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o ;Jfquw y resaluc:on de un metabollto de
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5 L i fecn ca de eleccion.

e Otras Técnicas Espectroscopicas (UV, IR,
RMN)
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The uptal f* almost all organic compounds' i
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metabolism (blotransformat OJ)
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Amxu all compounds, AL | Tlcl

osthmportant'as‘the'biotranstormation does not

gIWays JQ;JF

= 1] ch} ation (detoxification) of the agent

= In sor e Instances, may lead to more active

~(eile 1o ctlvatlon)

=~ - or even more toxic compounds
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- | Pharmaceutical industries are mandated by regulatory
agencies to
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Fie -me’tabohtes may. be toxic: Bioactivation- LAD.
*ﬁgtabolltes may provide leads to new and more
i_ SSephisticated drugs.
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Fate of Drugs in Living
Organisms

RTEptDr ——— FPharmacological Activity

Affinity

Biotransformation

Drug -

Fhase | Phase ||
Bioactivation

Reactive intermediates -=+——— Conjugated metabolites

i l

Metabolites —*  Excreted

Toxicity/Adverse |+— Adducts Excreted—— Detoxification
drug reaction
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red J(“FJ( *and Aydrolysis

— Holz]ie mups iIntroduced, more water soluble,
I:e:p ﬂ?Ophth

ﬂgs. éé_e"'II (detoxification)

.—--_.-.--

— "COI’ngatIOI’] reactions

~ — Reactions most often abolish biological activity
and add more polarity

— V/ery water soluble




phenytoin

N
@ B CYP2C8,9
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‘ 3,4-dihydro-
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ELBR — dihydroxyphentoin

H
phenytoin ¢ \
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3

HO
para-hydroxyphenytoin meta-hydroxyphenytoin

Arene epoxide intermediate produces multiple products



ethylmorphine

N/CH3 N/H
\
By - (-
\/o_ OH -0 OH

ethylmorphine desmethyl-ethylmorphine

N-demethylation favored over O-deakylation




chlorpheniramine
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chlorpromazine
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Non-CYP drug oxidations

rVO Oxddzartions

H H
) N - | N
SN CH, Sy~ CHy O

nicotine

H/\’\/"

NZC-N

cimetidine

nicotine-N-oxide

N O N:=C-N

cimeditine S-oxide



rlydrolysis Reactions

Example: aspirin (others include procaine, clofibrate)

CO,H CO,H
OCOCH , OH
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antipyretic; excesg_Jver toxic
(ff]sngj_\ffJJr opIRemIa)paraFaminog
Jm v* lives were tested.

‘___etln introduced In 1887, and extensively
us;e,,;-" n'analgesic mixtures until implicated in
-'u" Igesic abuse : 1946, Lester
F._.._:: iported conjugated para-amlnophenol as major
-rmetabollte of acetanilide

— 1948-49 Brodie and Axelrod recognized

acetamlnophen as the major active metabolite in
phenacetin

* CAR modulates acetaminophen toxicity [Science
(Oct 11) 298:422, 2002]
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Acetaminophen and p-Aminophenols

Hun-COCHs LN-COCH 5
NH,
i 4
, 1886 OC,H, OC,H;
(accidental discovery of
antip_yretic activity; high toxicity) 1887
75-80% (nephrotoxic,
H methemoglobinemia)
70-90% I_IN/COCH 3
NH, Recognized as active metaboli
of
in 1948 (Brodie &Axelrod);
popular in US since 1955
OH

, 1893



Acetominophen Metabolism

n-COCH 3
~60% ~35%
n-COCH 5 / OH S
COCH
% 3
CYP2E1* HN
CYP1A2
CYP3A4
o O~ _CO,H |
\-COCH 5 5
HO ~SO,H

e

Protein adducts,

Oxidative stress NAPQI
Toxicity N-acetyl-p-benzoquinone imine
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inophen _o_\;e_%&,résults In more calls to
control centers in the United States than

vV U J C C JI10J vjo

C o

merican Liver Foundation reports that 35% of
‘of severe liver failure are caused by
phen poisoning which may require organ
nspl. ntatlon

._ﬁ-

- = N-acetyl cysteine is an effective antidote, especially if

_‘;j'admlnlstered within 10 h of ingestion [NEJM 319:1557-
— 156_2 1988]

-+ Addition of N-acetyl cysteine to acetaminophen tablets
proposed to prevent liver toxicity. [British Medical
Journal, Vol. 323, Sept. 15, 2001
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EJASTerfenadine; Pﬁbsal to\Withdraw Approval
GIRIWoNew Drug Application ———

— Fes/ef: FRegister 62, January 14, 1997

Marlon Roussel To Promote Switch From

Tarfarzlellans

= v_q_s Its Side Effects, F. D A. Welghs Ban on

-
-

— ﬁrgy Drug

ll"

:_:-_"__ ~ — The New York Times, January 14, 1997
= FDA Wants Drug Seldane Off Market
- — The Washington Post, January 14, 1997

* Hoechst’s First Quarter Results Below Forecasts

— Independent News Service, May 7, 1997
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EvVeIopediin1980s. as a Znd 99“9"%’&#‘
ganuilistamine; from'introduction in prescrlptlons
=sGamillion in 1991

rJreﬂyne:'”s' : 5} asrarelipophilicethylamine’
denvatives that readlly penetrate the CNS and placenta
- oDjeoilve of ZidigENEration’is minimal CNS effects
(fumye@ , hot crossing the blood brain barrier;

logle J-—F -actlng

= lac Side-~effects are serious - inhibition of

:3 iassium channels by

= causes prolongation of QT interval leading to life

-~ threatening arrythmia (torsades de pointes); first
recognized at USUHS in 1989 (Monahan BP et al, JAMA

1990; 264:2788-2790.)

* Drugs or substances inhibiting terfenadine metabolism
(grapefruit juice, ketoconazole, itraconazole,
antimicrobials) or liver dysfunction exacerbate the side

-5 I




Terfenadine Metabolism

OH Terfenadine
HO N\/\)\©>< (Seldane)

CYP3A4

@ OH Fexofenadine

HO N (Allegra)
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In Vivo (distinto tratamiento
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= Resolucion cromatografica de los compontes
-~ aanalizar.



que participan en una cromatografia

*Fase Estacionaria )
Fase Movil
*Muestra |

T

Como ?

En general, una cromatografia se realiza permitiendo que la
mezcla de moléculas que se desea separar (muestra)
interaccione con un medio o matriz de soporte que se denomina
fase estacionaria. Un segundo medio (la fase movil) que es
| inmiscible con la fase estacionaria se hace fluir a través de €sta
para "lavar" (eluir) a las moléculas en la muestra.

141 |
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Cromatografia en Capa Delgada (Thing Layer Chromatography)

Cromatografia en columna
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afia ¢ e ltra01on en gel > Proteinas

:1 afinidad y de inmunoafinidad
- J




Siembra

» Gel de silica
 Alumina

A




" CROMATOGRAFIA EN CAPA FINA O TL -

T g

_
Fase Estacionaria
placa de silicagel)
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Aplicaciones: -
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k=1 rnity k=310 rin =610 min t=90min
[ ] [ ]

++ | 0 [ ]

-

Uk o

: Determinar  Seguimiento de una reaccion
= BB orado de pureza

E’fi@r Analizar mezclas

-é?i‘l;tf)uestos de reaccion

compound 1 —fee

i



muestra Separacion de proteinas:

aplicada solvente

tapon
pOroso

l

solvente proteinas separadas



Separacion de proteinas:

—
- load acd @1996 B. M. Tizsue :
. ; sample solvent
- | ] ". ,.' III ."I '-., ,.' |II

column
- containing
stationary

Y collect

‘w' COMponents

Detector Colector de fracciones



HPLC

(High Performance Liquid Chromatography):

Fase —/\—/\/\- Desecho
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F cromatog __




Fase reversa

Detectores??7??

C18, C8, C4, Fenilo




Fase Reversa

> La retencion esta basada en
una atraccion primaria entre
la fase estacionaria y la

g regién no polar del analito
WAWWWWW > El orden de elucion es de
hidrofilico a hidrofobico, de

polar a no polar

IOV
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recriiigues jor Laentijicall |
f Metal w

Quadrupole (SSQ) LC/MS
_ ge Quadrupole (TSQ) LC/MS/MS
6} '*'-;i:ja (LCQ and LTQ)
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2 M5 rlog;c Tec e Ta55 0
comgor ple

11ass s éctrometers use the difference in

mrjs il0-charge ratio (m/z) of ionized

= con ounds to separate them from each

- 0 er

o Compounds have distinctive fragmentation
-~ patterns that provide structural information
to specifically detect each compound very
precisely.
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lmost all structurally diverse

. - “ . 4
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SIII01 E;" mailon tor any drug metabolites

;]5 e 10 1ts superb speed, high selectivity and high
- sensitivity, MS has become the method of choice
m drug discovery and development
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LC-MS/MSEi
‘3 S (Tlme of-flight)
I S (Quadrupoletime-of-flight)
= ;’“59 (Ion traps, linear 10n traps)

- 'EE-Q TRAPS (Quadrupolelinear 1on trap)
* MALDI-TOF-MS

* FT-MS (Fourier Transform)




Inter-Quad Lens

Collision Cell

Product lon
Quadrupole

| DET
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Precursor lon
a1 Quadrupole

02 103
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Transmission

Quadrupole  Stubbies Inter-Quad
{Focusing) Lenses Detector



Collision call
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Fixed product

i

Fixed differeence
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Fig. 1. Schematic illustrations of: (a) product 1om scan; (b)) neutral loss scamn;
and (c) precursor ion scan deteciion modes on a inple guadropole mass spec-
trometer. Single ion transition (— ) CID of a selected 1om ( ""‘_;:l; Scanmning
from low to high masses ().
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f organic, immorganic and
olecules

tatlve and quantitative composition of
3 ex mlxtures

- '“-'ISG{OPIC ratios of atoms and samples
* Siructure and composition of solid surfaces
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Drug Discowvery Today

Figure 4. Representative TOF- MS-MS spectra of Nimodipine-metabkolite in (a) DO mez 408 and (b)) HO myz 405 following incubaticon of
Mimodipine [Mimotop®* (Bayer; http:/Aeneww. bayer-pharmaceuticals.com)] with human liver microsomes. Each arrow indicates a possible site
of fragmentation, with the corresponding ion. Abbreviation: TOF- MS- M5, time of flight- mass spectrometry- mass spectrometry.
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SESONIELImes toxic metabolites form

SMYICmetabolites harmful to the body

=(¢alise DNA damage => cancer

—— —I—I—-'-

= ay damage different body organs such as

me _p-lf"'"

i—” — 'leer stomach, intestines,
- 8.50me even the nervous system

rl

—

-Due to these potential risks it is VITAL
to identify all drug metabolites
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SREEIntiates and. develop, arids, Wi
elric) h]jr- SIHiICIER | '
Usa s mn aI amount off drug

I Ja ﬁall pessible metabolites for a given drug in
c € rIy stages of drug formulation

__—#able to Iidentify very small traces of
~ metabolites, or identify the disease in its early
stages (such as cancer)

® Develop faster, more accurate and more precise
methods for drug metabolite identification

—
-
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Conc —

SNVIELa)IbE IdentiicatiopiSi Ve Important in
JENWRMIUgiormulatonrandrdeveiopment

J JJFPFJ t methods being used to identify.

rJrlU Ietabolites

o J\/L Spectrometry methods

'T —— Most commonly used

:l-ll"

—= Most sophisticated and enhanced methods
— Fairly fast and accurate

Researchiis focused in developing faster more
accurate methods to identify and separate even
smaller traces of metabolites
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rayos y rayos x UV VIS IR

u-ondas radio

A

T0-5= 19t 102 100 102
longitud de onda (cm)

10-8

La es una
técnica diferente ya que por lo
general no involucra interaccién de
la materia con energia
electromagnética.

: atomos
individuales y su entorno
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a2 luz del sol (blanca) esta compuesta por unagamade
»rediacion en las zonas del ultravioleta, visible e infrarojo
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Higher 15101 Speciruam

Lowar

Fequency Frequency

II-II III.III - l - I FI

400 =00 & 10 T00 =00

\Wavelength in nanometers

" ‘

= kL
e

o ¢ Porqué algunas sustancias se ven
- 400-420 nm

s coloreadas (eg: cIorofiI_a? y otras se ven
—=Ni(./1:1--420-440 nm blancas (aspirina)?
- 440 -490 nm
490-570 nm Parte del espectro visible es absorbido y
Amarillo: 570-585 nm otra parte reflejado (color

Naranja: 585-620 nm complementario)

620-780 nm:
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se irradia con luz a
) | vocar transici dnicas,
‘omover un ~desde un orbital de baja
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 esy e registra las longitudes de onda
nde se registra absorcion y cuantifica la absorcion ...

—

cubeta
- Y~ — muestra (en solucién)

\
- —
—

Thakd S e DETECTOR

El espectro se registra
como Absorbancia (A) vs.
longitud de onda (A)

I-

Isoprene

(]
L
m
|
(]}
r

—ahs

Las bandas del espectro UV
son anchas porque incluyen la
estructura fina de transiciones
220 24l ?];j':'l,..r_lflif’_,::' =00 =20 340 vibracionales y rotacionales de

I menor energia
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} "A: Absorbancia

- ﬁoeﬁw
ite cuantificar la ~ (caracteristico de cada sustancia)

i
N4

Na Mmuestra -

B - e - —

c: concentraciéon (moles/l)

I--_

_ de longitudes de onda que se registra en
e spectro UV- Vis es entre 200 y 800 nm

—rs gl
- —
i -h-—

— *-"*51- sfa*zona no absorben dobles ni triples enlaces aislados
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Otros Cremoforos Compuestos aromaticos y

heteroaromaticos

ponilo conjugados

12,000

4.0

CHj3

A0

=50

=00

=50

- }umaH [Arm)] ——

Metabolismo UV-Vis:



tiliza del =

- 200 y 160001

Los enlaces
covalentes se
asemejan a

E “resortes”

- Al entregarles energia adecuada se pueden estirar y flexionar

- Momento dipolar (u)



Todos los enlaces de una molécula van a sufrir

, cada una con una frecuencia determinada

2.5 3.0 4.0 5.0 6.0 7.0 2.0 9.0 10 17 15 20p Wavelength
] K= 1078 rheter
Mote inverted peal
Top: 100% transmissi
. Bottonn: Mo transmmis:
o H J
OCH=
oH
vanillin
[CCly zolution)
Frequency

4000 3000 £000 . lsoo 1000 5007 el = Hzfc
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La complejldad de un espectro IR ermlte su USO parz
identificar sus jue
espec “huella digital”

=

=

=

orbtra parte la identificacién de ciertas bandas
_—*"'—' .~ caracteristicas brinda informacion sobre la
' presencia de grupos funcionales

= =




- la frecuencia exacta de una transicion para un enlace
determinado va a depender entre otras cosas de la fuerza del

= enlace y de la masa de los atomos en los extremos del enlace
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. Espectro zlli de ciclobutanol
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UV-Vi

> detectar grupos funcionales son técnicas

_I.q_ -

AS

...n, -

como rutina, en el screening y desarrollo
vos farmacos

_OS sistemas espectroscopicos tienen sistemas

ormaticos que incluyen libreias que
correlacionan espectros hallados con los de
moleculas conocidas.

i
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de lo afos -  de determinar la
puestos organicos

troscépica se utiliza para estudiar compuestos con un
protones (1H, 13C, 31P, 19F)¢c

Ieos poseen una carga neta positiva y se pueden comportar
- o} manes por lo que cuando se les aplica un campo magnético pueden
-enentarse en su misma direccion o en contra.



RESONANCIA MAGNETICA
NUCLEAR PROTONICA

RMNH'



i

RMNH

Proporciona informacion sobre la
situacion relativa de los atomos
de hidrogeno en la molecula



ORIGEN DEL FENOMENO DE LA
RMN

m Un proton, como un electron, posee la

propiedad del espin

® También como un electron, un proton tiene dos
estados de espin ( nuclear) : +1/2 y -1/2

m No hay diferencia de energia entre estos dos
estados de espin nuclear

-Es necesaria tener una idea de la estructura del compuesto
-Es una tecnologia muy cara.



-—

| ii—

s Un nicleo con espin, da lugar a un pequefio
campo magnético, que se representa por un
vector denominado Momento Magnético

Nuclear




S TS

m En presencia de un Campo Magnético

externo Ho, los dos estados de espin
nuclear dejan de tener la misma energia

m Fl estado en el que el Momento Magnético
Nuclear se alinea con el campo externo es
menor en energia que el estado en el que se
opone al campo aplicado




m Al se irradiado con ondas de radio de frecuencia
apropiada, un proton con momento magnéetico
paralelo al campo absotbe energia y expetimenta
una inversion de espin, pasando al estado
antiparalelo de mayor energia.

m [a absorcion de energia es detectada y se genera
. un pico en el espectro de RMN

‘ !



Espectro de RMHN
Tubo con

= —';'pf" muestra

detector v

amplificador
Generador de radiofr ecuencia

controlado por un PC
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m Absorcion a Campo Bajo : Los protones que i

dan senales hacia la parte 1zquierda del espectro

m Absorcion a Campo Alto: Los que dan sefiales
en la parte derecha del espectro



0 Hz

500 . 400 300 200 100
' T I 1 I 1 I
| desplazamiento quimico |
| para el CH, :
[ ! f ; . = . |
CH,—OH | inversion més dificil, | |
S campo alto 1t
i T ‘
R -
mversion més facil, . ! , |
campo bajo | R ’
_ . | desplazamiento quimico
para ¢l OH

5.0

40
H, creciente




Ll
- S

Desplazamiento Desplazamiento
Tipo de protén guimico (8), ppm* Tipo de protén quimico (d), ppm’

| |
C—R 0,9-1,8 H-C—NR 2229

| |

| |
C—-C—=C 1,6-2,6 H—C—ClI 3,1-4.1

I I

O

I |
2,1-25 H—C—Br 2,7-4,1

1

._n..
0
O



.Jr_.

0 | o (ppm)

0 Hz




Estos tres protones equiva-
lentes son vecinos de dos
protones no equivalentes, su

sefial en el espectro de RMN
se desdobla en 2+1 o sea,

5

vt
CH,CH,(]

I—'—--l—r —_

| Estos dos protones equiva-

lentes son vecinos de tres
protones no eguivalentes. Su
senal en el espectro de RMN
sé desdobla en 3+ 1 o sea,
4 picos.

e e ————




Resonancia Magnética de Carbono

Stable Isotopes in Biological NMR

TABLE 1.1: Properties of Nuclet Most Useful for Biological Studies *

Nahural (Ao fmagetic Semsitivity!
Abundance | Ratioy (% vs, IH)
(%) (107 rad T 552)

20,750
41067
£ 7265
-2 T108

5167

10,829
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FIGURE 5.1{a). The "C-NMR speetrum of diethyl phthalate with the protons

completely coupled. The solvent used was CDCI, at 25.2 MHz.




b d ¢ a
CH3(fHCHZCH3

OH

40
o (ppm)

- f[requency




