Russell Marker
Pioneer of the Steroid Hormone Industry
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‘Marker Degradation’

“Father of the Mexican steroid industry” Russell Earl Marker
1902-1995



Dr. Percy Julian

A scientist makes inroads in chemistry and civil rights

African American
research chemist and a
pioneer in the chemical
synthesis of medicinal
drugs from plants



Stigmasterol to Progesterone Synthesis
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Percy Lavon Julian
A Soybean Chemist

Ernst Spath
(1886-1946)



Synthesis of Physostigmine

In 1934 at DePauw
University Percy
Julian synthesized
physostigmine from
the amino acid,
tryptophan.

Sir Robert Christison \
(1797 - 1882)
Isolated in 1846

/4 8.5 (Physostigmine) Robert Robinson
(1886-1975)



The Kkiller bean of Calabar
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John Hutton Balfour Robert Christison | Thomas Richard Fraser
(1808-1884) (1797-1882) Physostigma (1841-1920)
Scottish botanist J. H. Balfour's Student venenosum R. Christison's Student

Identified Plant i 1861 Isolated Eserine in 1863 Calabar bean Antagonism between
physostigmine and atropine

Antagonism Between Curare and Physostigmine
'Physostigmine, an Antidote to Curare'
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Physostigmine 1864, 1925 str.
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Dr Douglas M. C. L. 1931#_%})&#}?#&% Ey:]
Argyll Robertson s v, s .
(1837-1909) 193455 F B B BT ERMLA
Introduced physostig o9 5 B B AR AT R
mine into ophthalmic
practice

Otto Loewi (1873-1961)
1920s 1% B H-4F B ALl
193655 N RR

Mary B. Walker
(1888 —1974)
Scottish physician
TREMLS
A Historic
Discovery in
Myasthenia gravis



Father of the Pill—Gregory G. Pincus

A Good Man-Gregory Goodwin Pincus (1903-1967)
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The pill never would have
been developed if not for
a small group of radicals

hell-bent on changing

the world.

—AREETESE, 2L, X ol 52 8 mijﬁ/\%ﬁf
argaret Sanger ~ W5 B 8245

Albert Einstein 5 114% James Watson 5 1442 Steve Jobs % 174%



7% B %%, Chang Min-chueh (1908~1991)
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Yew Tree: A Tree of Life
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Yew: the Life-giving “Tree of Death”

Father-of-three Jonathan Hamilton,
42, took his own life by eating a lethal
dose of yew seeds-, 25 Nov. 2008

Tree of Death and Tree of Life?

Finnian Lytle ((right with a friend) ), from
Brighton, killed himself with a deadly concoction
of yew tree poison he gathered from his garden, an
inquest heard today. 24 August 2017 Daily Mail




The National Historic Chemical
Landmarks
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Dr. Monroe E. Wall

Dr. Mansukh
C. Wani
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Dr. Andrew T. Mcphail, Duck Uni. X-ray, #%35| Fl:k#k: 5047



Mechanism of Taxol®

The timing was fortuitous—Susan Horwitz’s groundbreaking
discoveries about Taxol helped make it a blockbuster drug

Heterodimer Formation initiatior Polymerizatian'Eiongation

vy £ Jo b g 3 35 2 Nature 1979, 277: 665-667
Susan Band Horwitz, 2019F £ RiEH EFRRRFH o AR 4210




Taxol :lnot as taxing Arthur Barclay, USDA Ross Longley and Steven
Thank Goodness! First bark collection, 1962 Schmid for pharmacology

Pierre Potier,
Peter Wiernik, Our CNRS, France.

Mansukh Wani , _ Eric Rowinsky
Monroe Wall Susan Horwitz  Lady of Mercy Pioneered Johns Hopkins U.
Research Triangle Albert Einstein Me_d' Center. semisynthesis Efficacy in
Institute School of Med. Pioneered from 10-deacetyl  refractory ovarian
Isolation from bark of T. Unique slow infusion. 1983 pbaccatin isolated cancer. 1989
brevifolia 1971 MOA 1979 from leaves of T.

baccata. 1988



Microtubule-stabilizing Agents from Nature

Nature 1979, 277: 665-667
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Laulimalide Dictyostatin Sarcodictyin A
Her landmark research would help turn the molecule into one of the world’s most
effective anti-cancer blockbuster drugs.



Worldwide Race For Taxol® Synthesis

¥ & % &~ —Taxol---till 22 years after its complete structural elucidation.
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€. Nicolaou ‘t"

Nature, 1994, 367: 630-634.
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ctivity.” and regiochemistry that he needs” He
is is beautifully says this is a brilliant application of con-
, chemistry pro-  cepts and computational models devel-
versity of New  oped by Columbia University chemistry
has developed  professor W. Clark 541l for controlling
4 to 5% yield  stereochemistry in medium-sized rings.
e derived from In Micolaou's convergent synthesis,
you count the rings A and C are made separately and

morial Slean-Kettering Cancer Center
and Columbia Unive ,f}.

After the oxetane is added, Holton
and coworkers complete the synthesis
by adding taxol's side chain to ring
A—using a technique developed and
patented by Holton and now used by

Florida State University taxol team includes
(fromt row, from left) postdoctoral fellows
Carmen Somoza, Hyeong-Baik Kim, Hossain
Nadizadeh, and Chunlin Tao, graduate
student Pliong Ve, aned ceemistry professor
Robert Holton; twiddle row, from lefth
postdactoral fellow Pingsheng Zhang,
graduate student Chicn-Tai Ren, postdoctoral
fetloww P Douglas Boatwman, graduate student
Feng Liang, and postdoctoral fellow Suhan
Targ; and (back roze, from left) gradhate
shudnt Chiase C. Smith and postdoctoral
fellones Ronald [, Biediger and Yukio Sezuki.

Race to Synthesize Taxol
Ends in A Tie—science 1994

brought together at the bottom. The

Holton appmal:h is linear

OPro
Fragmentation A
raac;ms I‘EECIID‘I; O- " 6 10 &fﬁ%ﬁ."‘ 6 nng C-
bPro 1 gwe u’ rings

Camphor

OFG H4CCO0
2 QOPro )
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Akl - Qe
side chain II-| 5H

Add peatanse
l}) ring and
Pro Ketone
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OOGCCH,

o
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Pro = protecting group R = alkyl precursor to ring C Taxol

J. Am. Chem. Soc., 1F=991

1994, 116: 1597-1598. 5| 688

Tavol group at Scripps and UCSD includes
{standing, from left) visiting scientist Elias A.
Couladouras, postdoctoral fellows Jin-fun
Liw, K. Panloarman, and Zhen Yang, graduate
student Erik |. Sorensen, postdoctoral :
Philippe G. Nantermet, and visiting scientist
Hiroaki Ueno; and (seated, from left)
postdoctoral fellow Johanme Revand, graduate
shudent R. Kip Guy, professor K. C. Nicolaow,

and graduate student Chris F. Claibome, All
are at Scripps, except Sorensen, who is at
UCSD. Nicolaon has a joint appointment at
Seripps and UCSD.

“The achew:mei\t is an academic one
at the moment,” says Nicolaou, “but it
could eventually pave the way to a more
practical synthesis. We feel the main ad-

vance lies in our ability to construct de-
signed taxols that have better biological

O
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Total Synthesis of Taxol-“A molecular Mount Everest”

More than 100 academic groups worldwide were working on it

M
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Me ‘@Me 39 steps» Holton @ 37 steps> Wender
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Total Synthesis of Taxol

37 steps
0.21% yield

Sustainable Supply of Taxol

Treat cancers: .

- ovarian - 1992: approved by

* breast FDA

* 2001: worid’s top-
selling anticancer
drug

* $1 billion sales (BMS)

* lung
- pancreatic




Nature, An Excellent Synthetic Chemist
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o Pi Poti

10-Deacetyl-baccatin 11l 1981 Taxol lerre rotier

%= E50% (1934-2006)
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Largest pay-offs and Richest Prof. Holton
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Taxol —the world's best-selling anti-cancer drug by 1994, generating
world-wide sales approaching $10 billion by 2000. Holton’s work generated
around $351,000,000 for the university, which is still the largest income royalty
ever generated by a university-licensed technology in the United States.




Semi-synthesis of Taxol

10-deacetylbaccatin III

A2 Ti40.1% ~

1995 FDA

Dr. Pierre Potier and Andrew Greene
1 Docetaxel (Taxetere)

EFEREYBELTE  European Yew




Semi-synthesis of Taxol

Cabazitaxel (F &4 5%) Docetaxel (% i #e5%)

Cabazitaxel was developed by Sanofi-Aventis and was
approved by FDA for the treatment of hormone-refractory
prostate cancer on June 17, 2010.



NATURE Vol 440116 March 2006
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Pierre Potier (1934-2006)

Pharmacist and natural-products chemist, who devised

widely used treatments for cancer.

Pierre Potier, who died on 3 February 2006
at the age of 71, was at the forefront of the

French school of natural-products chemistry

during the second half of the twentieth
century. He was a leading light in the
development of anticancer drugs from
natural sources, and also in encouraging
communication between the public and
private sectors. In France, these circles tend
not to mix. Potier showed that cooperation
between the CNRS, the main agency of
publicly funded research, and industry could
be highly fruitful if the two communities
chared their bnnwlsdos and svnerience

identify the anticancer activity of vinorelbine
(Navelbine), a semi-synthetic derivative

of the vinca alkaloids vincristine and
vinblastine found in periwinkles. All three
drugs inhibit cell division, and have been part

of anticancer treatments since the mid-1970s.

The production of vinorelbine was taken up
by the Pierre Fabre Laboratories for use in
treating lung cancer and breast cancer in
particular. (Poignantly, Potier’s first wife
Marie-France, herself a pharmacist, had died
of breast cancer in 1968. Potier rcln;lrru.‘d.
and is survived by his second wife Odette
and theee children

Editorial

Special Issue for Monroe Wall and Mansukh Wani

Figure 1. Dr. Monroe Wall tefti and Dr. Mansukb Wani fright). Photographs by John 1. Thellgard (Researdh Triangle Institute).

Kyriacos Costa Nicolaou

JDU"NII. oF

OD[ OIS

Special Issue in Honor of Professor Susan Band Horwitz

Il is with great plessure and admiration that we as Guest
Editors present this special ssue of the Journal of Natural
Products bonoring the significant accomplishments of Dr. Susan
Hand Horwits of the Depantment of Molecular Pharmacolooy

|
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a distinct mechanism of action, and her dmovery of its unigue
mechanism of sction was groundbreaking. "~ Numerous anti-
mitotic patursl prodocts had been identified prior to the iso-
Iation of taxol, and plant-derived compounds incleding colchi-
ane and the vinca slkaloids were instrumental in identifying
tubulin 2s 2 drog target, bur each of these early tubulin-binding
wmpounds were microtubule depolymerizers, which inhibit
tubulin polymerization and caose the loss of cellular micro-
tubules, Elegant studies by Dr. Horwitz and her stodents in
sequential papers in Nature and Proc. Natl Acad, Sci USA
highlighted the onigue microtubule-stabilizing effects of
taxol These studies demonstrated that it stimulated the
polymerization of purified tubulin, stabilized twbulin polymens
from cold or calclum-indoced depolymerization, and caused the
formation of unique microtubule bundles in cells, Taxol was
found 1o be a potent cytotoxin and caused mitotic arrest and
bundled microtubules that were resistant to cold and depoly-
merization by steganscin. A new class of microtubale-binding
drugs was thus identified and provided stromg additional justi-

furation fowr the Naticnal Cancer Institote to continae the dinical

Robert A.Holton



The Clinical Development of Paclitaxel:
A Successful Collaboration of Academia,
Industry and the National Cancer Institute

Dr. Eddie Reed
Chief of the clinical
development of Taxol

Dr. Bruce Chabner — Eminent
Cancer Expert and Direct of NCI

A Long Road from Labs to FDA Approve



Taxotere or Taxol — Which one is better?
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Newer studies that compared the safety and effectiveness of the two
taxanes found that Taxotere isn't better than Bristol-Myers Squibb's older
medication, but it was, in fact, more dangerous.
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€ Integrated development of Natural Product Chemistry with
Molecular Biology and Biochemistry.

€ Exploration of secondary metabolites of organisms hold
promise for new Natural Products that may improve our
health and our lives.

Bottleneck

1. 3> BR85S %E), AT

2. fR%EMNREAAAF G AMTTHATIE 9 AT .

3. BATKIFSRERLESHHH XL L, TEATET L.
K BROBALRTAE, RAREVWRFERERF EZMN

EFENEANALE, RMNLAEH mFR,




SEE (Morphine): X R Z4LF B Fim

Morphine: An 8000-year Journey

Pium
(poppy tears)

Ho‘\‘\\“ Friedrich Sertiirner
Morphine 1805 (1783-1841)

Alkaloid chemistry “God's own medicine” A amateur scientist
Heroes of Pharmacy Safety

B & 18034J. Dalton#2 1 Atomic Theory; 18054J. Gay-Lussacif % T K& H,0
1807-F MR A R “A 4/ ” FHEXBEL
i1 HMWIPRRRABRBEM R, LA BEYR
4582 MBI TR FHRAT A HY not “power of life”
23 MWW HRENGTRED AL, RALTHEA GLE RS
Bt Sk T R AR T A KRB 60T Ao 55 R — Bk 2 3 A




Z= 5 Quinine
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Quinine 1820 . .
Joseph B. Caventou  From Fever tree to Countess’s powder to Quinine Pierre Pelletier
(1795-1877) solved the mystery of "cinchona bark" 1788-1842

BE: TRALA: 18065542 H “HHAILE” t9iA; 1807-F# %
“EaN” Fi; 1ISI3FA R TERMRFET-LERT

Conclusion 1: Significantly influenced the transformation of pharmaceutical
chemistry from a state of alchemistry to an acknowledged branch of science

Conclusion 2: Promoted development of pharmaceutical science and

pharmaceutical industry



Pharmacology & Forensic Toxicology

Francois Magendie
(1783-1855)

e
e

Powers & Weightman 1822
Pierre Pelletier & (Farr and Kunzi, Merck)

Joseph B. Caventou

Conclusion 1: ¥ F& 7, 87, DN EA AL ENTAREAHEFHF LA ERN
— 1784, These isolation support their use in precision medicine
2: ETHADE N KREL T, FREXEEH T LA -Merck.
3: T, DRGSO BERNRGET EAEFEEZFHRAL,
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- H,N Nid NH
I — .
A.W. von Hofmann WilliasiPerkin
(1818 — 1892) (1838-1907) AR AE % accidentally formulated

A teenaged British chemist in1856

H&: 1857 Friedrich A-Kekule® i 8 W28 ; 1865F 4 th R IR a4 45; 18655
Rudolf Buchheim (1820-1879)3 S #} L % — &k 1k 5 44 25 32 52 5F 50 B
1874-Fvan’t Hoff &% f-4& &9 iE v9 & 4R A R

£2#81: TR T A TR A
4£i82: HPaul EhrlichF 4% “Magic bullet” 22 7 & &, AHEEHHL
PbARYERZHMERT A
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Adblf Von Baeyer
1835-1917
1905 NP

Emil Fischer Richard Willstiatter H. Otto Wieland Willim H. Perkin
1852-1919, 1902 NP 1872-1942, 1915 NP 1877-1957, 1927 NP 1860-1929

Adolf Von Baeyer synthesized indigo and determined the structure of
indigo in 1883—&y&: His tutor proposed the structure of Benzene in 1865.

2i: BERTRABRLFFTEFRHUUFERNNERT &




Early Milestone in Biochemistry

in 1890 sCH,OH

2 FZ Flls)chelzr proj ic8t91(1m
“Bigz 7 -glucose

Emil Fischer (1852-1919)
One of the world's great chemists

Between 1891 and 1894, Fischer established the stereochemical configuration of

all the known sugars and correctly predicted the possible isomers, applying van 't
Hoff's theory of asymmetrical carbon atoms.

Conclusion 1: Stereochemical configuration strongly influence the suitability of a
molecule to serve as substrate for an enzyme and proposed “Lock and Key” theory.

Conclusion 2: Laid a foundation for the development of biochemistry.



Paul Ehrlich and Chemotherapy
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Paul Ehrlich 1854-1915 F#&: “Magic bullet” #A
1908 Nobel Prize The Founder of Chemotherapy

LE. RELHILOEE: MEED, Buk, HEEHELAREE

Plants were the first source for medications before 20t Century

Conclusion 1. Ehrlich led to the birth of chemotherapy
Conclusion 2. Paved the way for finding other drugs such Prontosil
and Antibiotics
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N Quinine

“The Woodwardian Era” of Organic chemistry Woodward and Doering, discuss the synthetic
scheme for quinine iIn May 1944

ATHREE ZRERKERERNYETHSE, 19445FR. B. WoodwardF=
William E. Doering 5% 2 3645, T &7 & (D-quinotoxin), —f#IAA T IA%
WRETEHF K, INEBRBEANMLERAAZ—ANANERE LR
AZR X B3, ZERTHETERKEI0FHRE

The synthesis of Quinine was viewed as a scientific milestone
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Morphine Strychnine
1805-1847-1925-1952 497 1818-1946
Woodward 1954

Marshall D. Gates, Jr.

(1915-2003) A lecturer of 33 Robert Robinson 1925, 46
Grandmasters of structure

determination

25 EARBHITTURRLY, ElhitlhHEiT
RRBGMFEN AT, s, HESF, AHS
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Not Just A Serendipity Finding

A Milestone in the Development of Antibiotics

A famous petri dish Team for structure Alexander Fleming
Discovered in 1928 but 1943 in clinic. (1881-1955)

BERRKDRGFR, AR —F ZANELAN, F—PLREARS
TIOSFHRINABKBEERE R, AR-RPHEZEHSE, RFEER
RAEREA, LFEERABEEAGRLE. FER. £2. 3 Kk
HHREREFE L= X2 1HY, SEERFELHSLEMHTR,

10 FBLVFBEIALNMN, RELBEHHLLGARAE; Fi
HAEEFHREHNR, FRTHLEEIFHHAK; HHARHEE,
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