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w—‘l‘heesmm:omwdmvmuolu -23A6 - tetradeoxy - DL - threo - hexopyranose
were investigated. Addition dwdmmmdemmmdws phthalimido - 5,6 - dihydro - 2 - pyrooe gave
4-azido compound (7) of the erythro configuration. From methyl 2.4 - dideoxy - B - DL - erythr - hexopyranoside
threo 4 - phthalimido - 6 - phthalimidomethy] - tetrahydro - 2 - pyrooe (17) was obtained in three steps in ow
overall yleld. Addition of sodium azide in acetic acid to butyl 6 - oxo - 2 - hydroxy - bex - 4 - enoate followed by
methylation, amonolysis of the ester group, and reduction gave methyl 3,6 - diacetamido - 2,3,4,6 - tetradeoxy - a -

DL - threo - bexopyranoside (26).

Negamycin (l), an antibiotic isolated from Streptomyces
purpeofuscus,’ is highly actnve against a broad spectrum
of Gram-negative bacteria.” The structure of 1 was
determined as N' - methyl - N* - (3R,6 - diamino - SR -
hydroxyhexanoyl) - hydrazinoacetic acid.’

NH, CHs
2-(:!1-—5 '
HeNCHp» @ CHyCO-—~NH—NCH,COOH

Oll"

Negamycin was synthesized by condensation of N -
hydroxysuccinimide ester of 3R,6 - di - N - benzyloxy-
carbonylamino - SR - tetmhydmpymnyloxybexanolc
acid (2) with N' - methy! - hydrazino - acetic acid (3)*:

NHCbz
=,

uul:r.

'I‘heoth«emtiomericfomoflmpre,paxedina
similar way employing the antipode of 4;' the final
product was ca 30 times less active than the original
antibiotic. An aza analogue of 1, in which the C-3
methme;mnpwunphcedbyaNuomwaxalso
synthesized;* the product was devoid of any antibacterial
activity against several Gram-positive and Gram-negative
bacteria even at a concentration of 200 xg/ml.

In view of the high activity and relatively simple
structure of 1 we became interested in elaboration of a
synthetic access to 4 (or its precursor 26) which is the
key substrate for the preparation of 1.

Shibahara ef al® obtained Iactone 4 from D-galac-
mromc.cldincaul}m'esymhun The enantiomer
of4waspreparedfrom3 amino - 3 - deoxy - D -
glucose in 11 steps.’

Cbz NH——cu.-c-cu.-g- &H.EOON(COCH,Je + HeNN—CHLCOMH —s 1

OTHP H
2

Cbz = C.H,0CO—

THP= Q\

Compound 2 was, in turn, obtained from 3R,6 -
diacetamido - SR - hydroxy - hexanolactone (4).
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&
NHAC
4
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Our plan of synthesis was based on 6 - hydroxymethyl -
2 - methexy - 5,6 - dihydro - 2H - pyran (8)° which was
rudilyeonvenedmtos,ﬁ dibydro - 6 - phthalimi-
domethyl - 2 - pyrone (6).* The simplest synthesis which
could be devised is shown in Chart 1.

Compound 7 was obtained in high yield (ca. 80%) as a
single stereoisomer of the undesired erythro configura-
tion. Essentially the same stereochemical outcome was
noticed on azide ion addition to 6 - acetoxymethyl - 5,6 -
dihydro - 2 - pyrone (8) and to 6 - butoxycarbonyl - 5.6 -
dihydro - 2 - pyrone (9): unstable 4-azido compounds (16
and 11, mecdvdy)dtheaythmconﬂuuﬁonmthe
preponderant products of these additions. These results
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Chart 1.°

are in agreement with the conclusion that Michae! type

addmonto&memberedcychccomponndsptoceedwnh
axial attack of the entering anion.’

18 of the threo configuration was obtained in 69% yield.
In the case of a anomer 12 substitution at C-6 was
accompanied by an elimination reaction leading to 2 -
methoxy - 6 - phthalimidomethyl - 5,6 - dihydro - 2H -
pyran (14).

Compounduwuhydmlyudnc-ltouwhchm
turn, was oxidized with bromine in water to lactone 17
(Chart 2).

Although the synthesis of an analogue of lactone 4 was
thus realized, the overall yield of 17 was rather low. We
tried therefore a third route to 4. As substrate, butyl 2 -
hydroxy - 6 - oxo - hex - 4 - enoate (19), is readily
obtainable from Diels-Alder adduct 18 by mild acidic
hydrolysis.'® The sequence of reactions performed is
shown in Chart 3.

Addition of hydrazoic acid to the a,8-unsaturated
aldehydel’pveamxmeofstueouombutyl:!-

azido - 2,34 - trideoxy - DL - hexopyranuronates (26). 20
mtmatedwﬂhmethyloﬂhofomatzmdmethmolw
hydrogen chloride whereupon all four stereoisomeric
methyl (methyl 3 - azido - 2,34 - trideoxy - DL -
hexopyranosid) uronates (21-24) were obtained. This
mixture was separated by column chromatography on
silica gel into two fractions containing compounds 21 and
22 (fraction A) and 23 and 24 (fraction B). It was now

Chart 2.
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Chart 3.

possible to deduce the stereochemistry of 21-24 by
means of 'H NMR spectra (se¢ Experimental, Table 1).
Integration of appropeiate signals in the "H NMR spec-

a-Threo stevecisomer 21 is certainly thermodynamically more
siable than its pertners in the mixtore. Therefore equilibration
under basic conditions incressed the proportion of 21 in the

trum of the original mixture enabled the determination of
the ratio of all four componments. The important
conclusion was that the mixture contained about 52% of
the desired a-threo stereoisomer 21. Equilibration of the
mixtore with sodiom methoxide in methanol raised the
percentage of 21 to about 60%." The mixture was con-
verted with conc. ammonia into amide 28 which was

mixture due to the conversion 22-+21 {epimerization at C-5, ¢f subsequently reduced wnh LAH to the diamino
Experimeatal). compound. After acetylation pure methyl 3,6
Table 1. "HNMR data (CDC1y) of sterecisomeric compounds 21-34 and 27
R 8H-1 BHS @80Me g ,Hz SigsH:z
CO,Me
o N, 498 438 338 65 (;) 147
R OMe 497 430 335 s.e('i‘) 145
OMe
N; 40 e 348 9 e
OMe 466 437 343 107 134
CO,Me
0
N, 436 463 k¥ /] 62 133
OMe 422 465 Kk 68 132
OMe
R
. Me .
00Me Ny 436 402 3181 115 142
OMe 433 3% 1s0 1L7 143

R
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diacetamido - 2,3,4,6 - tetradeoxy - « - DL - threo - hexopy-
ranoside (26) crystallized from the mixture in 21% yield.
The remaining two steps leading to lactone 4: hydrolysis
of the glycoside bond, and oxidation to lactone have
been already described.’

Although also here the overall yield of the final
product is not high, we regard the third route as practical
because a simple preparative procedure is employed and
Iaborious separations of stereoisomeric products at in-
termediate steps are avoided. Thus, preparations
dcacribe(!hereopenanmysyntheﬁcaccesstoracemic
negamycin,

EXPERIMENTAL

'HNMR spectra were recorded for solns in CDCl, with Jeol
JINM-4H-100 spectrometer (8 scale, TMS = 0 ppm). IR spectra
were recorded on & Unicam SP-200 spectrophotometer. Tie was
performed with silica gel G Merck, and column chromatography
with silica gel Merck (70-230 mesh).

Compounds 6, $ and 9 were prepared according to Ref, 6.
Conpoundsnandlsmobnmdmc acetoxymethyl - 2 -
methoxy - 56 - dihydro - 2H - pyran. Compound 18 and its
hydrolysis product 19 were obtained according to Ref. 10.

Addition of kydrazoic to 6 - substituted 5,6 - dikydro - 2 -
pyrones 6.8, and $

4 - Azido - 6 - phthalimidomethyl - tetrakydro - 2 - pyrone 7. A
solz of 6 (2.6, 10 mmoles) in 10 ml of 98% aq AcOH was left at
room temp. for 72 br. The soln was diluted with 10 ml water and
extracted with CHCl;. Concentration under diminished pressure
gave crude 7 (248, ca. 80%), m.p. 150-152° (:ltercrymlhnmn
from a mixture of EtOAc and hexane). »Xi 2200, 1720, 1400,
1250, 1040, 1030, 960, 910, 720 cm™ ‘K—NHR data: 8 7.82 (m,
4H, aromatic), 4.90 (m, 1H, H-6), 4.25 (quintet, 1H, 2] = 17.5 Hz,
H-4), 405 and 3.86 (AB system, 2H, J, 5= 7.2 Hz, Iy 4= 5.6 Hz,
Jan= 140 He, CH H,NPht), 283 (pd, IH, J, =54 Hz, ],y =
174 Hz, H-3), 2.65 (pd, 1H, Jy ;=42 Hz, H-3), 2.12 (pt, Js4=
40 Hz, Jss= 4.5 Hz, J5s, = 14.5 Hz, H-5), 1.92 (pg 1H, Jy =40

Bz.ly,-lﬂ.ﬂllz.H-S').

The erythro configuration was assigned to 7 on the basis of 2J
of H-4: 17.5 Hz. It had been found® that for 3,6 - di - O - acetyl -
2,4 - dideoxy - DL - hexono - 1,5 - Iactones J of H-3 amounted to
15.2 Hz for the eyrthro and 27 Hz for the threo stereoisomer.

Compound 7 was unstable; itdowlyolmimtedhyhmwid
on standing at room temp. The starting Iactone 6 was again
formed. Analytical data of 7 showed constantly a too high (ca.
19%) C and too low N content.

Compounds llnndllwmmedmtheumcmyfmm
Iactones § and 9, respectively. Both compounds were non-dis-
tillable oils. Column chromatography converted 10 and 11 into
the starting iactones, therefore no correct analytical dsts have
been obtained.

10: ¥22: 2150, 1750, 1230, 1090, 1050cm™. 'TH NMR data: 8
479 (m, IH, H-6), 4.00-4.40 (m, 3H, H4, CH.0Ac), 2.84 (pd,
1H,J34= 5.0 Hz, ], » = 17.0 Hz, H-3), 2.60 (pd, 1H, Jy, = 4.5 Hz,
H-3), 212 (s, 3H, OAc), 2.05 (m, 2H, H-S, H-5). Weak signals at
8 6.03 and 6.95 indicated the presence of small amount of Iactone
8 in the sample. The erythro configuration of 10 was assigned on
the basis of H-3 and H-3' signals which resembied those of 7.

11: »52 2200, 1740, 1220, 1110 cm™", "H NNR data: 8 4.24 (c.
of m., 4H, H4, H-6, -OCHz), 295 (pd,> IH, J;,» 59 Hz,
Jyy = 1135 Hz, H-3), 2.64 (m,> 2H, B-3, H-Y), 0.98-2.31 (m, 98,
H-S, H-§', CyHiy-).

2 - Methoxy - 6 - (N - phthalimido) methyl - 5,6 - dikydro - JH
- nm (14). Compound 12 (0.81 g), triphenyipbosphine (2.62g)

and phthalimide (1.47g) were dissolved in THF (50 ml), and
diethyl szodicarboxylate (1.9g) was added. A slight exothermic
effect was noticed. The mixture was left for 12 br at room temp.
and subsequently was evaporated under reduced pressure to
dryness. The remaining substance was separated on a silica gel
column with  mixture of bemzene and ether (9:1, v/v) as eluent.
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Compound 14 (1.02g, 75%), m.p. 123-124° was obtained, identical
TLC, 'Hnmm(mmmummmw

Methyl 2346 - tetradeoxy - 3.6 - diphthalimido - 8 - ™0 - threo

Aexo - p}mxﬂe(msythmwabdfuu
compound 13 {081 g) m converted into 18 {1.45 g, 69%), m.p.
197-200° from EtOH. »X¥ 1770, 1710, 1615 cm™". '"H NMR data 8
7.8-8.2 (m, 8H, sromatic H}, 3.7-4.7 (m, SH, H-~1, H-3, H-§, H-§,
H-¢), 3.47 (S, 3H, OCH,), 1.6-2.8 (m, 4H, H-2, H-?, H-4, H-4),
gonnd:C.65.8;H,S.O:N.G.S.Calc.forC”H,N;O‘C,ﬁ.‘l:B.“;

6.7).

Hydrolysis of methyl glycoside 15 (0.85g) with 60% aq.
trifluoroacetic acid (25 ml) at room temp. dnnn{.htnvel‘
(0.49 g, 60%, m.p. 185-190") from acetonitrile. »0s 3300, 1770,
1750, 1620, 1380, 1080, 1040, 910, 720 cm~'. (Found: C, 65.1; H,
4.4 N, 69. Calc. for CoxHgN,Og: C, 65.0; H, 4.5; N, 6.9%).

4 - Phthabimido - 6 - phtkalimidomethyl - tetrakydro - 2 - pyron
(l‘f) Compound 16 (0.2g) was oxidized with dimethylsulfoxide

Qml) and AcyO (1 ml). After 24 hr at room temp. the mixture
was diluted with water whereupon crystals of 17 separated
(0.08 g 40%) m.p. 118-120" (from wetmﬂe) ylust 1790, 1720,
1610, 1380, 1060, 710cm™". (Round: C, 64.7; H, 4.0: N, 6.6. Calc.
for CpHiN:Og: C, 65.3; H, 4.0; N, 6.9%),

Butyl 3 - azido - 234 - trideoxy - ™. - hexopyranuronates (28),
A soln of 19 (20g, 10 mmoles) and sodinm azide (3.2g, 30
mmoles) in 90% aq AcOH (50ml) was stirred at 5° for 12hr. The
mixture was diluted with an equal volume of water and extracted
several times with CHCl,. The CHCl, solon was dried (MgSO,)
and concentrated under lowered pressure affording crude 20as a
syrup in quantitative yield (2.3 g). Amho!ampmﬂdby
chromatography on ailicon gel. »2= 3500, 2150, 1740, 1250, 1140,

" 1060, 1040, 990, 900cm™'. 'BNMRW&”MM

wdmmuasslw;).mmm-'zs
Hz), and 512 (pd Jy2.=75 Hz, J)2 =30 Hz) which were
assigned 1o a-threo-a-erythro and f-erythro’ sterecisomers. In-
mmotthuenmbmtedsﬂhemﬁmlllw.
respectively. The remairing tignals were complex multiplets.
{Found: C,#.4; H,7.1; N, 160. Calc.forC..HuN,OkC S48,
10, N 17.3%).

Methyl (methyl 3 - azdo - 234 - trideoxy - DL - Mexopy-
ranosid) wromates (21-24). A solon of 20 (8.0g) and methyl
orthoformate (10 ml) in MeOH (100 ml) containing 1.5% HCl was
mﬂnxedfuikwhumnnwudimdwithm(lﬂ)ml)

and extracted with CHCl,. The CHCh sols was dried and the
solvent was removed under diminished pressure. The residoe
was distiled at 85-94° (04 Torr) sffording mixture of
stereoisomers 21-24 as colorless liquid, 6.0 (84.7%).

A sample (0.9g) of this mixture was separsted on s silics gel
column with light petroleum and ether (9:1 v/v) as cluent. Two
fractions were obtained: fraction A (less polar, 0.44g) consisted
of 21 (70%) and 22 (30%), fraction B (more polar, 0.15g)
contained 23 (72%) and 24 (28%).

Configuration of steroisomers 21-24 was deduced from
'H NMR spectra which showed close analogy to those of 24 -

CQ,Me
o}
OMe
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dimethoxy - 6 - methoxycarboayl Ydrcpyrm @n
inmummm"seummm 'H NMR spectra
dzx-ammmmcnmwmrmz

Fraction A: b.p. 140°/0.4 Toer; »3m 2200, 1750, 1260, 116,
1120, 1040,970, 880 ca~*. (Found: C,44.8; H,6.3; N, 199. Calkc. for
CellysN;O4: C, 446, H,6.1; N, 19.5%

Fraction B: b.p. 40'[04 Torr; 3 2200, 1750, 1690, 1220,
1130, 1060, 970 cm™, (Found: C, 4.0, H, 6.0; N, 194, Cakc. for
C.H;,N,O‘.C.“.s H, 61; N, 195%. Bquilibration of the
mixmn-ummu.owhmueonmh.mm.)
increased the content of 21 to about 60% ("H NMR spectrum).
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Mﬂ!ﬁ-w-uﬁﬁ-wmxy-a-u-thw-
hexopyranoside (26). Equilibrated mixture of stereoisomers
zl-u(zoomsh_lkmwnhmmmnommnl)

sigoals of three anomeric protons were visible: 4.91 (d, J,;=3.0
Hz, 481 (t, 2] = 55 Hz), and 437 GJ~11.5 Hz). Thelengmls
were ascribed to a-threo

0.2g of pore compound 26, m.p.
1640, 1560, 1130, 1050, 970, 940 cm"
'H NMR data: == 6.25 (m, 2H, 2NH), 480 (d, IH, J, = 3.0Hz,
H-1), 429 (m, 1H, XJ = 36 Hz, H-5), 3.86 (m, 1H, XJ =26 Hz,
H-3), 3.34 (s +m, SH, OCH,, H-6, H-6"), 2.04 and 1.96 (two s
with m, 8H, two OAc, H-2¢, H-4e), 1.48 (pt, 1H;
Ji2a=3.0Hz,Js 3 =7.5 Hz, H-22), 1.23 (pt, 1H, Ju s~ Jua~11.7

Q
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Hz,J o0 = 12.0 Hz, H-4a). (Found: C, 54.1; H,8.2; N 11.4. Calc.
for C,;HuN;O4: C, 54.1; H, 8.3; N, 11.5%).
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