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H XHMEIA THZ FAPMAKEYTIKHZ ETTIZTHMHZ

Mari “"xpeialeral” n xnueia orn
$apHAKEVUTIKA;

OepaneuTikn Kai
PappakeuTikn EmioTAun
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YVWOEIC "IaTPIKAC™ emioThpng  YVWOEIG TNC Xnpeiag Tng OepameuTikng
(puoioAoyia, avatopia, TofikoAoyia, (qpapuaxzur/'m XNpela, Xnpikn PGUH (s
pappakoAoyia, PIoYapUaKeUTIKR KAT) @appakohoyiag, Xnpiki ProAoyia KAw)
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H XHMEIA THZ FAPMAKEYTIKHZ ETTIZTHMHZ

lMari xpeialerar n opyavikn
xnhueia otn EapUaKeUTIKA;

YVWOEIC TNC XNHEIAC TNC OepameUTIKNG
@appakeuTikn xnueia (4,5,6,7 e€aunvo)

R ERE

pappakoAoyia opYavikn xnpeia
(aAAnAemidpaocic (oUvBeon @appdkwy, aAAnAemidpdaoceic
Pappaxkouv-umodoxEa) @aApHAKOU-UT0doXEQ)




H XHMEIA THZ FAPMAKEYTIKHZ ETTIZTHMHZ

MNari xpeialerai n opyavikn
xnupeia otn FapUakeuTIKA;

opyavikn xnueia
(oUvOeon @appakwyv, aAAnAemidpaoceic
papHAaKou-uUmodoxEaq)

eKpHaAOnon Hiac woAU mpooeyyIoTIKNG “'YAwooac'
moU mpoPAETeEl evToUTOIC Th YUoNn HE KAAn
akpipela kai €xel odNYNOEI OTA TEPIOOOTEPA
ongepiva pappaka




H XHMEIA THZ FAPMAKEYTIKHZ ETTIZTHMHZ
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PAPUAKEUTIKA oUVOeEoN: 0 TOHEAC TNC YAPHAKEUTIKNG
XNHEIag mou axoAcital HE TRV opyavikn ocuvOeon wappHakwyv

< _gUvBeon
TAPAKETAPOANG
T
NH, H—N—C—CHjs
H,O
+ CH3—C||3—O—(”3—CH3 —— + H—O—C—CHjs
Ot 20 b
OH ofI1kOC avudpiTng OH ofik6 ofu

T-akeTapdowaivoAn n

- apivopdaivoAn
mapakeTapoAn (95%)



OPIANIKH XHMEIA
Karoiec e€eAifeic oTo medio opyavikng xnueiac:
ouvOeon wOAUTTAOKWY (YUOIKWY TPOoiovTWY

Ph
DA\I“::JH 0
Ph ”-\EAJ\D----

Taxol (avtikapKiviko):
Nicolaou K. C. et al. J. Am. Chem. Soc. 1995, 117, 653.

0
H,N .
OH Brevetoxin B
Nicolaou K. C. et al. J. Am. Chem. Soc. 1995, 117, 10252.
Vancomycin (avtiuikpoBrakoé kotd Bavatndopwv pikpoBiwv Brevetoxin A kat B(moAuatBeptkég veupotofiveg):

Angew. Chem. Int. Ed. 1999, 38, 240 Nicolaou et al. Nature 1998, 392, 264




OPIANIKH XHMEIA

Karoiec e€eAifeic oTo medio opyavikng xnueiac:
2UvOeon Brvetoxin B

- oy
[G-endo epoxide
opening]

PH"

GBn

[cuprate coupling]

LN e
o ;e o=
E
[lactonization'
[lactonization/
triflate farmation]

Lol Eowm
m
[ e — e
P o
triflate formation] H
Tesold®

H e
jGHO

Pivey

[G-erndo epoxide
opaning]

[Mozaki—Hiyama—
Kishi coupling]

OBn

[hydroxy Michael
cyclization]

OBn

[G-endo epoxide
opening]

[intramolecular HWE]

Brevetoxin B

MeO), 0P _ A H o H
Nicolaou K. C. et al. J. Am. Chem. Soc. 1995, 117, 10252;
Nicolaou K. C. J. Org. Chem. 2009, 74, 951.



OPIANIKH XHMEIA
Karoiec e€eAifeic oTo medio opyavikng xnueiac:
ouvOeon wOAUTTAOKWY (YUOIKWY TPOoiovTWY

Ho? - “oH

A1

"Synthesis of Palytoxin from Palytoxin Carboxylic-Acid". E. M. Suh and Y. Kishi, /. Am. Chem. Soc. 1994, 116
(24): 11205-11206. "Total Synthesis of Palytoxin Carboxylic-Acid and Palytoxin Amide". R. W. Armstrong, J.
M. Beau, Y. Kishi et al. J. Am. Chem. Soc. 1989, 111, 7530-7533.




OPIANIKH XHMEIA
Karoiec e€eAifeic oTo medio opyavikng xnueiac:
Bpapeia Nobel xnuciac

TABLE 1.  Nobel Prizes in Chemistry for Organic Synthesis and Related Areas (1901—2008)

year laureate citation

1902 Emil Fischer “in recognition of the extraordinary services he has rendered by his work
on sugar and purine syntheses”

1905 Adolf von Baeyer “in recognition of his services in the advancement of organic chemistry

and the chemical industry, through his work on organic dyes and
hydroaromatic compounds™

1910 Otto Wallach “In recognition of his services to organic chemistry and the chemical
industry by his pioneer work in the field of alicyclic compounds™
1912 Victor Grignard “for the discovery of the so-called Grignard reagent, which in recent
years has greatly advanced the progress of organic chemistry™
Paul Sabatier “for his method of hydrogenating organic compounds in the presence of

finely disintegrated metals whereby the progress of organic chemistry has
been greatly advanced in recent years”

1930 Hans Fischer “for his researches into the constitution of haemin and chlorophyll and
especially for his synthesis of haemin”
1937 Norman Haworth “for his investigations on carbohydrates and vitamin C”
Paul Karrer “for his investigations on carotenoids, flavins and vitamins A and B;” .
1938 Richard Kuhn “for his work ogn carotenoids and vitamins” NICOIaOU K C J Org Chem 2009; 74;
1939 Adolf Butenandt “for his work on sex hormones”
Leopold Ruzicka “for his work on polymethylenes and higher terpenes” 951.
1947 Sir Robert Robinson “for his investigations on plant products of biological importance,
especially the alkaloids™
1950 Otto Diels and Kurt Alder “for their discovery and development of the diene synthesis™
1955 Vincent du Vigneaud “for his work on biochemically important sulphur compounds, especially
for the first synthesis of a polypeptide hormone™
1057 Lord (Alexander R.) Todd “for his work on nucleotides and nucleotide co-enzymes”
1963 Karl Ziegler and Giulio Natta “for their discoveries in the field of the chemistry and technology of high
polymers™
1964 Dorothy Crowfoot Hodgkin “for her determinations by X-ray techniques of the structures of
important biochemical substances™
1965 Robert B. Woodward “for his outstanding achievements in the art of organic synthesis”
1969 Derek H. R. Barton and Odd Hassel “for their contributions to the development of the concept of
conformation and its application in chemistry™
1973 Ernst Otto Fischer and Geoffrey Wilkinson “for their pioneering work, performed independently, on the chemistry of
the organometallic, so called sandwich compounds”
1975 John Cornforth “for his work on the stereochemistry of enzyme-catalyzed reactions”
Vladimir Prelog “for his research into the stereochemistry of organic molecules and
reactions”
1979 Herbert C. Brown and Georg Wittig “for their development of the use of boron- and phosphorus-containing
compounds, respectively, into important reagents in organic synthesis”
1981 Kenichi Fukui and Roald Hoffmann “for their theories, developed independently, concerning the course of
chemical reactions”
1984 R. Bruce Merrifield “for his development of methodology for chemical synthesis on a solid
matrix”
1987 Donald J. Cram, Jean-Marie Lehn, and Charles J. Pedersen “for their development and use of molecules with structure-specific
interactions of high selectivity”
1990 Elias I. Corey “for his development of the theory and methodology of organic
synthesis”
1994 George A. Olah “for his contribution to carbocation chemistry™
1996 Robert F. Curl, Jr., Harold W. Kroto, and Richard E. Smalley “for their discovery of fullerenes”
2000 Alan J. Heeger, Alan G. MacDiarmid, and Hideki Shirakawa “for the discovery and development of conductive polymers™
2001 William S. Knowles and Ryoji Noyori “for their work on chirally catalyzed hydrogenation reactions”
K. Barry Sharpless “for his work on chirally catalyzed oxidation reactions™

2005 Yves Chauvin, Robert H. Grubbs, and Richard R. Schrock “for the development of the metathesis method in organic synthesis™




OPIrANIKH XHMEIA
Karoiec e€eAifeic oTo medio opyavikng xnueiac:

ouvOeon YaApHAKWY - PApHAKOHOPIWV

o o -

@ S*NJJ\NHE CI"'J\, CDZH MOH
N N

. :3 o MCSLL e

| Armodafinil Il Asenapine maleate 1l Besifloxacin hydrechloride

o]

A

HN NH

o D%,NH
1,0 N,\n,u ¢u

NMe;z
0/\/\© H
* HCI

2

« CH5CO,H H \'“/
IV Dapoxetine hydrochloride V Degarelix acetate 0 NHz
CFq
(o]

(Lv Oug @—DMNM
N/""—-.,V,S"' / | .
VI Dexla nsnpraznl

0
) s
N_‘{/O H 4/%,) B /I\/Oﬁ\/
N\l/i\.NN 'LJ?I“N f{_{_; NG~ . sj o
HQN’Ji‘D Nka oH

.2 NHECHQCHQOH
Vil Ekrombopag olamine IX Eslicarbazepine acetate

VIl Dronedarone hydrochloride

X Febuxostat

Liu, K. K.-C. Bioorganic & Medicinal Chemistry 2011, 19, 1136.




OPIANIKH XHMEIA
Karoiec e€eAifeic oTo medio opyavikng xnueiac:
ouvOeon YaApHAKWY - PApHAKOHOPIWV

o 0O

HO HO
HO MGE[
Q\fﬂ Br 53 lds 0 HMTA, BPA o ls 0
EtOH, T4 4 80°C 4
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52 54 55
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NH,OH-HCI
56 OHC | 5 O HCO3Na NC |\E\>_{G 2 N NaQH
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OPIANIKH XHMEIA
Karoiec e€eAifeic oTo medio opyavikng xnueiac:
Mopiakoi wepioTpoweic (molecular rotors)

The prospect of synthetic molecular motors was first raised by the
nanotechnology pioneer Richard Feynman in 1959 in his talk There’s
Plenty of Room at the Bottom (manipulation of the atoms without
much modification to move)

A Chemically Driven Rotor Motion: triptycene rotor coupled to helicene, is capable of
performing a unidirectional 120° rotation): Kelly at al. Nature 1999, 401, 150-152.




OPTANIKH XHMEIA
Karoiec e€eAifeic oTo medio opyavikng xnueiac:
Yweppopiakn xnueia (supramolecular chemistry)

Cryptands are a family of synthetic bi- and polycyclic multidentate ligands for a variety of cations:
Nobel prize in Chemistry by Donald Cram, Jean-Marie Lehn, Charles J. Pedersen: efforts in
discovering and determining uses of cryptands and crown ethers, thus launching the now

flourishing field of supramolecular chemistry
7 N\
@) Z @)
O

¢ g
\\fs/ O\{I /O

N[CH,CH,0CH,CH,0CH,CH,];N:
1,10-diaza-4,7,13,16,21,24-hexaoxabicyclo[8.8.8]hexacosane

2.2.2-Crypatnd encapsulating a potassium cation (purple) (x-ray
diffraction.




OPIANIKH XHMEIA

Karoiec e€eAifeic oTo medio opyavikng xnueiac:
Yweppopiakn xnueia (supramolecular chemistry)

Hmf\l NNONLONUN N0\ _0NUN

bl SO xntfﬂj

1 2

More Cryptands and energy transfer B. Alpha, J.-M. Lehn, G. Mathis, Angew. Chem. Int. Ed. Engl. 1987, 266.




OPIANIKH XHMEIA

Karoiec e€eAifeic oTo medio opyavikng xnueiac:
Yweppopiakn xnueia (supramolecular chemistry)

Rotaxanes are molecules composed of one or more

. : . +N NG
templates, encircling one or more linear components which are N ﬂ @4
terminated by bulky stoppers at their ends. Bravo, J. A. et al. Eur. 1 8e4PF,

J. Org. Chem. 1998, 2565. 2 9¢4PFg



OPIANIKH XHMEIA
Karoiec e€eAifeic oto nedio opyavikng xnueiac: Téxvn
kai Mopiakn apxitektovikn (molecular architectures)

Bx L _E_O
k /IVVVV 132 13

R
AXAXXVA@D} i

689 690

Three-membered molecular architectures, De Meijere A. et al.
Chem. Rev. 2006, 106, 4926.

Pentacycloanammoxic Acid from anaerobic microbe Candidatus
Brocadia anammoxidans Mascitti, Corey J. Am. Chem. Soc.

CH 00H
(CH:);C 2006, 128, 3118.

1

[]p™? +16.7 (¢ = 0.3, CHCIly
mp=113-114°C




PAPUAKEUTIKN oUvOeon: o ToHEAC TNC YAPHAKEUTIKAG
XNHeiac mou axoAcital HE TV opyavikn ouvOeon @apHaKwy

<= guvOeon opyavikoU mwpoiovTog

<~ dwopHOVWON 0pyavikoU mpoiovrog

< kaBapiodoc opyavikoU mwpoiovrog




QAPUAKEUTIKA oUVOEON: 0 XWPOC TNC PAPHAKEUTIKNG
XNHEIAC mou axoAcital HE TRV opyavikn ocuvOeon wappHakwyv

< _gUvBeon
TAPAKETAPOANG
T
NH, H—N—C—CHjs
H,O
+ CH3—C||3—O—(”3—CH3 —— + H—O—C—CHjs
Ot 20 b
OH ofI1kOC avudpiTng OH ofik6 ofu

T-akeTapdowaivoAn n

- apivopdaivoAn
mapakeTapoAn (95%)



PAPUAKEUTIKN oUvOeon: o XWpog TNC YAPHAKEUTIKAG
XNHeEiac mou axoAcital He TNV opyavikn ouvOeon @apHaKwy

< gUVOEON opyavikwy Hopiwy -@apUakwy

stand

magnetic x>
stirrer bar ————<=>
: ! //— 5 \'\ '—/
stirrer/hotplate —{ = ©-= :@':
— = Hj




cpapu'akeurmr'\ ouUvOeon: o XwWpoc TNGC PAPHAKEUTIKAC
XNHEIAc wou axoAcital HE TRV opyavikn ouvOeon wapHaKwyv

o guUvOeon opyavikwy Hopiwy-@apuakwy

guard tube ——— 1 cotton or glasswool

: N water out
drying_~ stopper
agent

condenser—— addition funnel
water out addition funnel water in
clamp - /
clamp clamp

condenser — s
Claisen adapter ——

/ 0 O clamp clamp
water in

2-neck flask ———

boiling stones —— 7 [—heat.source heating——
bath
by ]
ol M7 = *magnetic stirrer/— =1 N, S, _‘
=©" @)= hotplate Z©*° =©)= J
J = —J =




QPAPUAKEUTIKN oUvOeon: o XWpog TNC PAPHAKEUTIKAG
XNHEIAc wou axoAcital HE TRV opyavikn ouvOeon wapHaKwyv

<~_KATEPYAOia HiyHaToc avridépaonc - dwopHovwon mpoioviog




PAPUAKEUTIKN oUvOeon: o ToHEAC TNC YAPHAKEUTIKAG
XNHeiac mou axoAcital HE TV opyavikn ouvOeon @apHaKwy

< KaOapiopog opyavikoU mpoiovrog

KAdopaTikn anéorafn yia tov avakpuoTdAAwon yia Tov kKa®apiopo
KaBapiopd Uypwv TpoiovTwyv OTEPEWV TPOIOVTWYV

XPWHATOYPAPIKOC KAOapIoHog



PAPUAKEUTIKN oUvOeon: o ToHEAC TNC YAPHAKEUTIKAG
XNHeiac mou axoAcital HE TV opyavikn ouvOeon @apHaKwy

< kaBOapiopdc opyavikoU wpoiovrog

KAdoHaTIKA aroéoTaln yia Tov
KaBOapioHo Uypwv mpoiovTwyv

thermometer

@n
i
1 clamp
still head — ¥ ] condenser
TN ,/
ii:il | : 7 > < //
‘pig’ type
. receiver adapter
: water out
fractionating . L
column 0 D\ Waterin -receiving flasks
|
clamp ™S
' laboratory jack

to support flasks

I

heat
source




cpapu'axeunxr'\ ouvOeon: o ToHEAC TNC PYAPHAKEUTIKNG
XNHEIac wou axoAcital HE Thv opyavikn ouvOeon wappakwy

< kaBOapiopdc opyavikoU wpoiovrog

XpWHATOYPAPIKOC KAOapiopog

funnel containing
additional solvent
- solvent

i —sand
Febd
sand.
adsorbant . ; ’
= grease applied
sparingly to the edge of
the stopcock only
/\
_cotton wool i
- glass | -l .
sinter disk




PAPUAKEUTIKA oUvOeon: o ToHEAC TNC YAPHAKEUTIKAC
XNhHeiac mou axoAcital He TV opyavikn ouvOeon @apHakwy

<~ KaOapiouog opyavikol mpoiovrog

< N avakpuoTaAAwon XpnoIHOTOIEITAl Yyid TOV
KaOapIoHo OTEPEWV TPOIOVTWY amd
npooeiEIc: TPWTEC UAEC Tou dev avrédpaocav i
TAPATAPOIOVTA A0 TAPATAEUPEC AVTIOPAOEIC

< avakpuotaAlAwon: diadikaocia Kara Tnv omoia n
emOuunTn akaBapTn oTteped oucia diaAUeTal oe Eva
O1aAUTNn ev Oeppw Kai kataPuBiletar pe Yo€n Tou
d/To¢ oc ©/cia wepiPAAAovToc N eV Yuxpw

o mpoopeifeic: adialuteg ev Oeppw (A), diaAutéc (A)



PAPUAKEUTIKN oUvOeon: o ToHEAC TNC YAPHAKEUTIKAG
XNHEIac wou axoAcital He Thv opyavikn ouvOeon wappakwy
< kaOapiopdc opyavikoU mpoiovroC: avakpuoTaAAwaon

oIndnon uno
papUTnTa and
Beppd SidAupa | TTUXWTO | Fn0nua: G d1enon
akadaprng nBuo diaAupa YoEn a6'|‘|é\l(\t'1m§ :g,% nBuoéc (xwvi
oTEPEAG 2 (Bepuo) .| ouoiac- »|  Buchner):
ouaiag-oToxou ouciag- OTOXOU + oucia-oToxog
+ (A) + (A) a'roeX)u + ZZ)
' )
nOuog: (A) mou dIndnya :
TETACOTETAl d1aAupa {IA) ToU

TETACOETAI

thick walled tubing

flat filter paper

vacuum release tap

to vacuum
e —

Neoprene® adapter

clamp




Topéag @apuakeuTikng xnueiag: http://www.pharm.uoa.gr

oUvOeon evwoewv pe
pappakoAoyikn dpaon

PAPPHAKEUTIKA peGodoAoyia opyavikng ouvOeonc

eia ’ o 1 1
XNH HEAETN TNG dOHNG TWV dPAOTIKWY EVWOEWV

(paoparookoria NMR, umoAoyioTikA Xnpeia)

HEAETN TNC aAAnAerwidpaonc Twv OPAOCTIKWY EVWOEWV HE TOV UrodoxEa
(in vitro assays, paopatookonia NMR, umoAoyioTikn xhueia)

PAPUAKEUTIKA  avantufn avaAuTikwyv peBodwv yia Tov mtpoodiopiopo PloAoyika
avaiuon OpACTIKWY HOPIWV-APHAKWY OE OKEUAOHATA, VIOAOYIKA Uypd KAm
(LC-MS, HPLC-UV, gaopatookomia NMR KAT)



Structure evolution of some synthesized aminoadamantanes

NH,
NH,
1 . 2 CHs3
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4a: R=H 9a: R=F1 6a: R=H 7a: R=H 8a: R=H
4b: R=CHs  5b: R=CHs 6b: R=CH3  7b: R=CHz  8b: R=CH3

v
@L NH @(NHZ NH
9 10 11

A. Kolocouris et al. Bioorganic and Medicinal Chemistry Letters 2003, 13, 1699-1703.
A. Kolocouris, et al. Bioorganic and Medicinal Chemistry Letters 2008, 18, 6156-6160.



Interactions between M2 protein blocker drugs and their receptor
(synthesis of reporter molecules,
NMR spectroscopy, structure calculations)

NMR SPECTROSCOPY
Interaction between a fluorine labeled amantadine analog (F-Am) and
the fluorine tryptophane-labeled influenza A M2TM receptor peptide (F-
M2TM) probed by °F NMR spectroscopy of the receptor

F-Am + F-M2TM
I pH =5 or 6, free species

il
[F-M2TM], - M
F-Am
F-Am - [F-M2TM], f .
complex \\\\\ /1 \\\ I

N AV W AN F-Am— (F-M2TM),
pH = 8, binding

| | I i
-126 -130

S/ ppm

Kolocouris, A., Broadhurst, R. W. Hansen R.. Journal of Medicinal Chemistry 2004, 47, 4975-4978.
A. Kolocouris, C. Zikos, R. W. Broadhurst. Bieorganic and Medicinal Chemistry Letters 2007, 17, 3799-3813.




Interactions between M2 protein blocker drugs and their receptor
(synthesis of reporter molecules,
NMR spectroscopy, structure calculations)

COMPUTATIONAL CHEMISTRY: DOCKING CALCULATIONS

Interaction between aminoadamantane ligandsand influenza A M2TM
receptor derived from docking calculations

A. Kolocouris, et al. Bioorganic and Medicinal Chemistry Letters submitted.



Interactions between M2 protein blocker drugs and their receptor
(synthesis of reporter molecules,
NMR spectroscopy, structure calculations)

COMPUTATIONAL CHEMISTRY: QM/MM CALCULATIONS
Interaction between aminoadamantane ligandsand influenza A M2TM
receptor derived from docking calculations




Conformational analysis using Dynamic NMR spectroscopy

Populated conformers A, D of the anti-influenza A 2-(2-adamantyl)-N-
methylpiperidine being identified at -90 °C when ring inversion became a slow process

Me Major conformer
| nitrogen A
N inversion
D <
0
r'apld at -90°C
A
ring .
_on° Minor conformer
slow at -90°C inversion D
' \
Minor conformer D being ]II‘ L
detected with a population
4% at -90 °C
N
D

Me

Kolocouris, A., Outeirifio J. G. et al. Journal of Organic Chemistry 2001, 66, 4989-4997.
Kolocouris, A. Tetrahedron 2009, 65, 9428.



Weak intramolecular interactions - Conformational models

Non conventional (or improper) H-bonds

B e %

-
/o

In 2,2-disubstituted adamantanes each of the two substituents adopts
an axial or equatorial orientation in a different cyclohexane ring sub-unit of adamantane

H H

Kolocouris, A., Outeirifio J. G. et al. Journal of Organic Chemistry 2009, 74, 1842.
Kolocouris, A. Tetrahedron Letters 2007, 48, 2117-2122.
Kolocouris, A. Tetrahedron Letters 2009, submitted.



Computational chemistry

Structure of the peptide monomer of the M2TM influenza virus-A (Udorn
strain) receptor of aminoadamantane drugs

* ., 1 f
oF s é
D' \}"'

" X
Ac-VVAASIGILHLILWILDRL-NH,

HOMO surface of a low energy conformer of the dopamine antagonist butaclamol
calculated at HF/6-316* level of theory

= N

e




Conformational analysis using
NMR (NOE) Spectroscopy and molecular dynamics calculations




