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ABSTRACT

3',4',5,6-Tetradeoxyneamine (7) was synthesized from neamine by the reaction
sequence N-acetylation, O-mesylation, treatment with sodium iodide-zinc dust,
hydrogenation, and base hydrolysis Alternatively, 7 was obtained by treatment of
tetra-(V-methoxycarbonyl)neamine with sulphuryl chloride, followed by hydrogena-
tion 1n the presence of palladium-on-charcoal and triethylamine, and removal of the
N-protecting groups 5,6-Dideoxyneamine (11) was synthesized from known 5,6-O-
cyclohexylidene-tetra-(N-methoxycarbonyl)neamine by the reaction sequence 3°,4'-0-
acetylation, removal of the 35,6-O-cyclohexyiidene group, 35,6-di-O-mesylation,
treatment with sodium i1odide-zinc dust, hydrogenation, and base hydrolysis An
alternative route involved treatment of 3’,4’-di- O-acetyl-tetra-(N-methoxycarbonyl)-
neamine (8) with suiphuryl chlonde, hydrogenation of the product, and removal of
the protecting groups to give 11

INTRODUCTION

Neamine, a component of the Neomycin complex of antibiotics, imnhibits the
growth of many Gram-negative and Gram-positive bacteria As 3',4’-dideoxyneamine
has improved antibacterial activity, especially agamnst those resistant organisms
that inactivate neamine by transphosphoryiation to HO-3’, we have invesugated the
role of the other hydroxyl functions 1n relation to antibactenal activity, and we
now report the preparation of 3’,4°,5,6-tetradeoxyneamine and 5,6-dideoxyneamine
Both compounds possess biological activity similar to that of neamine

RESULTS AND DISCUSSION

Preparation of 3',4',5,6-tetradeoxyneamine (7) was achieved vz two routes
Tetra-(N-methoxycarbonyl)neamine® (2) was transformed 1nto the tetramesylate 4,
which was then heated with sodium 1odide-zinc dust in N,N-dimethylformamide
(Tipson—Cohen conditions?) to yield the diene 12 Simularly, tetra-(N-benzyloxy-
carbonyneamime (3) was transformed nto the tetramesylate 5 and thence into the
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diene 13 Hydrogenation of 12 yielded 6, which was hydrolysed with barium hydroxide
to give tetradeoxyneamine (7) The same product 7 was prepared, omitting one step,
by hydrogenation and hydrogenolysis of 13

CHoNHR NHR CHaNHR NHR
NHR o NHR
«' O e
& =t Q‘o
NHR R> NHR

1R=H R=R"=OH,Neamine 7 R = R=R=H 12 R = COOMe
2R = COOMe R'= RP=0OH 8 R = COOMe,R'= CAc,R°= OH 13 R = Cbz
2R = cbz R' = R°= OH 9 R = COOMe,R'= OAc R%= OMs
4R = COOMe,R' = R2= OMs 1Q0R = COOMe R = OACR°= H
5R = Cbz,R' = R°= OMs 11R = R°=H R'= OH

6R = COOMe,R' = R°=H

Cbz = CgHeCH,0CO

In an alternative route, 2 was treated with sulphuryl chloride 2, and the resulting
tetrachloro derivative was hydrogenated in the presence of palladium-on-charcoal
and triethylamine, followed by hydrolysis with barium hydroxide to give tetra-
deoxyneamine (7)

For the synthesis of 5,6-dideoxyneamine (11), the known!® 5,6-O-cyclohexylidene
derivative 14, purified by crystallization and not by column chromatography as
published?, was treated with acetic anhydride-pyridine, followed by careful acid
hydrolysis of the O-cyclohexylidene group from the product to give the diol 8 The
dimesylate 9 of 8 was treated at 100° with sodium 10dide-zinc dust 1n N, N-dimethyl-
formamde to give the unsaturated derivative 16 Hydrogenation of 16, followed by
atkalme hydrolysis of the protecting groups, gave 11 When 16 was hydrolysed with
barium hydroxide, 5,6-dideoxyneamine-5-ene (17) was obtained Replacement of the
hydroxyl groups of 3’,4’-di-O-acetyl-tetra-(N-methoxycarbonyl)neamine (8) by
chlorine, using sulphuryl chlor:de, followed by catalytic hydrogenation of the product
n the presence of triethylamine, gave 3',4'-d1-O-acetyl-5,6-dideoxy-tetra-( N-methoxy-
carbonylyneamine (10), which was readily converted 1nto 11

CHNHR NHR CHoNHR NHR
o NHR o NHR
r! F o r'
B! o] R [e}
NHR O NHR
14 R = cooMe R' = OH 16 R = COOMe R'= OAc

15 R = COOMe R' = QAc 17 R= H,R'=aH
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EXPERIMENTAL

General methods — Melting points are uncorrected Solutions were dried with
anhydrous sodium sulphate and concentrated under dimimished pressure <40°
Identification of products was based on mixture m p, comparison of ir and pmr
spectra, and chromatographic mobilities T 1c¢ was performed on silica gel HF,5,
with detection by ninhydrn, by charring with sulphuric acid, or by exposure touv
light of 254 nm [«];, values were measured with a Bellingham and Stanley polarimeter,
and 1 r. spectra with a Perkin—Elmer 621 spectrophotometer P m r spectra (90 MHz)
were recorded (internal Me,Si1) with a Perkin-Elmer R-32 spectrometer

3'4',5,6-Tetra-O-methanesulphonyl-tetra-(N-methoxycarbonyl)neamme (4) —
A solution of tetra-(¥V-methoxycarbonyl)neamine! (2, 5 g, 9 mmol) m dry pynidine
(50 ml) was treated with methanesulphonyl chloride (4 ml) at 30° overnight, and then
at 45° for 3h The muxture was poured into cold, saturated, aqueous NaHCO,,
and extracted with chloroform, and the extract was worked-up in the usual way
Recrystallisation of the product from chloroform gave 4 (6 g, 77%), mp 180 5-
182 5°, [¢}3® +43° (¢ 1, N,N-dimethylformamide), R 035 (ethyl acetate) Pmr
data (methyl sulphoxide-dg) 6 135-210 (bm, 2 H, H-2), 321 (m, 12 H, 4 OMs),
360 (s, 12 H, 4 COOMe), 5 28 (m, 1 H, H-1'x), and 7 20 (bm, 4 H, 4 NH)

Anal Calc for C,,H,,N,0,,S, C,3326, H,483; N, 646, S, 1477 Found
C,3311,H,496,N,641,S, 14384

3’,4',5,6-Tetradeoxy-tetra-(N-methoxycarbonyl)neamne-3',5-diene (12) — A
maxture of 4 (2.3 g, 41 mmol), dry N,N-dimethylformamide (70 ml), anhydrous
sodium 10dide (30 g), and zinc dust (15 g) was heated at 105-110° for 2 h with vigorous
stirring and then cooled Chloroform (100 ml) was added, the mixture was filtered,
and the solids were washed with chioroform The combined orgamic hquids were
washed successively with aqueous NaHCO; (50 ml), agqueous Na,S,0; (50 ml), and
water (3 x50 ml!), dried, and concentrated A solution of the syrupy product in
toluene was concentrated to dryness, and the residdue was recrystallized from hot
ethyl acetate to give 12 (1 g, 78%), mp 218-220° (sinters at 176°), [«J37 +114°
(c 05, methanol), Ry 042 (31 butanone-chloroform), v& 3320 (NH), 1690
(N-COOMe), and 1530 cm™~! (Amude II) Pmr data (methyl sulphoxide-d;, 60°)
8125 (bm, 1 H, H-2ax), 1 96 (bm, 1 H, H-2eq), 3 56 (s, 12 H, 4 COOMe), 5 10 (m,
1H, H-1'e), 563 (m, 4 H, H-3’ ,4",5,6), and 6 30-7 20 (b, 4 H, 4 NH)

Anal Calc for C,,H;,N,0,, C,4937, H, 621, N, 11 51 Found C, 49 50,
H,613,N, 1172

3’ 4’,5.6-Tetradeoxy-tetra-N-methoxycarbonyneamine (6) — A muxture of 12
{06 g, 12 mmol), ethanol (25 mi), and 10% Pd/C (003 g) was hydrogenated at
3 atmos for 3h (20°) The filtered solution was concentrated to give an amorphous
sohd that was recrystallized from water to yield 6 (055 g, 90%), mp 185-187°,
[¢]3” +84° (¢ 05, methanol), + 97° (¢ 1, chloroform), Rg 050 (10 1 ethyl acetate—
ethanol), v 3210 (NH), 1700 (N-COOMe), and 1520cm™* (Amide 1I) Pmr
data (CDCl,, 80°) 6 3 65 (s, 12 H, 4 COOMe) and 495 (m, 1 H, H-1'%)
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Anal Calc for C,oH;,N,O,, C, 4897, H, 698, N, 1142 Found C, 49 10,
H, 705, N, 1121

Tetra-(N-benzyloxycarbonyneamine (3) — To a solution of neamine hydro-
chlonde (1, 5 g, 10 7 mmol) and anhydrous Na,COj; (10 g) 1n 60% aqueous acetone
(150 ml), benzyl chloroformate (10 ml, 58 mmol) was added, and stirring was continued
for 3 h at 20° The mixtura was concentrated, the residue was extracted with acetone
(2 x 100 ml), the combinec extracts were concentrated, and the residue was recrystal-
lized from N,N-dimethylformamide-water to give 3 (76 g, 85%), mp 230-234°,
[« +39° (¢ 1, N,N-dimethylformamide), Rg 07 (41 ethyl acetate-methanol),
1 CHEL 3500 (OH), 3320 (NH), 1700 (N-COOMe), and 1545 cm ™' (Amide II)

Anal Calc for C4uHsoN,O,, C, 6153, H, 582, N, 652 Found C, 61 87,
H, 596, N, 6 80

Tetra-(N-benzyloxycarbonvl)-3',4',5,6-tetra-O-methanesulphonylneanune (8) —
Conventional mesylation of 3 (1 g, 1 1 mmol) in pyridine (20 ml) with mesyl chlornde
(1 ml) at 20° for 12 h gave 5 (12 g, 90%), m p 182-185° (from xylene), [«]3® +18°
(¢ 1, chloroform), Rg 065 (81 ethyl acetate-ethanol), 0 30 (3 1 chloroform-ethyl
acetate) P mr data (chloroform-d) 6 208 (bm, 2 H, H-2), 277 and 282 (2 s, 6 H,
20Ms),310(s, 6 H,2 OMs), 505 (m 8 H, 4 CH,-Ph), 577 (mn, 1 H, H-1'¢), and
7 29 (m, 20 H, 4 Ph)

Anal Calc for C,gH3N,0,,S, C, 4923, H, 495 N, 478, S, 1094 Found
C,4953 H,527 N,455 S,1096

Tetra-(N-benzyloxicarbom!)-3',4,’5,6 -tetradeoxyneamine-3',5-diene (13) — A
muxture of 5 (1 g, 0 85 mmol), dry N,N-dimethylformamide (40 ml), anhydrous Nal
(25 g), and zinc dust (12 g) was heated at 90° for 1 5 h with vigorous stirring Chloro-
form (10C ml) was added, and the muxture was filtered and then worked-up as
described above for 12 The crude product was crystallized from 1-butanol to give 13
(035g, 51%), mp 223-225° [a]3® +59° (c 1, N,N-dimethylformamde), R 07
(8 1 ethyl acetate-ethanol), vhei®! 3345 (NH), 1695 (N-COOMe), and 1545cm™!
(Amude IT) P m r data (methyl sulphoxide-dg) & 1 55 (bm, 2 H, H-2), 508 (bm, 9 H,
H-1'a and 4 CH,-Ph), 560 (bm, 4 H, H-3',4',5,6), 700 (b, 4 H, 4 NH), and 7 38
(bm, 20 H, 4 Ph)

Anal Calc for C,,H, (N,O,, C, 6683, H, 582, N, 708 Found C, 66 77,
H, 598, N, 705

3',4',5,6-Tetradeoxyneamme (7) — (@) A mixture of 6 (0486 g, 1 mmol),
Ba(OH), 8H,0 (5 g) water (10 ml), and p-dioxane (3 ml) was boiled under reflux
for 24-36 h, and then neutralized with solid CO,, filtered, and concentrated A
sclution of the residue 1n water (2 ml) was centrifuged, and acidified to pH ~3 with
10% aqueous H,SO,, and methanol (3 5 ml) was then added The precipitate was
collected, dissolved in water (1 5 ml), and reprecipitated with methanol (2 5 ml) to
give 7 as the sulphate (030 g, 66%), m p 253-265°, [«]37 +80°(c 1. water), Rg 0 35

(2 1 methanol-35% NH,OH)
() A solution of 13 (0 79 g, 1 mmol) in ethanol (20 ml) containing 10% Pd/C

(60 mg) was hydrogenated at 4 atmos for 6 h The solution was filtered and con-
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centrated to give a glassy product that was dissolved 1n water (2 ml) and neutralized
with 10% aqueous H,SO, The addition of methanol (3 ml) precipitated 7 as the
sulphate (0 386 g, 85%), mp 264-265° [«]37 +805° (c 1, water), Ry 035 (21
methanol-35% NH,OH)

(c) A solution of 2 (1 g, 1 8 mmol) 1n pyridine (10 ml) was treated with SO,Cl,
(2 16 g, 16 mmol) at 60° for 16 h, and then concentrated A solution of the syrupy
residue in chloroform (25 ml) was washed successively with 20% aqueous KI, 10%
aqueous KHSO,, saturated, aqueous NaHCO;, and water, dried, and concentrated
The syrupy product was dissolved 1n ethanol (50 m!) and hydrogenated in the prasence
of 10% Pd/C (01 g) and tnethylamine (1 m}) at 4 atmos for 10 h The filtered solu-
tion was concentrated, and the residue was treated with SO,Cl, and hydrogenated as
described above The crude product was heated for 24 h at 80° in 50% aqueous
MeOH (10 ml) containing Ba(OH), 8H,O (3 g) The mixture was neutralized with
CQ,, centrifuged, concentrated, neutrahized with 10% H,SO,, and treated with
methanol to yield 7 as the sulphate (0236 g, 29%) mp 263-265°, [a]27 +805°
(c 1, water), R 035 (2 1 methanol-35% NH,OH)

Anal Cale for C,,H,,N,O, 2H,SO, C, 3171, H, 665, N 1233 Fouad
C,3140,H,679, N, 1250

3’',4"-D1-O-acetyl-5,6-O -c¢j clohexviidene-tetra- (N - methoxycarbonyl)neamine
(15) — A solution of 5,6-O-cyclohexylidene-tetra-(N-methoxycarbonyl)neamine!
(14, 1 g, 1 5 mmol, readily purified by crystallisation from tetrahydrofuran-water,
mp 221-229°) was conventionally acetylated with pyridine (30 ml) and acetic
anhydride (1 ml) for 24 h at 25° The crude product was recrystallized from benzene-
light petroleum to give 15 (1 g, 90%), m p 139-141°, [«]3° +45° (¢ 0 92, chloroform),
Ry 03 (ethyl acetate), 0 65 (10 1 ethyl acetate—ethanol) P m r data (chioroform-d)
6 126 (m, 2 H, H-2), 1 60 (m, 10 H, cyclohexylidene protons), 1 99 and 203 (2 s,
6 H, 2 OAc), 3 66 (m, 12 H, 4 COOMe), and 520 (m, I H, H-1"2)

Anal Calc for C30H ¢N4O6 C, 5013, H, 645, N, 779 Found C, 5021,
H, 6 55, N, 8 01

3’,4’-D1-O-acetyl-tetra~(N-methoxycarbonyl)neamme (8) — A solution of 15
(32¢g, 44 mmol) in chloroform (50 ml) was stirred with toluene-p-sulphonic acid
(0 1 g) in methanol (10 ml) at 50° for 3 h, and then neutralized with NEt; (1 ml) and
concentrated A sojution of the residue in chloroform (40 ml) was washed with water,
dried, and concentrated to give 8 (2 55 g, 90%) which, after recrystallization from
water, had m p 154-156 5°, [¢]3° +69° (¢ 1, methanol), Rg 03 (10 1 ethyl acetate—
ethanol), v 3300 (broad, NH, OH), 1730 (OAc), 1695 (N-COOMe), and
1530 cm ™! (Amude II) Pmr data (methyl sulphoxide-dg) 6 128 (s, 1 H, H-2ax),
191and 195(25s,6 H, 2 OAc), 3 57{(m, i2 H, 4 COOMe), 5 10-5 20 (bm, 2 H, 2 OH),
522(d, 1 H, H-1'a), and 6 95 (bm, 4 H, 4 NH)

Anal Cale for C,;H;5N,0,, C, 4514, H, 599, N, 877 Found C, 4522,
H,610, N, 895

3',4'-Di-O-acety I-5,6-di-O-methanesulphonyl-tetra-(N-methoxycarbonyl)neamine
(9) — Conventional mesylation of 8 (2 g, 3 13 mmol) with dry pyridine (40 ml) and
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mesyl chloride (1 g} at 30° overnight, followed by 2 h at 50°, with recrystallization
of the crude product from benzene, gave 9 (24 g, 92%), mp 215-216°, [a]3® +36°
(c 1, chloroform), Rp 0 5 (10 1 ethyl acetate—ethanol) P m r data (methyl sulphoxide-
ds) 6115-180 (bm, 2 H, H-2), 188a1d 195(2s,6 H,20Ac),318 and 328 (25,
6 H, 2 OMs), 3 56 (m, 12 H, 4 COOMe , 522 (d, 1 H, H-1'2), and 6 80~7 50 (bm, 4 H,
4 NH)

Anal Cale for C,6H,,N,0,,8, C, 3929, H, 532, N, 705, S, 805 Found
C,3951; H,549, N, 716, S, 7 89.

3',47-Dr-G-acerpl-3,6-dideoxy-tefr a~(N-methoxycarbonyneamine-5-ene (16) —
A mixture of 9 (05 g, 0 63 mmol), dry ¥, N-dimethylformamide (30 ml), anhydrous
sodium rwdide (10 g), and zinc dust (5 g) was vigorcusly stirred at 100° for 2 h, and
then worked-up as described above for 12 The crude product (037 g, 92%) was
eluted with ethyl acetate from silica gel to give 16, m p 213-215°, [a]23 +150° (¢ 1,
chloroform), Re 0 3 (ethyl acetate), voac'* 3310 (NH), 1740 (OAc), 1695 (N-COOMe),
and 1515 cm™? (Amde II) P m r. data (methyl sulphoxide-d;) 8 1 17 (s, 1 H, H-2ax),
150-1 70 (bm, 1 H, H-2eq), 1 90and 1 95 {25, 6 H, 2 OAc), 3 58 (m, 12 H, 4 COOMe),
502(d, 1 H, B-1‘w, and 5 67 (bm, 2 H, H-5,6)

Anal Cale for C, H36N,O,, C, 4768, H, 600, N, 929 Found C, 4763,
H,594,N,944

5,6-Dideoxyneamine-5-ene (17) — A muxture of 16 (0 37 g, 0 61 mmol), barium
hydroxide octahydrate (1 1 g), and 50% aqueous p-dioxane (10 ml) was boiled under
reflux for 18 h, and then neutralized with CQ,, centrifuged, and concentrated The
residue (0 13 g, 70%) was eluted from silica gel with methanol-35% ammonia (2 1)
to give 17, mp 233° (dec), [oJ3° +70° (¢ 075, water), Ry 03 (8 1 methanol-35%
ammomna), 0 5 (2 1 methanol-35% ammonia) Pmr data (D,0) 8217 (t, 2 H, H-2),
568 (d, 1 H, H-1'a), and 6 17 (q, 2 H, H-5,6)

Anal Cale for C,,H,,N,0, C, 4998, H, 838, N, 1943 Found C, 5021,
H,817, N, 19.59

3",4-Di-O-acetyl-5,6-dideoxy~tetra-(N-methoxycarbonylneamme (10) — (a) A
solution of 16 (07 g, 1 14 mmol) 1n methanol (50 ml) containing 10% Pd/C (30 mg)
was hydrogenated at 3 atmos for 3 b, and then filtered and coneentrated The residue
(07 g, 100%) was recrystallized from chloroform-ether to give 10, m p 199-201°,
{o]2% +88° (c 1, chloroform), Re 0 3 (ethyl acetate), 04 (3 1 butanone-chloroform),
vEHCs 3410 and 3310 (NH), 1740 (OAc), 1700 (N-COOMe), and 1520 cm™!
(Amude II) P m r data (chloroform-d, 80°) & 1 10~1 70 (bm, 5 H, methylene protons),
155and 199 (2 5, 6 H, 2 OAc), 2 31 (bm, 1 H, methylene proton), 3 65 (m, 12 H,
4 COOMe), and 4 60-5 40 (m, 7 H, 4 NH, H-1'¢,3",4")

Anal Cale for C,3,H35N,0,, C, 4752, H, 631, N, 933 Found C, 47.59,
H,654, N, 951

(6) A muxture of 8 (0 638 g, I mmol), pyridine (15 ml), and sulphury! chloride
(3 ml) was kept at 60° overmght and then concentrated A solution of the syrupy
residue m chloroform (3 ml) was washed with aqueous K1, aqueous NaHCO;, and
water, dried, and concentrated The residue was hydrogenated m ethanol (25 ml)
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contaimng 10% Pd/C catalyst (60 mg) and triethylamine (0 7 ml), at 4 atmos and 40°
for 1Z h After concentration of the filtered solution, the residue was agan treated with
sulphuryl chloride and hydrogenated, and then worked-up 4s described above The
crude product was recrystallized from chloroform—ether to give pure 10 (015 g,
24%), m p 199-201°, [«]3¢ +88° (c 1, chloroform), R¢ 0 4 (3 1 butancne—chloroform)
The 1 r and p m r spectra were 1dentical with those of the compounds prepared in
@

5,6-Dideoxyneamine (11) — (a) A muxture of 10 (029 g, 0 47 mmol), 50%
aqueous p-dioxane (8 ml), and Ba(OH), 8H,O (0 75 g) was boiled under reflux for
15 h, and then neutralized with CO,, centrifuged, and concentrated. Elution of the
residue (0 12 g) from Amberlite CG-50(NH}) resin with 0 1-0 2m NH,OH gave 11
(98 mg, 73%), m p 255° (dec ), [o]3% +36 5° (¢ 0 5, water), Ry 0 4 (2 1 methanol-35%
ammonma)

(&) A sofution of 17 (0 15 g, 0 52 mmol) 1n water (5 ml) was hydrogenated with
10% Pd/C catalyst at 3 atmos for 3 h (22°), and then filtered and concentrated to
give 11 (0 15 g, 100%), m p 255°(dec), 213 +36° (¢ 1, water), R 0 4 (2 1 methanol-
35% ammonia) Pm: data (D,0) 6§ 140-200 (m, 6 H, H-2,5,6), 522 (m, 1| H,
H-1')

Anal Calc for C;,H,N,O, C, 4963, H, 902, N, 1929 Found C, 4975,
H,914, N, 19 11
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