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Impact on Chemistry: The Challenge of Total Synthesis

Bachmann, W. E.; Cole, W.; Wilds, A. I J. Am. Chem. Soc. 1939, 61, 974
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Impact on Chemistry: The Challenge of Total Synthesis

Cole, J. E.; Johnson, W. S.; Robins, P. A.; Walker, J. Proc. Chem. Soc. 1958, 114
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Impact on Chemistry: The Challenge of Total Synthesis

adrenosterone: Velluz, L. et al. Compt. Rend. 1963, 257, 3086
cholesterol/cortisone: Woodward, R. B. et al. J. Am. Chem. Soc. 1952, 74, 4223
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Impact on Chemistry: The Challenge of Total Synthesis

1. SOCl2
2. CH2N2
3. AcOH

CO2HCH3

H

HCH3

AcO
H

O

Woodward et al.

H

CH3

H

HCH3

AcO
H

O

H

O OAc

1. NaOH
2. Ac2O/py
3. KCN
4. POCl3

CH3

H

HCH3

HO
H

O

H

CN

1. OsO4
2. CrO3

OAc

1. Br2
2. 2,4-DNP
3. pyruvic acid
4. HCl

CH3

H

HCH3

O
H

O

O
OAc

OH

H

CH3

H

HCH3

O
H

O

O
OAc

OH

O

O
O

HH

H

CH3

H3C 13
11

10

O

O

HH

H

CH3

CH3

11
OAc

OH

O

adrenosterone cortisone acetate
HO

HH

H

CH3

H3C 13

10

cholesterol

H3C

H3C
CH3

20

17



Impact on Chemistry: The Challenge of Semi Synthesis
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Impact on Chemistry: The Challenge of Semi Synthesis
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Impact on Chemistry: The Challenge of Semi Synthesis
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Impact on Chemistry: The Challenge Six-Ring Annulation

Annulation: The process of forming a ring from two separate partners
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Impact on Chemistry: Organocatalysis
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Eder, U.; Sauer, G.; Wiechert, R. Angew. Chem., lnt. Ed. 1971, 10, 496
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Impact on Chemistry: The Challenge Five-Ring Annulation

Annulation: The process of forming a ring from two separate partners
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Impact on Chemistry: The Challenge of Catalytic Dihydroxylation

Osmium Tetraoxide   OsO4  
! mp 40°C, bp 135°C, toxic, expensive $50-60/g

oxidants including chlorates and hydrogen peroxide often give overoxidation
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Impact on Chemistry: Biomimetic Polyene Cyclization
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Impact on Chemistry: Biomimetic Polyene Cyclization
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Impact on Chemistry: Radical Chemistry/CH-Activation

Breslow J. Am. Chem. Soc. 1974, 96, 1973
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Impact on Chemistry: Stereochemistry - Conformational Analysis

All of these people except one have Nobel Prizes related to stereochemistry
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Impact on Chemistry: Stereochemistry - Conformational Analysis

All of these people except one have Nobel Prizes related to stereochemistry



Impact on Chemistry: Stereochemistry - Conformational Analysis
D. H. R. Barton, “Conformation of the Steroid Nucleus” Experientia 1950, 6(8), 316



Impact on Chemistry: Stereochemistry - Conformational Analysis

Barton (1950) First clear statement about relationship of conformation and reactivity
                       in reactions of steroids.
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Impact on Chemistry: Stereochemical Course of Reactions
L. F. Fieser, “Steric Course of Reactions of Steroids” Experientia 1950, 6(8), 312



Impact on Chemistry: Stereoelectronic Effects
1983 2016



Impact on Chemistry: Stereoelectronic Effects
E. J. Corey, “..Stereochemistry of α-Brominated Ketosteroids” Experientia 1953, 15(9), 329

We also have found a rule, which has a theoretical basis, for 
predicting the stereochemistry of the kinetically (rate) controlled 
bromination products of keto-steroids. This rule rule…leads 
invariably to the correct assignment of configuration: the epimer 
which is formed faster in the bromination of a keto-steroid is 
always that in which bromine is polar (axial). The theoretical 
basis for this rule depends on the recognition of both the 
enolization of a ketone and the ketonization of an enol as 
stereoselective processes. In general, the energy of the 
transition state for enolization will be minimized when there 
is maximum overlap between the sp3 → p orbital made 
available by the by the leaving α-hydrogen and the π orbital 
of the carbonyl carbon. In the case of a chair-formed, six-
membered ring, such a favored transition state is possible 
only if the departing α-hydrogen is polar (see III). 
Consequently, enolization of a cyclohexanone should take 
place preferentially with a leaving polar hydrogen and, by the 
principle of microscopic reversibility, the reverse reaction, 
ketonization, should involve an entering electrophilic 
species (e.g. H+ or Br+) which preferentially adopts the polar 
orientation.



Impact on Chemistry: Stereoelectronic Effects
E. J. Corey, “..Stereochemistry of α-Brominated Ketosteroids” Experientia 1953, 15(9), 329

We also have found a rule, which has a theoretical basis, for 
predicting the stereochemistry of the kinetically (rate) controlled 
bromination products of keto-steroids. This rule rule…leads 
invariably to the correct assignment of configuration: the epimer 
which is formed faster in the bromination of a keto-steroid is 
always that in which bromine is polar (axial). The theoretical 
basis for this rule depends on the recognition of both the 
enolization of a ketone and the ketonization of an enol as 
stereoselective processes. In general, the energy of the 
transition state for enolization will be minimized when there 
is maximum overlap between the sp3 → p orbital made 
available by the by the leaving α-hydrogen and the π orbital 
of the carbonyl carbon. In the case of a chair-formed, six-
membered ring, such a favored transition state is possible 
only if the departing α-hydrogen is polar (see III). 
Consequently, enolization of a cyclohexanone should take 
place preferentially with a leaving polar hydrogen and, by the 
principle of microscopic reversibility, the reverse reaction, 
ketonization, should involve an entering electrophilic 
species (e.g. H+ or Br+) which preferentially adopts the polar 
orientation.
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R. Hirschmann “Rearrangement of the Steroid C/D Rings” J. Am. Chem. Soc. 1952, 74, 2693
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Impact on Society: “The Pill”
In 2015–2017, 64.9% of the 72.2 million women aged 15–49 in the United States were currently using contraception. The 
most common contraceptive methods currently used were female sterilization (18.6%), oral contraceptive pill (12.6%), 
long-acting reversible contraceptives (LARCs) (10.3%), and male condom (8.7%). 

Center for Disease Control, Data Brief No. 327, December 2018

Modern contraceptive methods constitute most contraceptive use. Globally in 2015, 57% of married or in-union women of 
reproductive age used a modern method of family planning, constituting 90 per cent of contraceptive users. 

United Nations,  Trends in Contraceptive Use Worldwide, 2015
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In 1951, Margaret Sanger, a veteran birth control campaigner was introduced to a 
physiologist, Dr. Gregory Pincus in New York. Sanger described her lifelong dream of a 
“magic pill” which would prevent unwanted pregnancies and give working-class women more 
control over their lives. Pincus told her of recent investigations into fertility that suggested the 
use of steroid hormones might result in such a treatment. She decided to fund Pincus 
through her charitable foundation (Planned Parenthood). 

Pincus knew of research in the 1930’s and 1940’s that established a woman cannot become 
pregnant a second time during pregnancy because her ovaries secrete estrogen and 
progesterone. Together these steroids inhibit ovulation by acting on the pituitary gland and 
by suppressing the production of leutenizing hormone. Thus, administering these steroids 
during the estrus cycle could prevent pregnancy. Unfortunately, only 20 mg of progesterone 
could be isolated from 625 kg of sow ovaries, making its use economically infeasable.  

The successful syntheses of cortisone and progesterone from sapogenins from Mexican 
Yams thrust Syntex and Djerassi into the limelight. However, progesterone was weakly 
active taken orally. By combining earlier observations about the enhancement of 
progestational activity of 19-nor steroids and the surprising progestational activity of 17-
ethynyltestosterone, Djerassi prepared 19-nor-17-α-ethynyltestosterone (norethindrone). 
The synthesis was completed on 15 October 1951, patent applied for on 22 November 1951, 
entered in the National Inventors Hall of Fame in the U.S. Patent Office. 
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Djerassi receiving the National Medal of Science 
at the White House from President Nixon in 1973.
Two weeks later, Djerassi’s name appeared on 
the President’s “Enemies List”. 

In the opinion of this author, the successful development of orally available, synthetic steroids to modulate the estrus 
cycle, is the single greatest gift of organic synthesis to mankind. The fact that an contribution of this significance has 
never been recognized by a Nobel Prize in either Chemistry or in Physiology or Medicine is clearly an egregious 
oversight or an accomplishment too fraught with complexities to award.

S. E. Denmark, Isr. J. Chem. 2018, 58, 61 
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