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introduction to medicines

and delivery o

- Dry powders
- Liquid sprays 5

most drugs are now

drugs = medicines, though the

(Including buccal and sublingual)
- Tablets
- Capsules
- Orally disintegrating tablets
- Buccal tablets
- Sublingual tablets
- Mini tablets
- Effervescent tablet
- Thin films
- Medicated gums
- Granules .'.
- Troches 1
- Lozenges -
- Solutions
- Suspension
- Emulsion
- Elixir
- Buccal sprays

term drugs may be

Tnner circle: New drugs

Ouner circle: Generic drugs
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- Solutions
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- Topical - Implants
- Intratympanic - Inserts
- Intracochlear - Intravitreal

- Ointments
- Creams

- Lotion

- Gel

- Sprays

- Patches

- Suppository
\ - Enema
' - Tablets
- Pessary
- Gel
- Cream
- Foam

- Sponge



pharmacology
w medisimalosndas abatioe allacie and yses Lipinski’s rule of 5
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enters the . e .lpas.si. IV: sum of OHs and NHs) 300 DA
bloodstream bicavailability org|.
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absorption and
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detting them to 3 recentar can be tough. The digestive system R o meemi
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may treat them as ; our defense systems may 3.logP<S < 10 (expressed as
treat them as a . Medicinal chemists deals the sum of Ns and Os)

with this using

Once in the bloodstream other issues are possible:

therapeutic index:

if you have it worked out you are in the

these are measured in various ways (mg/kg body weight) high =

ED., TDy, (for humans) LD, (for animals) low =

for 50% of population




medicinal chemistry:

receptor model of druq activity

models and making it to the market

financial considerations & strategies {/sA drug development and the FDA
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Response response

medicine creation strategies

assay natural products
with receptor plates

design substances from
receptor
(make the key fit)

assay the entire library
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Testing in Humans

Clinical Trials

to2years  but mainly
effectiveness

NUMBER OF PERCENTAGE OF DRUGS
PHASE PATIENTS LENGTH PURPOSE SUCCESSFULLY TESTED
Phasel 20t0100 Several Mainly safety 70 percent
months
Phase2 100to500  Several Some short- 33 percent
months term safety,

Phase3  1,000to 1to4 Safety, 25 to 30 percent
5,000 vears effectiveness,
Table 1 R
Zfﬁlknxyalkyl quinazoline analogs l"eSU[t.
CF;
example: SAR of activity and solubility g
o for an experimental pain medicatio i
optimize structure by an experimental pain medication .
- 7 (structure-activity relationship) L
structure activity studies (Y T
Compound i hTRFV1-cap® {nM) HTSol® {pg/ml)
2 H 0.8 £ 0.07 0 [pK, 4.54°
16 Me 052013 ]
17 CH,OH 42120 06
. 18 CHaOMe 15+ 020 0.2 [pK. 3.7]
9 Oa l . 19 CH,0Ex DE:D.IE 06
. . 20 CHa20Pr 0.3 0008 004
maximilze n CHL0CH:Ph 052011 01
22 CH,OPOLH 46+ 14 =138
{ | T 23 CHaOCH:C0:H 81+22 125
m l n l m lze 24 (CH; ), OMe 2 :T:rja o
25 (CHzLOH 22150 002
26 {CH,),0H 25474 006
27 (CHzLCO:H 1627 + 578 125
28 [CHz LS0:Me 36195 02 4




aspirin and penicillin

1;(%5:2

o)
history hls‘cory
400 BCE 1870 1890 1900's 1870-1930 1928 1941 1950-present
. . £ esterified to increase : : o . .
oS IWI“OW ] arc cli\'/e t: reduce stomach biocavailablily by o JICC?I)I(IC ’C]')e.rr-)old active ingredient  pacteria evolve:
bark relieves ingredien ritation making sodium drugs ki penicillum isolated penicillinase
pain sallcyhc acid Dl bacteria: notatum  (Hodgkin et al) r -
oH o arsenic, kills bacteria modified penicillins:
NaOH Cﬁko_ Na' | industrial dyes, me‘chng“nh
— o sulfonamides oxacillin
o} amoxicillin. ..

hard to make?

class of drug

primary target

actual receptor target




5000 BCE

1805

opiates

HO

3 examples

H
HO' 2
history
hard to make?
1832 1874

class of drug

activity

receptor

location




dyspeptics

dyspeptics treat dyspepsia, which is typically

y )
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Your stomach maintains a pH of

some dyspeptics are buffered which means

buffers review: two components of a buffer system:

example:

these will resist a change in pH since they

by using gastric glands to exist in solution simultaneously in equilibrium

adjusting the concentration of
this can be adjusted directly with CH3;CO,H + H,0 & CH;CO, + Hz07

the pH of a buffer system can be calculated rapidly
gastric gland activity can be modulated by~ using the Henderson-Hasselbalch equation:

NO,

CH . . ¥ 2 . .
SR | applying this to our 1M buffer system above where acetic acid
CaC0;4 ch’N\/Q/S%H/EHfCHs ’c has a K, of 1.76 x 10-%, above we find it has a pH of
zantac

tums QN\%S’P N—
0 N LQ |
| prilosec
O_




antivirals antivirals and the flu virus

drugs for

antivirals typically target

3 virus is 3 tiny:

in the case of the flu virus

particle that invade a host to
make more

two medications target a specific
flu enzyme:

identify the main parts of a virus
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AIDS

ELR 334
B Mumber of paople living with HIV N2 n7 322 325 0
104 W Mumber of people nesdy infected with HIV 29.5 30.4
B Mumber of deaths due Lo AIDS 283
first diagnosed in HIV attacks specific cells: -
=] 234
21.0
H 16.0
E—'S' 13.7
transmitted through el
antiretrovirals often target the HIV enzyme = |7
but notably is not transmitted through _
the first to be approved was

D.
1980 1991 1902 1991 1994 1995 1904 19T 1908 199 2000 2001 2002 2002 2004 2005 2008 2007 2008

in 2018 it is estimated that the number of

infec’ced peop|e is which was discovered by %Léﬂger of HIV/AIDS deaths and averted due to antiretroviral therapy (ART),

Annual number of deaths from HIV/AIDS and the estimated number which have been averted as a result of antiretroviral therapy
(ART).

@)

Number of people infected with HIV by region

Total number of people infected with HIV/AIDS, broken down by region

2 million

35 million | Cceania
| Nortn Africa and N H Deaths averted
T Middie East 1.5 mili due to ART
30 million - Eastern Europe -2 million
East Asia
— Western Europe H 0
Latin America
25 million ‘ and Caribbean N O
North America O 1 million
20 million
- 500,000 HIV/AIDS deaths
15 million '
Sub-Saharan
© Africa e @
10 million
j— — 0
N N N 1990 1995 2000 2005 2010 2016
5 million Source: UNAIDS CCBY-SA
” | .
0 taken as a “cocktail” with other drugs current
1990 1995 2000 2005 2010 2015 2017 . 9
Source: IMME, Global Burden of Dissase cCBY costs {OI" 4 Patlent are



taxol

initial source:
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centers through the use of
suggested reading

Paclitaxel and its evolving role in
the ement of ovari

Taxol’s Next Stand
by Jonathan Fahey, Forbes

Magazine (2001) cancer by Kampan et al (2015)
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https://docs.wixstatic.com/ugd/3ad65b_8bc50c5bf2a345b78846823e41f3798e.pdf
https://docs.wixstatic.com/ugd/3ad65b_3ecc76f0948249dfa89af2c215bd701e.pdf

nuclear medicine relies on

for both

background:

atoms consist of

the electron is an

protons and neutron are composed of

the standard model consists of 12

and 5

nuclear medicine:

InErac lons { Brce camers

thosans)

=12 97 Gt

higgs

graviton

HYPOTHETICAL

TENSOR BOSONS

types of nuclear decay by what is ejected

Y energy

proton

He?* (o particle)

«—

nuclear decay particles

background
Standard Model of Elementary Particles + Gravity
hree generalons ofmaber
#Ermlans)
| Il 1]
=32 Mt =1 Gawe® 171 Getate® a
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LEFTONS

unstable nuclei are

called

VECTOR BOSONS

they are generally observed to be

nuclei with excessive

and include all isotopes of all
elements with

as well as all isotopes of

4
He2*
2

.

051tron
P neutron

(and proton
converted to
neutron)

electron

(and neutron

converted to

proton)

rate of nuclear decay

=k (N)

k = constant N = concentration

1




huclear imaging and radio’cherapy

name SPECT PET.
scahning
single photon emission Positron Emission
computed tomography Tomography
imaging or therapy? imaging imaging

common radionuclide: Tc-99 complexes

F-18 compounds

OH

o] o
S myoview "°
ceretec IGMC/ - \/E L %\’ - - ”’F
eI heart o
brain py 4 fluorodeoxyglucose
type of emission  low energy gamma positron
: 99
nuclear reaction Mo > T+ Y 18 18 O
4.2 43 -1 F > O+ e
99 9 8 +1
Tc = 99Tc + oy
42 43
application soft tissue tumor visualization
TC 99 gOOd T1/2 é hOUI’S F—"I8 can be seen
advantages low gamma energy emitter

transportable as
Mo-99

systemically including

easily forms complexes cancer cells

]
N
MRI radiotherapy TAT
Magnetic Resonance Targeted alpha therapy
I ‘ :
maging external internal
imaging radiotherapy radiotherapy
hone Co-60 Pb-212 bound to cancer
specific antibodies
(“warhead”)
beta:
| ’ includes high energy alpha
(nuclear magnetic) gamma
: c o+ e
none 27Co — Ni+ Jet+v g2 g0 2
similar to x-ray but solid tumor non-solid tumors
good for soft tissue treatment

o emission:high energy
short range

targeted bomblets 4,

same principles as NMR:
maps all H atoms

nonh-hazardous


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4743765/

Drug Detection and analysis

purification methods

still in use

se S
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still in use

modern ident

ification methods _
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Drug Detection and analysis
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how to identify an unknown substance

mass spectrum:

180 g/mol
. 100 179.7’35"8-‘]-

melting point aJ[C)OmlCt.
294-295 (4)  dbserption

spectrum:

emPiriCal 01:;?'02‘5'12‘0 ‘1ZLOB4B 14] 150 1J0 170 180 190"‘/z

formula molecular formula:

CH,O Hp =1 CeHOs

%l

infrared spectrum:

20 D-Glucose

60
404

204

® ©

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

alcohol, not
aromatic, ho other
functional groups.

Drug Detection and analysis

analyze it (mostly
spectroscopically)

nmr spectrum:

identity:

glucose




Drug Detection and analysis

mass spectrometry

Rel. Abundance

20.

Detector

Mass Filter

fons (magnet)

Electrons

lon Source H\fl-i/ \\T’/H H \ / H
C

100.

80.

60.

40.

Caffeine Zr
MASS SPECTRUM Lop | M3ss spectrum
T He O /CH3 n
. " —_
] ﬁ% | CoHoN,O =
' | gMioN4 Yo g8
Hy < ]
| MW 19 § o
_g 50 —
S
| 5 _
2
E —
| &' — Zr-92  Zr-94
Zr-91
| Zr-96
| \|II ||!|‘. IIL“J‘III ||\! |II‘| || : Jdll ||\ T I||‘I : | |‘I T T ‘I O I [ I I I I ] I
0 40, 80. 120. 160. 200, 90 92 94 96
m/z Mass-to-charge ratio
Isotope Zr-90  Zr-91  Zr-92  Zr-94 Zr-96

O

—~
(o

Atomic mass (u) 89.905 90.906 91.905 93.906 95.908

Relative abundance (%) 51.45 11.22 17.15 17.38 2.80

average atomic mass Zr =

16




Drug Detection and analysis

infrared spectroscopy

a device that plots the infrared absorption of a substance (typically organic)

try somel!

alcohol carboxylic acid

ester primary amide
SINGLE TRIPLE DOUEBLE 100 | L |
BOND STRETCH BONDS BONDS
BEHD

‘_'_,_,_r--”" ”‘T ROCK
E 2940

TRANSNLTTANCE

o

TRAMSHITTANCE | %1

O-H, N-H 1743
STRETCH } o | . . | | n 2940 1712
STRETCH CARBENES 3 3452 A1 | 1480 60 | 1243 B | 847 B4 2971 16 | 1461 3B | 1098 &5 | 678 77
- T 33 | e 30 | 1 oo | oo gt 230 24 | 1504 a3 | e 7 | sz e
2908 BZ 1333 BO 1098 B3 =111 =11) ZEAL 44 1341 BB 937 41
- 2877 4 1374 13 1048 10 4587 &8l 2EEE 44 1285 27 486 53
A L1aga  as L1360 43 353 84 171z 4 1z35 32 &0 87
i i L1742 4 1301 B2 a7 7 1467 39 1222 2E =
4000 3500 3000 2500 2000 (1]1] 1000 S00
. -1 1o
big blobs usually- watch WAYENUMBER (cm) ¢ it
out for water (OH) sharp, rare ingerprin
2paaksfor NHy 2 ti 1850-1650 il
> = 3romatic - : -
1 peak for NH, OH aromatl only-use
3000 = aliphatic carbonyl to get 3 :
(C=0) match
big and
wavenumber (1/cm) 3366 1662 0 3338 295? . : ‘ ;
1740 S A e F
3184 25 LEE1 EBE 1263 &0 470 Td 2989 4 1z68 &6 967 30 49 T4
ez | um s | e o e el
2373 57 1418 25 413 7a L466 19 1170 58 307 17
2416 739 1373 66 aons 73 1430 39 126 4B 9% &3
LeEZ g 1344 B8 M3 a2




nmr SPGCJCYOSCOPy Drug Detection and analysis
nuclear ma?ne’cic resonance
a device most commonly used to map hydrogen atom groups on a molecule

try some! size and splitting

| | magnet aligns spins
2 by )\A N7 relaxation is highly
~ ] location-dependent
S~
= - = |:
— - Tsinglet o 5 |
. L ' 2 doublet NS
' 3 triplet
1. area of each peak proportional to # of H- do this first 4 c;(lgre’ce’c -

L . 5 pentet note that many of these peaks will overlap exactly
2. splitting = neighboring H + 1 6 E:Z’cee’c cyclic and multiple-bond structures are spin-locked and will be more complex
3. watch out for exactly overlapping regions 7 heptet
- . 8 Octet draw nmr spectrum of CH,CH,OH and CH;COCH,CH;
Br-CH,-CH, ...multiplet

3H triplet 1.8 ppm

o,

2H quartet 3.7 ppm

| 1 ) 1 L 1 1
3.0 4.0 3.0 20 1 0 ppm

area of peak: 2 Z for calibration (ignore)




medicinal waste

®
E
pseudomonas 3eruginosa
preferred treatment undesirable preferred high level low level sources;
minimization:
total synthesis  dreen chemistry case study:  tamiflu
S d U el R () o HO._O
e FF :.' ="\'F 7 :, E 5 //\\
o : | .o — /j/ O)L minimization
(708 s Yot (Jpo ot [po HO™ , several steps i,
o "cm ) bo ' n:':.: nl ' OH O
S g P PN o shikimic acid: tamlﬂu
b :""-j""‘nl-ll:u o .-[ ] ToE [ ] TR k| "-';.»""'-‘-]""‘al-‘l:u f:rom Chmese
|-r-:—|sm; HY-boG N pi-bor H HH,-HaP0 Star anise "




