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In same 1945, A. Fleming, H. Florey,
and E. Chain split the Noble Prize.

Penicillin was at that time the largest molecule to have succumbed to X-
ray methods. Hodgkin’s proposed structure-p-lactam ring, was not so easily
accepted by the scientific community.

To date, she’s the only female British scientist to receive a Nobel Prize.
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She was elected to the Royal Society
in1947

"I was captured for
life by chemistry
and by crystals."

Dorothy Hodgkin

Among the 71 British Nobel Prize

winners for science,

We all need science.
Seience needs women.
You can help.

www.dorothyhodgkinproj




Dorothy Crowfoot Hodgkin

Dorothy Hodgkin, one of the outstanding scientists of

the 20th century, solved the structures of “Y“jj”isxgm
Pen1c1llln, 1945 » = N

Nobel Prlz, 1964
Insulin, 1969

These achievements had an immense impact on chemistry,
biochemistry and medical science, establishing the power of
X-ray crystallography, and changing the practice of synthetic

chemistry.



“Combining two careers and three
children proved “reasonably easy”...

A devoted couple with 3 children
9 grandchildren,
3 great-grandchildren

Thomas also taught at Oxford

Her arthritis improved w/each
pregnancy

She made time for her kids

She could switch easily from
deep calculations to kid talk!




“Oxford Housewife Wins Nobel Prize”,

“Nobel Prize for British Wife”...
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First disclosed at a symposium in
1961; then in a publication in 1962




Synthesizing Penicillin

H
NS : S CH3

R /—Nj\cm
o H
OH

O

T

@\ N /NH\ B
o ST T T
7

O

@)

Ampicillin, a commonly used
semi-synthetic penicillin that
= is taken orally rather than by
John Clark Sheehan injection, was discovered in

(1915 —1992) 1958 and came into
commercial use in 1961.

Penicillin V

After nine years of hard work at the Massachusetts Institute of
Technology (M.I.T.), he became the first to discover a practical method
for synthesizing penicillin V in 1957.



Synthesizing Penicillin

Dr Wilson Baker hard at work Sir Robert Robinson and
Tetrahedronf) 45 A
E Y2 X

Nominated on 51 occasions
for the Nobel Prize



Sir Ernst Boris Chain 54&ik#Hlz5

Chain is the father of the modern antibiotic industry

Ernst Chain
A great man of science

Chain was also responsible for helping several
countries to start up a modern penicillin industry
following World War I1.

" E I ; Applied Microbiology and Biotechnology,
¥ j tﬁ J -"5 2013, 97 (15) : 6613-6622.




Contribution to the Discovery of
Penicillin

John Burdon-Sanderson (1828-1905)
1871:Penicillium inhibited growth of bacteria

By,

('S
Sir William Roberts
(1830 —-1899)

Ernest Duchesne
(1874 -1912)

In 1896, the French medical student
Ernest Duchesne discovered the
antibiotic properties of Penicillium,
but failed to report a connection
between the fungus and a substance
that had antibacterial properties, and
Penicillium was forgotten in the
scientific community until Fleming's
rediscovery.

Duchesne was posthumously
honoured in 1949, 5 years

after Alexander Fleming had
received the Nobel Prize.



Ernest Duchesne
Forgotten Father of Penicillium

Duchesne was posthumously honoured in 1949, 5
years after Alexander Fleming had received the
Nobel Prize.

A history of antibiotics contains a suggestion on
why it was forgotten:

While Fleming generally receives credit for
discovering penicillin, in fact technically Fleming
Ernest Duchesne rediscovered the substance. In 1896, the French

(1874-1912) medical student Ernest Duchesne originally
discovered the antibiotic properties of Penicillium,
but failed to report a connection between the fungus
and a substance that had antibacterial properties,
and Penicillium was forgotten in the scientific
community until Fleming's rediscovery.
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Fleming’s serendipitous discovery changed the course of medicine
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What if Fleming Had not Discovered
Penicillin?
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By J. D. Ratcliff

AR FZREXENPHRA “RTEETHERHR” . FEEZFELECHR
EFEAET “DREFIZNIHE” , EFERANFFR20Y, LRt
EZRTHPE10% . Estimated to have saved over 200 million lives
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A “wondrous fable”
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The discovery of penicillin, one of the world's first antibiotics, marks
a true turning point in human history — when doctors finally had a tool
that could completely cure their patients of deadly infectious diseases.

Dr. Fleming famously wrote about that red-letter date: “When I
woke up just after dawn on September 28, 1928, I certainly didn't plan
to revolutionize all medicine by discovering the world’ s first antibiotic,
or bacteria Kkiller. But I guess that was exactly what I did.”

Why didn’t Fleming make penicillin into a medicine himself?

Why the discovery of penicillin ladted 14 years?
Antibiotics fueled one of the great revolutions in modern medicine and
human health

IR MBI HFF A B AGTRRG T, LEZATREE AN
¥ A2 FH. “Chance favours only the prepared mind” .



Impact of Penicillin
MEBIAEERTAR TRAMBE T

It has been said that it was the creation of sulfas and
penicillins that created the pharmaceutical industry, one of
the largest and most profitable industries in today's world.

Drug companies existed before the 1930s, of course, but
were much smaller and made such compounds as prescription
medicines, aspirin, and antacid pills.

It ushered in a series of other “wonder drugs” — they

became a symbol of modem therapeutics.
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. by Florey and his co-workers, we luvl
continuous progress made in this fleld.
institutes and laboratories, we m P
Penicillium notatum and proceeded to ﬁ:_
production. The following report

experiments.

to day. On the Tih day and
lying Auld was withdrawn (or assay.
dilution of the sample capable of o]
of & local strain of Staphylococcus auresa
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Oul of 10 strains teated, 4
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Botanists John Stauffer
(left) and Myron Backus
studying bacterial
cultures
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Headache? Fever? Muscle pain?

You may have heard the phrase: “Take two aspirin and
call me in the morning.”



“Take two Aspirin and call me in the morning”
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Aspirin®, the first blockbuster drug
BB EFART & Bkt HAL, AFHF], REE=ZRIHEZ—
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- AHEXRZ (Felix
AP R FRIE| —FKFE  —1856) synthesized impure H offf anny; 2 B4,
& o agik, XA KGIHF acetylsalicylic acid. October 10. 1897
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A organic compounds is
recognizable by name to
the average citizen.

Socrates, #7469-399-F
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Salicin K ¥ H-5725 Salicyclic acid Acetylsalicyclic acid
1853 X ENFER
1826-F & K #] ABrugnatellif= N
Fontana X LM & A KAnH, 1829 1838-F & K A1 Charles F. Gerhardt
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Salicin 7K i9B& &

The aspirin — from willow to wonder drug

Salicin K 4% B
AT %5 Pro-drugs

. J(;lhann f‘;gl‘;’gsz How White Willow Bark Benefits the Skin—
uchner (1783-1852) Anti-aging and Helps cleanse oily skin, smoother,
softer skin, Antioxidants

Miracle Tree: 6 Health Benefits Of Willow Bark To Get You Chomping At The Bit



20 L it F JHERXNIPFRAR LR
By Rt PC 4K 51 58

flucose
: 4 - OH
isolation " I'ryl:lmi-_.n*srs w‘qq,_.a-*
- OH
(82T T e
o, salicin salicyl .=|.I-|:nhnl
[saligening

‘i';i":' : e | ﬂllﬂ-ﬂtluﬂ B ﬂi:Ely"lﬂtlﬂ-r'l = :H"\-\. "E'ﬂ"
' |
Raffaele Piria [1935 ) I‘;‘O 1"
0

(1814-1865)

E.almyrlm acid | ASPINN

SALICYLIC ACID

A2y Pro-drugs

RAEH A

Charles Frédéric Gerhardt




Kolbe Process for Salicylic Acid

ONa
Co,
125°C, 100 atm CDENa CO.H

Sodm phenoxide Sodim salicylate salicylic acid (79%0)

The Kolbe Synthesis 1859
I 3 '* |
CHS—-cw@o@ — CHS—C—OQ Hermann Kolbe
(1818 — 1884)

= =0 o
EH EH “Syntesis”
P
CHy-G-0-C-cH, + HOO
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Acetic Anhydride Salicylic Acid

Pharmacologist John Vane elucidated its mechanism of
Sir John Vane action in inhibiting prostaglandin production in 1969 and
(1927-2004) was awarded the Nobel Prize for Medicine in 1982.



Synthesis of Salicylic Acid

from natural source

Kolbe Process

industrial production

105 price of natural extracts
24,000 kg annual production




Who Synthesized Acetyl Salicylic Acid

In a chemically pure and stable form

In 1897, on 10 Aug, Hoffmann
synthesised aspirin (acetylsalicylic
acid) by acetylating salicylic acid

with acetic acid

Felix Hoffmann #7125 Pro-drugs Arthur Eichengriin
(1868-1946) (1867-1949)



Aspirin

o v ' "

i .
salicylic acid acetylsalicylic acid (ASA)

Side effects: Aspirin

bad taste “miracle drug”
irritation to digestive

tract

vomiting and uiceration .

L made in a

—
pure form
E R . S =
elix Hoffmann -—
{1897




Among the 17 molecules that changed the world-aspirin was No. 4

RHAZMBILHIR THZELF
£ F AW R R

FHNENBABTREEA « AHE AN IA#HFE1910

HFHLKREBEFH20001CK ) EHK, WS TFHEMAAFFLE20H.
e B ¥ IEET 8 IEAkAe it HAL, AEHT], AARBB=KIEZ—,



The Men Who Tamed the Hangover
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~--and every package of genuine Aspirin bears

g Your Guarantee ; : '*-s o wham e e e

ot ) oy 33 o

o : of Parily LABO RAJ‘O!RE des PRODUITS USINES du RHGNE o

Pocket Boxes of 12, Bortles of 24 and Bottles of 100 : = e 21 #Rﬁib Ieafi G’OUjOﬁ PARIS% = e 4

“The teade-mark “‘”ﬁ:’hv (Reg, U. 2, Pat. Olfice) Is & guarentes that the mononosticael. susx e i S -»:;' ol
of salioylloacid in these tablets is of the rellable Bayer mamulqEiuce.

Top: Arthur Eichengriin (1867-1949)
Bottom: Felix Hoffmann (1868-1946)



ASPIRTNA e s
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- headache

- muscle aches

« backache

« arthritis

- common cold

* toothache
menstrual cramps

100 billion tablets
swallowed every year!
(even in space shuttles)




Aspirin Throughout the Ages: A Historical Review

1758 Rev Edmond Stone

consumes
Willow tree bark

1829Henri Leroux

refinessalicin extraction

1876John Mclagan
administers Salicin to
patients with rheumatism

1899Hoffman’s compound

1971 Vane, Samuelsson

& Bergstrom receive The

Nobel Prize for the mechanism of
action of aspirin

process in a clinical trial dubbed “Aspirin”
1894Felix Hoffman joins 1996FDA approves aspirin
Friedrich Bayer & Co For use in suspected MI
1838Raffael 1863 Friedrich 1980 FDA
Piria produces Bayer & Co approves
1534 BC Salicylic acid Established aspirin
The Ebbers Papyrus after a stroke

216 AD
Willow used in
the civilized world

as a commaon FEI'I'IEdy

1828Joseph Buchner
Identifies willow's active
Ingredient:Salicin

1852Charles Gerhardt determines the
molecular structure of acetylsalicylic acid

1897Felix Hofman acetylates
the phenol group and creates
acetylsalicylic acid in

powder form

1 ??4 First .rgndomized 1985F DA approves
trial of aspirin

i aftar W1
and MI reported aspirin after

1901Production of

and is the first to synthesizes acetylsalicylic acid.

the stamped tablet form
of Aspirin



Schematic illustration of the history of aspirin discovery
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Can the bark of this tree make
your skin look younger?

In skin care, we use salicin and salicylic acid

Rejuvenate

your skin with willow bark!

hite wilkow bark hais been usad

for certuries in iraditicnal
madicing to traat & range of ail-
ments, from headaches to astea-
anhritis. Mow ressanchers havs dis-
covared that this medicinal mainstey
of tha ancient Greshks, Eqyptians
and Mative Amaricans also has the
peowar 10 miaks your skin smoother,
firrresr aned younger kxoking!

T What'sits sacrer?

“Tha major cormponent of willow
bark, salicin, halps o increass the
tumeover of calls” and to tame the
irflammation that can cause al
kinds of skin aging, sxplains Rebss-
ca Serichfiekd, R.OM., author of the
upcoming book Body Kindness
“Saficin ghees our skin that youchful
gkow” she says

o) Any more benefits?

It imprewves wrinkles ina
week! “Chronic nflamma-
tion plays & major part in
aging processss” says
Saritchfiald. “So by remaoving

Irflamnmation, you slow callular dam-
age.” The proat Women who ussd
& facial sarum containing 0.5% salk-
cin {the active ingrediant in wilkew
bark) svery dayfor 12 wesks report-
ed significant improvements in
wrinkles, reughness, pore size and
recliance after one wesh—and fewer
age spots, greater fimnsss overall
and lkas sagaing around the jes
aftar four wesks.
It turres on “youth” genes! s wall
kreown that aweiding sun darmsgs is
A ey way to avoid skin aging, Mow
sclentists have identified arother
key wey: revving the activity of
“youth” genes, which regulate
avarything from collagen preduction
te hydration o plamentation, says
Serkehfiek. Andtopical salicin doas
just that, confirmsa recent
atudiss reportsd in
= e tha Insmations!
et Jawrnal  of
= o CosmeticSci
F 3 ancal It sinks
into tissuss
whare k prormpts

thass geres B kesp doing their job
n=tasd of slowing down as they oth-
arwize do over ime.

It pretects with anticxidants! Like
mastplant sdracts, wilkowbark con-
tains powsrful antoeddants that help
ceatroy the call-ravaging fres recli-
cals reaponsible for visibls aging,
confirns Seritchfiak,

T Where canl get it?

‘Willew bark can be fourd in a wide
rangs of skircars prodiucts, inchd-
ng: Botanics Shine Away lonic Clay
Mazk (§9.208, Uita.com); Eminsnce
Clear Skin Willow Bark Baooster
Sarum (F30, BuyMaturalSkincars,
corn), EfabD AM Tharapy Facial
Moisturizer ($31.80, Damnstors.
com) and Marie Badescu Paptida
Renewal Graam (535, Momdstrom.,
corm), & use a DIY mask: Mix the
cantents of 2 willksw bark capsules
(zuch s Puritan’s Pride Whits Wik
kw Bark capsules, $4.%9 for 100
capsulss, Puritancom) with 1 Ths.
of haney. Applyte skin (avoiding the
sya arsa) and relax 20 minutes.

Rin=a with warm watsr. Pat dry and
apply your favorite molshurizen,

(% By procautions?

Sire=it i chemically similar to asgi-

rim, ol want to avoid wilkw bark

if you have & sarsitivity to aspiin
—HKallie E. Kristensen

Salicylic acid clear skin



Salicylic Acid: Plant Hormone

ASPIRIN

OH

Salicylic acid as Hormone 1992

BEET A AER BT

Filipendula ulmaria, % % %
commonly known as meadowsweet

Salicylic acid was also isolated from the herb meadowsweet (Filipendula ulmaria,
formerly classified as Spiraea ulmaria) by German researchers in 1839.

Aspirin remain strong in the twenty-first with widespread use as a preventive
treatment for heart attacks and strokes.



1934BC First 1763 Edward 1828 Salicin 1876 First 1938 Aspirin linked 1956 Paracetamol
record of Stone uses trials of to gastritis
willow bark willow bark to salicin
as analgesic treat fever
1838
Salicylic
acid
1934BC 1700AD 1800 1900 1950 1960
1852 I 1950 First
Acetylsalicylic 1918 Flu pandemic descriptions of
acid leads to widespread  aspirin for primary
aspirin use prevention of Ml
1962 Aspirin i
Inkad 15 1897 Aspirin
Reye 1974 Secondary discovered
syndrome prevention of Mi 2010 Evidence aspirin
| may prevent bowel
1960s 1967 Aspirin 1976 Aspirin found to e
Dipyridamole folind to inhibit cyclooxygenase 1988 Landmark ISIS-2 trial
iwhiBit Blstalet _ o proves aspirin is effective for 2011
functioﬁ 1978 Ticlodipine secondary prevention of M Ticagreior
1960 1970 1980 1990 2000 2010
1962 71A | | 1998 Clopid | |
Ibuprofen 19 SPI'”n. i 1978 Secondary Dpstgra 2009
shown to 'nh'b't prevention of stroke Prasugrel
prostaglandin 2004 Primary
synthesis prevention in
polycythaemia vera
1975 Aspirin found to
1962-3 Light reduce thromboxane A2
transmission synthesis
aggregometry first

described



Earth: Our Living Planet




11 Run Out of Food by 2050
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Margaret Higgins Sanger (1879-1966)

BRI AADFENGBERHREH R HE?
“FXRIAF” (family planning) = “:#F” (birth control)
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Margaret Marsh
and
Wanda Ronner

BT 4F « £4 (Margaret Sanger) ﬁ%fﬁiKatherme McCormick
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THE PILL
o THE PILL
Rcin.vl.'ul:Lfd Sex So small. So powerful. And so misunderstood
o
Norethisterone (NET) FONATHAN MIg

NET was synthesized for the first time by chemists Luis Miramontes,
Carl Djerassi, and George Rosenkranz at Syntex in Mexico City in 1951.
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i Katharine D.
Margaret H. Sanger McCormick

Gregory G. Pincus KB

Carl Djerassi



Father of the Pill- Carl D] erassi
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The Pill, Pygeay Chimps
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Luis E Miramontes

Carl Djerassi (1923 —2015) was a Bulgarian, Austrian and American
chemist, Novelist, and Playwright best known for his contribution to the
development of oral contraceptive pills. He also elucidated the structure of
steroids, an area in which he published over 1,000 papers.



Pill 1 960 Drug Name: Norethynodrel/mestranol

Trade Name: Enovid

Use: Hormone

Use: Birth Control (15t oral
contraceptive)

Jds {.-\}I{):;l::?-as[s” i‘::‘:‘):i[ Collegian 3; MeStranOl
Gl Sy ' Norethynodrel (estrogen, demethylated in liver)

(progestin)

e
|
C |
YOU CAN DECIDE HOW
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i D socaontoiii. o2 : "mi?""lnﬂiﬂmrnrrwm
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The Chemical Father of the birth control pill
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Carl Djerassi

¥ %8R Norethisterone 1951
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Hidden Figuras—George Rosenkranz
and Luis E. Miramontes Cardenas

George Rosenkranz 1916-2019 Luis E. Miramontes Cardenas

Mexico's President Vincente Fox awarded Rosenkranz the "Condecoracion
Eduardo Liceaga," the country's highest award for contributions to the
health field. He was president and CEO of Syntex for 25 years and
transform his fortunes, and that of the company itself andchanged woman's
lives.



George Rosenkranz-A Creator of the Pill
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Dr. George Rosenkranz
who changed the world with the pill

Dr. George Rosenkranz
1916-1919



