An Efficient Synthesis of Mim
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As mimetics of neamine, several 4-heterocyclic 2-deoxystreptamine derivatives were chemically synthesized for RNA recognition. Conversion
of 4-methylthiomethyl-5,6-di-O-acetyl-diazido-2-deoxystreptamine to the 4-chloromethyl derivative followed by reactions with different nuclophilic

reagents gave the 4-heterocyclic 2-deoxystreptamine derivatives in satisf

actory yields.

Several aminoglycosides are known to interact with RNA
and interfere with its functioh.For example, neomycin B
induces translational misreading, most likely as a result of
an interaction with 168RNA in the A site of the ribosomg.
Direct use of neomycin B as a drug, however, has been
discouraged as a result of its high toxicity, instability, and
poor oral bioavailability The structures of the amino-
glycosides are synthetically challenging and do not lend
themselves to the rapid preparation necessary for a medicinal
chemistry program. Therefore, it is highly desirable to
synthesize mimetics of aminoglycosides that are smaller,
simpler structures and retain the activity of the larger parent
structures.
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Most naturally occurring aminoglycosides share a common
pseudodisaccharide known as neamine. Therefore, mimetics
of neamine would be an ideal starting point for the synthesis
of new potential antibiotics. In this communication, we report
an efficient strategy for the synthesis of mimetics of neamine.

Computer modeling studies indicated that if the A ring of
neomycin B was replaced by a benzyl group, then the
resulting compound would keep the conformation of neo-
mycin B5 We assumed that the conformation of neomycin
B plays a very important role in its RNA binding affinity
and specificity. So, we chose the 4-heterocyclic 2-deoxy-
streptamine derivatives as target compounds. Two approaches
could be used for synthesis of target compounds (Scheme
1).

One approach is simple alkylation of diacetylated 2-deoxy-
streptamine derivativé with different Het-CHX (X = Cl,

Br, CNHCCE).% By a second approach, 4-chloromethyl-5,6-
di-O-acetyl-diazido-2-deoxystreptamine n be coupled
with different heterocycles such as HetYH €&/ N, S) to
provide the heterocyclic 2-deoxystreptamine derivatives.

Alkylation of compoundl with several Het-CEX (X =
Cl, Br) under different base conditions failed as a result of

Mei, H. Y.; Galan, A. A.; Halim, N. S.; Mack, D. P.; Moreland, D. W.;
Sanders, K. B.; Truong, H. N.; Czarnik, A. VBioorg. Med. Chem. Lett.
1995,5, 2755. (d) Moazed, D.; Noller, H. Mature1987,327, 389.

(3) Aminoglycoside Antibiotic&mezawa, H., Hooper, I. R., Eds., Spring-
Verlag: New York, Herdelberg, 1982.

10.1021/0l015794g CCC: $20.00
Published on Web 05/02/2001

© 2001 American Chemical Society

(4) Usui, T.; Umezawa, Sl. Antibiot. 1987, 1464.

(5) Mohan, V.; Griffey, R. H. Unpublished results.

(6) Greenberg, W. A.; Priestley, E. S.; Sears, P. S.; Alper, P. B,;
Rosenbohm, C.; Hendrix, M.; Hung, S. C.; Wong, C. H.Am. Chem.
S0c.1999,121, 6527.



Scheme 1 Table 1
Rﬁ " yield
aomNHz entry RH reaction solvent products (%)
OH 1 imidazole CH.Cl, 5 86
% N’ 2 benzimidazole CH,Cl, 6 81
N, N, 3 2-(Erifluor0dmetrl1yl)- CI—:ZCI)ZICH3CN 7 76
HO/& N CIH,CO enzimidazole 1:1
AcO AT Ns " ROHXC - RYHE ZACWN"‘ 4 1,2,3-triazole CHiCN 8 93
1 2 5 1,3,4-triazole CH3CN 9 95
(R=hetercyclic moieties, X=CI, Br, CNHCClI;, Y=N, S) 6 4-iodopyrazole CH:CN 10 97
2-mercaptopyrimidine CH3;CN/DMF 11 84
(4:1)
. 4-(trifluoromethyl)- CH3;CN/DMF 12 89
the base sensitivity of acetyl groups. We were not able to 2-pyridinethiol (4:1)
isolate any desired products from the reaction mixture. o 1H-1,2 3-triazole- CHsCN/DMF  21,22,23 922
Several substituted benzyl trichloroacetimidates could [4,5]-pyridine (2:1)
alkylate the 4-hydroxyl group of compourdn the presence 10  3-(trifluoromethyl)-  CHsCN 24,35 902
of triflic acid; however, the yields were very low. pyrazole
As an alternative approach, compoundas treated with 11 6-bromopurine CFECS/DMF 31,32 95%

CHy(OMe), in the presence of ®s to give the MOM-
protected 2-deoxystreptamine derivatB/€Conversion of the
MOM ether group into RCEKCI by reaction with BGJ in
dichloromethane failed, and the major product was the MOM
ether cleaved compound. Attempts to couple compaddind
with different HetYH (Y= N, S) agents directly, according
to known proceduresgave only trace amounts of products.
Using the Pummerer rearrangeméetite MTM ether group
could be introduced at the 4-position of compoundnder

2 The yields were calculated based on the consumption of compund

After deprotection of compounds—12 with Me3sP/THF/
H>0, the neamine mimetick3—20were obtained (Scheme

neutral conditions. Treatment bfwith excess DMSO/A®/ Scheme 2

AcOH at room temperature for 48 h gave the MTM-protected N3

2-deoxystreptamine derivativkin 78% vyield. MOMA%%W
3

Conversion of compound to the key intermediat2 was
achieved by treatment with excess 88 in CH,Cls.
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Compound? was then coupled with several nucleophilic FL%szs—»”Gcs“ﬁ%%Nz JHZC&%NS
reagents under different conditions to afford the correspond- 1°A° 4 2
ing 4-heterocyclic 2-deoxystreptamine derivatives in satisfac- Rj N, /
tory yields (Table 1). %%Ns g 2:3:; g ;:g 170=: g:F
Imidazole, benzimidazole, and 2-(trifluoromethyl)-benz- 11: R=G; 12: R=H;
imidazole were acetylated with acetic anhydride, and the R l
resulting compounds were coupled wifin the mixture of jO/HZNmNH 1o R 11 ReE 10t RoF
dichoromethane and acetonitrile to afford the products. After HO™MTg 2 19: REG; 20: R=H;
deacetylation with sodium methoxide in methanol, com- .
pounds5—7 were isolated. Z_X C["\> (:[Nyc,% L\
1,2,3-Triazole, 1,3,4-triazole, and 4-iodopyrazole were first N N c N D’"
treated with 1.2 equiv of sodium hydride in acetonitrile to A | y N CF,
provide the corresponding sodium salts and then coupled with [ '&N Z_\\N vaN m
compound2. After work up and deacetylation, products N N s $
8—10were isolated in high yields. E F G H

The same procedure was applied to 2-mercaptopyrimidine,

and the sulfur-linked 4-heterocyclic 2-deoxystreptamine

derivativell was obtained. In the case of 4-(trifluoromethyl)- The strategy described above was used for the synthesis
2-pyridinethiol, decomposition occurred when methanolic of small libraries of 4-heterocyclic 2-deoxystreptamine
sodium methoxide was used for deacetylation. However, (Scheme 3). Treatment ofHt1,2,3-triazolo-[4,5]-pyridine
deacetylation in methanol/N@H (4:1) gave the produd2. with 1.2 equiv of sodium hydride in the mixture of GH
CN/DMF at room temperature for 1 h, followed by reaction
with compound2, gave a mixture of three products. After
deacetylation, compoun@d —23 were isolated as a mixture

in a ca. 1:1:0.5 ratio. In a similar way, a mixture of
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s screened against the 16S A-site at equal concentrations in

Scheme 3 separate experiments, and the resulting estimated dissociation
constants (based on a 1 poklitdetermination) are reported

™ ™ in Table 2
NN N; H,N in Table 2.
2 (T — b
H
21, 22,23 26, 27, 28 . L .
Sy Ney N T Table 2. Dissociation Constants of 16S-Ligand Complexes
R=LyAaN, W (NINN‘ Based on Gas-Phase Measurements of the Ratio of Free and
' ! Bound RNA Targets
N j H,N dissociation
[ § — .
2+ [ N OmNs omNHz compounds constants (uM)
N HO™ oH HO™ on
24,25 29, 30 13 275
CF; 14 667
- I
R = FN',E RN 15 439
' 16 378
R Ry 17 355
Br w H.N
N \| Nj 2! 18 682
= 0
2 + NII\N/ N\> — %%Na — H;%NHZ 19 488
i 31,32 33,34 gg 27,28 lggib
0 N 29, 30 4410
om 2
NS N R = ENN Y 33,34 1000
R= N NS N N .
NN N0 Neamine 24

aligands, 75uM; target RNA, (2.5uM) P These dissociation constants
were measured for the mixture of two or three isomers.

compounds24 and 25 (2:1) was synthesized starting from
3-(trifluoromethyl)pyrazole. After deprotection, two libraries 4-Purine-2-deoxystreptamine derivatid&and34 showed
containing compound&6—30were obtained. better binding affinities than other 4-heterocyclic 2-deoxy-
Using the same procedure, the coupling reaction of streptamine derivatives. On the basis of these results, the
compound? with the sodium salt of 6-bromopurine gave a Synthesis of more complex mimetics of aminoglycosides is
mixture of two products in a ca. 2:1 ratio. When this mixture In progress. . _
was treated with sodium methoxide in methanol at room In conclusion, the synthetic strategy described here
temperature, a mixture of compoundi and 32 was provides a very efficient method to synthesize heterocyclic
obtained. Reduction of the azido groups with JAEHF/ carbohydrate derivatives for the biological screen.
H,0 followed by treatment with 1 N HCI provided a mixture Acknowledgment. The authers are grateful to the DAR-
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ments of the ratio of free and bound RNA tar§eAs . )
o . . . charge via the Internet at http://pubs.acs.org.
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