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Abstract—The furanosyl moiety (ring I1I) of C(6’)-deoxyparomomycin and paromomycin was modified in search of aminoglycoside
antibiotics with altered selectivity. The key intermediates were the N-Boc-protected derivative of C(6')-deoxyparomomycin and the
benzylidene-protected paromomycin. Their H,C(5”)-OH group was oxidised with trichlorocyanuric acid or [bis(acetoxy)iodo]-
benzene in the presence of catalytic amounts of TEMPO to yield the corresponding aldehydes and acids, which were transformed
into the protected alkoxy imines, amides and the amine. Standard deprotection gave the title compounds derived from C(6')-deoxy-
paromomycin and derived from paromomycin that proved less active than paromomycin and its C(6’)-deoxy analogue.
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1. Introduction

Paromomycin, a broad-spectrum aminoglycoside anti-
biotic,"? binds to the 16S rRNA at the tRNA acceptor
A site and impairs the translation process by causing
misreading and by hindering translocation.® ¢ The selec-
tivity of paromomycin, that is the discrimination
between prokaryotic and eukaryotic ribosomes, and of
aminoglycoside antibiotics in general, is significantly
limited by the cross-species conservation of the structure
of the decoding site of prokaryotic and eukaryotic ribo-
somes’*® with the consequence of significant drug-associ-
ated toxicity.”'® Experimental results of the interactions
between aminoglycosides and mutated A-sites indicate
that rRNA sequence differences largely account for the
selectivity of aminoglycosides with respect to bacterial
and human ribosomes.!'!7 Modifications of strategic
structural elements of aminoglycoside antibiotics, or
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structure based design of new drugs have thus been
pursued to obtain antibiotics that discriminate between
prokaryotic and eukaryotic rRNA,'®?* and recent key
insights into the crystal structure of the complex formed
by paromomycin and the 16S rRNA A-site®>>° allow
for a rational approach to such modifications. Thus,
bacterial ribosomes possess a guanine base (G) at posi-
tion 1491 (numbered according to the E. coli sequence),
while eukaryotic cytoplasmic ribosomes are character-
ised by 1491A and mitochondrial ones by
1491C.11:1228:30-32 The above mentioned crystal struc-
ture shows a distance between C(5”)-O and N(7) of
241 A, indicating that C(5”)-OH of ring III of paromo-
mycin forms a hydrogen bond to N(7) of G1491 in the
bacterial ribosome. In eukaryotic cytoplasmic ribo-
somes, there may be a corresponding hydrogen bond
between C(5”)-OH and N(7) of A1491. We planned to
impair the (speculative) interaction of paromomycin
with N(7) of A1491 by replacing C(5”)-OH by a substi-
tuent that cannot act as hydrogen bond donor, and to
differentiate between G, A and C on the basis of their
different charge density distribution.*® Aromatic
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intermolecular interactions (m—r or CH—m interactions™*)
appeared promising, and we speculated that they may
also compensate for the partial loss of activity resulting
from deoxygenation of C(6') of paromomycin.** Based
on similar assumptions, Foloppe et al. screened a library
of small molecules to find compounds with good stack-
ing interactions with G1491.%! We report on the prepa-
ration of paromomycin and C(6’)-deoxyparomomycin
derivatives bearing either a C(5”)-hydroximo-, O-substi-
tuted C(5”)-hydroximo-, anilino or a corresponding car-
boxyl, or aminocarbonyl function and on the influence
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of these modifications at position C(5”) on the antibiotic
activity. This position was already modified by a few
research groups. Thus, Baasov et al. prepared a series
of branched neomycin (C(6')=NH,) derivatives pos-
sessing an additional glycosyl moiety at O-C(5")*%%7
to obtain antibiotics resistant towards aminoglycoside
phosphotransferase APH(3’) that phosphorylates the
C(5"-OH group. Hanessian et al. prepared C(5")-
NH, derivatives of paromomycin and neomycin for
the same purpose.’® The same hydroxymethyl group
was also modified to obtain conformationally biased
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neomycin and paromomycin derivatives. Asensio et al.
designed and synthesised neomycin derivatives with a
covalent bond between C(5”")-OH and C(2’)-NH, to

mimic the corresponding hydrogen bond that appears
to be formed while interacting with the ribosome, with
the intention of overcoming bacterial resistance based
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on the deactivation of the antibiotics by O-adenyltrans-
ferase ANT(4).*>*° For the same reason, C(5”)-methyl,
propyl or carboxylate derivatives were synthesised.*’
Tor, Hermann et al. studied the selective binding of con-
formationally constrained paromomycin and neomycin
derivatives to A-site and HIV-1 TAR RNA targets.*!*?

2. Results and discussion

The synthesis of the desired derivatives from the N-Boc
protected C(6')-deoxyparomomycin 2*° possessing only
one primary hydroxyl group appeared straightforward,
and was undertaken first (Scheme 1). The alkoxy imines
4a-g were obtained by selective oxidation of the
H,C(5")-OH group of 2 with trichlorocyanuric acid
(TCCA) in the presence of catalytic amounts of TEM-
PO,** followed by treatment of the crude product (a
mixture of aldehyde, hydrate and methyl hemiacetals)
with the O-substituted hydroxylamines in a mixture of
pyridine and methanol, and deprotection of the resulting
protected oxime ethers 3a—f that were isolated in yields
of 44-72%. The aniline 3g was obtained in 88% yield
by reduction of the nitrophenyl ether 3¢ with H, in the
presence of Pd/C. Minor amounts (< 5%) of the (Z) iso-
mers of the alkoxy imines 3a—g were isolated by FC. Re-
moval of the N-Boc group of 3a-g with TFA led to the
pentakis-trifluoroacetate of the C(6')-deoxy alkoxy imi-
nes 4a—g. The O-phenyl oxime 4¢ and the O-trityl ana-
logue 4f decomposed in aqueous solution at 25°C
within minutes (4¢), or days (4f).

The N-Boc protected C(6’)-deoxy acid 5 (Scheme 1)
was prepared in a yield of 54% by regioselective oxida-
tion of the deoxyparomomycin derivative 2 with [bis-
(acetoxy)iodo]benzene (BAIB) and catalytic amounts
of TEMPO.* The carboxamides 7a—c were obtained
by coupling of the acid 5 using N-ethyl-N'-(3-dimethyl-
aminopropyl)-carbodiimide (EDAC) in the presence of
hydroxybenzotriazole (HOBt). The aniline 7g was
obtained in 72% yield by reduction of the nitrophenyl
ether 3¢ with H, in the presence of Pd/C. Standard
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deprotection with TFA gave the acid 6 from 5, and
the amides 8a—c,g from 7a—c,g.

The analogous, paromomycin-derived alkoxy imines
12a-b and the amides 17a—c were obtained by first trans-
forming paromomycin sulfate into the corresponding
known pentaazide by diazo transfer from TfN; in the
presence of CuSO45H,O and #-BuOK, followed by
benzylidenation according to a known procedure® to
obtain 9 (Scheme 2). The protected alkoxy imines
10a—c were synthesised similarly as described above for
the 6’-deoxy analogues. Selective oxidation of 9 with tri-
chlorocyanuric acid (TCCA) in the presence of a cata-
lytic amount of TEMPO* was directly followed by
treatment of the resulting crude aldehyde with substi-
tuted hydroxylamines in a mixture of pyridine and
methanol, to yield 46-69% of the protected N-alkoxy
imines 10a—c. Debenzylidenation gave the N-alkoxy imi-
nes 11a (89%) and 11b (83%). The N-phenoxy imine 11c
was not stable in solution and decomposed within hours
at ambient temperature. The pentaazides 11a and 11b
were reduced with propane-1,3-dithiol*” to the N-alkoxy
imines 12a (76%) and 12b (71%).

The benzylidene derivative 9 was also transformed
into the acid 14, the amides 17a—¢, and the aniline
24 (Schemes 2 and 3). Regioselective oxidation of 9
with [bis(acetoxy)iodo]benzene (BAIB) and catalytic
amounts of TEMPO® followed by standard Staudinger
reaction and debenzylidenation yielded 29% of the acid
14. The amides 17b,c were prepared by oxidation of 9
to the benzylidene protected acid 13 followed by trans-
formation into the amides 15b,c, using N-ethyl-N'-
(3-dimethylaminopropyl)-carbodiimide (EDAC) in the
presence of 1-hydroxy-7-azabenzotriazole (HOAt) as
coupling agent. Hydrolytic cleavage of the phenyl di-
oxane ring of 15b and 15c¢ to provide 16b and 16¢, and
reduction of the azido groups led in yields of 59 and
56% to 17b and 17c, respectively.

The primary amide 17a was prepared in a slightly
modified way. Oxidation of 9 followed by acetylation
gave the protected acid 18 that was transformed into
the amide 19 (76% yield) by treatment with N,N’-carb-
onyldiimidazole and ammonium acetate. Standard
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Scheme 3. Reagents and conditions: (a) TCCA, TEMPO, EtOAc, 25 °C; then PhNH,, NaBH3CN, 55%; (b) TsOH-H,O, MeOH, 25 °C, 91%;

(c) PMe;, THF, 1 N NaOH, 50 °C, 84%.
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deacetylation of 19 followed by debenzylidenation gave
the pentaazide 21 that was reduced to yield 57% (from
19) of the amide 17a (Scheme 2).

The protected aniline 22 was obtained in a yield of
30% by reductive amination with aniline and sodium
cyanoborohydride of the aldehyde obtained from 9,*®
and transformed by standard debenzylidenation and
Staudinger reaction/hydrolysis into the desired the ani-
line 24 (67%) (Scheme 3).

3. Biological studies

The experimental model used to investigate ribosomal
drug susceptibility is a single rRNA allelic derivative
of the Gram positive eubacterium Mycobacterium
smegmatis.*® Genetic manipulations of its single rRNA
operon by site directed mutagenesis and recA-mediated
gene conversion resulted in homogeneous populations
of mutant ribosomes.'*!>*° Ribosomal drug susceptibil-
ity was studied by determining the minimal inhibitory
concentrations, as described in detail in Refs. 14 and 15.

All derivatives of paromomycin and (6’)-deoxypa-
romomycin modified at position C(5’) proved less active
against M. smegmatis wild type, as compared to the par-
ent compounds (see Table 1). The derivatives 4a,b,d-g,
6, 8a—c,g were 8-16-fold less active than (6')-deoxypa-
romomycin. The relatively most active compound
among the paromomycin derivatives is 12a. It showed
a 16 times lower activity than paromomycin. No activity
towards ribosomes with a single mutated base at posi-
tion 1491 (G1491A, G1491C) was found, suggesting
that the hydrogen bond between C(5”)-OH and N(7)
of G1491 is crucial for binding and activity of paromo-
mycin and its derivatives. Deoxygenation of the
H,C(5")-OH group may also lead to eclimination of
the intramolecular H-bond to C(2')-NH,, which may

Table 1. Ribosomal drug susceptibility®

Wild type Mutant Mutant

1491G Gl1491A G1491C
Paromomycin 1 64 >512
6’-Deoxyparomomycin 32-64 >512 >512
4a,c,d 256 512 >512
4b 512 >512 >512
4g 256-512 >512 >512
6, 8a—c,g >512 >512 >512
12a 16-32 >512 >512
12b 64 >512 >512
14 32-64 >512 >512
17a 128 256-512 >512
17b 512 >512 >512
17¢ 128-56 >512 >512
24 256-512 >512 >512

#Ribosomal drug susceptibility is given as determination of minimal
inhibitory concentrations (MIC [ug/mL)]).

play a role in stabilising the active conformation of par-
omomycin. This interpretation is in agreement with
observations of Asensio et al.** and Tor et al.*'*? about
paromomycin and neomycin derivatives deoxygenated
at C(5”). So far, only derivatives of paromomycin
and neomycin in which the C(5”) hydroxy group was
replaced by an unsubstituted amino group®® displayed
similar antibacterial activities as the parent compounds.

4. Experimental
4.1. General methods

See Ref. 35. 'H and '*C NMR spectra for Boc-protected
compounds (3a-g, 5, 7a—c,g) are not described; signals
were broad, even when the spectra were recorded at
100 °C in Me»>SO-de. Minor (Z) isomers of alkoxyimines
were formed in max. 5% yield. They were separated
from the (E) isomers but not characterised.

The deoxyparomomycin 2 was prepared from com-
mercially available 1°°>* according to a known proce-
dure® (Note that the structure of 1 and its derivatives
in this paper has to be corrected; the absolute configura-
tion of ring IV should be L).

4.2. General procedure for the transformation of primary
alcohols into N-alkoxyimino derivatives (GP 1)

Under N, a cooled (< 0°C) 0.05 M soln of the alcohol
(1 equiv) in EtOAc was treated with trichloroisocyanu-
ric acid (TCCA; 1.1 equiv) and a catalytic amount of
TEMPO (0.05 equiv), allowed to warm to 25 °C, stirred
for 25-40 min and basified with 1 N NaOH. After sepa-
ration of the phases, the aq layer was extracted with
EtOAc (3x). The combined org. layers were dried
(MgSQ,) and evaporated. A 0.05 M soln of the residue
(crude aldehyde, its hydrate and methyl hemiacetal) in
1:1 MeOH-pyridine was treated with the appropriate
N-alkoxyamine, and stirred at 25 °C for 24 h. MeOH
was evaporated, the residue was taken up in brine and
EtOAc, the phases were separated and the aq layer
was extracted with EtOAc (3x). The combined org. lay-
ers were dried (MgSO4) and evaporated to give the
crude N-alkoxyimines.

4.2.1. 5"-(N-Benzyloxyimino)-1,3,2’,2"” 6" -pentakis-|[/V-
(tert-butoxycarbonyl)]-6’,5"-dideoxyparomomycin  (3a).
GP 1 and FC (2:2:0.1 — 2:2:0.3 CHCl;-EtOAc-MeOH)
gave 3a (465 mg, 72%). White solid: mp 173-176 °C;
(0] +47.6 (¢ 0.145, MeOH): R;=0.62 (2:2:0.5,
CHCIl3-EtOAc-MeOH); IR (ATR); v 3374m, 2979w,
2931w, 2071w, 1682s, 1523w, 1426s, 1393m, 1367s,
1307w, 1254w, 1165s, 1118m, 1041s, 1024s, 975s cm™;
HRESIMS: 1204.6092 (22 [M+H]", CssHo;NgNaO,,*;
Caled 1204.6136), 1226.5926 (100, [M+Na]",
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CssHgNgNaO,,*; Caled 1226.3193). Anal. Caled for
C55H90N6023 (120432) C, 5490, H, 754, N, 6.98.
Found: C, 54.71; H, 7.58; N, 6.72.

4.2.2. 1,3,2',2",6'-Pentakis-| V-(tert-butoxycarbonyl)]-
6’,5"-dideoxy-5"-| N-(4-nitrobenzyloxy)imino]paromomy-
cin 3b). GP 1 and FC (2:2:0.2 — 3:4:0.5, CHCI5—
EtOAc-MeOH) gave 3b (1406 mg, 62%). White solid:
mp 150-153 °C; [oc]zD5 +41.8 (¢ 0.43, MeOH); R;=0.79
(2:2:0.75, CHCl;-EtOAc-MeOH); IR (ATR): v 3359w,
2977w, 2933w, 1689s, 1603w, 1519s, 1454w, 1392m,
1365m, 1345m, 1283m, 1248m, 1162s, 1041s, 1020s,
993s, 950w, 919w cm~'; HRESIMS: 1270.5785 (100,
[M+Nal", CssHgoN7NaO,*; Caled 1270.5806). Anal.
Calcd for C55H89N7025 (124832) C, 5292, H, 719,
N, 7.85. Found: C, 54.00; H, 7.29; N, 7.66.

4.2.3. 1,3,2',2"”,6"-Pentakis-| NV-(tert-butoxycarbonyl)]-
6',5"-dideoxy-5"-[(/N-phenoxy)imino]paromomycin  (3c).
GP 1 and FC (3:4:0.1 — 3:4:0.5 CHCI;-Et,0-MeOH)
gave 3c (226 mg, 70%). White solid: mp 171-173 °C;
[ac]f)5 +11.7 (¢ 0.21, MeOH); R;=0.54 (3:4:0.75,
CHCI3-Et,0-MeOH); IR (ATR): v 3363w, 2979w,
2923w, 1682s, 1593w, 1512m, 1454w, 1392m, 1366m,
1283m, 1248m, 1160s, 1044s, 1033s, 1018s, 922w cm ™ !;
HRESIMS: 1211.5807 (100, [M+NaJ", CssHggNgNaO,; 5
Caled 1211.5799). Anal. Calcd for Cs4HggNgOo3
(1189.3029): C, 54.54; H, 7.46; N, 7.07. Found: C,
54.37; H, 7.50; N, 6.95.

4.2.4. 1,3,2',2"”,6"-Pentakis-| NV-(tert-butoxycarbonyl)]-
6',5"-dideoxy-5"-| N-(methoxy)imino]paromomycin (3d).
GP 1 and FC (3:4:0.1 — 3:4:0.5, CHCI5-Et,0-MeOH)
gave 3d (60 mg, 62%). Oil. [fx]f)s +34.0 (¢ 1.17, MeOH);
Rr=0.50 (3:4:0.75, CHCIl;-Et,0-MeOH); IR (ATR);
v 3364m, 2978w, 2935w, 2070m, 1681s, 1521m, 1426s,
1393m, 1366s, 1309w, 1254m, 1164s, 1118s, 1040s,
976s cm '; HRESIMS: 1149.5652 (100, [M-+NaJ",
CyHgsNgNaO,;*; Caled 1149.5642). Anal. Calcd for
C4oHgsNeO»3 (1127.23): C, 52.21; H, 7.69; N, 7.46.
Found: C, 52.28; H, 7.64; N, 7.24.

4.2.5. 1,3,2',2"”,6"-Pentakis-| V-(tert-butoxycarbonyl)]-
6',5"-dideoxy-5"-[ N-(pentafluorobenzyloxy)imino]paromo-
mycin (3¢). GP 1 and FC (2:2:0.1 — 2:2:0.3,
CHCIl3-EtOAc-MeOH) gave 3e (284 mg, 49%). White
solid: mp 180-184 °C; [oc]f)5 +134.95 (¢ 0.24, MeOH);
Rr=0.85 (2:2:0.5, CHCl;-EtOAc-MeOH); IR (ATR):
v 3362w, 2978w, 2936w, 1688s, 1505s, 1454w,
1392m, 1366s, 1305m, 1278m, 1248m, 1161s, 1126s,
1037s, 1022s, 959m, 939m cm™'; HRMALDIMS:
1315.5502 (100, [M+Na]", CssHgsFsNgNaO,,*; Caled
1315.5484), 1215.4987 (23, [M—CO,CMe;+H+Na]",
C50H77F5N6N3021+; Calcd 12154960), 1194.5194
(45, [M—CO,CMe;+2H]", Cy4sHeFsNgO,,*; Caled

1194.5140). Anal. Caled for CssHgsFsNgOas (1294.28):
C 51.08, H 6.62, N 6.50. Found: C 51.27, H 6.60, N 6.44.

4.2.6. 1,3,2',2",6"-Pentakis-| N-(tert-butoxycarbonyl)]-
6',5"-dideoxy-5"-[ N-(trityloxy)imino]paromomycin  (3f).
GP 1 and FC (2:2:0.1 — 2:2:0.3, CHCI-EtOAc-
MeOH) gave 3f (162 mg, 44%). White solid: mp 140-
142 °C; [ac]és +35.2 (¢ 0.44, MeOH); R;=0.72 (2:2:0.7,
CHCI3-EtOAc-MeOH); IR (ATR): v 3397w, 2977w,
2932w, 1687s, 1506m, 1449w, 1392m, 1366m, 1280m,
1247m, 1159s, 1039s, 1022s, 987s, 961m, 920m cmfl;
HRESIMS: 1355.6913 (38, [M+H]", CgHoNeO,;";
Caled  1355.6762), 1377.6558 (100, [M+Na]",
Ce7HosNgNaO,,*; Caled 1377.6581). Anal. Calcd for
Ce7HogNgO3 (1355.52): C, 59.37; H, 7.29; N, 6.20.
Found: C, 59.21; H, 7.13; N, 6.06.

4.2.7. 1,3,2',2"”,6"-Pentakis-| V-(tert-butoxycarbonyl)]-
6',5"-dideoxy-5"-| N-(4-aminobenzyloxy)imino]paromo-
mycin (3g). Under H,, a suspension of 3¢ (0.136 mmol,
170 mg) and 10% Pd/C (17 mg) in MeOH (6 mL) was
stirred at 25 °C for 12 h, filtered and evaporated. FC
(2:2:0.2 — 2:2:0.5, CHCI;-EtOAc-MeOH) gave 3g
(153 mg, 88%). White solid: mp 160-162°C; [a]5
+38.3 (¢ 0.36, MeOH); Ry=0.46. (2:2:0.75, CHCl;—
EtOAc-MeOH); IR (ATR): v 3363m, 2979w, 2932w,
1686s, 1614w, 1520m, 1480w, 1427m, 1393m, 1367s,
1308w, 1281w, 1252m, 1164s, 1117s, 1042s, 974s cm ™ ';
HRESIMS: 1218.6255 (100, [M+H]", CssHy,N;0,,;
Caled  1218.6245), 1240.6205 (69, [M+Na]",
CssHgiN;NaO,,*; Calcd 1240.6064). Anal. Calcd for
CssHo N,O,3 (1218.34): C, 54.22; H, 7.53; N, 8.05.
Found: C, 54.15; H, 7.52; N, 7.89.

4.2.8. 1,3,2',2",6"-Pentaazido-4',6’'-O-benzylidene-1,3,2,
2" 6" -pentadeamino-5"-deoxy-5"-| V-(hydroxy)imino]paro-
momycin (10a). GP 1 and FC (amino phase gel, 9:1,
CH,Cl,-MeOH) gave 10a (260 mg, 46%). White solid:
mp 130-135 °C; [oc]f)5 +130.7 (¢ 0.14, MeOH);
Ry=10.18 (amino phase gel, 9:1, CH,Cl,-MeOH); IR
(ATR): v 3406w, 2924w, 2099s, 1455w, 1373w, 1333w,
1255m, 1155w, 1089m, 1018s cm™!; 'H NMR
(500 MHz, CD3;0D) see Table 6, additionally, ¢ 7.50—
7.47 (m, 2 arom. H), 7.36-7.32 (m, 3 arom. H), 5.58
(s, CHPh); *C NMR (125 MHz, CD;0D) see Table 7,
additionally, ¢ 139.15 (s), 130.02 (d), 129.10 (2d),
127.60 (2d), 104.13 (d, CHPh); HRMALDIMS: 429.1026
(100), 869.2661 (79, [M+Na]", C3H3NsNaO,*;
Calcd 869.2651). Anal. Calcd for C5pH3gN ;6014 MeOH
(878.76): C, 42.37; H, 4.82, N, 25.50. Found: C, 42.03;
H, 4.77; N, 25.60.

4.2.9. 1,3,2',2"”,6"”-Pentaazido-4',6'-O-benzylidene-1,3,2,
2" 6" -pentadeamino-5"-deoxy-5"-| N-(4-nitrobenzyloxy)-
imino]paromomycin (10b). GP 1 and FC (4:1 — 4:2,
CHCIl5-MeCN) gave 10b (145 mg, 69%). White solid:
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mp 131-134 °C; [oc]f)8 +1149 (¢ 0.125, MeOH);
R;=10.60 (4:3, CHCI3-MeCN); IR (ATR): v 3418w,
2924w, 2099s, 1692w, 1606w, 1520m, 1454w, 1372w,
1346m, 1254m, 1155m, 1097m, 1044m, 1012s cm™'; 'H
NMR (500 MHz, CD;0D) see Table 6, additionally,
0 8.25-8.23 (m, 2 arom. H), 7.62-7.60 (m, 2 arom. H),
7.49-7.47 (m, 2 arom. H), 7.35-7.33 (m, 3 arom. H),
5.55 (s, CHPh), 5.22 (s, CH,Ph); '*C NMR (125 MHz,
CDs;0D) see Table 7, additionally, 6 148.98 (s),
147.06 (s), 139.14 (s), 130.04 (d), 129.89, 129.12,
127.62, 124.63 (4x2d), 104.20 (d, CHPh), 75.68
(t, CH,Ph); HRESIMS: 1004.2979 (100, [M+Na]",
C3;HgisN(7NaO,*;  Caled 1004.2971). Anal. Caled
for C37H43N17016'0.5M€OH (99786) C, 4514, H,
4.55; N, 24.86. Found: C, 45.51; H, 4.58; N,
24.32.

4.2.10. 1,3,2',2"”,6”-Pentaazido-4',6'-O-benzylidene-1,3,
2/,2” 6" -pentadeamino-5"-deoxy-5"-| N-(phenoxy)imino]-
paromomycin (10c). GP 1 and FC (2:2:0.1 — 2:2:0.3,
CHCI3-EtOAc-MeOH) gave 10c (378 mg, 69%). White
solid: mp 115-118 °C; [05]1235 +85.7 (¢ 0.3, MeOH);
R=10.67 (2:2:0.5, CHCl;-EtOAc-MeOH); IR (ATR):
v 3422w, 2105s, 1587w, 1487w, 1474w, 1371w, 1331w,
1255w, 1158w, 1020m cm™'; 'H NMR (400 MHz,
CDs0D) see Table 6, additionally, 6 7.50-7.46 (m, 2
arom. H), 7.35-7.31 (m, 5 arom. H), 7.27-7.15 (m, 2
arom. H), 7.04-7.00 (m, 1 arom. H), 5.52 (s, CHPh);
13C NMR (100 MHz, CD;0D) see Table 7, addition-
ally, 0 160.63 (s), 139.12 (s), 130.02 (d), 130.43, 129.10,
127.59, 124.50 (4 x 2d), 104.13 (d, CHPh). Anal. Calcd
for Cs3gH4oN16014 (922.82): C, 46.85; H, 4.59; N,
24.29. Found: C, 46.74; H, 4.70; N, 24.28.

4.3. 1,3,2,2" 6" -Pentakis-| N-(tert-butoxycarbonyl)]-6'-
deoxy-5"-carboxyparomomycin (5)

A soln of 2 (1.2mmol, 1.32g) in 1:1 MeCN-water
(14mL) was treated with bisacetoxyiodobenzene
(4.8 mmol, 1.55g) and TEMPO (0.54 mmol, 84 mg),
stirred at 23 °C for 48 h, cooled to 0 °C, treated with
1 N HCI (5 mL) and diluted with AcOEt (50 mL) and
H,O (30 mL). The layers were separated, and the aq
layer was extracted with AcOEt (2 x 50 mL). The com-
bined org. layers were washed with brine (80 mL), dried
(MgSQ,), filtered and evaporated. FC (1:1:0 — 8:8:5,
CHCIl3-AcOEt-MeOH) gave 5 (722 mg, 54%). White
solid: mp 195 °C (dec); [oc]f)6 +4.0 (¢ 0.285, MecOH);
Rr=0.41 (1:1:1, CHCI;-AcOEt-MecOH); IR (ATR): v
3359w, 2977w, 2933w, 1682s, 1629w, 1511m, 1455w,
1391m, 1283m, 1367s, 1283w, 1249m, 1161s, 1041s
cm~!'; HRMALDIMS: 454.0200 (100), 1112.5374 (57,
[M—H]", C4HgN50O,,7; Caled 1112.5350), 1113.5395
(30, [M]™, C4gHg3N5Oy; Caled 1113.5428). Anal. Caled
for C48H83N5024 (111420) C, 5174, H, 751, N, 6.29.
Found: C, 51.68; H, 7.27; N, 6.18.

4.4. General procedure for the formation of the amides
7a— (GP 2)

Under N5, a 0.05 M soln of 5 in DMF was treated at
0 °C with HOBt (2 equiv) and EDAC (2 equiv), and stir-
red at 0 °C for 30 min. DIPEA (2 equiv) and the corre-
sponding amine (2 equiv) were added, the mixture was
stirred at 25 °C for 18 h, cooled to 0 °C, treated with
1 N HCI and diluted with AcOEt and H,O. The layers
were separated and the aq layer was extracted with
AcOEt (2x). The combined org. layers were washed with
brine, dried (MgSQO,), filtered and evaporated.

44.1. 1,3,2',2"”,6"”-Pentakis-| NV-(tert-butoxycarbonyl)]-
6'-deoxy-5"-(N-benzyl)paromomycincarboxamide  (7a).
GP 2 on 499 mg of 5 and FC (1:1:0 — 6:6:0.5, CHCl3—
AcOEt-MeOH) gave 7a (24 mg, 45%). Yellowish solid;
[oc]2D6 +12.8 (¢ 0.23, MeOH); Ry =0.36 (3:3:0.5, CHCl5—
AcOEt-MeOH); IR (ATR): v 3379w, 2970w, 2933w,
1681s, 1512m, 1452m, 1410m, 1391m, 1366s, 1283w, 1246m,
1162s, 1027s, 989s cm~'; HRMALDIMS: 858.4365
(40, [M—ring I—C02CMC3+3H]+, C39H64- N5016+;
Calcd 858.4348), 1103.5588 (49, [M—CO,- CMe;+2H]",
CsoHg3sNgO,,*;  Caled 1103.5616), 1225.5927 (100,
[M+Na]", CssHoNgNaO,,*;  Caled  1225.5955),
1226.5961 (62, [M-+H+Na]", CssHo Ng- NaO,,™;
Calcd 1226.6033). Anal. Calcd for CssHggNg- O,3-H,O
(1203.34): C, 54.09; H, 7.59; N, 6.88. Found: C, 54.20;
H, 7.23; N, 6.75.

44.2. 1,3,2',2"”,6"-Pentakis-| V-(tert-butoxycarbonyl)]-
6’-deoxy-5"-| N-(4-nitrobenzyl)|paromomycincarboxamide
(7b). GP 2 on 81 mg of 5 and FC (1:1:0 — 9:9:1.2,
CHCIl3-AcOEt-MeOH) gave 7b (36 mg, 40%). Yellow-
ish solid; [cx]2D7 +27.8 (¢ 0.265, MeOH); R;=0.28
(3:3:0.5, CHCI;-AcOEt-MeOH); IR (ATR): v 3356w,
2977w, 2933w, 1682s, 1609w, 1515s, 1455w, 1392m,
1366m, 1345m, 1279m, 1248m, 1160s, 1111m, 1034s,
996m cm '; HRMALDIMS: 803.3705 (36, [M—ring
[-2CO,CMes+4H]", C3HssNgO,,*; Caled 803.3675),
903.4260 (33, [M—ring I-CO,CMes+3H]", CioHgs-
NeO,s™; Caled 903.4199), 970.4210 (49, [M—-3CO,-
CMe;+3H+Na]", CyHgsN;NaO,,*; Caled 970.4233),
1070.4805 (60, [M—2CO,CMe;+2H+Na]", CysH73N;-
NaO,,*; Caled 1070.4757), 1170.5469 (73, [M—CO,-
CMe;+H+Na]", CsoHg N;NaO,,*; Caled 1170.5282),
1270.5927 (100, [M+Na]", CssHgN;NaO,s*; Caled
1270.5806), 1271.5850 (63, [M+H+Na]", CssHoN;-
NaO,;"; Caled 1271.5884). Anal. Calcd for
C55H89N7025‘H20 (126636) C, 5217, H, 724, N,
7.74. Found: C, 52.07; H, 7.29; N, 7.45.

4.4.3. 1,3,2',2"”,6"”-Pentakis-| V-(tert-butoxycarbonyl)]-
6'-deoxy-5"-(/N-phenyl)paromomycincarboxamide  (7c).
GP 2 with HOAt instead of HOBt on 46 mg of 5 and
FC (1:1:0 — 6:6:0.1, CHCI;-AcOEt-MeOH) gave 7c¢
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(21 mg, 43%). Yellowish solid: mp 195-200 °C; [o]5
+5.3 (¢ 0.515, MeOH); Ry = 0.28 (3:3:0.5, CHCl;-AcOEt—
MeOH); IR (ATR): v 3364w, 2978w, 2933w, 1682s,
1601w, 1511s, 1446m, 1392m, 1366s, 1345m, 1281m,
1248m, 1161s, 1032s cm™'; HRMALDIMS: 711.3158
(42, [M—5C02CMe3+5H+Na]+, C30H50N6Na013+;
Calcd 711.3303), 811.3654 (46, [M—4 CO,CMe;+4H+
Nal", C34HssNgO s t; Caled 811.3701), 911.4227 (65,
[M—3CO,CMe;+3H+Na]", CyHgNgNaO,,*; Caled
911.4226), 1011.4785 (81, [M—2CO,CMe;+2H+Na]",
CuH7;NgNaO,*; Caled 1011.4750), 1012.4813 (42,
[M—2 CO,CMe;+3H+Na]", CyH7;3NgNaO,,*; Caled
1012.4828), 1111.5192 (74, [M—CO,CMe;s+H+NaJ,
CyHgoNgNaO,,*; Caled 1111.5274), 1211.5815 (100,
[M+Na]", CsHgNg-NaO,,*;  Caled  1211.5799),
1212.5840 (60, [M-+H+Na]", CssHgoNgNaO,,*; Caled
12125877) Anal. Calcd for C54H88N6023'H20
(1207.32): C, 53.72; H, 7.51; N, 6.96. Found: C, 53.30;
H, 7.56; N, 6.69.

4.5. 1,3,2',2" 6" -Pentakis-| N-(tert-butoxycarbonyl)]-6'-
deoxy-5"-| N-(4-aminobenzyl)|paromomycincarboxamide
(7g)

Under H,, a suspension of 7b (0.030 mmol, 44 mg) in
80% aq AcOH (2 mL) and 10% Pd/C (8 mg) was stirred
at 23 °C for 18 h, filtered through a pad of Celite and
evaporated. FC (1:0:0 — 6:6:1, CHCI;-EtOAc-MeOH)
gave 7g (31 mg, 72%). White solid; [«)5 4+23.3 (¢ 0.30,
MeOH); R;=0.34. (3:3:1, CHCI;-EtOAc-MeOH);
HRMALDIMS: 1040.5061 (33, [M—2CO,CMes+2H+
Na]", C4sH7sN;NaO,,"; Caled 1040.5015), 1118.5717
(46, [M—COzCMC3+2H]+, C50H34N7021+; Calcd
1118.5720), 1140.5595 (41, [M—CO,CMe;+H+Na]",
CsoHg3sN;NaO,, *; Caled 1140.5540), 1240.6040 (100,
[M+Na]", CssHgN;NaO,,*; Caled  1240.6064),
1241.6067 (67, [M+H+Na]", CssHypN;NaO,,*; Caled
1241.6142). Anal. Caled for CssHoN;0,3-H,0O
(1236.36): C, 53.43; H, 7.58; N, 7.93. Found: C, 53.48;
H, 7.78; N, 7.49.

4.6. General procedure for the de-N-bocylation (GP 3)

A soln of the paromomycin derivatives 3a-g, 6, 8a—c.,g
(1equiv) in TFA was treated with anisole (6 equiv)
and stirred for 1-10 min. After evaporation of the sol-
vent (water bath max. 30 °C), a soln of the residue in
H,0 was washed with EtOAc (1x), and taken to dryness
to give the crude pentaammonium salts.

4.6.1. 1,3,2',2”,6" -Pentaammonium-6’,5"-dideoxy-5"-
(benzyloxyimino)paromomycin pentakis(pentafluoroprop-
ionate) (4a'5C,FsCO,H). GP 3, FC (RP C-18,
9:1:0.1 — 8:2:0.1, H,O-MeOH-C;F,CO,H) and lyo-
philisation gave (4a-5C,FsCO,H) (42 mg, 79%). White
solid: mp 140 °C (dec); [oc]f)5 +38.9 (¢ 0.17, MeOH);

Rr=0.36 (1:4:3, CHCl;-MeOH-25% aq NHj); IR
(ATR): v 3500-2800w, 1667s, 1527w, 1403w, 1335m,
1273w, 1210s, 1158s, 1115s, 1080m, 1038m, 965m,
932m cm~'; '"H NMR (500 MHz, D,0) see Table 2,
additionally, 6 7.51-7.43 (m, 5 arom. H), 5.22 (s,
CH,Ph); *C NMR (126 MHz, D,0) see Table 3, addi-
tionally, 6 165.82 (q, 2Jc7p 27.5, 5C=0), 139.45 (s),
131.64 (2d), 131.33 (d), 131.04 (2d), 120.16, (dt, ZJc.r
34.8, 'Jor 285.6, SCF»), 111.18, (td, *Jer 39.1, Ve
262.5, 5CF;), 78.64 (t, CH,Ph); HRMALDIMS:
580.2828 (100), 688.3378 (49), 725.3315 (29, [M+Na]",
C3HsoNgNaO,;"; Caled 725.3334). Anal. Calcd for
C49H53N6F35023 (175826) C, 3446, H, 404, N, 4.78.
Found: C, 34.49; H, 4.05; N, 4.66.

4.6.2. 1,3,2',2" 6" -Pentaammonium-6’,5"-dideoxy-5"-[ V-
(4-nitrobenzyloxy)imino]paromomycin pentakis(trifluoro-
acetate) (4b-5CF;CO,H). GP 3, FC (RP C-IS,
9:1 — 82, H,O-MeOH) and Ilyophilisation gave
4b-5CF;CO,H (48 mg, 91%). White solid: mp 130 °C
(dec); [oc]lz)5 +57.5 (¢ 0.135, MeOH); R;=0.30 (1:4:3,
CHCI3-MeOH-25% aq NHy); IR (ATR): v 3372m
(br), 1670s, 1519m, 1433w, 1348m, 1188s, 113ls,
1033m, 1013m cm™'; '"H NMR (600 MHz, D,0) see
Table 2, additionally, ¢ 8.28 (d, J 8.7, 2 arom. H), 7.62
(d, J 8.7, 2 arom. H), 5.29, 5.28 (2d, J 19.3, CH,Ph);
3C NMR (150 MHz, D,O) see Table 3, additionally,
8 165.64 (q, *Jep 292.8, 6C=0), 150.15 (s), 147.66 (s),
131.41 (2d), 126.70 (2d), 119.0 (q, 'Jcr 34.7, 6CF),
77.25 (t, CH,Ph); HRMALDIMS: 580.2828 (100),
748.3370 (16, [M+Na]", CsHiN;NaO,*; Calcd
770.3184). Anal. Calcd for C3oH49N,0,56CF;CO,H
(1335.88): C, 35.23; H, 4.87; N, 6.85; Found: C, 35.20;
H, 4.05; N, 6.96.

4.6.3. 1,3,2',2” 6" -Pentaammonium-6’,5"-dideoxy-5"-| V-
(phenoxy)imino]paromomycin pentakis(trifluoroacetate)
(4¢:'5CF3;CO,H). Decomposed at 25°C  within
minutes.

4.6.4. 1,3,2',2",6"”-Pentaammonium-6’,5"-dideoxy-5"-| V-
(methoxy)imino|paromomycin pentakis(trifluoroacetate)
(4d'5CF;CO,H). GP 3, FC (RP C-18, 9:1 — 8:2,
H,O-MeOH) and lyophilisation gave (4d-5CF;CO,H)
(76 mg, 83%). White solid: mp 140°C (dec); [o5
+38.4 (¢ 0.34, MeOH); R;=0.36 (1:4:3, CHCIs—
MeOH-25% aq NH;3); IR (ATR): v 3400-2700w,
1668s, 1623m, 1520w, 1432w, 1164s, 1188s, 1128s,
1033s cm™'; '"H NMR (500 MHz, D,0) see Table 2,
additionally, & 4.83 (s, OMe); '°C NMR (126 MHz,
D,0) see Table 3, additionally, 6 165.67 (q, ZJC,F 35.5,
5C=0), 119.0 (q, lJC,F 291.8, 5CF3), 64.54 (s, OMe);
HRMALDIMS: 580.2822 (100), 649.3004 (62,
[M-+NalJ", CysHusNgNaO,*; Caled 649.3021). Anal.
Calcd for C34H51F15N6023'H20 (121478) C, 3491, H,
4.38; N, 6.85. Found: C, 34.62; H, 4.40; N, 6.92.
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Table 2. '"H NMR chemical shifts [ppm] and coupling constants [Hz] for 4a-b, 4d-g in D,O

4a 4b 4d 4e af 4g°
5C,FsCO,H 5CF;CO,H* 5CF;CO,H* 5CF;CO,H* 5CF;CO,H*
H-1' 5.88 5.82 5.84 5.93 5.51 5.38
H-2' 3.23-3.19 3.08 3.31-3.24 3.26 2.91 2.72
H-3' 3.94-3.86 3.83 3.99-3.82 3.93 3.80 3.53
H-4' 3.16 3.05 3.22 3.27 3.03 3.13-3.06
H-5' 375 3.68 3.69 3.76 3.66 3.84
Me-6/ 1.32 1.26 1.26 1.34 1.23 1.27
H-1 3.23-3.19 3.32 3.31-3.24 3.55-3.40 3.78-3.76 2.94-2.82
H.y-2 1.82 1.81 1.80 1.88 1.79 1.30-1.28
Hey-2 2.48-2.45 2.45 2.41 2.50 2.43 2.03-2.00
H-3 3.46-3.35 3.47 3.45 3.54 3.33-3.27 2.94-2.82
H-4 3.94-3.86 3.92 3.82 3.94-3.90 3.40-3.33 3.43
H-5 3.94-3.86 3.87 3.99-3.82 3.92 3.78-3.76 3.73-3.66
H-6 3.68 3.63 3.62 3.69 3.60 3.30
H-1” 5.45 5.42 5.38 5.45 5.36 5.35
H-2" 3.94-3.86 4.36 4.40 4.47 4.00 4.41
H-3" 4.82-4.80 4.62 4.60 4.71 4.49 4.66-4.63
H-4" 4.82 4.82 4.70-4.66 4.80 4.86 4.66-4.63
H-5" 7.82 7.86 7.63 7.79 7.92 7.64
H-1" 5.23-5.21 5.18 5.25 5.18 5.20 4.98
H-2" 3.60-3.58 3.55 3.54 3.59 3.55 3.13-3.06
H-3" 4.21 4.16 4.16 4.21 4.20 4.02
H-4" 3.79-3.78 3.74 3.77 3.82 3.78-3.76 3.73-3.66
H-5" 3.94-3.86 3.94-3.91 422 4.04-4.00 4.05 4.15-4.05
H,-6" 3.30 3.32 3.24 3.40 3.32 3.02
Hy-6" 3.23-3.19 3.24 3.24 3.33 3.22 3.13-3.06
Jia 4.1 4.1 4.0 4.1 4.0 3.8
Jo 3 b 10.4 b 10.0 10.4 10.2
Jya 9.0 9.0 8.9 8.8 9.0 9.3
Jus 9.0 9.0 8.9 8.9 9.1 9.5
Jsig 6.2 6.2 6.3 6.3 6.2 6.3
J12ax 2.9 12.7 12.6 12.6 12.5 b
Ji2eq b 4.2 4.2 4.2 42 b
Jis 10.3 10.5 10.5 10.6 10.5 9.9
J2axeq 12.9 12.7 12.6 12.6 12.5 b
Joaxs 12.9 12.7 12.6 12.6 12.5 b
Jreq3 b 4.2 4.1 4.2 4.1 b
J34 b 9.2 10.4 10.2 b 9.2
Jus b 8.9 9.1 8.8 b 9.4
Jss 8.8 8.9 9.0 9.0 8.9 9.9
Jyr 2.4 2.9 2.6 2.5 4.2 1.9
Jor 30 4.4 4.5 4.6 4.5 43 4.2
Jyrar 5.5 4.9 5.7 5.6 3.4 b
Ju s 5.4 4.7 5.8 5.5 42 6.3
) - b 1.7 1.7 1.7 1.7 1.8
Jo 3m 2.9 3.1 2.9 2.9 2.9 33
Jon g b 1.4 12 1.2 1.1 b
Jamgn 2.9 3.1 3.1 3.1 3.1 33
Jan 5 b 1.6 15 1.2 1.4 °
Jsw gy 5.2 5.4 5.7 5.3 5.9 b
Jsm g b 4.2 4.2 43 42 43
Jera g 13.7 13.8 13.7 13.7 13.6 13.5

# Assignment based on DQFCOSY and HSQC spectrum.
®Not determined.

4.6.5. 1,3,2',2",6"-Pentaammonium-6'5"-dideoxy-5"-[/N-
(pentafluorobenzyloxy)imino|paromomycin pentakis(tri-
fluoroacetate) (4e-5CF;CO,H). GP 3, FC (RP C-18,
9:1 - 82, H,O-MeOH) and Ilyophilisation gave
4e-5CF;CO,H (68 mg, 88%). White solid: mp 180 °C
(dec); [05]1235 +32.7 (¢ 0.425, MeOH); R;=0.50 (1:4:3,
CHCI3-MeOH-25% aq NHj); IR (ATR): v 3500-

2700w, 1667s, 1524m, 1507m, 1434w, 1375w, 1186s,
1126s, 1033s, 1015s, 960m, 939m cm '; 'H NMR
(500 MHz, D,0) see Table 2, additionally, 6 5.31 (s,
PhCH,); *C NMR (126 MHz, D,0): see Table 3, addi-
tionally, 6 165.65 (q, *Jcr 35.5, SC=0), 149.7-148.7,
147.7-146.7, 141.8-138.9 (3m, 4 arom. H), 130.07 (s, 1
arom. H), 119.01, (q, 'Jeg 291.7, 5CF3), 65.67 (s,



508

Table 3. '>*C NMR chemical shifts (ppm) for 4a,b,d-g in D,O
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4a 4b 4d de 4f 4g*
5C,F5sCO,H 5CF5CO,H* 5CF5CO,H* 5CF;CO,H* 5CF5CO,H?
C-l 96.90 96.90 96.83 96.59 96.84 100.76
c-2 56.28 56.28 56.25 56.22 56.18 57.87
C-3 71.35 71.21 71.33 71.25 71.35 74.57
-4 76.83 76.92 76.73 76.75 76.63 79.39
c-s' 72.58 72.58 72.83 72.83 72.56 77.54
C-6' 19.16 19.21 19.16 19.11 19.11 19.44
C-1 52.43 52.34 52.31 52.31 5227 52.94
c2 31.24 30.89 30.74 30.59 31.45 29.25
C3 51.32 51.28 51.32 51.27 51.27 52.46
Cc4 78.56 77.79 77.76 77.49 78.56 80.43
C-5 87.48 88.00 87.73 87.80 88.07 92.42
C-6 75.28 75.21 75.02 75.05 75.49 77.92
C-1" 112.93 112.99 113.03 112.94 112.67 112.17
c-2 76.61 76.54 76.28 76.63 76.39 77.95
c-3" 81.71 81.64 81.71 81.56 81.42 87.86
c-4" 80.74 80.92 80.71 80.62 81.85 81.47
C-5" 152.95 153.20 151.90 153.24 146.30 155.62
C-1" 98.86 98.93 98.73 98.91 98.83 101.91
c-2” 53.41 53.49 53.42 53.43 53.44 54.84
c-3" 70.27 70.21 70.29 70.17 70.07 71.45
-4 70.30 70.31 70.08 70.36 70.16 72.82
C-5" 72.31 7247 72.72 7241 7241 76.51
C-6" 43.14 43.19 43.11 43.07 43.07 43.49

# Assignment based on DQFCOSY and HSQC spectrum.

CH,CsFs); HRMALDIMS: 580.2835 (100), 794.3057
(21, [M+H]", C3HyFsNgOP+; Caled 794.3043),
815.2845 (56, [M+Na]", CsHysFsNgNaO,*; Calcd
8152862) Anal. Calcd for C40H50F20N6023'H20
(1380.83): C, 34.79; H, 4.80; N, 6.09. Found: C, 34.66;
H, 4.55; N, 6.27.

4.6.6. 1,3,2',2"”,6""-Pentaammonium-6',5"-dideoxy-5"-[/V-
(trityloxy)imino]paromomycin pentakis(trifluoroacetate)
(4f5CF;CO,H). GP 3, FC (RP C-18, 9:1 — 8:2,
H,0-MeOH) and lyophilisation gave 4f5CF;CO,H
(70 mg, 84%). White solid: mp 150 °C (dec); [oc]f)s
+44.9 (¢ 0.17, MeOH); R;=0.70 (1:4:3, CHCI;-
MeOH-25% aq NHj3); IR (ATR): 3500-2700w, 1671s,
1524w, 1592w, 1444w, 1332w, 1198s, 1132s, 1022m,
1018m, 918w cm™'; '"H NMR (500 MHz, D,0) see
Table 2, additionally, 6 7.48-7.38 (m, 15 arom. H); '*C
NMR (126 MHz, D,0O) see Table 3, additionally,
165.60 (q, *Jep 35.6, 5C=0), 152.34 (3s), 131.38
(6d), 130.95 (6d), 130.53 (3d), 116.69, (q, 'Jer 292.5,
5CF3), 94.01 (s, CPh;); HRMALDIMS: 580.2843
(100), 877.3939 (54, [M+Na]", C;H5sNgNaO,*; Caled
877.3960).

4.6.7. 6',5"-Dideoxy-5"-| N-(4-aminobenzyloxy)imino]-
paromomycin (4g). GP 3, FC (1:4:2, CHCl;-MeOH-
25% aq NHj3) and lyophilisation gave 4g (19 mg, 85%).
White solid: mp 160 °C (dec); Ry = 0.54 (1:4:3, CHCl3—
MeOH-25% aq NHj); IR (ATR): v 3500-2700m,
1682m, 1612m, 1544s, 1519s, 1406m, 1335m, 1129m,
1116m, 1044s, 1033s, 1013s, 923m cm '; 'H NMR

(500 MHz, D,0) see Table 2, additionally, é 7.28 (d,
J 8.5, 2 arom. H), 6.86 (d, J 8.5, 2 arom. H), 5.05
(s, CH,Ph); 3*C NMR (125 MHz, D,0) see Table 3,
additionally, 6 134.26 (s), 134.02 (2d), 129.76 (s),
118.97 (2d), 78.71 (t, CH,Ph); HRMALDIMS: 718.3624
(66, [M+Na]", CsHgeNgNaO,;*; Caled 1149.5642).

4.6.8. 1,3,2',2” ,6""-Pentaammonium-6'-deoxy-5"-carboxy-
paromomycin pentakis(trifluoroacetate) (6:-SCF;CO,H).
GP 3 on 40 mg of 5, FC (RP C-18, 1:17, H,O-MeOH)
and lyophilisation gave 6:5CF;CO,H (22 mg, 52%).
White solid: mp 145 °C (dec); [oc]f)3 +28.6 (¢ 0.044,
H,0); Ry=0.20 (7:3, MeOH-25% aq NH3); IR (ATR):
v 2917w (br), 1668s, 1627w, 1520m, 1434w, 1334w,
1188s, 1126s, 1035s cm™'; "H NMR (500 MHz, D,0)
see Table 4. '*C NMR (125 MHz, D,0) see Table 5,
additionally & 163.00 (q, *Jcr 37.6, 5C=0), 116.37,
(q, "Jer 291.9, SCF3). HRMALDIMS: 614.2869 (100,
[M+H]", CyHysNsO,,*; Caled 614.2885); 615.2903
(28, [M+2H]", Cy;3HysN5O,,*; Caled 615.2963). Anal.
Calcd for C23H43N5014'6CF3C02H'H20 (131577) C,
31.95; H, 3.91; N, 5.32. Found: C, 31.79; H, 3.90; N 5.32.

4.6.9. 1,3,2',2"”,6"”-Pentaammonium-6’-deoxy-5"-[ N-benz-
yllparomomycincarboxamide pentakis(trifluoroacetate)
(8a:5CF3CO,H). GP 3 on 9 mg of 7a and lyophilisa-
tion gave 8a-5CF;CO,H (8 mg, 84%). White solid;
R;=0.30 (4:1, MeOH-25% aq NH;); 'H NMR
(500 MHz, D,0) see Table 4, additionally ¢ 7.48-7.41
(m, 2 arom. H), 7.40-7.37 (m, 3 arom. H), 4.70 (d,
J 15.1 Hz, PhCH,CH,NHCO), 4.38 (d, J 15.1 Hz,
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PhCH,H,NHCO); *C NMR (125MHz, D,0) see
Table 5, additionally 6 140.18 (s), 131.75 (2d), 130.63
(d), 130.13 (2d), 45.79 (t, PhCH,NHCO); "F NMR
(282 MHz, D,0O) —73.98 (s, CF5CO,H); HRMALDI-
MS: 558.2714 (100, [M—ring 1+2H]", CpH,N;5O,,*;
Calcd 558.2775), 703.3497 (32, [M+H]", C3H35 NsO,,*;
Calcd 7033514) Anal. Calcd for C30H50N6013'6CF3-
CO,H (1386.89): C, 36.37; H, 4.07; N 6.06. Found: C,
36.23; H 3.95; N, 6.18.

4.6.10. 1,3,2',2",6"-Pentaammonium-6’-deoxy-5"-| N-(4-
nitrobenzyl)]paromomycincarboxamide pentakis(hepta-
fluorobutanoate) (8b-5C;F,CO,H). GP 3 on 31 mg of
7b, FC (RP C-18, 2:3:0.013, H,O0-MeOH-C5;F;CO,H)
and lyophilisation gave 8b-5C;F,CO,H (25 mg, 55%).
White solid: mp 151 °C (dec); [oc]2D3 +21.1 (¢ 0.04,
H,0); R;=0.28 (1:4:1, CHCl3;-McOH-25% aq NHj);
IR (ATR): v 2934w (br), 1667s, 1521w, 1403w, 1335m,
1271w, 1211s, 1158s, 1115s, 1080m, 1046m, 1018m,

Table 4. '"H NMR chemical shifts (ppm) and coupling constants (Hz) for 6, 8a—c,g in D,O

6 8a 8b 8c 8g

5CF;CO,H* 5CF;CO,H* 5C;F,CO,H*
H-1' 5.73 5.89 5.86 5.67 5.51
H-2/ 3.33-3.18 3.35 3.29-3.17 3.20 3.22-3.00
H-3' 3.74 3.88 3.84 3.76 3.71-3.64
H-4/ 3.33-3.18 3.24 3.29-3.17 3.17 3.22-3.00
H-5' 3.65-3.60 3.75-3.71 3.77-3.67 3.69-3.52 3.57-3.48
Me-6' 1.21 1.32 1.30 1.27 1.27
H-1 3.33-3.18 3.40-3.34 3.36 3.11-3.01 3.22-3.00
Hy-2 1.76 1.88 1.84 1.45 1.44
Heg-2 2.90 2.51 2.69 2.16 2.13
H-3 3.44 3.56 3.52 3.11-3.01 3.22-3.00
H-4 3.89 4.03 4.00-3.94 3.88-3.73 3.85-3.76
H-5 3.83 3.97 4.00-3.94 3.88-3.75 3.85-3.76
H-6 3.65-3.60 3.75-3.71 3.77-3.67 3.54 3.57-3.48
H-1” 5.39 5.53 5.54 5.50 5.41
H-2" 4.20 4.48 4.51 4.48 4.43-4.41
H-3" 4.46 4.70 4.73 472 4.65
H-4" 4.37 4.60 4.65 4.66 4.55
H-1” 5.20 5.28 5.30 5.08 5.09
H-2" 3.50 3.61 3.63 3.26 3.22-3.00
H-3" 4.13 4.23 4.25 4.09 4.09
H-4" 3.70 3.79 3.80 3.69-3.52 3.71-3.64
H-5" 4.18 4.24-4.21 4.27 4.08-4.05 4.16-4.14
H,-6" 3.33-3.18 3.21-3.20 3.29-3.17 2.95 3.22-3.00
Hp-6" 3.33-3.18 3.21-3.20 3.29-3.17 2.62 3.22-3.00
Jyy 4.1 4.0 4.0 4.1 3.7
Jyy 11.0 10.6 10.6 10.6 b
Jyg 9.2 8.9 8.9 9.3 o
Jys o 9.1 o 9.3 b
Jsg 6.2 6.3 6.3 6.3 6.1
J1 2ax 12.6 12.7 12.4 12.6 12.5
J12eq 4.3 4.1 4.3 4.0 ~4.9
Jis b b 10.7 9.9 b
Jax2eq 12.6 12.6 12.6 12.7 12.5
Jrax3 12.6 12.7 ~13.0 12.6 12.5
Jreqs 4.3 4.1 4.2 4.0 ~4.9
J34 10.1 10.1 ~13.0 b b
Jus 9.0 8.9 ~13.0 b b
Jse 9.0 8.9 b 9.9 b
Jira 34 1.7 1.6 b °
Jyr 3 5.0 4.4 4.4 4.2 5.9
Jar g 5.2 7.3 7.3 7.8 7.1
Ty 1.6 1.6 1.7 1.6 °
Ty g 3.2 3.1 3.1 3.1 3.1
T g ~1.2 ~1.2 ~1.4 ° °
Jygn 3.2 3.1 3.1 3.1 3.1
g s 1.6 1.2 1.3 b o
T gra 3.7 b 3.6 32 °
Jm g 7.4 ° 7.8 8.8 b
J6"a 6" ° ° ° 13.4 °

# Assignment based on DQFCOSY and HSQC spectrum.
®Not determined.
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Table 5. '>*C NMR chemical shifts (ppm) for 6 and 8a—c¢ in D,O

6 8a 8b 8c
5CF;CO,H  5CF;CO,H*  5C;F,CO,H*
C-1 96.17 97.81 97.80 100.21
Cc-2 54.02 56.57 56.56 57.40
C-3/ 68.49 71.16 71.13 71.90
Cc-4/ 74.49 76.85 76.91 77.52
C-5' 72.67 75.04 75.12 76.33
C-6 16.67 19.20 19.16 19.22
C-1 49.77 52.43 52.50 53.26
C-2 28.08 30.62 30.86 35.15
C-3 48.65 51.27 51.27 51.75
C-4 75.85 77.79 78.18 81.31
C-5 83.74 87.15 87.28 87.80
C-6 69.95 72.76 72.66 72.88
C-1" 109.23 113.30 113.39 112.74
Cc-2" 73.99 75.64 75.67 77.06
Cc-3" 80.00 80.52 80.65 82.41
C-4" 81.95 82.11 82.05 83.22
C-5" 176.95 173.68 174.14 173.29
Cc-1" 95.87 97.44 97.50 99.32
c-2" 50.72 53.47 53.51 54.27
C-3" 67.71 69.97 70.01 71.80
C-4" 67.23 69.54 69.48 70.48
C-5" 70.29 73.39 73.49 73.66
C-6" 40.41 42.96 42.95 42.89

# Assignment based on DQFCOSY and HSQC spectrum.

965m, 931m cm~'; "TH NMR (500 MHz, D,O) see Table
4, additionally ¢ 8.29 (d, J 8.8 Hz, 2 arom. H), 7.57 (d,
J 8.9 Hz, 2 arom. H), 4.70 (d, J 16.0 Hz, ArCH,CH,-
NHCO), 4.54 (d, J 15.9 Hz, ArCH,H,NHCO); *C
NMR (125 MHz, D,0) see Table 5, additionally 6 165.89
(t, Zcr 24.7, 5C=0), 149.74 (s), 148.07 (s), 130.78
(2d), 126.77 (2d), 120.17 (qt, “Jer 33.9, 'Jor 286.8,
5CF;CF,CF,CO,H), 113.5-108.6 (m, CF;CF,CF,-
CO,H), 45.31 (t, PhCH,NHCO); '°F NMR (282 MHz,
D,0) —80.76 (t, J 8.3, CF;CF,CF,CO,H); —118.08
(q, J 8.2, CF;CF,CF,CO,H); —127.01 (br s, CF;CF,-
CF,CO,H); HRMALDIMS: 603.2598 (66, [M—ring
I+H]", CH3oN¢O,,"; Caled 603.2626), 748.3345 (100,
[M+HJ", C3HsN;O,,*; Calcd 748.3365), 749.3373
(36, [M+2H]", C3HsN;0*; Caled 749.3443),
770.3134 (37, [M+Na]", C3HmyN;NaO;;*; Caled
770.3184). Anal. Calcd for CsH4oN;0,57C5F,CO,H
(2246.02): C, 31.02; H, 2.51; N 4.37. Found: C, 31.07;
H 2.26; N, 4.73.

4.6.11. 6’-Deoxy-5"-(/N-phenyl)paromomycincarboxam-
ide (8c). GP 3 on 19 mg of 7¢, FC (THF; 1:1, THF-
MeOH; 1:0 — 22:3, MeOH-25% aq NH3) and lyophili-
sation gave 8c (11 mg, quant.). White solid; Ry= 0.41
(4:1, MeOH-25% aq NHs); IR (ATR): v 3187w (br),
2904w, 1670w, 1599w, 1542w, 1496w, 1447w, 1384w,
1322w, 1257w, 1102s, 1038s cm '; 'H NMR
(500 MHz, D,0) see Table 4, additionally ¢ 7.57-7.54
(m, 2 arom. H), 7.48-7.45 (m, 2 arom. H), 7.32-7.28
(m, arom. H); '*C NMR (125 MHz, D,0) see Table 3,
additionally ¢ 138.82 (s), 132.14 (2d), 128.86 (d),

124.08 (2d); HRMALDIMS: 689.3341 (100, [M+H]",
CpHuNgO,,;  Caled  689.3358), 690.3370 (34,
[IM+2H]", CyyHsNeO,,*; Caled 690.3436), 711.3196
(42, [M+Na]", Co»HNgNaO,,*; Caled 711.3177).

4.6.12.  6'-Deoxy-5"-[/N-(4-aminobenzyl)|]paromomycin-
carboxamide (8g). GP 3 on 12mg of 7g, FC (THF;
1:1, THF-MeOH; 1:0 — 22:3, MeOH-25% aq NHjy)
and lyophilisation gave 8g (7 mg, 99%). Yellowish solid;
R;=10.29 (4:1, MeOH-25% aq NHj); IR (ATR): v
3227w (br), 2920w, 1660w, 1617w, 1519w, 1451w,
1404w, 1338w, 1103s, 104ls cm™'; 'H NMR
(300 MHz, D,0) see Table 4, additionally 6 7.18 (d,
J 83 Hz, 2 arom. H), 6.83 (d, J 8.4 Hz, 2 arom. H),
446 (d, J 149Hz, ArCH,H,NHCO), 424 (d, J
14.7 Hz, ArCH,H,NHCO); HRMALDIMS: 263.0540
(100), 718.3616 (95, [M+H]", C3;HsN;0,;*; Caled
718.3623), 719.3649 (31, [M+2H]", C3Hs:N;0,%;
Caled 719.3701), 740.3432 (76, [M+Na]", C3HsN;-
NaO,,"; Calcd 740.3443).

4.7. 5"-Anilino-1,3,2',2"” 6" -pentaazido-4',6'-O-benzyl-
idene-1,3,2',2",6" -pentadeamino-5"-deoxyparomomycin
(22)

A cooled (<0°C) soln of 9 (1.041 g, 1.25 mmol) in
EtOAc (10 mL) was treated with trichlorocyanuric acid
(TCCA, 304 mg, 1.375mmol) and TEMPO (25 mg,
0.125 mmol), allowed to warm to 25°C, stirred for
20 min and basified with 1 N NaOH (5 mL). After sep-
aration of the phases, the aq layer was extracted with
EtOAc (3 x 5mL). The combined org. layers were dried
(MgS0O,) and evaporated. A soln of the residue (crude
aldehyde, its hydrate and methyl hemiacetal) in 1:1
THF-CICH,CH,Cl (6 mL) was treated with aniline
(109 uL, 1.62mmol) and NaBH;CN (80 mg,
1.62 mmol), stirred at 25°C for 24 h and neutralised
with 1 N NaOH. After evaporation of THF, the aq layer
was extracted with EtOAc (3 x 5mL). The combined
org. layers were dried (MgSO,4) and evaporated. FC
(2:2:0.1 — 2:2:0.3, CHCI;-EtOAc-MeOH) gave 22
(343 mg, 30%). White solid: mp 130-140 °C; [05]12)5
+131.7 (¢ 0.28, MeOH); Ry=10.62 (2:2:0.5, CHCl5-
EtOAc-MeOH); IR (ATR): v 3395w, 2927w, 2104s,
1738w, 1603w, 1508w, 1452w, 1366w, 1260w, 1230w,
1125w, 1089m, 1030m cm™'; '"H NMR (400 MHz,
CD;0D) see Table 7, additionally, 6 7.48-7.46 (m, 2
arom. H); 7.35-7.31 (m, 3 arom. H), 7.15-7.11 (m, 2
arom. H), 6.71-6.64 (m, 3 arom. H), 5.51 (s, CHPh);
13C NMR (100 MHz, CD;0D) see Table 8, addition-
ally, 0 149.88 (s, C=0), 139.15 (s), 130.21 (2d), 130.00
(s), 129.09 (2d), 127.59 (2d), 118.58 (2d), 114.60 (2d),
104.11 (d, CHPh); HRMALDIMS: 420.1610 (100),
909.3363 (81, [M+H]+, C36H45N16013+; Calcd
9093352) Anal. Caled for C36H44N16013'CH3OH
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(940.88): C, 47.23; H, 5.14; N, 24.82. Found: C, 47.08;
H, 5.19; N, 24.66.

4.8. 1,3,2',2"”,6"-Pentadeamino-1,3,2’,2" ,6"'-pentaazido-
4',6’-0-benzylidene-5"-carboxyparomomycin (13)

A soln of 9 (1.061 g, 1.27 mmol) in 1:1 MeCN-water
(24 mL) was treated with bisacetoxyiodobenzene
(1.189 g, 3.69 mmol) and TEMPO (91 mg, 0.58 mmol),
stirred at 23 °C for 48 h, cooled to 0 °C, treated with
I N HCI (30 mL) and diluted with AcOEt (50 mL).
The layers were separated and the aq layer was extracted
with AcOEt (2 x 50 mL). The combined org. layers were
washed with brine (100 mL), dried (MgSQ,), filtered and
evaporated. FC (1:1:0 — 2:2:1, CHCl;-AcOEt-MeOH)
gave 13 (585 mg, 54%). White solid: mp 175 °C (dec);
[ac]2D5 +76.0 (¢ 0.265, MeOH); R;=0.20 (2:2:1, CHCl5-
AcOEt-MeOH); IR (ATR): v 3360w, 2934w, 2855w,
2099s, 1602m, 1453w, 1413w, 1375w, 1328w, 1257m,
1142m, 1121m, 1088s, 1026s, 992s, 921m cm™'; 'H
NMR (500 MHz, CD3;0D) see Table 10, additionally ¢
7.45-7.51 (m, 2 arom. H), 7.32-7.37 (m, 3 arom. H);
5.59 (s, PhCH), '>*C NMR (125 MHz, CD;0D) sce
Table 11, additionally ¢ 139.16 (s), 130.02, 129.11
(3d), 127.61 (2d), 103.17 (d, PhCH); HRMALDIMS:
846.2534 (100, [M-H], CsH3yN;s0,57; Caled
846.2521). Anal. Caled for Cj3oH37N;50,52MeOH
(911.79): C, 42.15; H, 4.97; N, 23.04; found: C, 42.21;
H, 4.64; N, 2.54.

4.9. 6,3',2",3" 4"-Penta-0-acetyl-1,3,2’,2"” ,6""-pentade-
amino-1,3,2',2"” 6" -pentaazido-4’,6'-O-benzylidene-5"-
carboxyparomomycin (18)

Under Ar, a soln of 13 (137 mg, 0.161 mmol) in pyridine
(6 mL) was treated with Ac,O (1.7 mL, 17.9 mmol), stir-
red at 25 °C for 18 h, diluted with AcOEt (30 mL) and
washed with cold 1 N HCI (20 mL). The layers were
separated and the aq layer was extracted with AcOEt
(2 x 30 mL). The combined org. layers were washed with
brine (50 mL), dried (MgSQ,), filtered and evaporated.
FC (7:3, cyclohexane-AcOEt then 3:3:0.05 — 3:3:1,
CHCI3-AcOEt-MeOH) gave 18 (131 mg, 76%). Yellow-
ish solid; Ry=0.47 (2:2:1, CHCl3-AcOEt-MeOH); IR
(ATR): v 2941w, 2101s, 1744s, 1609m, 1429w, 1370m,
1216s, 1125m, 1093m, 1028s, 970m cm '; 'H NMR
(300 MHz, CDCl3) 6 7.47-7.43 (m, 2 arom. H), 7.40—
7.30 (m, 3 arom. H), 5.63-5.48 (m, H-3’, H-1"), 5.50
(s, PhCH), 5.10-5.06 (m, 1H), 5.00-4.90 (m, 2H),
4.75-4.72 (m, 2H), 4.34-4.25 (m, 2H), 4.11-4.08 (m,
1H), 4.03-3.97 (m, 1H), 3.80-3.30 (m, 9H), 3.20-3.13
(m, H-2"), 2.45-2.35 (m, Hqq-2), 2.20, 2.18, 2.16, 2.15,
2.13 (SS, SCHSCO)a 1.65 (qs JZax,Zeq:JI,Zax:JS,ZaX
12.1 Hz, H,-2); '3C NMR (75MHz, CDCl;) see
Table 11; additionally ¢ 169.87, 169.52, 168.40 (5s,
5CH;3CO), 136.77 (s); 129.02 (d), 128.11 (2d); 126.13

(2d); 101.58 (d, PhCH), 75.16, 74.47 and below solvent
peak (C-4, C-6, C-2", C-3"), 21.10, 20.92, 20.74, 20.50
(5q, 5CH;CO); HRMALDIMS: 596.1840 (100,
[M—ring IIl—ring IV+Na+H]", Cy3Hy7NgNaO,*;
Calcd 596.1829), 612.1571 (52, [M—ring III-ring IV+
K-+H]", Cy3Hy7KNyO,*; Caled 612.1569), 1080.2995
(94, [M+Na]+, C40H47N15Na020+; Calcd 10803019),
1081.3050 (47, [M+N3+H]+, C40H48N15Na020+; Calcd
1081.3098), 1096.2719 (77, [M+K+HT", CyHi KN 50,75
Calcd 1096.2759).

4.10. 6,3',2",3" 4" -Penta-0O-acetyl-1,3,2',2" 6" -penta-
deamino-1,3,2',2",6" -pentaazido-4',6’'-O-benzylidene-5"-
paromomycincarboxamide (19)

Under Ar, a soln of 18 (98 mg, 0.093 mmol) in THF
(5mL) was treated with N,N’-carbonyldimidazole
(36 mg, 0.22 mmol), stirred at 25 °C for 2 h. The reac-
tion mixture was treated with AcONH, (32 mg,
0.42 mmol), stirred at 25°C for 16h, diluted with
AcOEt (12mL) and washed with H,O (10 mL). The
two layers were separated and the aq layer was extracted
with AcOEt (2 x 12 mL). The combined org. layers were
washed with brine (20 mL), dried (MgSQ,), filtered and
evaporated. FC (1:1, cyclohexane-AcOEt) gave 19
(74 mg, 76%). White solid: mp 128-133 °C; R;=0.36
(4:6, CHCIl3-AcOEt); IR (ATR): v 2101s, 1745s,
1698m, 1453w, 1431w, 1370m, 1332 w, 1218s, 1168m,
1130m, 1093m, 1029s, 998s, 968m, 931m cm~'; 'H
NMR (300 MHz, CDCl;) 6 7.46-7.43 (m, 2 arom. H),
7.37-7.34 (m, 3 arom. H), 6.98 (br s, CONH,), 5.62
(dd, Jy y 10.4 Hz, Jy 4 9.6 Hz, H-3'), 5.60-5.56 (m, 1H),
5.50 (s, PhCH), 535 (br s, H-1"), 5.08 (t, Jymsn =
Jyr g 29 Hz, H-3"), 5.05 (d, Jymo» 1.9 Hz, H-1"),
499 (dd, Jsg 10.2Hz, Ji¢ 9.1 Hz, H-6), 4.78-4.67
(m, 4H), 4.34-4.13 (m, 3H), 4.13-4.03 (m, H-5"),
4.01 (J45=Js6 9.0 Hz, H-5), 3.80-3.35 (m, 8H), 3.15
(dd, Jy > 3.9 Hz, J, 3y 10.4 Hz, H-2'), 2.39 (dt,
Jl,Zeq = Jzqu, 4.4 HZ, J2ax26q 13.2 HZ, Heq-Z); 221, 218,
2.16, 2.14, 2.13 (5s, 5CH3CO), 1.63 (q, Jaax2eq =
Jioax = J32ax 129 Hz, H,-2); *C NMR (75 MHz,
CDCl;) see Table 11, additionally 6 170.08, 169.87,
169.60, 168.49 (5s, SCH3CO), 136.78 (s), 129.06 (d),
128.15 (2d), 126.14 (2d), 101.58 (d, PhCH), 20.91,
20.77, 20.59, 20.25 (5q, 5CH;CO); HRMALDIMS:
1079.3177 (100, [M+Na]", CyHyNgNaO,*; Caled
1079.3179), 1080.3236 (50, [M+Na+H]", CyHuiNjs-
NaO,,"; Calcd 1080.3258).

4.11. 1,3,2',2”,6" -Pentadeamino-1,3,2’,2" 6" -pentaazido-
4',6'-0O-benzylidene-5"-paromomycincarboxamide (20)

A soln of 19 (53 mg, 0.05mmol) in 4:1 MeOH-
CH,Cl, was treated with NaOMe (32 mg, 0.60 mmol),
stirred at 25°C for 16 h, neutralised with Amberlite
IR-120 (H" form), filtered and evaporated. FC
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(1:1:0 — 12:12:0.5, CHCIl;-AcOEt-MeOH) gave 20
(39 mg, 92%). White solid; Ry=0.18 (3:3:0.5, CHCl;-
AcOEt-MeOH); 'H NMR (300 MHz, CD;0D) see
Table 10, additionally 6 7.51-7.48 (m, 2 arom. H),
7.35-7.33 (m, 3 arom. H), 5.59 (s, PhCH).

4.12. General procedure for the formation of the amides
15b-15¢ (GP 4)

Under N»,, a 0.1 M soln of 13 in DMF was treated
with HOAt (1.1 equiv), EDAC (1.1 equiv), DIPEA
(2 equiv) and the corresponding amine (1.1 equiv), and
the mixture was stirred at 25°C for 25 h, cooled to
0°C, treated with 1 N HCIl and diluted with AcOEt
and H,O. The two layers were separated and the aq
layer was extracted with AcOEt (2x). The combined
org. layers were washed with brine, dried (MgSQO,),
filtered and evaporated.

4.12.1. 1,3,2,2”,6”-Pentadeamino-1,3,2',2" 6" -penta-
azido-4',6’-O-benzylidene-5"-[ N-(4-nitrobenzyl)|paromo-
mycincarboxamide (15b). GP 4 on 200 mg of 13 and
FC (1:1:0 — 6:6:0.05, CHCl;-AcOEt-MeOH) gave 15b
(148 mg, 64%). Yellowish solid: mp 128-132°C; [a]}
+85.7°C (¢ 0.21, MeOH); Ry=0.48 (3:3:0.5, CHCI5—
AcOEt-MeOH); IR (ATR): v 3403w, 2931w, 2099s,
1666w, 1605w, 1519m, 1455w, 1372w, 1344m, 1256m,
1140m, 1123m, 1087m, 1026s, 992s, 911w cm™'; 'H
NMR (500 MHz, CD3;0D) see Table 10, additionally 6
8.22 (d, J 8.8 Hz, 2 arom. H), 7.57 (d, J 8.9 Hz, 2 arom.
H), 7.50-7.48 (m, 2 arom. H), 7.36-7.32 (m, 3 arom. H),
5.57 (s, PhCH), 4.63 (d, J 15.8, ArCH,H,NHCO), 4.47
(d, J 15.8, ArCH,H,NHCO); '*C NMR (125 MHz,
CD30D) see Table 11, additionally 6 148.70 (s), 147.58
(s), 139.13 (s), 130.03 (d), 129.57 (2d), 129.11 (2d),
127.61 (2d), 124.84 (2d), 103.17 (d, PhCH), 43.34
(t, ArCH,NHCO); HRMALDIMS: 1004.2966 (100,
[M-+NaJ", Cy;HusNizNaO ;. Caled  1004.2971),
1005.3012 (50, [M+H+Na]", C3;HuuN;NaO,*; Caled
10053050) Anal. Calcd for C37H43N17016'CH3OH
(1013.88): C, 45.02; H, 4.67; N 23.49. Found: C, 45.06;
H 4.61; N, 23.16.

4.12.2. 1,3,2',2",6"”-Pentadeamino-1,3,2',2" 6" -penta-
azido-4',6'-O-benzylidene-5"-(/N-phenyl)paromomycincarb-
oxamide (15¢). GP 4 on 95mg of 13 and FC
(1:1:0 — 6:6:0.05, CHCIl;-AcOEt-MeOH) gave 15c¢
(35mg, 34%). Yellowish solid; Ry=0.57 (3:3:0.5,
CHCI3;-AcOEt-MeOH); IR (ATR): v 3387w, 2933w,
2877w, 2099s, 1732w, 1659w, 1597w, 1537w, 1495w,
1441w, 1373w, 1315w, 1254m, 1137m, 1122m, 1085m,
1026s, 994s, 918m cm~'; "TH NMR (300 MHz, CD;0D)
see Table 10, additionally 6 7.65-7.62 (m, 2 arom. H),
7.50-7.47 (m, 2 arom. H), 7.34-7.30 (m, 5 arom. H),
7.14-7.09 (m, arom. H), 5.57 (s, PhCH); *C NMR
(75 MHz, CDs;0D) see Table 11, additionally ¢ 139.33

(s), 139.17 (s), 130.04 (d), 129.89 (2d), 129.89 (2d),
129.13 (2d), 127.62 (2d), 125.67 (d), 121.73 (d), 103.16
(d, PhCH); HRMALDIMS: 945.2941 (100, [M+Na]",
C3HiNgNaO,,*; Caled 945.2964), 9462972 (45,
[M+H+Na]", CsHguNgNaO,,*; Caled 946.3046).
Anal. Calcd for C36H42N16014'H20 (94083) C,
4596; H, 4.71; N 23.82. Found: C, 46.27; H 4.92; N,
23.32.

4.13. General procedure for the cleavage of 4',6'-O-
benzylidene acetals (GP 5)

A 0.05 M soln of 4/,6’-O-benzylidene acetals (1 equiv) in
MeOH was treated with TsOH-H,O (1-2 equiv), stirred
at 25°C for 1-6 h, basified with 1 N NaOH or satd
NaHCOj; and extracted with EtOAc (3x). The combined
org. layers were dried (MgSO,) and evaporated to give
the crude product.

4.13.1. 1,3,2',2”,6"-Pentaazido-1,3,2',2",6" -pentadeam-
ino-5"-deoxy-5"-| V-(hydroxy)imino]paromomycin (11a).
GP 5 and FC (amino phase gel, 7:3, CH,Cl,-MeOH)
gave 1la (79 mg, 89%). White solid: mp 123-125 °C.
R;=0.24 (amino phase gel, 7:3, CH,Cl,-MecOH); IR
(ATR): v 3351w, 2925w, 2099s, 1633w, 1368w, 1331w,
1259m, 1138m, 1125m, 1024s cm'; 'H NMR
(500 MHz, CD;0D) see Table 6; '*C NMR (125 MHz,
CD;0OD) see Table 7, HRMALDIMS: 757.2381 (30,
[M—H]", C5;3H33N;60,,7; Caled 757.2362). Anal. Calcd
for C23H34N16014 2.5MeOH (83872) C, 3652, H, 529,
N, 26.72. Found: C, 36.97; H, 5.24; N, 26.87.

4.13.2. 1,3,2',2",6" -Pentaazido-1,3,2’,2" ,6"'-pentade-
amino-5"-deoxy-5"-| N-(4-nitrobenzyloxy)imino]paromo-
mycin (11b). GP 5 and FC (2:2:0.1 — 2:2:0.4, CHCl5—
EtOAc-MeOH) gave 11b (231 mg, 83%). White
solid: mp 128-130°C; R;=0.26 (2:2:0.5, CHCl;s-
EtOAc-MeOH); IR (ATR): v 3407w, 2933w, 2104s,
1606w, 1520w, 1346m, 1260w, 1143w, 1030m cm™'; 'H
NMR (300 MHz, (CD5),CO): ¢ 8.30-8.20 (m, 2 arom.
H), 7.78-7.64 (m, 2 arom. H), 7.75 (d, Jy s 4.7 Hz,
H-5"), 579 (d, Jy» 4.4 Hz, H-11), 5.55 (br s, H-1"),
5.26 (s, CH,Ph), 522 (d, Jy»y» 1.9 Hz, H-1"), 5.18
(d, J 4.35Hz, 1H), 4.96 (d, J 4.05Hz, 1H), 4.76 (d,
J 5.0Hz, 1H), 4.73 (d, J 4.0Hz, 1H), 4.67 (dd, J
4.7, 7.2 Hz, 1H), 4.62 (dd, J 4.7, 6.8 Hz, 1H), 4.51
(d, J 4.7Hz, 1H), 446 (dt, J 1.24, 48 Hz, 1H),
4.04-495 (m, H-5"), 4.93-484 (m, H-5), 4.84
(t, Jyga = Joagp 9-3 Hz, H-6'a), 4.74 (dd, J 8.4,
8.7Hz, 1H), 4.76-4.71 (m, 1H), 4.68 (dd, Js ¢, 5.0
Hz, J¢,¢ 9-3 Hz, H-6'b), 4.66-4.57 (m, H-4',H-3);
4.62 (dd, Jsw g, 8.4 Hz, Jgumgm, 12.8 Hz, H-6"a), 4.55-
448 (m, H-1), 4.44 (dd, Js»gn, 4.7 Hz, Joun gm, 12.8
Hz, H-6"b), 4.08 (dd, Jy » 104 Hz, J y 4.5 Hz, H-2'),
2.21 (dt, J1,2€q = J3,2eq 4.3 HZ, 12.4 HZ,
Heg-2); 145 (q, 12.4 Hz,

JZax,Zeq
Joax,2eq = J1,2ax = J32ax
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Table 6. "H NMR chemical shifts (ppm) and coupling constants (Hz) for 10a—c, 11a, 22 and 23 in CD;0D

10a® 10b° 10c* 22¢ 11a 23*
H-1' 5.85 5.79 5.85 5.88 5.85 5.85
H-2' 3.26 3.16 3.20 3.00 3.10 2.90
H-3' 4.10 4.10 4.11 4.09 4.10 3.93
H-4' 3.55 3.48 3.41 3.32 3.46-3.37 3.30
H-5' 4.13-4.08 4.13 4.15-4.05 4.12-4.08 3.95 3.99
H,-6' 4.22 422 4.18 4.18 3.83 3.80
Hy-6' 3.77 3.73 3.65 3.71-3.65 3.73 3.72-3.67
H-1 3.54-3.50 3.46-3.38 3.41-3.34 3.46-3.39 3.50 3.43-3.38
Hay-2 1.37 1.38 1.37 1.38 1.36 1.38
Hey-2 221 2.21 221 2.43 2.18 2.19
H-3 3.45-3.40 3.53 3.53 3.55-3.50 3.46-3.37 3.52-3.46
H-4 3.61 3.59 3.61 3.60 3.46-3.37 3.72-3.67
H-5 3.67 3.69 372 3.71-3.65 3.68-3.65 3.72-3.67
H-6 3.38 3.38 3.41 3.44 3.46-3.37 3.43-3.38
H-1” 5.44 5.44 5.52 5.36 5.43 5.37
H-2" 4.41 4.38 4.46 4.00 4.39 4.36
H-3" 4.61-4.79 4.61-4.58 4.76 4.45 4.61-4.56 4.41
H-4" 4.61-4.79 4.61-4.58 4.81-4.78 4.29 4.61-4.56 428
H-5"a 7.41 7.61 7.88 3.54 7.42 3.52
H-5"b — — — 3.22 — 3.24
H-1" 5.13 5.11 5.18 5.14 5.12 5.13
H-2" 3.69-3.65 3.64-3.61 3.72-3.69 3.71-3.65 3.68-3.65 3.72-3.67
H-3" 4.94 4.92 4.95 4.96 3.93 3.46-3.44
H-4" 3.46-3.44 3.46-3.38 3.46-3.41 3.46-3.39 3.46-3.45 3.96-3.94
H-5" 4.02 3.99 4.02 4.04 4.00 4.03
H,-6" 3.66 3.64-3.61 3.65 3.67 3.65 3.64
Hy-6" 3.36 3.32 3.20 3.33 3.37 3.35
Jiy 3.9 3.9 3.9 3.8 3.8 3.7
Jyy 10.1 10.1 10.1 10.2 10.5 10.5
Jy 9.5 8.8 9.5 9.3 8.9 8.8
Jys 9.4 9.7 95 9.5 10.0 9.9
J$ ¢a 4.9 5.0 49 49 2.3 2.4
Js 6 10.2 10.2 10.0 b 49 b
Jeagh 10.1 10.2 10.0 10.0 11.9 11.9
J1.2ax 12.6 12.4 12.2 b 12.4 12.6
Jineq 4.2 42 4.3 42 4.5 42
Jie 9.5 9.8 9.5 8.6 9.8 b
Jraxeq 12.6 12.4 12.2 12.5 12.4 12.6
Jraxs 12,6 12.2 12.2 12.5 12.4 12.6
Jreq 4.2 4.4 4.3 42 42 42
J34 9.7 9.8 9.8 8.5 b b
Jus 8.9 8.8 8.9 9.8 b b
Jse 8.1 9.8 8.9 9.8 b b
Jya 1.4 1.4 1.4 1.3 1.5 1.6
Jyryr 3.5 3.7 3.5 4.5 3.8 4.6
Jy g b b 1.5/3.9 7.1 ° 6.9
Ty sa 6.8 6.3 6.2 33 6.3 3.6
Jarsm — — — 8.1 — 7.7
. — - — 129 — 13.0
J g 1.9 1.9 1.9 1.8 1.9 1.8
Ty g 3.8 3.8 3.7 3.3 3.8 b
Ty 3.8 3.8 3.7 3.3 3.8 b
J g g 2.3 2.4 2.2 2.0 2.3 1.9
J s g 8.3 8.7 8.6 8.7 10.5 8.5
Jsn gy 4.6 4.2 4.5 4.1 4.9 4.5
Jea g 12.9 13.1 12.9 12.9 12.9 12.9

& Assignment based on DQFCOSY and HSQC spectrum.
®Not determined.

H,-2); *C NMR (75 MHz, (CD;),CO) see Table 7, 4.13.3. 5"-Anilino-1,3,2,2",6"-pentaazido-1,3,2",2" 6"
additionally, ¢ 145.95 (2s), 129.04 (2d), 124.58 (2d), pentadeamino-5"-deoxyparomomycin (23). GP 5 and
74.64 (t, CH,Ph); HRESIMS: 916.2664 (100, [M+ FC (2:2:0.1 — 2:2:0.4, CHCl;-EtOAc-MeOH) gave 23
Nalt, C30H39N(7NaO,(*; Caled 916.2658). (126 mg, 92%). White solid: mp 125-127°C;
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Table 7. '*C NMR chemical shifts (ppm) for 10a—c, 11a,b, 22 and 23 in CD;0D

102* 10b* 10¢* 22° 11a 11b° 23°

C-1 98.66 98.86 98.76 98.81 97.77 96.40 98.26
Cc-2 65.15 65.19 64.51 64.89 64.69 63.46 64.36
C-3 69.96 69.80 69.79 69.38 71.82°¢ 71.19¢ 71.92¢
Cc-4/ 82.88 82.99 82.89 82.85 72.62° 71.55° 71.98°
C-5 64.54 69.86 64.51 64.58 74.05 73.14 74.07
C-6' 69.83 69.86 69.79 69.82 62.54 61.91 62.59
C-1 61.95 62.00 62.00 62.05 62.16 60.63 62.03
C-2 33.09 33.08 33.10 33.05 33.15 32.09 33.02
C-3 61.38 61.35 61.37 61.42 61.51 60.37 61.38
C-4 77.72 77.79° 77.92 77.98 77.59¢ 75.54 77.70
C-5 85.51 85.60 85.56 86.15 85.59 84.34 85.86
C-6 77.65 77.76° 71.74 77.90 76.56% 74.50 77.01
C-1” 110.98 111.01 111.34 111.86 110.63 107.26 111.22
Cc-2" 74.80 74.88 74.89 74.86 74.89 74.02 74.92
C-3” 79.53¢ 79.38¢ 79.31°¢ 79.06 79.75¢ 78.39 78.93
Cc-4" 79.78¢ 79.47¢ 79.43¢ 80.70 79.93¢ 79.24 80.65
Cc-5" 149.80 151.34 153.51 47.40 149.86 150.54 48.36
C-1" 99.68 99.78 99.85 99.62 99.79 98.74 99.66
c-2" 62.14 61.94 62.00 61.79 61.98 60.63 61.75
Cc-3” 70.97 71.03 71.04 71.24 69.77 68.85 69.57
Cc-4" 69.83 69.86 69.76 69.69 70.99 70.01 71.16
C-5" 75.84 75.92 75.99 75.93 75.72 74.39 75.73
C-6" 52.35 52.54 52.44 52.60 52.29 51.33 52.45

# Assignment based on DQFCOSY and HSQC spectrum.

®Solvent (CD;),CO.

©~*May be interchanged.

[oc]zD5 +156.8 (¢ 0.65, MeOH); Ry = 0.13 (2:2:0.5, CHCl5— 4.13.5. 1,3,2',2",6" -Pentadeamino-1,3,2',2" 6" -pen-

EtOAc-EtOAc); IR (ATR): v 3384w, 2936w, 2098s,
1602w, 1506w, 1373w, 1326w, 1255m, 1123m, 1017s
cm~'; "TH NMR (400 MHz, CD50D) see Table 6, addi-
tionally, 4 7.13-7.07 (m, 2 arom. H), 6.71-6.61 (m, 3
arom. H); '*C NMR (100 MHz, CD50D) see Table 7,
additionally, & 149.72 (s), 130.09 (2d), 114.60 (2d),
111.22 (d); HRMALDIMS: 844.2868 (100, [M+Na],
CHyNsNaO;*; Calcd 844.2858). Anal. Calcd for
CaoHuoN6Oy5 (820.73): C, 42.44; H, 491; N, 27.31.
Found: C, 42.27; H, 4.98; N, 26.76.

4.13.4. 1,3,2',2”,6" -Pentadeamino-1,3,2',2" 6" -pen-
taazido-5"-[ /V-(4-nitrobenzyl)|paromomycincarboxamide
(16b). GP 5 on 86mg of 15b and FC (1:1:0 —
6:6:0.5, CHCIl;-EtOAc-MeOH) gave 16b (62 mg,
79%). White solid; MZS +97.9 °C (¢ 0.235, MeOH);
Rr=0.45 (2:2:1, CHCl;-EtOAc-MeOH); 'H NMR
(500 MHz, CD30D) see Table 10, additionally 6 8.21
(d, J 8.8 Hz, 2 arom. H), 7.56 (d, J 8.9 Hz, 2 arom.
H), 4.58 (d, J 159 Hz, ArCH,H,NHCO), 4.51 (d,
J 159 Hz, ArCH,H,NHCO); >*C NMR (125 MHz,
CD30D) see Table 11, additionally § 148.67 (s), 147.55
(s), 129.51 (2d), 124.76 (2d), 43.38 (t, ArCH,NHCO);
HRMALDIMS: 916.2636 (100, [M+Na]", CsHso-
N;7NaO,;*;  Caled  916.2658), 917.2650 (39,
[M+H-+Na]", C3HyuN;;NaO,,*; Caled 917.2737).
Anal. Calcd for C30H39N17016'CH3OH (92778) C,
40.22; H, 4.68; N 25.72. Found: C, 40.21; H 4.67; N,
25.44.

taazido-5"-(/N-phenyl)paromomycincarboxamide (16c).
GP 5 on 86 mg of 15¢ and FC (1:1:0 — 6:6:0.4, CHCl5—
EtOAc-MeOH) gave 16¢ (29 mg, 63%). White solid;
Ry=0.46 (2:2:1, CHCl;-EtOAc-MeOH); 'H NMR
(300 MHz, CD3;0D) see Table 10, additionally 6 7.65-
7.61 (m, 2 arom. H), 7.34-7.28 (m, 2 arom. H), 7.13-
7.08 (m, arom. H).

4.13.6. 1,3,2',2”,6"”-Pentadeamino-1,3,2',2",6"”-penta-
azido-5"-paromomycincarboxamide (21). GP 5 on
35mg of 20 and FC (1:1:0 — 12:12:1.5, CHCl-
EtOAc-MeOH) gave 21 (24 mg, 72%). White solid;
Ry=0.41 (2:2:1, CHCl;-EtOAc-MeOH); 'H NMR
(300 MHz, CD50D) see Table 10.

4.14. General procedure for the reduction of azides with
propane-1,3-dithiol (GP 6)

A 0.1 M soln of the protected N-alkoxyimino or amido
azide (1equiv) in MeOH was treated with Et;N
(25 equiv) and propane-1,3-dithiol (25 equiv), stirred at
25 °C for 2448 h and evaporated. A soln of residue in
H,0O was washed with EtOAc (1x). The aq layer was
evaporated to give the crude product.

4.14.1. 1,3,2’,2”,6"”-Pentaammonium-5"-deoxy-5"-(hydr-
oxyimino)paromomycin pentaacatate (12a-SHOAc). GP
6 FC (9:1 — 7:3, MeOH-25% aq NH3) and dissolution
in 10% aq HOAc, partial evaporation and lyophilisation
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gave 12a-5HOACc (53 mg, 76%). White solid: mp 112 °C
(dec); [oc]f)5 +42.7 (¢ 0.19, H,O); Ry=0.20 (7:3, MeOH-

Table 8. '"H NMR chemical shifts (ppm) and coupling constants (Hz)
for 12a,b and 24 in D,O

12a-5HOAC" 12b-5SHOAC 24°
H-1' 5.75 5.79 5.34
H-2' 3.34 3.11 2.52
H-3 3.89 3.87 3.51
H-4' 3.52 3.31 3.19
H-5' 3.84-3.80 3.73-3.70 3.76
H,-6' 3.89 3.88 3.81
Hy-6’ 3.82-3.78 3.71 3.67
H-1 3.31-3.23 3.34-3.30 2.73
Hay-2 1.67 1.80 1.19
Heq-2 2.33 2.44 1.94
H-3 3.31-3.23 3.46 2.87
H-4 3.81 3.98 3.24
H-5 3.89 3.87 3.68-3.61
H-6 3.65 3.65 3.42
H-1” 5.44 5.42 5.31
H-2" 4.46 4.37 4.38
H-3" 4.67 4.68 4.49
H-4" 4.80-4.74 4.81 4.29
H-5"a 7.72 7.86 3.44
H-5"b — — 3.35
H-1" 5.32 5.20 4.94
H-2" 3.60 3.55 3.02-3.00
H-3" 4.23 4.17 4.00
H-4" 3.84-3.80 3.75 3.68-3.61
H-5" 4.30 3.99-3.97 3.90
H,-6" 3.43 3.32 2.98
Hy-6" 3.38 3.24 2.88
Jyy 4.0 4.0 3.7
Jyy 10.6 10.3 10.3
Jy g 10.7 8.9 9.2
Jys 9.7 8.9 9.8
J5 ¢a 6.9 33 6.2
Js 6 b 6.4 2.1
Jeagh 10.0 10.6 12.1
I 2ax 12.7 12.6 12.1
Ji2eq 4.2 4.1 4.1
Jis 9.9 9.1 9.2
Jraxneq 12.7 12.6 12.1
Jraxs 12.7 12.6 12.1
Jreqs 4.2 4.1 4.3
J3a 8.9 10.1 9.4
Jus 8.8 8.9 9.6
Jss 8.9 9.1 9.2
‘]1"72" 25 30 22
Ty 4.8 4.6 4.8
Jy g 6.2 5.0 6.3
Jyr s 5.8 5.0 4.7
Jar 5 — — 6.8
Jsra 5" — — 13.2
J g 1.7 1.7 1.8
Ty 0 3.0 2.9 3.2
J o g 1.1 1.2 o
T g 3.0 3.1 3.2
J g n 1.6 1.7 1.6
Jsn g 59 59 7.8
Jsn g 4.1 4.1 4.4
Jema gy 13.8 13.7 13.5

25 aq NHsj); IR (ATR): v 3500-2700m, 1538s, 1399s,
1336m, 1140m, 1118m, 1011s cm™'; 'H NMR
(500 MHz, D,O) see Table 8; additionally, 6 1.92 (s,
50Ac); *C NMR (125 MHz, D,0) see Table 9, addi-
tionally, ¢ 184.91 (s, 5C=0), 25.78 (q, 5 Me); HRM-
ALDIMS: 596.2136 (100), 651.2797 (14, [M-+Na]",
CypHuNgNaO,,*; Caled 651.2813). Anal. Caled for
C33H64N6019 (92889) C, 4267, H, 694, N, 9.05.
Found: C, 42.40; H, 6.83; N, 9.34.

4.14.2. 1,3,2',2"”,6"”-Pentaammonium-5"-deoxy-5"-| N-(4-
nitrobenzyloxy)imino]paromomycin pentaacetate (12b-
5HOAc). GP 6, FC (9:1 — 7:3, MeOH-25% aq NH3)
and dissolution in 10% aq HOAc, partial evaporation
and lyophilisation gave 12b-SHOAc (76 mg, 71%).
White solid: mp 113 °C (dec); [oc]g5 +52.1 (¢ 0.165,
H,0); Ry=0.26 (7:3, MeOH-25% aq NH;); IR
(ATR): v 3500-2700m, 2920m, 1699w, 1544s, 1518s,
1399s, 1344s, 1103w, 1010s cm™'; "H NMR (600 MHz,
D,0) see Table 8, additionally, ¢ 8.28-8.26 (m, 2 arom.
H), 7.63-7.61 (m, 2 arom. H), 5.29 (s, CH,Ph), 1.94
(s, 50Ac); 3C NMR (150 MHz, D,0) see Table 9,
additionally, ¢ 182.62 (s, 5C=0), 150.17 (s), 147.60
(s), 131.43 (2d), 126.70 (2d), 77.30 (s,CH,Ph); 25.42
(q, 5 Me); HRMALDIMS: 596.2751 (100), 764.3265
(12, [M+H]", C3HsoN;0,*; Caled 764.3314), 786.3115
(23, [M+Na]", CyHiuN;NaO,*; Caled 786.3133).
Anal. Calcd for C40H69N7021'H20 (108202) C,
44.40; H, 6.61; N, 9.06. Found: C, 44.54; H, 6.26; N,
9.04.

Table 9. '>*C NMR chemical shifts (ppm) for 12a,b and 24 in D,O

12a-5SHOAG 12b-SHOAC? 24*
c-1 98.28 97.57 101.57
c-2’ 56.40 56.17 57.94
c-3' 72.18 71.54 75.97
Cc-4' 71.85 71.93 72.65
C-5' 76.24 76.73 75.80
C-6' 62.89 63.10 63.53
C-1 51.68° 52.38 53.01
Cc-2 32.78 32.78 37.72
C-3 52.72° 51.47 52.81
Cc4 81.54 79.35 85.81
C-5 87.72 87.73 86.90
C-6 75.58 75.15 79.70
c-1 112.83 112.89 111.93
c-2" 76.24 76.42 75.66
c-3" 81.76 81.60 80.69
Cc-4" 80.77 80.93 82.03
c-5" 152.37 153.29 49.26
Cc-1” 98.87 98.88 101.69
c-2" 53.46 51.47 53.44
c-3” 70.41 70.27° 73.13
C-4" 71.36 70.24° 71.20
C-5" 72.76 72.61 76.69
C-6" 43.15 43.16 43.62

# Assignment based on DQFCOSY and HSQC spectrum.
" Not determined.

# Assignment based on DQFCOSY and HSQC spectrum.
® Assignments can be interchanged.
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4.14.3. 5”-Paromomycincarboxamide (17a). GP 6 on
24mg of 21, FC (1:0— 1:1, THF-MeOH, then
9:1 — 8:2, MeOH-25% aq NH3), evaporation and lyo-
philisation gave 17a (17 mg, 86%). White solid; [o]5
+33.0 (¢ 0.205, H,0); R;=0.22 (7:3, MeOH-25% aq
NH3;); IR (ATR): v 3500-2700m, 2920m, 1681m, 1579m,

1487w, 1399s, 1336w, 1135s, 1016s cm '; 'H
NMR (500 MHz, D,O) see Table 12; '*C NMR
(125 MHz, D,0) see Table 13; HRMALDIMS:
629.2978 (100, [M-+H]", Cy;HysNgO,*; Caled
629.2994), 651.2797 (32, [M+Na]", Cy3HyuNgNaO,,":;
Caled 651.2813).

Table 10. 'H NMR chemical shifts (ppm) and coupling constants (Hz) for 13, 15b—c, 16b—c, 20, 21 in CD;0D

ki 15b° 15¢ 20 16b* 16¢ 21
H-1' 5.65 5.58 5.78 5.68 5.65 5.75 5.68
H-2' 3.23 2.97 3.14 3.21 2.94 3.01 3.04
H-3' 4.09 4.06 4.09 4.22-4.00 3.91 3.92 3.92
H-4/ 3.59-3.53 3.45 3.83-3.36 3.58-3.42 3.36 3.56-3.32 3.79-3.35
H-5' 4.13 4.15-4.12 4.18-4.08 4.22-4.00 3.94-3.90 3.92-3.82 3.96-3.89
H,-6' 4.23 4.19 421 4.23 3.83 3.90-3.60 3.83
Hy-6' 3.82-3.73 3.76-3.70 3.83-3.36 3.80-3.63 3.77-3.71 3.90-3.60 3.79-3.35
H-1 3.52-3.43 3.44-3.42 3.83-3.36 3.58-3.42 3.44-3.39 3.56-3.32 3.79-3.35
Hay-2 1.49 1.46 1.47 1.46 1.42 1.43 1.41
Heq2 2.21 2.23 2.22 2.22 2.19 2.19 2.18
H-3 3.59-3.53 3.54-3.49 3.83-3.36 3.58-3.42 3.58-3.47 3.56-3.32 3.79-3.35
H-4 3.86 3.67 3.83-3.36 3.80-3.63 3.77-3.71 3.90-3.60 3.79-3.35
H-5 3.82-3.73 3.74 3.83-3.36 3.80-3.63 3.77-3.71 3.90-3.60 3.79-3.35
H-6 3.82-3.73 3.55 3.83-3.36 3.55 3.60-3.58 3.62 3.79-3.35
H-1" 5.47 5.54 5.52 5.52 5.55 5.54 5.51
H-2" 4.32 4.38 4.42 4.32 4.35 4.40 4.31
H-3" 4.66 4.68 4.73 4.63 4.67 4.72 4.62
H-4" 4.56 4.63 4.68 4.55 4.61 4.66 4.52
H-1" 5.21 5.20 5.18 5.19 5.18 5.17 5.17
H-2" 3.86 3.70-3.67 3.83-3.36 3.80-3.63 3.67 3.70-3.68 3.79-3.35
H-3" 3.99 3.98 3.97 3.97 3.98 3.98 3.96
H-4" 3.52-3.43 3.48-3.47 3.83-3.36 3.58-3.42 3.58-3.47 3.50-3.42 3.79-3.35
H-5" 4.02 4.03 4.01-3.96 4.02 4.03 4.01-3.90 4.06-3.99
H,-6" 3.63 3.62 3.83-3.36 3.80-3.63 3.61 3.51 3.79-3.35
Hy-6" 3.47 3.39 3.39 3.42 3.38 3.56-3.32 3.79-3.35
Jiy 3.8 3.8 4.0 3.7 3.7 3.9 3.4
Jyy 10.1 10.1 10.0 10.0 10.6 10.4 10.6
Jyy 2.8 9.3 9.7 b 8.8 9.1 9.0
Jys 9.8 9.4 b b 10.0 b b
Js5 g 49 5.0 4.7 5.0 2.5 ® 22
Ty 12.5 b b b b b b
Jgagh 10.1 9.7 9.7 9.3 11.9 b 12.1
J12ax 12.8 12,6 12.5 12.8 12.6 12,6 12.5
J1 2eq 4.4 43 4.3 4.4 4.4 4.1 4.4
Jis b 9.6 b 9.3 b 9.1 b
J2axeq 12.8 12.8 12.5 12.8 12.6 12.6 12.5
Jaxa 12.8 12,6 12.5 12.8 12.6 12,6 12.5
Jreqs 4.4 43 4.3 4.4 4.4 4.1 4.4
J34 9.4 9.4 b b b b b
Jus 9.4 9.3 b b b b b
Jse b 9.3 b 9.3 b 9.1 b
Jya 2.9 2.7 2.2 2.8 2.2 1.9 2.2
Ty 4.3 4.2 3.7 4.0 4.3 4.1 4.0
Jan g 4.3 53 5.7 5.6 5.9 6.1 5.9
Jyr o 2.0 2.0 1.6 1.9 2.0 1.7 1.9
T yn 3.9 3.8 3.7 3.7 3.8 4.1 3.7
Ty g 3.9 b b b ~1.4 b °
Jyngn 3.9 3.8 3.7 3.7 3.8 4.1 3.7
Ty g 2.4 23 b 2.2 22 b >
Jsm gra 7.8 8.2 b b 8.2 7.8 b
J s g, 5.6 4.9 5.6 5.0 4.8 b >
J g 12.8 12.9 b 12.8 12.9 12.6 b

# Assignment based on DQFCOSY and HSQC spectrum.
®Not determined.
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Table 11. '>)C NMR chemical shifts (ppm) for 13, 15b—c, 16b, 18 in

Table 12. "H NMR chemical shifts (ppm) and coupling constants (Hz)

CD;0OD

for 14, 17a— in D,O

13 15b* 15¢ 16b* 18° 19° 14° 17a 17b* 17¢
C-1' 9950 9992 9952 9844  98.17  97.97 H-1/ 5.78 5.48 5.67 5.92
C2 6525 6506 6530 6461 6142 6130 H-2/ 345-330  3.02 3.12 3.43
C-3 6940  69.27  69.58 7202 68.62  68.68 H-3' 3.99-390 355 3.79 3.96
C-4' 8305 8301 8298 7202 7878  78.46 H-4/ 3.50 3.71 3.42 342
C-5' 6467 6465 6467 7422 6341 6322 H-5' 3.80-3.72  3.87-3.84  380-3.68  3.82-373
C-6 6987  69.81  69.87 6247  68.62  68.52 H,-6/ 3.99-390  3.89 3.85 3.91
C-1 6128 6194 6202 6184 5803  57.90 Hy-6/ 380372 3.79 3.80-3.68  3.82-373
c-2 3296 3280 3289 3291 3123 31.28 H-1 345-330  3.08-3.01 324315  3.39
C-3 6134 6103 6123 6141 5895 5893 Hyy-2 1.84 1.44 1.59 1.94
C4 7535 7819 7784 7640 ¢ 75.96 Heg-2 2.46 2.14 2.4 2.52
C-5 8535 8556 8580 8566  81.65  81.83 H-3 355348  3.083.01 324315 362
C6 7625 7648 7657 7619 ¢ 74.99 H-4 3.99 3.66 3.65 4.04
C-1”7 10579 10890 109.05 108.15 106.05 105.24 H-5 3.99-390  3.84 3.87 4.14
C2" 7633 7540 7548 7525 ¢ 74.00 H-6 3.80-3.72 347 3.80-3.68  3.82-373
C-3 8143 8034  80.69  80.23 ¢ 78.79 H-1" 5.48 5.51 5.50 5.56
C-4" 8323 8221 8272 8204 7878  80.62 H-2" 436 443 449 458
C-5" 17890 17294 17074 17318 18147  170.80 H-3" 4.58 4.70 4.69 4.80
C-1” 10006 100.02 10029  99.76  100.04 100.13 H-4" 445 4.62 4.62 473
C2” 6256 6216 6223 6215 5729  57.07 H-1" 5.30 5.13 5.17 532
Cc-3” 7120 7109 7110 7113 68.62  68.52 H-2" 3.61 3.25 3.40 3.65
C-4" 7009  69.81  69.87  69.83 6580  65.50 H-3" 4.24 412 415 425
c-s" 7535 7571 7597 7572 7305 72.99 H-4" 3.80 3.76-3.75  3.80-3.68  3.74
C-6" 5229 5240 5209 5240 5054 5044 H-5" 430 423 424421 421
A H,-6" 3.44-340 337 324315 3.04
bgjlsiiﬁflg]‘;gﬁfed on DQFCOSY and HSQC spectrum. Hy-6" 345330 3.30 324315 2.80
“Not assigned. ; Jra 4b'0 3.8 3.9 4.0
Ty 9.9 10.7 10.7
Jya 9.4 9.9 9.3 9.1
Jus 9.4 9.1 9.3 10.7
4.14.4. 5”-N-(4-Nitrobenzyl)paromomycincarboxamide Js ¢a b 2.1 2.1 b
(17b). GP 6 on 33 mg of 16b, FC (1:0 — 1:1, THF- J5h ’ 5.4 ° ’
MeOH, then 85:15— 82, MeOH-25% aq NHs), Jeag 120 121
evaporation and lyophilisation gave 17b (21 mg, 75%). Ii2ax 12 127 126 127
, ! . ’ Ji2eq 41 3.9 43
White solid; [«¢]5; +22.8 (¢ 0.21, HO); R¢=0.17 Jie o 9.4 b 10.7
(8:2, MeOH-25% aq NHj;); IR (ATR): v 3500- Jrax 2eq 12.5 12.7 12.6 12.7
2700w, 2903w, 1666w, 1602w, 1516m, 1345m, 1108s, Ty 125 127 12.6 127
1028s cm~'; '"H NMR (500 MHz, D,0) see Table 12, Teas . o o
additionally, § 8.25 (d, J 8.8 Hz, 2 arom. H), 7.56 13’4 I . Py o1
4,5 . . . .
(d, J 8.8 Hz, 2 arom. H), 4.71 (d, J ~ 16.7 Hz, ArCH,- _]5:6 b 92 92 10.1
H,NHCO), 4.47 (d, J 15.7 Hz, ArCH,H,NHCO); '*C . 2.9 25 1.6 b
NMR (125 MHz, D,0) see Table 13, additionally, ¢ oz 4.5 4.6 4.5 4.3
149.71 (s), 148.12 (s), 130.95 (2d), 126.73 (2d), 45.22 o i o [ [
(t. ArCH,NHCO); HRMALDIMS: 764.3294 (100, e 31 13 31 31
[M+H]+, C30HsoN;0*; Caled 764.3314), 765.3321 Ty 3.1 33 3.1 3.1
(36, [M+2H]", CyHs5N;O,*; Caled 765.3392), Jps 12 1.7 b 2.0
786.3138 (40, [M+Na]", Ci3HiuN;NaO,,*; Calcd #6 ;g ;i E g;
5".6"b . . .
786.3133). A 36 . by

4.14.5. 5"-N-Phenylparomomycincarboxamide (17c).
GP 6 on 20mg of 16¢, FC (1:3:0 — 1:3:1, CHCl;-
MeOH-25% aq NHs3), evaporation and lyophilisation
gave 17¢ (15 mg, 89%). Yellowish solid; [«]}; +23.6 (c
0.265, H,0); Ry=0.21 (8:2, MeOH-25% aq NHj;); IR
(ATR): v 3500-2700w, 1670w, 1599w, 1492w, 1415m,
1047s cm™'; '"H NMR (500 MHz, D,O) see Table 12,
additionally, § 7.59-7.56 (m, 2 arom. H), 7.49-7.45 (m,
2 arom. H), 7.32-7.29 (m, arom. H); *C NMR

# Assignment based on DQFCOSY and HSQC spectrum.
°Not determined.

(125 MHz, D,0) see Table 13, additionally, 6 138.79
(s), 132.22 (2d), 128.95 (d), 124.10 (2d); HRMALDIMS:
705.3288 (100, [M+H]", CypHyuNgO,*; Calcd
705.3307), 706.3320 (34, [M+2H]", CpHsNgO,,*;
Caled  706.3385),  727.3083 (38, [M+Nal",
CypHysNgNaO,,*; Caled 727.3126).
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at 23 °C for 20 h, filtered through a pad of Celite and
evaporated. FC (RP C-18, 1:8:0.05, McOH-H,O-
AcOH) gave 14 (21 mg, 64%). White solid: mp 227 °C
(dec); Ry=0.1. (75:25, MeOH-25% aq NHj3); IR
(ATR): v 3041m, 1663s, 1516w, 1433M, 1409m, 1183s,
1124s, 1047s, 1026s cm™'; 'H NMR (500 MHz, D,0)
see Table 12, additionally, & 1.90 (s, CH;CO,H); '*C
NMR (125 MHz, D,O) see Table 13, ¢ 180.14 (s,
CH;CO,H), 25.78 (q, CH3CO,H); HRMALDIMS:

14* 17a* 17p* 17¢
C-1 99.31 100.77 99.28 98.72
Cc-2/ 56.54 57.51 56.90 56.57
C-3 71.47 72.27 72.01 71.36
Cc-4/ 71.99 74.54 72.60 76.54
C-5' 75.37 75.81 75.97 74.87
C-6 63.04 63.14 62.93 62.99
C-1 52.58 53.12 51.74 52.60
C-2 31.31 35.67 33.78 30.64
C-3 51.52 52.26 53.11 51.40
C4 80.60 84.33 82.57 79.38
C-5 86.44 86.68 87.37 86.88
C-6 76.34 77.05 75.85 71.97
C-1” 112.02 111.06 112.71 113.13
C-2" 76.34 75.92 75.41 76.18
C-3” 82.33 81.54 80.30 81.38
Cc-4” 84.15 82.66 82.13 82.26
C-5" 180.00 177.41 174.53 172.96
C-1” 98.29 100.89 98.43 97.93
Cc-2" 53.43 54.47 53.94 53.44
Cc-3” 70.39 72.27 71.13 70.04
C-4” 69.82 70.86 69.94 69.47
C-5" 73.03 73.79 73.62 73.39
C-6" 43.00 35.67 43.06 42.81

# Assignment based on DQFCOSY and HSQC spectrum.

4.15. General procedure for the Staudinger reaction
(GP7)

A 0.02 M soln of the azide (1 equiv) in THF was treated
with | N NaOH (0.5mL) and 1 M PMe; in THF
(6 equiv), stirred for 2—4 h at 50 °C and evaporated. A
soln of the residue in H,O was washed with EtOAc
(1x) and evaporated to give the crude amines.

4.15.1. 5"-Anilino-5"-deoxyparomomycin (24). GP 7
and FC (1:4:1 — 1:4:2, CHCl3-MeOH-25% aq NHj)
gave 23 (25 mg, 73%). White solid: mp 153 °C (dec);
[oc]f)5 +58.7 (¢ 0.35, H,O); R;=0.37 (1:4:2.5, CHCl;—
MeOH-25% aq NHj); IR (ATR): v 3292m, 2937m,
1647w, 1602m, 1497w, 1456w, 1381w, 1330w, 1257w,
1092w, 1013s cm™'; '"H NMR (400 MHz, D,0) see
Table 6, additionally, 6 7.29-7.25 (m, 2 arom. H),
6.85-6.81 (m, 3 arom. H); >°C NMR (100 MHz, D,0)
see Table 7, additionally, ¢ 150.55 (s), 132.36 (2d),
111.53 (d), 116.71 (2d); HRMALDIMS: 714.3340 (100,
[M+Na]", CypHsNgNaO,,*; Caled 714.3334). Anal.
Calcd for C3oH70NgO15:3H,O (1045.04): C, 44.82; H,
7.33; N, 8.04. Found: C, 44.86; H, 6.95; N, 8.24.

4.15.2. Ammonium-5"-carboxyparomomycin monoacet-
ate (14). GP 7 on 65mg of 13 and FC (1:0 — 1:1,
THF-MeOH, then 85:15 — 8:2, MeOH-25% aq NH3)
gave 4',6’-O-benzylidene-5"-carboxyparomomycin (46
mg, 84%). Under H,, a suspension of 4',6’-O-benzyl-
idene-5"-carboxyparomomycin (0.047 mmol, 34 mg) in
80% aq AcOH (2 mL) and 10% Pd/C (8 mg) was stirred

620.2816 (100, C;3HuNsO s*; Caled 630.2834).
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