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Helpful reference books

Big players in this field
Nobel Prize
. in1939
. “for his work
on sex
hormone”

Norethisterone
The fisrt oral contraceptive pill
first synthesized in 1951
fisrt introduced in market in 1957

> 1000 publlcatlons 5 novels, Adolf But dt .estrpne
By Richard Jones, et al. By Chandak Sengoopta Carl Djera55| (1923-2015) 2 b|ograph|es 8 science fictions, olf Butenan The first discovered
2013 2006 “the father of the pill” 10 drama plays, poems (1903-1995) sex hormone

Nobel Prize in 1928

' Timeline

1: plant reproduction
2. micro-organism Electroantennography
3. sex-related diseases: first developed by German biologist Dietrich Schneider in 1957

! greatly accelarate the indentification and isolation of numerous pheromones

Insect antenna

s .. “for the services rendered through =
. ' his research into the constitution e, :
tl..li?lgﬁiw : S of the sterols and their b : -3 4
S, : connections with the vitamins” :
' : Sperm cell
5 Me: “in1677
By Manfred Hesse, et al.By Gary Blomquist, et al. ! Adolf O. R. Windaus HO HO*" L
2002 2003 : (1876-1959) cholesterol vitamin D, j
"""""""""""""""" F e -2 i iy
Synopsis : Karomones _— L ool :
1. Preparation phase (sexual maturation) : Nl comoonent b —-—-—
explaining the sex hormone regulation of mankind : o / ]‘ '8
. Flow controller B | rO : T .
: \ '1 g Fertilization
2. Activation phase (pre-intercourse communication); n 1Ay :Latex condom in 1875
using insect (moth) as the pheromone model ; | = ;M 1920s
3. Performance phase (sexual performance) o :
Drugs to alter sexual perfromance in human body | eatai caecmmeaanc
: ‘ Things excluded Carrier gas o= \\)&95 Retencion time

| :
AIDS/HIV US sex education
in 1981 in 1990s

<
Ovule
Heceptacle
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Preparation phase: how the sex hormones (especially steroids) work together to achieve sexual maturation in human body?

Steroid hormone class Example 4% ericoriodiis
S : (21 carbons) HO, £ OH
Parent steroid Cholesterol Moniker N
- R = % A 4 ¥ Cholesterol o Aldosterone
1. Glucocorticoids Cortisol “Stress hormone” 5
ide-chai Aldosterone
2: Mineralocorticoids Aldosterone “Blood pressure hormone” | o o
o Dociy S o 0y
3 Androgens Testosterone “Male hormone” . = L t : -
4, Estrogens Estradiol “Female hormone” S { éwmme §' H 7 S COCCRmDNS
[ ‘17a-hydroxylase . ~§
5. Progestogens Progesterone “Pregnancy hormone” 3 ' ! g ou
e R A A 17a-hydroxy O 17a-hydroxy 2 [ o g Os, -
Classification of steroids hormones of mankind °'e°"e"°'°"f L f}“‘ "‘°°“"*‘°“?r"'f— : U E
In trems of biosynthesis, all these steroid hormones originate from Cholesterol and Progesterone ,f 73 Cortisol

is the starting point of all other steroid hormones. Fun fact, Vitamin D is also biosynthesized from 1
Cholesterol, but is mostly related to bone structure and skin development so won’t be discussed.

Glucocorticoids
(21 carbons)

3
8
(uéu-dn RTuTRIPAYIP PrOIAXOIRY

o— Steroid
r In terms of action mechanism after ligand-binding, GR is also
very similar to four other types of steroid hormone receptors.
._/1 Once binded to ligand, the receptor will change conformation
and disassociate with its chaperone protein and in many cases
homodimerize. Then the recptor will move close to a specific DNA

Cortisol (the stress hormone) 1
Cortisol mainly binds to Glucocorticoid receptor (GR) §
%\\ 0 In terms of molecular structure, GR is very similar to four other :
Leandbindo - types of steroid hormone receptors. The structure is mainly Catkilar Todation
h consisted of ligand-binding domain, DNA-binding domain and of enzymes
transcription activation domain. !
’ [

'\\7\ \\ sequence and bind to it to initiate transcription process. Aldosterone (the blood pressure hormone)
5 A )
g Emergency Aldosterone mainly binds to i _—
gmewn Difficult task Mineralocorticoid receptor (MR) .
w/ s Hsi:‘r"\’fi"‘zbm' In epithelial cells, aldosterone binding v e -
to AR will result in an overall increasd — &— <@ Aldosterone
ENaC m
el level of ENaC which transport Na* into uﬁ? 4@@& @. 4
of specific genes ce“s and Secreting K+ Out ce“s
AT - ' - —— %3% — \
v Stimulate gluconeogenesis »
; Stimulate amino acid release Nervous j Cj
L Promote insulin resistance Sweat Na K-ATPags "
Thirsty...
Retensionofwater | | ~ M~ \Neddd&F—»NedddZ-E N 0~
L— | Maintainanceofhomeostasis | § . o«  Nga a7 7

Maintainence of blood pressure |-
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Testosterone and Dihydrotestosterone (DHT) (the male hormone) see BaranLab GM, Smith, 202

4 - . . e

Testosterone and DHT mainly bind to Androgen receptors (AR). Molecular structure and action
mechanism as mentioned above. Testosterone and DHT are primarily secreted in testicles (male)
and adrenal gland also secretes a small amount of them.

the first peak
*. the second trimester Quiescence Adult
L’s ] ® ® *—o—0—>
the second peak Puberty Andropause ] !
s six months after birth Hair growth
The development and maintainance Musculinization
of male reproductive system Sexual desire

nodes

Estradiol (and other estrogens) mainly binds to Estrogen receptor (ER). Molecular structure oo nodes N
and mechanism as mentioned above. Estradiol is primarily secreted in ovary and placenta ot iy \\
(female) and adrenal cortex also produce some amount of estradiol. s N
- = ‘:b } L
Fimerian . Lateral asillary 7 e ! _-'_,“
the first peak Puberty nodes P it of
f - ' six months after birth Menarche Menopause i ey P
. e - . e
Lf. ] ® ® ® ® O—> [l - 14
s - Quiescence Adult § temat mammary
. L Menstrual cycle o
The development and maintainance y The development and maintainance
of female reproductive system of female secondary sexual characteristics

Progesterone (the pregnancy hormone)

-alJllll»- Progesterone mainly binds to progesterone receptor (PR). Molecular structure and action mechanism as mentioned above.
Hypothalamus For a unpregnant adult female Progesterone is mainly secreted in overy in a cyclic manner. For a pregnant adult, high level
of progesterone is secreted by placenta and corpus luteum.

the corpus luteum, the conceptus will release a substance called HCG which will keep corpus luteum stay for another 6~8
weeks. Increased level of progesterone will notify pituitary gland to stop next cohort of follicles.

Before ovulation, Progesterone works with LH to promote ovulation.

Progesterone After ovulation, Progesterone helps the development of endometrium to receive and implant the fertilized ovum.
/ And also it promotes the development of the placenta.
H

nterior pituitary

Estradiol
progesterone
inhibin

\

Endometrium
%r / el During the early stage of pregnancy, corpus luteum is important for generating progesterone and estrogens. In order to keep
A

Corpus
luteum

Total synthesis examples (pop tests)

; 0 [mechanism]
ce g E ' Me [mechanism] Me [name reaction] Me 9
Dot HO ,— oﬁ;o | 5 mol% chirﬁal LA . (+)-estrone
biadh ! toluene, 4 A MS e —
A Adrogens and estrogens make ﬁ"- 0 _
#8844 both male and female sexually ! | "e.?lnB OH -50 °C—-20 °C
~  mature then ready for next ' MeO xylene/tBuOH e 2d MeO

reflux Angew. Chem. Int. Ed. 2014, 8770-8773
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Kametani’s synthesis . am. crhem. soc. 1976, 3378-3379

(o]
diethylene glycol Me|| o-diCl-benzene
0
= SC,4Ho !‘-BUOKH-BUOH = SC,4H, KOH 100 °C H reflux, 4 h
r.t., 16h
MeO

------------------------------------- _ 1]
Bryson’s synthesm o) B o
J. Org. Chem. 1977, 32143215 Me Me
Me + i P
7 r
J1 |
MeO MeO MeO - [ MeO 4
DMSO/THE then ’ [disfavored] [favored] proposed siructure
[structure] heat +BUOK, -30 OC T rveturel
[mechanism]
Me
Me 1. CuSO,, EtOH \ 1. heat
Me_ | 2. HCVTHF/H,0 2. LiAlH,, THF thexylborane
N = o - _—
oN 3. LiAlH,, Et,0 3. MsCl, then
4. ethyl vinyl ether 0-NO,CzH,SeNa,
MeO MeO Hy0, heat  MeO MeO
Zard’s synthesis 7evaredon. 1085, 16751684 Me o 0 200 b CO
O,N O,N HO :
aq. CH,0, Et;N 2 0 0 AcOH, then ’ '
Ac,0, DMAP O,N DBU . i [mechanism] Me

—_— —_—
Et;N, THF Tetralm
160 °C
MeO MeO MeO

MeO [mechanism] MeO
.................................................................................................................................... L_-_-_-_-_-_-.....-.--.r____________
’ i '
Durner’s synthes|s Angew. Chem. Int. Ed. 1980, 1027-1029 _ — [name reaction] '
" 0 Me 0 [structure] Me O For polyene
t+-BuONa € /| methylcyclohexane cyclizations
t-BuOH r.t. pyridine, 98 °C
P — .
o hv,24 h OH :See BaranLab
1GM, Harwood,
MeO \ \ i 2018
Me | MeO | MeO '
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Activation phase: how is the pre-mating information transferred between individuals of the same species (moth)? Me,

“It is the existence of these organs that many of the
Families of Lepidoptera, especially among the
moths,owe the continuance of the species. They operate
in the association of the sexes,with such an irrestible
and far-reaching forceas to exceed our conception and
to be marvelous to our eyes.”

=

The first elucidated insect “signal chemical”
Me (Pheromone) in 1959, called Bombykol
Naturforsch. 1959, 283-284

Proc. Natl. Acad. Sci. 1995, 44-49

. : Bombyx mori
; p n - . Since then, insect pheromones from > 1600 insect species, > 90 families and
. s . - > > 300 structures have been reported and studied.
Joseph A. Linter : :
(1822-1898) ~— Me\\
Some pheromone structures RS
o) Me Me I:l_ Me Me
| Me —Me X
0 Me Me. _O_ _Me : Me
Me 0] HO \ (0]
o | o
Me Me” “Me 0 OH o)
Chalcogran Brevicomin Ipsenol Verbenone Frontalin Grandisol Lineatin
In most cases, during night female moth will produce ush
biosynthesis activating neuropeptide (PBAN). PBAN will bind

to its receptor and cause calcium influx. (cAMP is sometimes
involved as a secondary messenger) Calcium-calmodulin
complex will activate kinases which will further activate fatty
acid synthase, Acetyl-CoA carboxylase and fatty acyl

reductase. These three enzymes will use acetyl-CoA as AntenriS
starting material to synthesize pheromones. .
Ca-calmodulin
l _ b o3 Released from female ovipositor tip A
B OAc .OH -Ald travels to the male 60,000
it == Acetyl Aldehyde o i
- i : T g lransrerase mducl{'nse
- | T
i : i — olf
pi actory system
Fatty acid Acetyl-CoA il 1| redu
symthase carboxylase atty acyl | recictase Some moth pheromones 0o Pheromones are detected by
r Malonyl-CoA <————  Acetyl-Coh ———————>  :CoA JL olfactory sensory neurons then pass
PV N G P P N through the pores, binds to ordant
| S = Me ©", M| binding proteins. OBP will then
i bl by arrive on OSN dendrites which will
o NN NN NN JL express pheromone receptor that
) AT E/Z18-16:CoA E/Z12-14:CoA Me o Me will bind to OBP-pheromone
16:Cok as [ {i;}‘I;{;Z:A >— E ]lgi 0 complex. Then ion channel will open
AX il 2 il J]\ and action potential will appear.
RN iy N N N P N L .
AX desaturase E/Z11-14:CoA p oxidase E/Z9-12:CoA = (0] Me / i
14:CoA I L E/Z9-14:CoA ) I E/ZT7-12:CoA ) CDI‘ItaiI"I USEfLI| i (
2 evalutionary information >
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Important agricultural application : pest control

Over 12 weeks

Mean number of

Mean number of holes

/0 holes per 100 plants per 100 plants
— 38.3
)iy %2 z:
- (o) giig 36.2
cl pheromones 208 2‘1‘ j
. Et0O. 0O 189 Vs :
Q & 2 154 272
S0 Meo” 1 >s OEt b -
. I i OMme 02 e
I i i ; §
Diamondback Moth endosulfan malathion Sticky Pest Trap - 10
Pt Sci. 2000, 832-868 . 1 & pheromone pesticide
6st: Manag. Scl. g The average cost dramatically drops, $62ha™' compared to $123ha’ treated control
Total synthesis examples (pop tests) i : [structure] [mechanism]
Titanium chemistry o : 1 eq Ti(OFPN, | M OH
5 eq Ti(Oi-Pr), Me 1eq Ti(Oi-Pr),
MeT N~ OTHP 13 eq i-PrMgBr /\mTHP : W /\/* 5 5 eq EtMgar” EtMgBr i |
—— '
aq. work-up Me Z aq. work-up i) OH
J. Chem. Soc. Perkin Trans. 1. 1998, 1839-1858 E Tetrahedron. Lett. 2001, 3757-3758 -
Organoboron chemistry [structure] [structure] KOH/MeOH
1 eq Sia,BH (CH,)gOTMS (CH,),OTMS ' Me reflux
= THF o ~ leqly; | ppr — 1eqNaOH
_/ s/ —_— | - ' Me Me -
OTMS Hén Sia,B ; s
Tetrahedron. 1991, 343-356 n-Pr—=—Li n-Pr | BSia, Me O Me
Organosulfur chemistry [structure] : [structure]
o [mechanism] : e
1 LDA, THF, HMPA Y Cl,cCOCl, Zn/Cu Raney-Ni OH ; R N\ il
~ Etl, -78 °C S THF, -40 °C EtOH, 0 °C 5 2)9
| Tol » Me ~To > —_— Me A O
| then then, LiAIH, e S M S S
it Me Altlg, THEMeON Et,0, 0 °C Me : Asymmetric catalysis
Tetrahedron. Asymmetry. 1994, 641-648 [structure] R S SR R S H
1. TBSCL ELN [mechanism] . Me [name reaction]
® < _OH1.MeLi,THF 1. oH 2.NaoH,mel | Y. ol i A OH
SO,Ph - ; - ; - e 3
Er 2 —_— ~~ -15°C <IN 3. H*/MeOH SN - [(R)-6-Br-BINOL-TiBr,] OCH,CF;
_— ; 2
o 2. Me,S, o, S0 Me 4o MeLi ... Me ; 4 Awms, DCM, -30°C |
| 3. Hy0,, ACOH r THF, 0 °C ]r : HJ\Irocuzcs:3 0
Eur. J. Org. Chem. 2001, 2659-2663  SO,P SO,Ph : >99% ee
' o J. Chem. Soc. Chem. Commun. 1995, 2391-2392

Useful review for pheromone synthesis and organoboron chemistry : Topics in Current Chemistry. 2004, 1-50; Rus. J. Bio. Chem. 2012, 667-688; Synthesis. 2017, 3323-3336
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Chiral pool strategy Can. J. Chem. 1985, 3182-3185
f truct
Br [structure] 2.16:,If\\.‘||:6 H [struc ::sjo California red scale gpc
MeMe 1 Br, CISO;H Me 3. Me,S
0o Me 2. Zn, AcOH/Et,0 KOH, DMSO 4. TBSCI, DMAP B N
~ - » r MeQO,C  —
then “ v Z Me
(R)-camphor o 2a-HCl 8s0—/ Mé Me” X AN
see BaranLab GM, Tang, 2019 Br Me
[structure] [mechanism] [structure]
Me 1. MeMgB HO, 1. aq. HCI =\_ Me OAc Me 1. (PPhg)3RhCI
Me 1. MeMgBr N= Me - aq. 3)3 OH
2. NOCI, hv 2. CH,PPh3 " 0  hy HJ[J"'Ij"N\/OAC 2. LiAIH, \/
——
——| 1o —> HO ——= Me _— L Me .., _Me
Me r
o) Me Me Ir ]
J. Am. Chem. Soc. 1976, 4594—4600 Grandisol
Me Me T TTTTTTTITTTE e I a AT
Me 1 eq Pb(OAc), Me Me OH : Mlscellaneous
Me Me  Me 1.05, MeOH S '
Me enzene Me / + 3 Me E Me e. Me
"OAc 2. NaBH,, K,CO3 \)_l OH _TsOH / 0—
(+)-a-pinene , _ OAc , . <:>= <:><0 2
Biosci. Biotechnol. Biochem. 2003, 26272631 [major] [minor] rom major compound
o o e o e e e e e e e e e e e e m e e m e meememmmmenmnn Me Me
PhO,S ° M d d f
2 e erived from : .
(+)'Citr0n9"0| E O Me PhI(OAC]z Me 1. {FBU)SAI
: Me Me Me Me Me O 2 Tf,0, (i-Pr),NEt
: I\/'\/'\/k/'\ )'l\ -
OMe : o H H H
' Lardolure Grandisol Tetrahedron. 1996, 7297-7320
2-Chloro-1-ethylpyridinium Mre ! ' Acetone TooNHNIL. AcOH
fluoroborate, NaN3;, NaOAc S0O,Ph OMe o OH | MeOH os 2, AC
MeOH, r.t. 0 Y SN _KiCO; DCM, KOAc
> — L1 me |
then Rhy(OAc),, CsHg, 40 °C g ; cOo.Me [mechamsm}
Me "’ : 2 come
Tetrahedron. 1996, 3879-3888 ' J. Braz. Chem. Soc. 1993, 179

Penis et Testis Cervi

) g Panax Ginseng

». From biblical time, people believed that B B .

«f- plants (or parts of plants) with man-like Gt -y Since Han Dynasty, it has been gsed ev;.-n before
or genital-like shape and animals’ - widely used by medicine ong Dynasty,
genitals had the power to boost sexual ¢ practitioners to treat fatigue, g;;:‘Ls: n':;gizi?-ng

i : : o s=u ' 5 debility and sexual dysfunction.
desire and improve reproductive ability. i.._ Ay Y y nowadays.
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Chemistry of Sex

Aphrodisiacs : A substance that increase sexual desire, sexual pleasure or sexual behavior

Category one : Increasing libido
Clin. Auton. Res. 2001, 303-307.

Ambergris

¢ Increase concentrations of testosterone
¢ Stimulate dopamine receptor synthesis

Ambrein

Category two : Increasing potency (mostly for male)

1 Expert Opin. Drug Metab. Toxicol. 2005, 283-293
Sexual stimuli

Toxicol. In. Vifro. 2010, 480-485 J. Psychoactive. Drugs. 1996, 267-290

H H
N N N
/ / Y
HO MeO HO
Bufo Toad N- N~
“Love Stone”in West Indies Me” Me Me” Me NH,
Containnig hallucinogen bufotenine 5-MeO-DMT serotonine

congeners of serotonine.
High doses can lead to death.
Seldomly used today.

Catalytic
domain
Sildenafil

@) NH,

Regulatory
domain

il
Neurons  Endothelium
B GTP
;s . Guanylyl
Nitric oxide -—’ cycI:';: <’ Protein
coue — [ ] | ™
.
5-GMP Protein—p
_| Inhibition 54 l 24 L
Slidanail LCa** and lfa sensitivity
Relaxation of smooth muscle
|
-

Engorgement of penile vasculature

and penile erection

Biological mechanism of sildenafil and related compound
o) ginkgolide

. . R;0_Me
ginsenosides QH

R,=H, OH, O-Glc
Ra=H, Glc

H:
Me Me R,

Ry, Ry, Ry=H or OH

Sildenafil binding to PDES

Increasing
in vivo nitric
oxide (NO)
production

~OH “horny goat weed”

. eincrease NO level
“OH eprohibit PDE5

Vascular Pharmacology. 2007, 18-24

icariin

Biochemical Pharmacology. 1997, 1-8

Cell. Mol. Life. Sci. 2007, 1715-1722 OH
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Category three Increasing sexual pleasure (more empirical, no general mechanism yet)
Total synthesis examples (pop tests)

Corey’s synthesis
J. Am. Chem. Soc. 1988, 651652

Dates back to 2000 years ago. On low doses, it can increase the
probability and intensity of orgasm (both male and female). On high
doses, it can be toxic and cause chemical burns, nausea, seizure and

even death. In terms of mechanism, it may stimulate B-adrenergic 0
receptor and induce vascular inflammation of genitourinary tract.
Bllster beeﬂe cantharidin  Am. J. Emerg. Med. 1996, 478—483; British Journal of Pharmacology: 1998, 911-919 OHO OMe
“Spanish fly” “tBu
e : p MeO
Vasodilatation effect _ ; ginkgolide B t'Buzlg"g NLi,
(a,-adrenergic receptt\:sr) o . U TMSCI, Et;N
,) YOHIMBE B OTMS
Work-out
supplements - OMe
o SUPPLEMENTS ce ; X
yohimbine The Journal of Urology. 1984, 799-802 P X . OMe
: : “t-Bu ‘+Bu
N o " """"""" T ’ Me trioxane, TiCl,
Crimmins’s synthesis : DCM, -78 °C
J. Am. Chem. Soc. 2000, 8453-8463  + u 0 °C,MeOH
o : PhyCOOH, NaOH O  #Bu oxalyl chioride OMe
: acetone/H,0 g ; n-Bu;N, toluene
S | , : -30 °C reflux Fan
RN : -~ . ~«——— HO,C o
" Y : </ “H
C t-Bu :
OH E y o ‘t-Bu t-Bu
1. TESCI :

2. n-BulLi, CICO,Et

CO,Et
EtO,C 2
Et0.C S ( 2 \A _hv, hexane | .50\(

A

o6TES MB
OoTEs ™=t OTES #Bu H
[disfavored]
YOhlmbl ne I‘I ng system constru Ctlon book chapter : Recen!'Advancss in the Synthesis of Yohimbine Alkaloids [structure] H hlﬂ\e
AcOH : N
O H,0
refl.

J. Org. Chem. 1984, 2708-2711. 1. (CH,OH),
2. Zn, MeOH tBuO,CCCH
O erme ’NZE\) 3. tryptophylBr Me% MeCN, refl.
—1- Me
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Category one :
androgen receptor antagnist

Anaphrodisiacs : A substance that quells or blunts the libido (the opposite of aphrodisiac)

2. Drinking the juice extrated from the trees’ seeds would “make milk flow and dry up the sperm”. In
ancient Greek, women who decided to sacrifice their sexual life for superstitious purposes would
“prepare their beds with the leaves of this tree”. Men who wanted to “prevent nocturnal emission
' and sexual excitement” would make sure “branches are spread on the back”

OH
reduce Me Frontiers in Pharmacology. 2018, 567
prolactin Me Phytomedicine. 2003, 348-357
production A Int. J. Endocrinol. Metab. 2012, 497-502
_ Chaste tree the seed of Me Me
Vitex agnus-castus Chaste tree potential active component
Important application : Several FDA proved androgen receptor antagnists

Chemical Castration

NO,
the first in US o o o NO; o 0
i Me N F Me F \\S N
o . M F N [\S H
i Me HN,& F ve H EF Ome OH
' ° F

Nilutamide Flutamide Bicalutamide
The Annals of Pharmacotherapy. 1997, 65-75 Drugs. 1989, 185-203 Horm. Res. 2004, 283-287

X-Ray of CPA binding to AR
J. Biol. Chem. 2007, 13648-13655
. - inhihi NADPH can reduce testosterone to generate DHT. When finasteride-type antagnists are
Category two : Sa-reductase inhibitor present, it will be reduced in the same way as testosterone but generate NADP-adduct
Schematic explanation of ihibition mechanism . Am. Chem. Soc. 1996, 23592365  Or dihydrofinasteride. Both of them have high binding affinity to 5a-reductase, so they
will keep binding to the reductase therefore reduce DHT level effectively.

Medroxyprogesterone
acetate :

R + = R + = R .
testosterone PADPR-N _)““Q M PADPR-N | PADPR-N | dihydrotestosterone FDA proved 5a-reductase inhibitor
x » = xn
Di;ti AQH [~ n_Am'H-'("_(;J A—H m om
B—H B—H 8
R
finasteride P‘Dpa—@p‘ PADPR_N 71 i A dihydrofinasteride
P ;l\’ < | PADPR-NT (S

7 7 “ SN :
0% N JAN > o@:\m».@’ N Duo®~n o” N finasteride dutasteride
H

p—i’H g H g—i’ P CNS Drug Reviews. 2006, 53-76  Reviews in Urology. 2005, 203-210






