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Tetracyclines: Gen. struct.
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Zwitter ion (high water sol.)
pKa, - 7.68 neutral pH




CTa0WIHOCT B KHCEJIA cpena
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Protonated tetracycline
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Epitetracycline NHR,
H N oH o,
@O H 1.5% oT akTHBHOCTTA
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N HA TeTPAUHKJIHHA
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YCTaHOBSIBA CE PABHOBECHE OT:
> 2/3 TeTpauMKIMH ¥

»1/3 enuTeTpaUMKINH

CTa0MIHOCT B AJIKAJTHA Cpeaa

pH 7.5 :IIperpynupane 10 n30TeTpanuKIHHH (Rg=OH)

5-ring lactone Isotetracycline
inactive




XesaToo0pa3yBaHe

Chelate: Chelos = Claw, Klo (greek)

Met™  Ca2* (milk)
Fe"™" (iron prep.)
AR* (antacida.)

»  Mexauusbom: Cebp3Bar ce ¢ 30S puGo3omainara
cybeaMHMIa, upe3 BKJI. B KOMILIEKC Ha Mg™+;
0JIOKMPAT NPOTCHHOBHHUS CUHTE3

»  lllupok cnekThp Ha AeiicTBHE (BKJ. U CPeLly HAKOU
aMOBe I'bOUYKH, BUPYCH H IIPOTO30H).

»  BakrepuocraTnyeH edexr.

> ATakyBa HopmajHata Mukpoduiopa B I'M Tpakr

(omaronpusitcra candida nngexuun.)

STRUCTURE OF TETRACYCLINES

Ry R, Ry Ry
Tetracycline H CHs OH H
Chlortetracycline Cl CHy OH H
Oxytetracycline H CHs OH OH
Demeclocycline Cl H OH H
Methacycline H CH, OH
Doxycycline H H CHy OH

Minocycline N(CH3)» H H H




Tetracyclin

Isolation from Streptomyces sp,

Semisynth from chlorotetracycline more effective
(low bioavaila bility)

Chlortetracycline

Tetracyclin

Doxycyclin

Not OH i 6-pos. More stabile in water solution (also mixture).
Longer t ,,, good oral absorb.

Semisynth oxytetracyclin.

NCS
Electrophil
chrorination reag.

exocyclic
double bond

NN
Anhydrotetracyciin

Lymecycline

Lymecyclin
More water sol., pro-drug.
Semisynth from tetracycline
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Lymecyclin Tetracyclin Lysin




Rolitetracycline

IIpoTHBONOKA3AHNS ¥ B3aMMO/IEHCTBUS C IPYIH JIeKAPCTBA

>B3anM0£{eﬁc‘rBa‘r C aHTHAlMIHU JIEKAPCTBEHU  BEIIECTBA
ChAbpKalIN oHN Ha JBY- U TPUBAJICHTHU MECTalH, KaKTO U C
HSAKOU XpaH! — HaIIp. MIIAKO.

»3acuiBar JIefCTBHETO HAa KYMapHHOBHTE MPOM3BOIHH 3aIOTO
MOTHUCKAT YpeBHATa MUKpodiiopa oOpasysama BUT. K

»Morar, Makap U psKO 1a IPeIU3BHKAT aJePrUYHH PEaKLUU Ha
KOJKaTa.

»IlpemunaBar mnpe3 IUTalleHTapHaTa Oapuepa W ce OTiarar B
KOCTHTE Ha IUIOJa M 3a0aBiT pacTexa My. 3aToBa He OuBa ja ce
npHjIarar mnpes nepuojia Ha GPEMEHHOCTTa U IIPU HOBOPOJCHH /10
3-roguiIHa Bb3pact.

»IIpoTuBonokasHu ca npu ObOpedHa 1 YepHOAPOOHA
HEZIOCTATBYHOCT.

MAKPOJIUJIHU AHTUBUOTHUIIN
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KJIaJuHO3a J1€303aMUH bypozamun




> Isolated from Streptomyces sp.
» Reletively narrow spectrum, mainly G+. Low tox.

» Bindes to 50S part of ribosome, inhib. Protein synth.

Structure / Activity:

» Macrolaktone (14-16-ring, smaller than antimycotic polyenes)

» Keto function

» No unsat. in lactone ring (spiramycin - dien) ? antimycotic
polyenes

» Amino sugar

npu pH ~ 2.4 — 4 oOpasyBar moimyaueraid W auneTaid 4pes
BBTPELIHOMOJIEKYJIHA “rmmKo3uaHa” BpB3Ka MEXAY
(enkimoHaaHUTe Tpynu Ha 7-mMo0 u 10-to Msicto u 10-to u 13-T0
MscTO. MakponakToHBT 00aue € CTabuIiIeH B KUCena cpejia.

Degradation acidic media

HO

HOM-

‘im,,

inactive spiroketal

Erythromicin

g

Ester hydrol.
in vivo

Erytromycin

Erytromycin ethylsuksinate
Pro-drug (masks bad tast)




Claritromycin

H
Increased stability acid(l)c media
No intramolec. hemikatalisation

Increased stabil., bioavailability,
less side effects

Somewhat more broad spectrum

Oleandomycin

Spiramycin (Rovamycin)
OH
‘1 Isolated from Streptomyces ambofaciens.
(o] .

R=H: Spiramycin |
R=COCHj: Spiramycin Il
R=COCH,CHs: Spiramycin Il

Azitromycin
Increased stabil., bioavail.
N— More active G- less active G+

OIS

o— Telitromycin

0
Increased stability acidic media
No intramolec. hemikatalisation

Increased stability acidic media

No intramolec. hemikatalisation

Improved ribosome binding, less resistans
Increased ribosome affinity




NNOJJMEHOBU AHTUBMOTHUIN

Nystatin
HO NH,
O
HO
p——
L
OKTATPHAKOHTAH
‘ Nystatin A CHs
o oH
H
L Amphotericin B on H NH,
et
NH,
OH
AMUHOITTUKO3UJIHU AHTUBUOTHULIU
> Broad spectrum
> Toxic Hzf\{
> Inhib. protein synthesis m
» -N o absorb. from GI, local treatment infect. GI tract. /O o
> Systhemic infections — parenteral adm. O
o. @ > Basic, water solubile salts phys. pH
@OX‘ » -Glykosides (= acetals) stabile acidic media because of protonated
% amino subst.
Bind
mANAread wrong {‘ ,
Transloc. blocked i
-
-0 hem
- () § rroon
Aminoglycosides
* Spectrum

— Gram-negative bacilli, P. aeruginosa (use with anti-
pseudomonas penicillins)

* Resistance
— Antibiotic modifying agents cause antibiotics to be
unable to bind to the ribosome
» Toxicity
— Nephrotoxic (trough)
— Ototoxic (concentrated in perilymph, corresponds with
prolonged therapy and peak levels)
— Neuromuscular blockade (think of this in Myasthenia
Gravis)




HO Hg NH, HO™HO N,

Crnpennamun 2-Jleszokcucnpennamun
H,N. CNHz
1" OH
HO—__ N
HO HO N:C'NHZ
Cnpennudun NH 5

STREPTOMYCIN
NH

NH

)k HN)LNHZ
H,N~ “NH
@. STREPTIDINE
OH
o0 ©

CHO
H,C L-STREPTOSE
HO 0

HO fo)
R R N-METHYL-L-

GLUCOSAMINE

HO R = CH,OH
R'= NHCH3

STREPTOMYCIN B
NH

J

HN” “NH,
H,N” NH

< 5
OH
o O
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H;C
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OH OH R R R= CHOH
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Gentamycin

NH—R,
Ry
Q purpurosamine
H,N H,N
o .
HO. NH, 2-deoxystreptamine
O
o )
HO garosamine
Gentamicin C; Ry =R, =CHjg CH;
Gentamicin C;  R;=CHz, Rx=H /NHOH
GentamicinC;, Ri1=Rz=H H;C
Amikacin
OH
NH, HO o
H,N
0 o]
HOHO OH 0
/LK/\/NHZ
OH| HO NH v
i
H,N OH
Kanamycin
OH
HO O KANOSAMINE
R. H,N
HO 0 OH
HO 0
Ry Ho 7L N,
H,N
R R’
Kanamycin A NH, OH
Kanamycin B NH, NH2
Kanamycin C OH NH,
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TOBRAMYCIN

OH

HO 0

HO HO

NEOMYCIN C

NH,
Neosamine C

HO 2-Deoxystreptamine

HO 0
HO D-Ribose

Neosamine C NH, 0 OH

Lincomycines

» Sulfur cont. antibiotics from Streptomyces lincolnensis;
» Naturally occuring: Linkomycin (not in N), more active semisynth
der.

» Inhib protein synth, binds to 50S part of ribosome

Klindamycin
in® Dal Cli ycin®. |

R=H, R'=Cl: Klindamycin
Semisynth from linkomy cin
R=0OH, R'=H: Linkomycin,
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APOMATHH HUTPOCBEJIUHEHUS

Chloramfenicol
OH cl » Isol. 1.time Streptomyces venezuelae (1947),
later found in several microorg.
NH » Broad spectrum. Inhib. Protein synth.,
Y Cl mech. Not fully understood.
H I} > Rel. tox. (damage bone marrow — anemia,
O,N \OH ia), seldom used sy icall

> Simple structure — total synthesis.

NH—CO—CHCl, ?”
O,NOCH—éH—CH,—OH 02N4< >*CH*<.3H*CH270H
b NH—CO—CHCl,
npHpoaeH
D(-) - threo L(+) - threo

OH NH—CO—CHCl,
Lo O,N CH—CH—CH,—OH
CH—CH—CH,—OH Lo

OH  NH—CO—CHCl,

O,N

.

D(+) - erytro
L(-) - erytro

BEH30®YPAHU

Griseofulvine
OCH; o OCH;,

a  HC
O
GRISANE

HNEINITUAHU AHTUBUOTHUIIU

.
Polymyxins

> Low oral avail; local admin. or. infusion/injektion. - "VHz

> Often high tox (kidneys).

DAB — D-X—>= Y
» D-amino acids and other rare AA.

R — DAB — Thr—= Z —= DAB

1-NH,
Thr<— DAB <— DAB

DAB = L-a,y-diaminobutyric acid 4-NH, 7-NH,

Polymyxin B; R = (+)-6-methyloctanoyl X=Phe Y=Leu Z=DAB
B, R =6-methylheptanoyl X=Phe Y=LlLeu Z=DAB
D; R =(+)-6-methyloctanoyl X=Leu Y=Thr Z=p-Ser
D, R =6-methylheptanoyl X=Leu Y=Thr Z=p-Ser
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T~ NH,

L-DAB — D-Leu—>Leu

R—>L-DAB —>Thr—>1-DAB —L-DAB

-NH -NH
e e Thr=<—L-DAB <— L-DAB
DAB = a,y-diaminobutyric acid y-NH, y-NH,
Colistin A R = (+)-6-methyloctanoyl

Polymyxin E, R = 6-methylheptanoyl

Vancomycin Teicoplanin

NH,
HO R S~~~
o OH "O’ﬁ(\\w)\\“ \/\/\/\(
9 b H
o ol o o S~~~

o o o A0 S
HO’ O B
o o o "
.

o

o
H H -
. oN. T
N NW” NT NS HN H o H & H
N N HOLC
g ! J
HN O Ho
o HO o OH
heptapeptide fragment }%},u»« h
HO
on M

Isol. Actinoplanes teichomyceticus.
Only G+.

0
eptapeptide fragment

Isol. Streptomyces orientalis (= Amycolatopsis orientalis).

Grbakteria, Neisseria sp (G-). Mech as vanoc.m..

Inhib. Synth of mucopeptide polymer in cell wall. More lipid sol. than vancomycin, better distrib. In fat tissue
No oral uptake, Little resistance tox. Less than vancomycin;

Minimal degrad. In G, local treatment GI infect. Severe infect., few alternatives

Rel. tox, little resisence
Severe infections few other alternatives

Vancomycin

glycopeptide antibiotic,

attacking the D-alanyl-D-alanine
L]
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Inhibition of peptidoglycan cross-linking by Beta-Lactams
and Vancomycin and mechanisms of resistance.

N-Agetyl —— N-Azetyl
Glucosamine  Muramic Acid

-Ala

1 I;(:}Iu 2
e K
Jo 4
. T
L-Glu |
T DoAls

| 5

. Transpeptidase enzyme binds to D-Ala-D-Ala for cross-linking

. Vancomyecin binds to D-Ala-D-Ala preventing binding of enzyme.
. Beta-lactamase cleaves beta-lactam antibiotic.
. Changing terminal D-Ala to D-Lactate prevents vancomycin binding.

WK =

. Beta-lactam antibiatic binds to transpeptidase inhibiting cross-linking.

Isol. accllus subtilis.

Mixt of struct

(Bacitracin A, Al, B, C, D, E, F1, F2, F3 and G)
Bacitracin A main comp. Bacimycin.  D-Asp
Mainly G+.

Inhib. Synth. mukopeptide in cell wall. HOQM
Requires Zn2+ for activity Ney
N NH

N His

o

D-Phe
Lys(\)4

ol
NH
\*} \ﬂj:\ lle

e

N.

NW e Y 18

uo Cys lle
Cys/lle

Apyrw

Fusidinic acid

» Narrow spectrum: G+; Staphylloccocus aureus, corynebakteria
Streptococcus sp.(weak effect).

» Inhib. Protein synth.

» No cross resist.

Stereoid

14



Mupirocin

» Major of the p

produced by Pseudomonas fluorescens.

acids, an antibiotic complex
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