r spectra were recorded, for 
solutions, at 90 or 100 MHz, with tetramethylsdane as internal standard (s, smglet, 
d, doublet, t, tnplet, q, quartet, m, multlplet, b, broad) I r spectra (for potassmm 
bromide discs or chloroform solutions) were recorded with a Perkm-Elmer 421 
spectrophotometer T 1 c was performed on Sllrca Gel GF,,, (Merck) plates (the 
spots bemg detected with todme vapor and by vlsuahzatlon under u v hght) and 
column chromatography on s&a gel (40-63 pm, Merck) 

MetIzyZ 3-deoxy-3-mtro-a-L-lzexopyranoszdes (5) - A solution of sodium 
metaperlodate (61 22 g, 0 29 mol) In water (700 mL) was cooled to 5“, and a solutlon 
of methyl a-L-arabmofuranosldel’ (47 g, 0 29 mol) m water (100 mL) was added 
with stlrrmg over a period of 10 mm The mixture was then warmed to 23” and kept 
for 3 h Ethanol (1 5 L) was added, and the preclpltate that formed was removed by 
filtration and washed with ethanol The filtrate was evaporated to dryness and the 
residue taken up m ethanol Another crop of morgamc material was filtered off and 
washed with ethanol The combmed ethanol solutions were agam evaporated to a 
syrup The draldehyde thus obtained was dissolved m dry methanol (500 mL), and 
mtromethane (18 mL) was added A solution of sodium (7 5 g) m methanol (250 mL) 
was added during 15 mm to the solution cooled to 2” After being rewarmed to 23 o 
for an addltlonal 45 mm, the yellow solution was treated with Amberhte IR-120 
(Ht) Ion-exchange resin (450 mL) and gently stlrred for 15 h The solution was 
decanted from the resm and passed through a column of Amberhte IR-120 (Hf) 
ion-exchange resm (200 mL) Both batches of resm 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%) 
Metlzyl 3-deo.ry-3-nztro-6-O-p-tolylsulfonyl-a-L-he;uopyranoszdes (6) - To a 

solution of 5 (36 3 g, 0 16 mol) m freshly dlstdled pyrldme (150 mL) chilled to 0” 
was added p-toluenesulfonyl chloride (34 1 g, 0 18 mol) dissolved m pyrldme (50 mL) 
After being kept for 18 h at room temperature, the solution was poured mto 2~ 
hydrochlonc 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 (sodmm sulfate), and evaporated to yield 6 as a 
syrup (23 1 g, 38 %) The aqueous phase contamed 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-nztro-6-O-p-tolyZsulfonyl-u-L-mannopyranoszde (6a) - T 1 c 

(20 1, v/v, chloroform-ethanol) R, 0 41, [a]? -12 7” (c 0 6, chloroform), n m r 
chloroform-d, assignments made after addltlon of trlchloroacetyl lsocyanate) 6 4 66 
(d, J1,2 2 Hz, H-l), 4 56 (t, J,,, = J2 3 = 3 Hz, H-2), 4 45-4 3 (m, J3,4 = J4,5 = 
9 Hz, H-3,-4,-6,-6’), 3 74 (td, J, 6 = J5,6 = 3 Hz, H-5), 3 34 (s, OMe), and 2 44 
(s, &H&N,) 

Anal Calc for C,,H,9N0,S C, 44 56, H, 5 07, N, 3 71, S, 8 50 Found 
C, 44.77, H. 5 29, N, 3 41, S, 8 22_ 

Methyl 3-deo=cy-3-nztro-6-O-p-tolylszzlfonyla-L-glzzcopyranoszde (6b) - T 1 c 
(20 1, v/v, chloroform-ethanol) RF 0 34, [a]? -98 3” (c 0 7, chloroform), n m r 
(chloroform-d, assignments confirmed by INDOR technique) 6 4 73 (t, J3 Z = J3 4 = 
10 Hz, H-3), 4 72 (d, J1 2 4 Hz, H-l), 4 36 (m, H-6, -6’), 4 07 (t, J4 3 = J4,5 = 10 Hz, 
H-4), 4 04 (dd, Jz.1 4, Jz.3 i0 Hz, H-2), 3 38 (s, OMe), and 2 43 (s, C,H,CN,) 

Anal Calc for C,.H,gNO,S C, 44 56, H, 5 07, N, 3 71, S, 8 50 Found C, 
44 63, H, 5 18, N, 3 52, S, 8 17 

MerhyI 2,4-dr-O-acetyZ-3-deo_~y-3-nztro-6-O-p-to~ylsuZfonyZ-cc-L-hexopyranoszdes 

(7) - A solution of 6 (23 1 g, 61 mmol) m acetic anhydride (75 mL) was treated 
at 5’ with boron trlfluorlde etherate (1 5 mL) After I5 h at room temperature, the 
solution was evaporated under dimuushed pressure The residue was taken up In 

ethyl acetate, and the solution washed with saturated aqueous sodium hydrogen- 
carbonate and water, dried (sodmm sulfate), and evaporated to yield 7 (26 7 g, 95 %) 

Treatment of 6a or 6b m the same manner gave the correspondmg dlacetates 
7a and 7b, which were chromatographlcally homogeneous (t 1 c , chloroform) and 
identical with the mam spots of the isomenc mixture 7 Compound 7a was &tamed 

as a VISCOUS syrup, and 7b crystallized from dlchloromethane-isopropyl ether 
Methyl 2,4-dz-O-acetyl-3-deoxy-3-nztro-6-O-p-toly~szzlfonyi-a-L-mannopyrano- 

szde (7a) - [CL];’ - 14 5 o (c 1, chloroform), n m r (chloroform-d) 6 5 65 (t, 
J J45 = 10 5 Hz, H-4), 5 52 (dd, J2 3 3 5 Hz, H-2), 4 98 (dd, J3,4 10 5 Hz, 
H4;),=4 78 (d, J1 Z 2 Hz, H-l), 4 4-3 8 (m, H-5,-6,-6’), 3 41 (s, OMe), 2 48 (s, 
C,H,CW,), 2 08 (s, OAc), and 2 05 (s, OAc) 
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Anal Calc for CIBH,,NIIS C, 46 85, H, 5 02, N, 3 03, S, 6 94 Found C, 
47 56, H, 5 23, N, 2 76, S, 6 60 

Methyl 2,4-dr-O-acetyl-3-deosy-3-nrtro-6-O-p-tolylsrrlfon~~i-a-~-gl~~copyranos~de 

(7b) - M p 115-116”, [a];’ - 112 4” (c 1, chloroform), n m r (chloroform-d, 

assignments cotirmed by INDOR techmque) 6 5 30 (t, J3,4 = J4,5 = 9 5 Hz, 

H-4), 5 16 (dd, Jz 3 10 5 Hz, H-2), 4 97 (d, J,,, 3 5 Hz, H-l), 4 93 (dd, J3,4 9 5 Hz, 

H-3), 3 40 (s, OMe), 2 40 (s, C,H,CH,), 2 09 (s, OAc), and 2 06 (s, OAc) 
Anal. Calc for CIsH,,NO,,S C, 46 85, H, 5 02, N, 3 03, S, 6 94 Found 

c, 47 19, H, 5 03, N, 2 92, S, 7 06 

Methyl 2,3,4-trrdeory-3-nrtro-6-O-p-to~yylsrtlfonyl-or-L-threo-l~exopy~anos~de (8) 

- Sodium borohydrlde (13 4 g) was added, m portlons, with stlrrmg, to a solution 

of 7 (26 7 g, 58 mm01) m ethanol (400 mL) The suspension was stirred for 20 h 

at 20” and then adjusted to pH 6 by addition of ace& acid After removal of most of 
the solvents, the residue was taken up m 0 1~ hydrochiorlc 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 purified 

by column chromatography. with chloroform as the eluent The fractions that were 
homogeneous m t 1 c (chloroform) were combined and evaporated Crystalhzatlon 
from isopropyl ether gave pure 8 (6 g, 30%), m p 76-78”, [E];’ -78 4” (c 1 2, 

chloroform), ~2:: 1540 and 1350 cm-’ (NO?), n m r (chloroform-d) 6 4 88 (bd, 

J 1 Za 2 5 Hz, H-l), 4 82 (tt, JX 2a = J3 4 = 11 7, J3 2e = J, 4e = 4 5 Hz, H-3), 
5 15-4 8 (m, H-5,-6,-6’), 3 31 (s, OMe), 2 46 (s, C,H,CH,), and 2 5-l 5 (m, H-2a, 

-2e,-4a,-4e) 

Anal Calc for C14H19N0,S C, 48 70, H, 5 55, N, 4 06 Found C, 48 72, 

H, 5 58, N, 4 05 
Spectroscopic exammatlon of the slower-moving fractions indicated that one 

component was the corresponding a-L-erythlo isomer of 8 Other by-products were 

shown to contam additional hydroxyl groups 
Methyl 6-azmdo-2,3,4,6-tetradeory-3-rlltro-~-L-threo-he_~op~,rmlosrde (9) - 

Compound 8 (15 g, 43 mmol) and sodium azlde (20 g) were added to hexamethyl- 

phosphoric trlamlde (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 combmed extracts were washed with water and dried (sodium 
sulfate) After evaporation of the solvent, 9 remained as a chromatographlcally 
(20 1, v/v, chloroform-ethanol) homogeneous 011 (9 1 g, 97 %), [a];’ -111’ (c 1 25, 

methanol), VP:: 2100 (N3), 1550, and 1360 cm-’ (NO,), n m r (chloroform-d) 

6 4 97 (bd, J1 ta 2 5 Hz, H-l), 4 87 (tt, Js ta = J3,43 = 12, JSvte = J3 4e = 4 5 Hz, 

H-3), 4 15-3 85 (x-n, 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,-4e) 

Anal Calc for C7H12N404 C, 38 89, H, 5 59, N, 25 91 Found C, 39 32, 
H, 5 56, N, 25 45 

Metlzyl 3,6-dzammo-2,3,4,6-tetradeoxy-a-L-threo-ltexopyranosrde (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 wlthout punficatlon 

Metizyl 3,6-dzacetamzdo-2,3,46-tetradeoxy-u-L-threo-hexopyranoszde (11) - 
Crude 10 (1 1 g, 6 9 mmol) was dissolved m methanol (100 mL) and treated with 

acetlc anhydnde (20 mL) After bemg kept for 2 h at room temperature, the solution 
was evaporated to dryness and the residue was crystalhzed from methanol-ether 

to yield 11 (1 5 g, 89 %), m p 192-194” Recrystalhzatlon from ethyl acetate-hexane 

raised the m p to 196-197”, [~]g 5 - 132 6 o (c 0 7, water) [lit 3 for the enantlomer 

m p 191-192, [a]? + 137” (c 0 8, water)], v~?$l650 cm-l (NHAc), n m r (chloro- 
form-d) 6 4 80 (bd, J1 2n 3 Hz, H-l), 4 27 ( m, on exchange with D20, collapsed to 
tt, J3 2.z = J3 4e = 4, J3 20 = J3 4a = 12 Hz, H-3), 3 86 (m, H-5), 3 44 (dd, 

J6ci 13,Jc55 4 Hz, H-6), 3 32 (s, OMe), 3 19 (dd, Js ,6 13, Js ,5 7 Hz, H-6’), 2 0 

(s, OAc), 1 94 (s, OAc), -2 (m, H-2e&), 1 42 (dt, Jza 1 3, Jza Ze = Jza 3 = 12 Hz, 
H-2a), and 1 14 (q, J4,3a = J4a,4e = J4a,s = 12 Hz, H-4a) 

Anal. Calc for C,1H,0N20, C, 54 08, H, 8 25, N, 1147 Found C, 54 18, 
H,830,N,1151 
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