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Abstract

Background: Total synthesis of tetracyclines allows access to chemical space that is inaccessible by traditional semisynthetic methods. - . . . . : . . : :
Fluorine, in particular, poses challenges for tetracycline semisynthesis, yet is readily introduced via the current platform. The unique in vitro Table 1. Antibacterial Activity of Fluorocyclines with Cyclic Amino Acid Side-Chains

and in vivo profiles of these fluorocyclines were studied.
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Table 3. Antibacterial Activity of Fluorocyclines with Amide Bond Replacements

Method: Novel compounds were synthesized via a tandem Michael-Dieckmann reaction with a key enone and a D-ring precursor, followed MICS (ug/mL) PDso (ma/kg) MICs (ug/mL) PDso (Mg/kg)
o . . . . . Lo . o i ; Compound 8 Al
by modifications after C-ring annulation. In vitro antibacterial activities were evaluated according to CLSI guidelines. Efficacy following oral or TP # FF2)1 - ,SA"AF%:OC(:) f/lpl\;SGAl\ SA158 i’;g? EF159 i:_éoc? SP160 I'EA\(_ZI_%:OCZ EC155 AAiélc(:J Z"Ar\(l:lé I;f’rg? KP153| SA100 TP # Comlgflind 8 |SA100|SA161 SA158|EF103|EF159|SP106|SP160|EC107|[EC155/AB110| PA111 [KP109|KP153] SA100
intravenous administration was determined in a mouse systemic infection model challenged with Staphylococcus aureus ATCC 13709. 13709 | tet(M) tet(K) 99212 tet(M) 49619 tet(M) 25929 tet(A) 19606 | 27853 | 13883 tet(A) | IV | PO B AU IR tet(K) ATEE tet(M) ATEE tet(M) AT tet(A) ATCCI ATCC I ATCC tet(A) | IV | PO
Results: In vitro activity for bacterial pathogens expressing efflux and ribosomal protection tetracycline-resistant genes can be modulated. 5 13709 | tet(M) 29212 49619 25922 19606| 2785313883
H
MIC (ug/mL) PD H;C.__N -
SA161 | SA158 SP160 | EC107 TP-221 H:C%/H \)J\II:I:‘L 0.25 0.25 0.063 | 0.063 | 0.125 | 0.016 | 0.016 0.25 2 0.5 16 1 2 0.3 ND TP-863 H 0.25 2 1 2 2 0.25 4 1 16 0.016 16 4 8
ATCC | MRSA ATCC ATCC ATCC 3
TP-043 0.25 2 16 0.031 0.5 1 >32 4 >32 1.2 >30 TP-434 N\)J\N%: 0.063 | 0.063 | 0.063 | 0.016 | 0.016 | 0.016 | 0.016 | 0.063 1 0.125 8 0.5 0.5 0.3 TP-034 NH, 0.25 2 2 0.5 4 0.25 4 2 32 0.25 16 4 32
TP-493 0.13 | 0.25 4 0.016 | 0.063 | 0.25 >32 1 >32 1.4 >30 H
TP-594 0.13 05 | 0.063 | 0.016 | 0.016 2 >32 0.5 >32 ND ND o
HaC
TP-170 0.063 | 0.063 | 0063 | 0.031 | 0031 | 013 4 0.063 2 0.43 14 TP-170 ’ MN‘% 0.063 | 0.063 | 0.063 | 0.016 | 0.016 | 0.031 | 0.031 | 0.125 4 0.063 4 0.063 2 043 | 14 TP-950 A Vi 0.5 0.5 05 | 0.25 | 05 1 4 32 >32 2 >32 32 >32
TP-221 013 | 025 | 0.063 | 0.016 | 0.016 | 0.25 2 0.5 2 0.3 ND H H
S S s P Sipucois preumOnias, £ Eschefchicol A5 Adbotiacr b, tP271| Mo Ly | 0125|0031 <0.016| 0.063 |<0.016<0016/<0016| 0.063| 4 |0063 2 | 2 | 4 TP580 | HOLL N | 025 | 2 |025| 1 | 1 | 4 | 16 | >32 | >32 | >32 | =32 | >32 | »32
KP: Klebsiella pneumoniae; MRSA=methicillin-resistant S. aureus; ND: Not done ) ” ' ' - ' - - - . ' B 3 CH3"| . y
Conclusion: Novel fluorocycline analogs are readily prepared by total synthesis, allowing for rapid optimization of their pharmacological Hs(,?\j Q ) HaCo N~
3
- CH30 N4\|N
Introduction TP-645 (N)AHE 2 | 8 | 1 | 1 | 1 |0125/ 025| 05 | >32 | 1 | >32 | 2 | >32 TPa57 | KAw 025 2 | 2 | 05| 4 |0063| 05 | 2 | >32 | 05 | >32 | 8 | >32
H
* The total synthetic approach discovered in Professor Andrew Myers’ lab (Charest, MG, et al. Science 2005, 308, 395-398) has o
reinvigorated the field of tetracycline chemistry Tetracycline 0.5 32 >32 16 >32 | 0.25 | >32 1 >32 1 >32 2 32 1 6.9 TP-043 H3C\”JL”%‘5 0.25 2 16 0.5 16 | 003 | 05 1 >32 4 32 4 >32 | 1.2 1 >30
* Convergent synthesis, adequate sourcing and process research enables total synthesis of novel tetracyclines to be cost competitive o
* Small changes to the tetracyclic core can profoundly affect spectrum, ability to evade resistance mechanisms, and pharmacokinetic _ _ o _ _ TP-493 H3C/:S:~N%{ 0.125| 0.25 4 10.125| 0.5 |0.016| 0.06 | 0.25 | >32 1 32 2 >32 | 1.4 | >30
properties o b o o Table 2. Antibacterial Activity of 9-Arylamide-Fluorocyclines OH
R >N R SN o
) H = H H: X
v o D°,  cing O MEs ) PDso (Ma/kg) TP-663 SN¢ | 05| 1 | 05| 05| 1 025 025| 32 |>32 | 1 | >32 | >32 | >32
z %N . O‘ NH, TP # Compfund 8 |SA100|SA161|SA158| EF103 | EF159|SP106|SP160 EC107 EC155|AB110| PA111 |[KP109|KP153| SA100 ©0H
Annulation - R = ATCC |MRSA ATCC ATCC ATCC ATCC | ATCC | ATCC 0
- OX Q .
Y O 0:0 Y O HOHO O 13709 | tet(M) | ) | 29212 | M) | 49619 | BUM) | 55907 | ©BUA) | 19606 | 27853 | 13883 | 11 | IV | PO TP66S |  Spfwc |05 | 1|05 05 2 025 1 |32 32| 1 |2 32 >
Left Hand Side Key Enone Novel Analogs HiC O \ "
TP-314 N AN 0.25 | 0.5 0.5 0.5 0.5 8 8 >32 | >32 | >32 | >32 | >32 | >32 Q
M th d \_J H TP-953 @Ngﬂi 1 2 8 2 2 10.125| 05 8 >32 32 >32 | >32 | >32
etnoas 0
TP-385 {\WJLN?: 0.063 | 0.125 | 0.063 | 0.063 | 0.063 2 4 >32 | >32 | >32 | >32 | >32 | >32 C
Chemistry synthesis. A typical synthesis of a Figure 1. Synthetic Scheme for Fluorocyclines Ls A Th-r6r N 8 | >3 8 8 32 1 4 | 232 | 232 >82 | 282 ) 232 ) >32
fluorocycline is shown in Figure 1. O
Bacterial Strains. Strains with defined tetracycline- F F . NG . TP-555 HsCMN% 0.25 0.5 0.5 0.5 0.5 2 2 >32 | >32 32 >32 >32 | >32 H.c CHaH
resistant mechanisms were obtained from M. Roberts 2) s-Buli o ) (CO0: CH, > g, CH oN H TP-153 H§C>‘\/N\}g 2 4 2 1 2 0.25 | 0.25 4 16 2 >32 8 8
(Univ. Washington, Seattle, WA). Other strains were —— — NS08 S~ 0O
from the American Type Culture Collection (ATCC) or OCHSCOZH Ve OCH3COZH Ve OH SO 4) Alyromide \)N OBn oo TP-515) c\N‘NJ)L N 0.5 0.5 1 1 1 1 2 >32 | 232 | >32 | >32 >32 | >32 SA: Staphylococcus aureus; EF: Enterococcus faecalis; SP: Streptococcus pneumoniae : EC: Esherichia coli; AB: Acinetobacter
Micromyx (Kalamazoo, MI; S. aureus SA161). 1 2 3 4 = H b i- PA* Pseud ’ : . KP: Klebsi |'| - '
In vitro susceptibility. Compounds were dissolved in li)EDA’TMEEQ o) aumannil, FA. Fseudomonas aeruginosa, k. Ri€bsielia pneumoniae.
water and assayed in microtiter plates according to o ) °mp°:”c TP-278 |N\ H“ﬁ; 0.125 | 0.125 | 0.125 | 0.125 | 0.125 | 4 8 >32 | >32 | >32 | >32 | >32 | >32 | >10 | >30 C I i
CLSI standards. TR RICOX: T / oncliusions
In vivo screen. CD-1 female mice (18-22 g) were 2 \ R'SO,Cl; \i O‘ ] o
. . . : - |
intraperitoneally injected with 0.5 ml of Staphylococcus g -* : or RCHO, : i . : : : : : : : L. :
SUrons ATCG 33700 (1-2 x 10° Cfu/mousg)yd”uted in  F el L e Na(OATHBH I ST TP-285| Wy 2 4 | 16 4 4 1 2 | 282 | >32 | 16 | »32 | >32 | >82 * The totally synthetic platform is highly versatile, readily producing fluorocycline deriviatives with
5% hog gastric mucin, an inoculum that routinely 7:Y = CO, S0, CH, 6 5 o activity against pathogens expressing tetracycline-specific efflux and ribosomal protection genes
achieved 290% mortality after 48 hrs. At one hour l e I TP-616 N | 025025 | 05 | 025 | 1 | 16 | 16 | >32 | >32 | >32 | >32 | >32 | >32 . . . . L
pgstjChallenéJe, mice ; (=6 per group) were 2)Hy, PdiC v H * Introduction of F at C7 coupled with a pyrrolidino at C9 provided optimal in vitro potency (posters
HsC.,  .CHj3 . . . . .
gommfbte{g o.ggmrﬁgykrg]; in?:avcgonnocuesrll;t/ract)lro 30 003 PP ey 0 F1-2157- F1-2160), in vivo efficacy (F1-2161-2164), and pharmacokinetics (posters A1-027, A1-028, F1-
mg/kg Ora”y' Forty-eight hOUFS pOSt-dose' percent R : NH; Compound9:M.G.Charc¢)e:tB,SC.D.Lerner,J.D.Brubaker, TP-886 H5C O)L”E 0063 0063 0063 0063 0125 2 8 >32 >32 >32 >32 >32 >32 2163)
survival was recorded, and the dose that protected oH 6 HoSd & D.R. Siegel, A.G. Myers, Science, 308, 395 (2005). TN o _ _ : _ : : . . . :
50% of the mice from death (PDs, in mg/kg) was g CHs e TP-271 exhibited good in vitro and in vivo antibacterial activity against a wide range of community-
calculated.

acquired pathogens (See posters F1-2156, 2159, and 2160 for further profiling)



