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ABSTRACT
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Continuing from the syntheses and the antibacterial studies of a library
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of pyranmycins, we further probed the proximity around ring Il of

pyranmycin by introducing an “extended arm” that has hydroxyethyl or aminoethyl groups at the 0-2"", 0-3", or 0-4"" positions. The results
from the antibacterial studies reveal the optimal structural motif is the attachment of an extended arm with a terminal hydroxyl group at the

0-3" position.

Aminoglycoside antibiotics, such as neomycin, have been ||| N N NG

administered clinically for over fifty years®> Overuse and
misuse of antibiotics have incurred the emergence of
antibiotic resistant bacterf&, which significantly limits the
usefulness of aminoglycoside antibiotics. To counteract this
problem, our group has recently developed an expedited
method for the preparation of a novel class of aminoglycoside
antibiotics, pyranmycingpased on our aminosugar libréry
and the reported X-ray and NMR structural studies (Figure
1).7-%0 Herein, we wish to report the results from further
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Figure 1. Neomycin-based aminoglycosides and pyranmycin.

modifications of pyranmycins using the extended arm
approach.

Most of the aminoglycoside-resistant bacteria inactivate
the aminoglycosides via aminoglycoside-modifying enzymes
that introduce modifications on the neamine (rings | and
I1).1%12 Chemical derivatization on neamine often results in
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a lack or a decrease in the activi§To avoid the decrease extended arms at both O-2and O-3 positions, such as
in activity, we have developed a general method for the TC025 and TC031. By comparing to the single extended
synthesis of pyranmycins, which consists of a neamine corearm constructs (O+3 like TC026, TC028, andTC032, we
and variable pyranoses as the ring lll component. We havecan evaluate the effect of the extended arm at'O-2

also |dent|f|ed the lead structure at ring |'|| of pyranmyc‘ihs. The Syntheses of Sing|e extended arm pyranmycins require
We wish to further explore the possible site(s) for the the preparation of several glycosyl don&r43, 17, 22, and
attachment of additional functionalities at the ring Il 25 (Schemes 1, 2, and 3). The synthesissdiegins from

pyranose of pyranmycin. To achieve this goal, we synthe- methyl 6-deoxy-2,3-d-benzyla-b-glucopyranosidé Al-
sized seven derivatives of pyranmycins by extending the lyjation of 4-OH followed by ozonolysis and reductive
amino group or hydroxyl group away from the ring Il workup provides3 with a hydroxyethyl group at O-4

pyranose of pyranmycin (Figure 2). The identification of the (Scheme 1). The benzyl and methyl groups were converted
optimal site(s) will allow us to introduce more complex

structural components in the future. DD
e Scheme 1. Synthesis of Glycosyl Doner
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8 TC032 acetonitrile and DBU gave the desired glycosyl dorfor,
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of 3-OH followed by the deprotection of benzylidene group
generated a diol{. Selective tosylation of 6-OH followed
by LiAIH 4 reduction gave the 6-deoxygenated compound,

Figure 2. Structures of the designed pyranmycins.

As more diverse structural scaffolds are incorporated, the

overall contour of the modified pyranmycins will deviate _

from their predecessors that resemble neomycin. Thus, these Scheme 2. Synthesis of Glycosyl Donér
modified pyranmycins are expected to become poor sub- OO A HOQLO HiC_ o
strates for the aminoglycoside-modifying enzymes. There- pi ~O —= HO —> HO
fore, if the high potegé’y of these e];){er?ded ;rm—modified HOBnOome 9% P2 snoOMe S i
pyranmycins can be maintained, we can generate effective 8 / /
new aminoglycoside antibiotics against resistant strains of HOCH, HiC_ o HiC_ o
bacteria. = S N —= Ny

Our previous work elucidates the importance of havinga ~ 78% © BnOOme 62% “O"BnOGme 70% 0O B1n,O°Me
6''-CHs group® Therefore, all of the constructs will follow J ° / 10 HO
this trait excepTC024. We began our approach by extending HiC. o HiC o
the 4'-OH by two carbons creatin§C023. It is difficult to e N(% - N{S\;ﬁ
install a single extended arm at the O-osition while 65%  O"AOoac  56% P Acoo‘n’ CCts
maintaining the crucigB-glycosidic bond during the glyco- Al 12 A B NH

sylation!* Therefore, we synthesized compounds with double

aConditions: (a) (i) Allyl bromide, NaH, TBAI, THF; (ii)
(11) Kotra, L. P.; Haddad, J.; Mobashery, &ntimicrob. Agents TsOH-H,0, MeOH. (b) (i) TsCl, py.; (i) LiAlHs;, THF. (c) (i)

Chemother200Q 44, 3249-3256.. . e :
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crob. Agents Chemothet997, 43, 727-737. CHCly; (ii) NaNs, DMF. (e) (i) O;, CH,Cly; (ii) NaBH,, MeOH.

(13) Greenberg, W. A,; Priestley, E. S.; Sears, P. S.; Alper, P. B; (f) Acz0O, cat. HSOy. () (i) NH:NH,—HOAc, DMF; (i) CCI;CN,
Rosenbohm, C.; Hendrix, M.; Hung, S.-C.; Wong, C.JHAm. Chem. Soc DBU, CHCl..
1999 121, 6527-6541.
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8. Epimerization of the equatorial 4-OH using Swern the 5,60-isopropylidene group of4 allowed the deoxy-
oxidation and NaBH reduction allowed an & azide- genation of 6-OH, using TsCl and LiAlHreatments. The
substitution via treatments of Zd then NaN. The resulting deoxygenated product9, underwent ozonolysis and reduc-
product,10, which decomposed gradually at room temper- tive workup generating0, which led to two different routes.
ature, was subjected to ozonolysis and reductive workup One route employed similar hydrolysis, acetylation, then the
providing 11. Standard procedures, described in Scheme 1, protocols for the synthesis of glycosyl trichloroacetimidate
were used to converil into the corresponding glycosyl offering 22 with a hydroxyethyl group at O-3 and 6-deoxy-
donor,13. genation. The other route proceeded via an azide substitution

The syntheses of7, 22, and 25 started from diacetone at the primary hydroxyl group on the extended arm. The
D-glucose through a divergent approach (Scheme 3). After product,23, gave rise to the glycosyl trichloroacetimidate,

25, with the terminal azido (amino) group at the extended
I <" 2nd 6-deoxygenation.

Standard procedures modified from the literature for
glycosylatio® and final synthes@s were used for the
preparation of final products ready for antibacterial assay
(Scheme 4}.

Scheme 4. Synthesis of the Designed Pyranmyéins

Scheme 3. Syntheses of Glycosyl Dondrs
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26, R' = OAc, R? = (CHo),0Ac, R3=H, 80%
27, R' = (CHp),0Ac, RP= N3, R®=H,  96%
28, R' = (CHy),0Ac, RZ = OAc, R® = OAc, 53%
29, R' = (CH,),0Ac, R>= OAc, R®=H, 52%
30, R' = (CHp)uNg, R? = OAc,R3=H,  67%
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+
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TC023, R' = OH, R? = (CHp),OH, R® = H,  36%
TC028, R' = (CH,),0H, R% = NH*, R®=H, 51%
TC024, R' = (CH,),OH, R® = OH, R® = OH, 71%
TC026, R' = (CH,),0H, R2=OH, R®=H, 75%
TC032, R' = (CHp),NH5*, R2=OH, R = H, 99%

aConditions: (a)p, 13, 17, 22, or 25and BR—OEt, CH,Cl,, 4
N A MS. (b) (i) K.COs, MeOH; (ii) PMe&, THF/HO; (iii)) Ho,
Pd(OH)/C; (iv) Dowex 1X8 (CI form).

aConditions: (a) Allyl bromide, NaHBusNI, THF. (b) TsOH,
MeOH. (c) (i) TsCl, py.; (ii) LiAlHs, THF. (d) (i) HOAc, TFA,

H0; (ii) ACZ0, cat. HSQ;. (€) (i) HNNH.~HOAc, DMF, (i) The syntheses of double extended arm pyranmycins began
CCLCN, DBU, CHCl,. (f) (i) O, CH,Cly; (i) NaBH,, MeOH.

) TSCl. py.: (i) NaNs DMF. with the precursor we have preparelhcorporation of allyl
(@) () TsCl, py.; (1) Nary groups, followed by ozonolysis and reductive workup,
provides one of the designed diol83. Further azide

allylation at the 3-OH, the produd# was diverted into two substitution gave the pyranmycin precursor with a double

distinct routes. Ozonolysis and reductive workup 1of, extended arni34. Bqth compou_nds u.nderwent the same final
followed by acid hydrolysis of isoproplyidene groups and syntheses ggneratmg the desired final prodgcts (S_che_me 5).
acetylation, gavel6 with a hydroxyethyl group at O-3. Al of the final products were assayed agaistherichia

Standard procedures were used to constinto the coli with neomycin and ribostamycin as the controls (Table

corresponding glycosyl donat7. Selective deprotection of ~ 1)-* Our preliminary goal is to generate the comparable
results with the pyranmycins without an extended arm

(14) Thep-glycosidic bond is essential for the formation of intramolecular

hydrogen bonding between-RH, and O-5' of the constructed pyranmy- (16) Hannessian, Rreparatve Carbohydrate Chemistr\Marcel De-

cins. Please refer to the NMR study for the binding of aminoglycoside kker: New York, 1997; pp 283312.

toward RNA in ref 8. (17) Sucheck, S. J.; Greenberg, W. A.; Tolbert, T. J.; Wong, G\itew.
(15) Dasgupta, F.; Garegg, P.Synthesid994 1121-1123. Chem., Int. EA200Q 39, 1080-1084.

Org. Lett., Vol. 5, No. 4, 2003 433



Scheme 5. Synthesis of the Designed Pyranmyéins
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(Figure 3)°® The structure-activity relationship (SAR)
reveals that attaching an extended arm at"Owa#ll com-
pletely obliterate the antibacterial activity (entries 8 and 11),
while attaching the extended arm at O-dramatically
decreases the antibacterial activity (entries 5 vs 6). Attaching
an extended arm at O‘3also decreases the antibacterial

Table 1. MIC againstEscherichia coli

entry compd MIC? (uM)
1 neomycin 2
2 ribostamycin 7
3 TCO001 42
4 TCO005 9
5 TCO020 22
6 TCO023 38
7 TCO024 40
8 TC025 inactive
9 TC026 27
10 TC028 13
11 TCO031 inactive
12 TCO032 39

aMIC: minimum inhibitory concentration.
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Figure 3. Pyranmycins without an extended arm.

activity (entries 4 vs 10, and entries 5 vs 9 and 12) in the
scaffolds with 6-deoxypyranose "(€CHs) at ring Illl. A
surprising decrease in the antibacterial activity agansoli
(entries 9 and 12) is noticed, as a charged ammonium group,
rather than a neutral hydroxyl group, was introduced at the
terminal end of the extended arm at O-3This finding
demonstrates the value of using real molecules for the SAR
studies, which is difficult to predict by computation simula-
tion that relies on chargecharge interaction.

In conclusion, we have developed a methodology to
introduce functionalities for probing the perimeter of the
binding sites of pyranmycins. This methodology can be
applied to study interactions in other systems. From the SAR
results, we are pleased to identify that the optimal site for
future modification is at O-3 As revealed byrC028, no
severe decrease in the antibacterial activity from its unmodi-
fied counterpartT C005, is observed. We are currently using
solid-phase synthesis to explore more SAR information.
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