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1 Dificuldades na terapia do cancer

Antineopldsicos

\V 4
Fdrmacos anticrescimento
Células cancerosas Atingem também células normais,
multiplicam-se (sofrem tais como células do sistema
mitose) sempre mais hematopoiético, mucosa interna,
rapidamente do que todas as mucosa oral, foliculos capilares e
células normais pele

Leucopenia, trombocitopenia, anorexia, ndusea, vomito,
alopécia, cistite - podendo ser letais para o paciente
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i ;ﬁt'i‘hésplésicos
2.1 AGENTES DNA cross-linking

Bis-B-haloalquilaminas

€D

pH fisioldgico?

Efeito indutivo negativo = { basicidade da amina
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2 Antihebplésicos
2.1 AGENTES DNA cross-linking

e o, — e S e e

Sdo compostos extremamente eletrofilicos que reagem com
grupos nucleofilicos do DNA > ligagdo IRREVERSIVEL

e ¢ e
B a« R a B G'H Step 2: Intermolecul k R C
Cl—CH,-CHy=N-CH CH"E?" kit @N"R B " N i
: 2“-..._,..241 : Intramolecular {pf‘ N 0 |w\','%9'-'3“i"9'DNA
nucleophilic attack 5 .
8" 5 {N NH
Bis(p-haloalkyl)amine Aziridinium ion N N—;L NH, Alkylated DNA
I
Grupo amino n3o ionizado deoxyribose-5"-phosphate-DNA Step 3 Inframolecl
ep 3: Intramolecular
nucleophilic attack
O] ©
Cl ® - Step 4: Intermolecular attack G;@ RE) (;|Ej

® R
DNAﬂuanEne-CHg-CHz-I{J-GHz-GHz—guanin&DNA
Cross-linked DNA

Step 5: Hydrolytic depurnination

2 DNA (damaged)
Ndo pode se replicar
&) @
Cl Cl
® R ®

guanine-CHg-CHg-P:J-CHz-GHz—gu:a nine

0] . é-l‘lxl @
HN)IIN/_\E \/ ~"guanine-DNA
D H
HZN’L‘“N P|~| o

Azirdinium ion
DMA-5'-phosphate-deoxyribose

Roche, V.F. Cancer and chemotherapy. Lemke, T.L.. Williams, D.A.
Roche, V.F.. Zito, SW. Foye’s Principles of medicinal chemistry.
Filadelfia: Lippincott and Wilkins, 2013, cap.37, p.1199-1266.
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2 Antineoplasicos
2.1 Agentes DNA cross-linking
2.1.1 MOSTARDAS NITROGENADAS

CI\/\N/\/Cl
R

Aminodcidos de enzimas ou receptores de membrana
A

v" R ligado ao NITROGENIO - reatividade, toxicidade e biodisponibilidade

v' R alifatico » rapidez da formagdo do ion aziridinio. Toxicidade? -------- j

v" R aromatico = formacdo do ion aziridinio mais lentamente. Toxicidade?

Estabilizar par de elétrons por ressonancia




CI\/A\N/\\\/’Cl

Roche, V.F. Cancer and chemotherapy. Lemke, T.L.; Williams,
D.A. Roche, V.F.; Zito, S.W. Foye’s Principles of medicinal
chemistry. Filadelfia: Lippincott and Wilkins, 2013, cap.37,
p.1199-1266.
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Active mustard D'.H
b
IHCI HCI
R R
1 .-il-,\_‘ 1
o ™~Non a > N~"on
HOI © w_

Inactive Cl
dehalogenated dml‘{ ® r"ﬁ"ﬂH /
N=R

v R ligado ao NITROGENIO - reatividade, toxicidade e biodisponibilidade

v" R alifatico - rapidez da formagdo do ion aziridinio. Toxicidade?

v" R aromatico = formacdo do ion aziridinio mais lentamente. Toxicidade?




2.1.1 MOSTARDAS NITROGENADAS

+0,03

Mapas de potencial eletrostdatico comparativos entre moléculas com grupo N-CH; e N-Ph



2.1.1 MOSTARDAS NITROGENADAS

CI\J’/\‘N’/\\/Cl

R

Cl
H
C|\/\N"‘/\\/C|
|
CHs
cloridrato de mecloretamina
(Mustargen) - Alta reatividade,

muito toxico, uso limitado em
cdnceres hematoldgicos (IV).

Cl HoN
N\ “}_cooH
N
Cl’

melfalano (Alkeran) - Menos reativo.

Presenca do aminodcido L-Phe.
Administragdo por VO ou IV.

Transporte para a célula tumoral

Cl

clorambucila (Leukeran) - Menos reativo.
Administragdo por VO. Usado em leucemia
linfoide cronica, linfoma maligho e de
Hodgkin.

O ~Na“
O_IP\/O
O +
- Na

Cl estradiol

N-C-0

Cl
fosfato sédico de estramustina (Emcyft) -
PRO-FARMACO, administracéo por VO.



2.1.1 MOSTARDAS NITROGENADAS Roche, V.F. Cancer and chemotherapy. Lemke, T.L.. Williams, D.A.

Roche, V.F.; Zito, SW. Foye’s Principles of medicinal chemistry.
Filadelfia: Lippincott and Wilkins, 2013, cap.37, p.1199-1266.

\,o/—/
<:NH e

Cl
Yy R ©
ciclofosfamida (Cytoxan) - Pro-farmaco. Uso em H~C~CHy~CHa-S-CHx-CH>-S0;
cdnceres hematoldgicos e outros Mesna (Mesnex)
~ Rins e bexiga
N 2nf oy 5 Acrolein
Ativacdo hepatica > toxicidader IR ek e e
_ G HaPOs, NH3
0 MN(CHCHCI), 0, NICHCHCI) \\ N(CH:CHCl)z o
VO cveoseead _ Hy oo Hydrolysis _ HaN" 0 / — Ovy P~ /
- - =N
D iti Decomposition j \L
HD—J\_/J ﬁ eComposmon HEN,J’ \_\ pos o
H™ 0 Cl
Cyclophosphamide Carbinolamine Aldophosphamide Phosphoramide mustard (B
(Prodrug) (transported into cells) (transported into cells) pKa = E_TE (trapped in cells) S:]?:[Eechlometh}fl]
s
Cl—CH»>—-CH Cyclization Cyclization
CYP3A4 Chloroacetaldehyde
(N-Dechloroethylation (nephro- and neurotoxic)
@ ]
Cl !
" o~ c® O N,
Yo % ® & a _2h ®
HN’ -.G + HN’ \.G GI%N/ \D VMN -H leh{
AN VAN - AN
Inactive metabolites 49 Aziridinium ion FProtonated aziridine 29 Aziridine free

(major product at pH 7.4) base



2.1.1 MOSTARDAS NITROGENADAS

ciclofosfamida (Cytoxan) - Pro-farmaco. Uso em
cdnceres hematoldgicos e outros

Acrolein

{uro- and nephrotoxic)

G
0 N(CHCHCl)2 =/H

18]
L]
H=C=CHz2=CHz2=5=CH2-CH2-503

Mesna adduct
(water soluble, excretable)
S
HS-CHz-CHe=503
Mesna

o b@ﬁ HES=Cys

mn Y r . - - H= 'C =CHo=CHo=5=Cys
H=C—CmCHy Bladder cells
Acrolein Alkylated Cys in bladder
(generated in liver) / (toxigity}
GSH glutationa
in liver Cys-SH
GSH

’ Z o &
H=C=CHz=CHy~G5 H=C=C=CH;
H

In bladder

Acrolein
(released in bladder)

HaPO.4, NHa

Oy NICHCH,CI), 0 NICH;CHyCl)o
piod P HaN* B 0
HN™ ™0 CYP2B63A4 HN" O Hydrolysis _ Hz \J{ ,_/
HOY Decomposition Decomposition j \L
H~0 N C'
Cyclophosphamide Carbinolamine Aldophosphamide Phosph id tard :
(Prodrug) (transported into cells) (transported into cells) pKao:sz})ga{?:ép%gju; cells) Eﬂiﬁhlommhyl)
g
Cl—CHz—-CH Cytlization Cyclization
CYP3A4 Chloroacetaldehyde
(N-Dechloroethylation (nephro- and neurgtoxic) Roche, V.F. Cancer and chemotherapy.
c® Lemke, T.L.., Williams, D.A. Roche, V.F.;
cl @ o
QO NH 0 NHT™ cl i NH: . . s . .
[ W N/ ® ® Zito, S.W. Foye’s Principles of medicinal
in-Peo an-Peo Cla~p? N Chaorpt -H Cla . . e
¥ O@ N chemistry.  Filadelfia: Lippincott and
Fi L\. Q ® & I
+H Wilkins, 2013, cap.37, p.1199-1266.

Inactive metabolites

40 Aziridinium ion
{major product at pH 7 .4)

Protonated aziridine

3% Aziridine free
base



Cl

Qo ~/
Cl CN’S'”L\G
O 0
(¥

N H ifosfamida (Ifex)
Pro-farmaco, com ativagdo via
CYP3A4 e CYP2B6. Uso em CA

Cl testicular

Roche, V.F. Cancer and chemotherapy. Lemke, T.L.. Williams, D.A.
Roche, V.F.. Zito, SW. Foye’s Principles of medicinal chemistry.
Filadelfia: Lippincott and Wilkins, 2013, cap.37, p.1199-1266.

Ativacdo mais lenta = doses maiores

C o\ U« U

U CYP3A4/2B6 0O "N Hydrolysis o N
— = —_— =
| o 'lc.
Ifosfamide Carbinclaming H
transported into cells . )
L] ( P ) Aldoifosfamide
(transported into cells)
CYP3A4/2B6
{M-Dechloro-
ethylation) a
0% E Decomposition
\‘ E = ) _|
Cl=CH,=CH Acrolein
Chloroacetaldehyde
y (nephro-and neurotoxic) o - Cl
S
cl cl ’
[ NH
0. NH o. NH: cl o. NH; lfosfamide mustard
= =4 4 (trapped in cells)
TN 0" "NH

Inactive metabolites

Cydizaﬁy

'C!ZIE;I I:|:|} H
E"JKP{ _\_m

HN” ‘o
VAN

Protonated 3% aziridine
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2 Antmeoplésmos
2.1 Agentes DNA cross-linking
2.1.3 COMPOSTOS DE PLATINA (CISPLATINA)

Cl NH3

\Pt\
CI/ NH,

o

. Roche, V.F. Cancer and chemotherapy. Lemke, TL.. Williams, D.A.

Roche, V.F.; Zito, S\W. Foye’s Principles of medicinal chemistry.
Filadelfia: Lippincott and Wilkins, 2013, cap.37, p.1199-1266.

iman
Metal elétron deficiente = nucledfilos

v' Amplamente utilizado
v' Pt(IT) > “square planar geometry"

v Somatéria de cargas = zero

Mudanca de

HaN NH
HBI\J\PTMNH3 f 3 \(F’?t NH;
a” c H0 a” “oH,
Cisplatin monoaguo form
Cisplatin (active)
H,0
j\ ot
2H2r3 2
HaN NH HgN NH
~ / : Clsplatln diaguo
v \

form (active)
H.O OH-
NT (2 ,..J ( )
DMA- Guamne—Guamne—DNA

DMNA - Guamne—Guamne DMA

Diguanosine dinucleotide

conformacdo DNA

hidr

C ares de S

Lig hio
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2 Antineoplasicos
2.1 Agentes DNA cross-linking
2.1.4 Nitrosureia

0

CIVmHJL
|

~_-C
O=N H

carmustina

cl JL
)

lomustina

Roche, V.F. Cancer and chemotherapy. Lemke, T.L. Williams, D.A.
Roche, V.F.. Zito, SW. Foye’s Principles of medicinal chemistry.

Filadelfia: Lippincott and Wilkins, 2013, cap.37, p.1199-1266.

HO =N mh=CH= CHz

Acido vinil diazético

T Y L L L L LY

2 DNA = guanine

))W

Cl=C Hz--:Hz

LSS T
o
CH=CH; + H3C=C=H
Carbocation vinil acetaldeido
COz + HoN=R
Nz + GOy ‘
f—

* O=C=H-R =-——

\E‘]_Q‘
Derivado oxazolidina

1 &

4

Ci w(,fle%

'N3o enzimdtica
i D=N

isocianato

A

.

| N

Carbocation 2-cloroetil

| o

®

'r:l + pmCc=N=-R
® o
COg H isocianato
Clw
H Lys=MHz l
N

H n

Lys=H=C=MHR

o @ Carbamylated
=) Lys

DA guanine = CH3-CHy=—guanine =—DMNA
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2 Antlneoplésu:os
2.2 ANTIMETABOLITOS

v Farmacos tem semelhangas estruturais com substratos enddgenos

v' Atuam em enzimas envolvidas na sintese de nucleotideos = inibicdo do DNA
ou sintese defeituosa

v" Classificagoes:

1. Antimetabolitos de pirimidinas

2. Antimetabdlitos de purinas

0 NH, 0
CHs N
HN HN \
Aﬁ . k > My
H HoN N H
citosina uraC|Ia timina adenina guanina
Antimetabodlito de pirimidina Antimetabélito de purina




2.2.1 INIBIDORES DA DIIDROFOLATO REDUTASE: antagonista de pirimidina

DHFR crucial = FH4 = dTMP metotrexato
@4 EXC,

dcido félico PHER_ o DHER. o A5 A0 metileno-FH4
cofator

metilacdo

dTMP —= dUMP
timidilato sintase
A©

fluoruracila

HzNYN | N\]\/ n o DHFR: diidrofolato redutase
HN\H:[N/ - Q_f{N%‘/ FH,: diidrofolato
0 (s S )
2oL FH,: tetraidrofolato
acido félico cadeia lateral

dUMP: desoxiuridina monofosfato

HN. _No _N HN. N _N R bt N ) e
m J\/NHA, I | j\/NHAr 'TN(/W/\I[ j» dTMP: desoxitimidina
N N I t’{l monofosfato
(0] (o] T NATr

diidrofolato (FH2) tetraidrofolato (FH4) N5, N metileno-FH4

Patrick, G.L. Anticancer agents. In: . An introduction to medicinal chemistry. Oxford: Oxford University Press, 2013, cap.21, p.514-576



metotrexato

ys ~.\®

Proton absiracted N Release of hydride
dcido félico DHFR_ FH, DHFR_ FHy —= N5 N!0 metileno-FH4 hﬁ' cofactor N10 p‘j‘r m
cofator “H
dTMP d _..-.
timidilato sintase R H. ':Hj n
i° HH ‘T"':CH?:'*
fldoruracila o C-"DE'
L8]
cofator Eﬂn E"D 5-::3.-5
. E 'I'I'I}'n'ldj'laﬂ! Synthase
2
r
o 4 M Temary complex =)
LT o ° Yoy (enzyme-substrate-cofactor) H
- CODOH — o ;|| _
ﬁL\ ...-\‘‘""'-——'-Lt-""""".r H H
g 2 0% "N 3 N._-[CHal i CHgz
O o ! o H-:I:’-.:‘:D Py
OH o E‘ 0 )
S~Cys o=B=o-tzC o | 1}
HO - " s-nl:ys
SUME Thymidylate Synihase 4
L RO i
Serina hidroximetiltransferase (SHMT) ~ SHMT HE=Cys
E}hﬂjdﬂﬂ Thymityiate Synhase
sphate
Roche, V.F. Cancer and chemotherapy. (Regenerated yme)
Lemke, T.L.; Williams, D.A. Roche, V.F.; Zito,
S.W. Foye’s Principles of medicinal
chemistry. Filadelfia: Lippincott and H H o
NH N, .M HH N, .M GH
Wilkins, 2013, cap.37, p.1199-1266. *“rﬁ *‘Tﬁ HN .
NH NH " o © gk
o H Nt DHFR o o * E--F'-EI-H;.C
I:IH
MADPH
DHFR: diidrofolato redutase HO
FH, ou 7,8-DHF: diidrofolato H-E—n.’:H;-};-—CDC-H o H-E—:‘GH;];-—CDC-H
FH,: tetraidrofolato |!':|:u:-|-.':'..-' A |_I':|:u:}|3
dUMP: desoxiuridina monofosfato THF 7.8-DHF L
dTMP: desoxitimidina monofosfato




2.2.1 INIBIDORES DA DIIDROFOLATO REDUTASE

metotrexato

@ 4 WO

acido félico M»Flh BHER: FHy —= NS,N10.metiIeno-FH4l

dTMP —= dUMP
timidilato sintase <«———

A©

fluoruracila

HaN

H  CO.H

‘

metotrexato H¢ COyH

R H;NYN N o
\(/ A L 0 COH | H
| \ HN AN _N-
N ot ~ N N H
N N—F
HN — o
NH

COzH

scido félico
v' Antimetabdlito mais utilizado na quimioterapia

v" Inibidor da diidrofolato redutase

v’ Reducdo da sintese desoxitimidina monofosfato (dTMP)

Patrick, G.L. Anticancer agents. In: . An introduction to medicinal chemistry. Oxford: Oxford University Press, 2013, cap.21, p.514-576




Z=T

metotrexato 2? 1\
© 4 WO / ?
acido fdlico M FH, Eﬁﬂ, FHy —= N> N2 metileno-FH4 H

I

M= —({CHz)x-COOH
1
\_/ coo®

dTMP —— dUMP ~
timidilato sintase Protonacao Glu30 DHFR

Transferéncia de hidreto

NADPH
COOH

© W5
COO0 O A
‘“4IN ]\ ’J\ o H HN—@— C=N" ™(CHz)>-COOH

C-H (CH2)2-COOH

i © 7 8 Dihydrofolate
7,8-Dihydrofolate Asp27 (properly oriented)

\r’ E} H3{:. _@_ H
(ole]e) NH; 5 N C-N._ _(CH;),-COOH
4 N E] 'J\ T] '\r"

N 0
- N* = COOH
NH C=N""(CH2)>COOH ,:11 fQADPH
[:HE. W v F HQN I!| G'} M
i i Nao ha a redugdo FH2 - FH4
Methotrexate Glutamate tail E
Protonagao Glu30 DHFR AS:DETG Methotrexate
Roche, V.F. Cancer and chemotherapy. Lemke, T.L.; Williams, D.A. Roche, V.F.; Zito, S.W. {m|50r|ent€d)

Foye’s Principles of medicinal chemistry. Filadelfia: Lippincott and Wilkins, 2013, cap.37,
p.1199-1266.



2.2.2 INIBIDORES DA TIMIDALATO SINTASE

metotrexato
(9// \\9
acido félico mFH; DHER. FHy —= N5 N!0 metileno-FH4
dTMP = dUMP
timidilato sintase
\O©
fluoruracila
O (@]
uracila & ﬁ % ﬁ fluoruracila

v' Antimetabdlito direto

v' A presenga de F em €5 impede que o complexo farmaco-cofator-enzima se
desfaga

v' Administrado IV: cancer de mama e TGI

Patrick, G.L. Anticancer agents. In: . An introduction to medicinal chemistry. Oxford: Oxford University Press, 2013, cap.21, p.514-576



2.2.2 INIBIDORES DA TIMIDALATO SINTASE

o

o
F HM F
HM Orotate phopho- A
D'ﬂL'H rbosyliransfarase H'Dgp":"Hzﬂ': H
H L
O
HN F HO OH
I Fluorouracil E-Fluomundine
}\ {Prodrug) monophosphate
O N (5-FUMP)
H
LIMP l:hEEE-l
fluoruracila
' 4 D
Pro-farmaco HN F Riborucleotide HN F
 reductase
o o o P
HzDeP20=HaC I H:rDuFfD-I'hCS,:j
HO HO OH
S-Fluorodeoxyundine E-Flucrouridine

Roche, V.F. Cancer and chemotherapy. Lemke, T.L.. Williams, D.A.
Roche, V.F.; Zito, S.\W. Foye’s Principles of medicinal chemistry.
Filadelfia: Lippincott and Wilkins, 2013, cap.37, p.1199-1266.

diphosphate (5-F-dUDP)

Phosphatase l

diphosphate (5-FUDP)

QO
o
= ﬂ-“J"‘H -
HOWPO-Hal @

HO

[
F-Deaxyurdine I-&-«I‘-J]’F
kirase o7 UM
HD-HE': 0 |
HO
Floxuridine
(Prodrug)



2.2.2 INIBIDORES DA TIMIDALATO SINTASE

O { Efeito estérico
5
i ] MHz. _M E
)
Pt * .
HO3PO=HaC g NH -
\n
g  CooH
HO HT[EHQH
5-F-dUMP o coo®
fal bsirate
(false substrate) . o 5.10 MethyleneTHF
L] (cofactor)
Thymidylate Synthase
(enzyme)
FAST
o-F cannot be H
abstracted by 1
MHz. M. N
M10 of cofacior "Tﬂ' jﬁH
MH
M
o | wm
ofF CH; ‘@\rH COOH
M.__{CHzl
HN T
1_,.]\ 0 |::n::-::|"E:I
2o
& o Cm
E:':"E;G E& ate Synihase
o Al ymidylate Sym

Stable flucrinated temary complex

metotrexato

©4 E\C)

dcido félico M»FHz DHFR. FHy; —= N5 N!0 metileno-FH4

et Pt

dTMP —= dUMP
timidilato sintase
XS}
flGoruracila
(9] O
HMW | H HM | F
0 ,,,L A
©_ i 0~ N 0N
0=P=0=H,C 4 HOsPO-H.C
OH
HO
HO
dUMP
Fluordesoxiuridina monofosfato

Roche, V.F. Cancer and chemotherapy. Lemke, T.L.. Williams, D.A.
Roche, V.F.; Zito, S\W. Foye's Principles of medicinal chemistry.
Filadelfia: Lippincott and Wilkins, 2013, cap.37, p.1199-1266; Patrick,
G.L. Anticancer agents. In: . An introduction to medicinal

chemistry. Oxford: Oxford University Press, 2013, cap.21, p.514-576

Enzima irreversivelmente inibida = ndo ha formacdo de dTMP = morte celular




2.2 Antimetabdlitos
2.2.3 ANTIMETABOLITO DE PURINAS

) ,I\ T N‘> ] N“‘>
< P

| NN Ha™ N7 TN

Adenina Guanina 6-mercaptopurina 6- tioguanina

~N——
Inibicao da
HN HN \> 3 HN \ amidofosforibosil -
transferase
mercaptopurina l

H,0,PO "y ,O,PO

Efeito citotdxico
monofosfato de mercaptopurlna 6- metlltlosmato
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2.2 Antimetabdlitos
2.2.3 ANTIMETABOLITO - Inibidores da elongacdo do DNA

. . NH
citosina 2 NH, NH,
)
HO /g HO
N @)
N
OH OH OH F
OH . . . .
ribose citarabina gencitabina

v Inibem a DNA polimerase
v' Trifosfatos > ativos
v Na forma de ftrifosfatos, sdo incorporados ao DNA e interrompem sua

elongagdo e/ou inibem enzimas necessdrias a sua sintese



e e ST e

2.2 Antimetabdlitos
2.2.3 ANTIMETABOLITO - Inibidores da elonga¢do do DNA

NH
2 NH; NH2 NHz
Deoxycytidine
M M
S N gﬁj - = ,:j
| | o% N kinase oF N
HO HO-CHz o Hz03F0-CHsz o
N ) HO
o | N O H H
N
H ? HO HO
Cytarahine Ara-cytidine monophosphate
| (Cytidine arabinoside)
OH OH F
. i imidine mono-
: : : . Cytidine Deoxycytidylate Pyrimi
citarabina gencitabina deammasel deaminase and diphosphate
kinase
0 MHs
HM M
-:]""A"N {f”L M
RO-CH3z HyDgP30-CHa
H H
Roche, V.F. Cancer and chemotherapy. Lemke, T.L.; Williams, D.A. HO HO
Roche, V.F.; Zito, S.W. Foye’s Principles of medicinal chemistry. Uracil arabinoside (R = H) Ara-cytidine triphosphate
Filadelfia: Lippincott and Wilkins, 2013, cap.37, p.1199-1266. Uracil arabinotide (R = H203P) (active)

{inactive)
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2 Antineoplasicos
2.3 Agentes intercalantes
2.3.1 ANTRACICLINAS

Anéis planares

antraciclinas R' Rr?

doxorrubicina OMe OH OH
epirrubicina OMe OH
daunorrubicina OMe H

idarrubicina H

Patrick, G.L. Anticancer agents. In:

Agentes intercalantes

v' Anéis planares intercalam na
dupla hélice do DNA

v" Inibi¢do topoisomerase II
(processos de replicagdo)

v' Seletividade para células que se

dividem rapidamente

H H OH

. An introduction to medicinal chemistry. Oxford: Oxford University Press, 2013, cap.21, p.514-576




2.3 Agentes intercalantes
2.3.1 ANTRACICLINAS

Porgao aglicona

da antraciclina -

Anel tetraciclico

Remocgao de OCH,
facilita processo de

intercalacao com o
DNA (planar) L-daunosamina (agucar)

Participacao importante
na especificidade do
processo de intercalacao
com DNA

-Residuo fosfato anionico do
DNA

Complexo terndrio fdrmaco-enzima-DNA



2.3.1 ANTRACICLINAS

Mecanismos propostos para a cardiotoxicidade Cardiotoxicidade crénica

. Aldoketoreductase
Anthracycline -

hidroquinona

quinona

Cys-alcohol (rubicinal)

metabaolite
Toxico
Anthracycline CHO O OH gy I
hydroguinone ealkylation
Anthracycline aglycone \
HO o
MH- +O=0%
] Superocxide radical anion
Anthracycline
&
*IH I8 ASuperoxide dismalase
Cy2h Conjugation
[sulfation or
glucurcnidation)
*@H
H,O + Oy T HTE-QL- FOH + E-IP"‘ Fer®
Hydrogen Hydroooyl
peroxide radical
Toxico
miocardio
Roche, V.F. Cancer and chemotherapy. Lemke, T.L.; Williams, D.A. Roche, V.F.; Zito, S.W. Foye’s Sulfate conjugate

Principles of medicinal chemistry. Filadelfia: Lippincott and Wilkins, 2013, cap.37, p.1199-1266.



2.3 Agentes intercalantes
2.3.1 ANTRACICLINAS

I/\OH
NH
J/ cardmtoxmdade

HN

Sistema de
anéis planares \

k- !N Q

Patrick, G.L. Anticancer agents. In:

mitoxantrona

v' Andlogo sintético mais simples

v" Molécula simétrica

v' Relagdo estrutura-atividade: O,
OH e NH - importantes para

atividade

Estabilidade do anel quinona

l

ligacdao hidrogénio intramolecular

l

Resisténcia NADPH/CYP450 redutase

An introduction to medicinal chemistry. Oxford: Oxford University Press, 2013, cap.21, p.514-576
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2.3 Agentes intercalantes
2.3.1 ANTRACICLINAS

OH 9
C=CHa-OH
“itoH
CH=0 o oH é CHzo O oH é
o HO a
CH3 CH3z
HO
MH3 MH3
@ GI’E:I @ GIE)
Doxombicin hydrochloride Epirubicin hydrochloride
{Adriamycin) (Ellence)
Hz
OH © HN‘”‘V{;““"“‘UH
zcla
OH O HNVAMGH
CH3 Hz
HO
MNHz
& ::[E'I
Idaruhbicin hydrochloride
(ldamycin PF3)

Mitoxantrone hydrochloride
(MNovantrone)

2 Antineoplasicos

Roche, V.F. Cancer and chemotherapy. Lemke, T.L.. Williams, D.A.

Roche, V.F.; Zito, S\W. Foye’s Principles of medicinal chemistry.

e ;»7;‘—:-,‘3;‘5‘

Filadelfia: Lippincott and Wilkins, 2013, cap.37, p.1199-1266.

5
o OH S GmiCHCH: o on 9
C=CHa=0r C=CHg
JF"”DH J"l"ﬂ H
CH;0 © OH § CH; O ©OH 3
o o]
CH3 CHz
HO HO
=C= MNH
HN=C=CF3 ' o
Q cl
Valrubicin Da unurubic'm hydmchluride
{valstar) (Cerubidine)
Entrada na célula
Sar, J_,Sa:rh
L-FI'I'D; L—ﬁle".l'al L'l?"ﬂ L—Mnla‘.l"al E'
DVal O DVal © O CHaO=C=NHg
LThr o o ™ HzN OCHs
M, MNHz CHy M MH
O
o (]
CH3 CH3

Dactinomycin
(Cosmegen)

Mitomycin
{Mutamycin)



2 Antineoplasicos
2.4 Inibidores da mitose

sistema triciclico de 15 membros .
paclitaxel (faxol)

A
- N : L
Me v  Inibe  despolimerizagdo de

tubulina
v' Isolado de Taxus ssp
v’ Sintese completa em 1994,

porém inviavel

benzoil acetil v' Andlogos: dodetaxel, ortataxel

S—— (administragdo por via oral)

Patrick, G.L. Anticancer agents. In: . An introduction to medicinal chemistry. Oxford: Oxford University Press, 2013, cap.21, p.514-576



'3 Antlnoopltsic&s»
3.4 Inibidores da mitose

Relacdo estrutura-atividade _

istema triciclico de 15 membros

acetil

paclitaxel



Leu217

Leu230
Ala233 Phe272
Ser236 Leu275
rhezrz 9 Trr276
His229 [H,c-C- Ser277
© H3C O Arg278
Asp26 J OH
3 NH
@M@Il- Thr276 (NH)
HO'2' o 7 Leu217
licacio HO ~
Arg369 hidll'gjgggr?io o 5 % Leu230
G|y370 (NH) intramolecular AC Orienta C4 Phe272
= sitio Leu275
Arg278 hidrofébico
Leu217
Leu219
His229

Leu230



3 Antineoplasicos
3.4 Inibidores da mitose
- Alcaléides da VINCA

Porgao catarantina

vincristina vimblastina Por¢ao vindolina

vinorelbina

v' Ligam-se a tubulina e previnem a polimerizagdo de microtidbulos
v' Diferenca: agdo, poténcia e toxicidade

v' Porgoes (cataramina e vindolina) sdo essenciais para agdo

Patrick, G.L. Anticancer agents. In: . An introduction to medicinal chemistry. Oxford: Oxford University Press, 2013, cap.21, p.514-576
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