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Chemotherapeutic Agents

Drugs to Treat Neoblastic Diseases-
Section 4- Mitosis Inhibitors

Sara Rasoul-Amini, Pharm D, PhD in Medicinal Chemistry;
Department of Medicinal Chemistry, School of Pharmacy,
Shiraz University of Medical Sciences(SUMS)- Mar2024,



Foye's 2019

ceren § 3

MITOSIS INHIBITORS Drugs Used to Treat
» Cabazitaxel Neoplastic Diseases

Victoria F. Roche

* Docetaxel
* Eribulin

* |xabepilone
* Paclitaxel
* Vinblastine
* Vincristine
* Vinorelbine
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Pharmacologic lassification of
Chemotherapeutic Agents- Contd.

V. Mitosis inhibitors: natural compounds
VI. Tyrosine Kinase and related inhibitors
VIl. Histone deacetylase inhibitors

VIII. Immunomodulators

|X. Miscellaneous: hormonal, and specific agents
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V. Mitosis Inhibitors:

(Antimitotic Agents)
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V. Mitosis Inhibitors
(Antimitotic Agents):

V.1l.Taxan

V.3. Vinca Alkaloids
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Mitosis

* Microtubules: consist of a,f3, y- Tubulins
v’ lie adjacent to one another

v dynamic stability

v’ polymerization (elongation)

v and depolymerization (shortening):

v through GTP, Ca dependent processes.

« Microtubule associated proteins: MAPs
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V. Antimitotic Agents

e \/.1. Taxanes: Docetaxel: Paclitaxel: Cabazitaxel

e V.3. Vinca Alkaloids: Vincristine: Vinblastine: Vinorelbine

« MOA: interfere with the formation of mitotic spindle;
hence prevents mitosis
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Antimitotic Agents: MOA by Image

 MOA: interfere with the formation of mitotic spindle;
hence prevents mitosis

A S (8)
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Antimitotic Agents

* Vinca alkaloids

 Taxanes

 MOA: interfere with the formation of mitotic spindle;
hence prevents mitosis

Yinca alkaloid

Microtubiule
Free Winca —bound Faracrestaline
tubulin tubulin dirmers agoregates
dimers
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Taxanes

Faclitaxel (Taxal)

Epothilone
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Ixabepilone (lxempra)

Figure 33.35 Mitosis inhibitors.
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Vinca alkaloids:

o OH
o 'H

1|H?..-

Antimitotic Agent- Contd.

C0zCH;

Vincristine sulfate {Vincasar PFS)

Figure 33.35 Mitasis inhibitors,
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V. Antimitotic Agents:1.Taxanes

« Taxanes: Paclitaxel (Taxol®)
Docetaxel (Taxotere®)

Cabazitaxel (Cabotax®)
« Chemistry:
tricycle-pentadecane (15-membered) fused to oxetane:

Taxanes
@\; :
LTl H‘D =
O CH3)}sC=0. .0 o (CH3}C-0._0| h.c
- ) ; oH LS00 hie OH i ; OCH
- NH H = H
Oty [, O o OB E 3 )
HO" 2 g s iH HGY X 1 . \H O » " "\H
HO 5 O HO 5 o g o\ _§
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0 0 0
Paclitaxel (Taxol) Docstaxel (Taxoters) b Cabazitaxel (Jevtana)
12
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V. Antimitotic Agents:1.Taxanes: Chemistry & SAR

« Chemistry:
v tricycle-pentadecane (15-membered) fused to oxetane:
« SAR:

v butterfly conformation: “Northern & Southern” segments
v' C13-R-phenyl-iso-serin: which is N-acylated vy o
v differ in substitutes at C7,C10 & C13

v’ essential functional groups regarding interaction sites
(next slide)

Paclitaxel: Ry =CgHs: Ry = Ac
gaxol. Onxol, Abraxane)

ocetaxel: Ry = (CH3)3C-O; Ry =H
(Taxotere)
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Binding Interaction Points for Paclitaxel(Taxol®)

¢« C12

e C3’-
e C3’-
e C3-

Taxanes:

ohenyl

R2-0
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o
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Paclitaxel: Ry = CgHs; Ry = Ac
Taxol, Onxol, Abraxane)

ocetaxel: Ry = (CH3)3C-O; Ra=H
(Taxotere)

C2-benozyloxy: phenyl/carbonyl
C4-acetoxy
C7-OH
-CHj,
Oxetane oxygen
C2’-OH
penzamido-NH
penzamido-carbonyl

1r2Q

Table 33.12
Interactions

Paclitaxel-[i- Tubulin Binding

Paclitaxel [-Tubulin
Functional Binding
Group Residues Interaction
C-benzroyvlaxy Leu2l7, Leu2 19, Hydrophobic
phenyl Hisd2?, Lew2 30
C-benzovloxy Arglra Hydrogen bond
carbonyl

C,-benzamido MH

C,;-benzamido
carbonyl

C,-phenyl

C~acetouy

C-OH

Ci-CH,

C,-OH

C,-carbonyl

Orxetane oxygen

Asp2é
His229

Ala233, Serlis,
Phe2?2

Leu2l7, Leu230,
Phed72 Leu27?5

Thr276 Ser77,
Arg278

Leud |17, Leu 30,
Phe2/1, Leul7s

Arg3s9, Gly370
(MH)

Gly370 (NH)
Thr276 (NH)

Hydrogen bond
Hydrogen bond

Hydrophobic

Hydrophaobic

Hydrogen bond

Hydrophobic

Hydrogen bond

Hydrogen bond
Hydrogen bond



Metabolism of

Paclitaxel & Docetaxel
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FIGURE 37.44 Metabolism of the taxane analogs.
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Metabolism of

g

5 F @_\/] Paclitaxel
b r & Docetaxel
2-Hydroxypachtaxel 3'=Hydroxypaclitaxel
CYPIA CYPAAL
ﬁ-.,{:lH
mpw
Paclitaxel Crpec
Bo-Hydroxypachtaxel 3, Bu-Dihyvdroxypaciitaxel
(major metabolite)
H;:HlT—EH o) oot "€ o
Hi o
T o 0\ L
r=4 —cT ,C—hH HOW 2

Docetaxel rvpasg I o

Lvram HC . ; ]
— =
C]’Y —Aonal : &H
) dehydrogena se oH

Hydroxydocetaxel Aldehyde \ Diasteriomeric ydroxy-
]

w3

{major melabolite) dehydrogenas oxazolidinone metabaolites

SRAmiIni Mar2024
Figure 33.36 Taxane metabolism.

16



DQEI.-FH Hﬂ.: 0
Hyl ;-=|::-
CH TJ | @ Fj:
i L.IH H_]_E..___c..-' ~—

|| &
) - ] e

HoW o
— 3 7

o= Oyl — O

Metabolism  (mair metabaie

Docetaxel rypaag

--urE

Aldehyde Diasteriomeric hydroxy-
{major metabolite) dehydrogenase oxazolidinone metabolites
Of Docetaxel ne
- 8
& Cabazitaxel R
QOCH, :
3 -
[——" WH OH
6 o'\ o Oxazolidinedione
Ac metabolite
CYP3IAAS 0‘42
10-Desmethyicabazitaxel
; (active)
Cabazitaxel

7,10-Didesmethyicabazi-
laxel (doxelaxel, active)

Figure |

17



Metabolism of Cabazitaxel
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. Antimitotic Agents: 2. Epothilones

Epothilone B

s 0
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Ixabepilone (Ixempra)

Figure 33.38 Epothilones.
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V. 2. Epothilones: Comparing Ixabepilone to Paclitaxel

lxabepilone

! HO
. -
@_-./_<m -
MH
0
Paclitaxel

Figure 33.37 Complementary ixabepilone and paclitaxel functional
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V. Antimitotic Agents: 2. Epothilones: Chemistry & MOA

« Chemistry:
v macrolide:15-membered beta-hydroxy lactone/lactam
« Epothilone A: lactone(R=H) s :
|
 Epothilone B: lactone(R=CH,) ﬂl‘,)% OH

 Ixabepilone: lactam instead of lactone
« Superior efficiency to taxanes: simpler structure;

v' better water solubility: without side effects of cremophor
v lower p-gp efflux

« MOA: inhibition of microtubule function;
v" stops cell from proper dividing
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V. Antimitotic Agents: 3.Vincas

Vinca alkaloids: Catharanthine

"'u'riﬂljﬂ”r:gf[-]i]rtiﬂﬂ

Vincristine sulfate (\Vincasar PFS) Vinblastine sulfate (Velban) Vinorelbine tartrate (Navelbine)
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V. Antimitotic Agents: 3.Vincas:
Chemistry & SAR

« Chemistry: alkaloid: vindoline+ catharantine(velbanamine)
v’ steric position of connection of two polycyclic portions

v Vinblastine

v Vincristine

v Vinorelbine

» Structural difference:
v' C6’-C9’bridge length

v' C3’-C4’ bond: de/hydro

v C4’-substitution: OH & Et
v" N1-substitution

Vinca alkaloids:

JH;_»CH:’

¢

N
H

,N'

, CO,CH,

b
HO=C-CO.H
HO-C-COH

oS o
PH 0 QAc

HgC H o (CO:CHg

Vinorelbine tartrate
(Navelbine)
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Vincristine sulfate: R =CHO
(Vincasar PFS)

Vinblastine sulfate: R =CH;
(Velban)
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V. Antimitotic Agents: 3. Vincas:
Structural & Potency Comparison

 Vinca alkaloids: vindoline + catharantine

v Vinblastine (Velban®): lowest affinity

v" Vincristine (Oncovin®): highest affinity

v Vinorelbine (Navelbin®): semisynthetic Vincristine

 MOA: interfere with the formation of the mitotic spindle
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Metabolism of Vincas
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Figure 33.40 Major merabolites of vinca alkaloids.



