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Dietary supplement

Food itemsintended provide nutrients may otherwise not be consumed in sufficient quantities.
Includes, but not limited to vitamins, amino acids, minerals, fats, fibers etc.

FDA criteria:

1. Intended to supplement a person's diet, not used a meal replacement

2. The product is or contains a vitamin, dietary element, herb used for herbalism
or botanical used as a medicinal plant, amino acid, any substance which contributes

to other food eaten, or any concentrate, metabolite, ingredient,
extract, or combination of these thing
3. The product is labeled as dietary supplement

Some common dietary supplements.

Outline:
1. Natural products found in dietary supplements
2. Yohimbine syntheses:
a) van Tamelen (1958)
b) Stork (1972)
c) Kuehne (1991)
d) Aube (1994)
. Huperzine A syntheses:
a) Kozikowski (1989)
b) Fukuyama (2009)
c) Herzon (2011)
d) White (2013)
4. Betaines in catalysis
Corey forskolin synthesis
5. Vitamin chemistry:
a) Vitamin D - C-H oxdations
b) Vitamin C common transformations
6. Polyphenols syntheses
a) Synthetic strategies
b) Quadragularin A (2006)
c) Hopeahainol/Hopeanol A (2009)
7. Cannabinoid - supplement?
Non-synthesis bonus - macronutrients
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i Some natural products that are key ingredients in dietary supplements:

Creatine
Bodybuilding.com
Foundation Series
Micronized Creatine,
500 g, $9.99

500 g, $110

Forskolin
Livelong Nutrition
159, $16.7

10 mg, $174

Sesamin

5 mg, $330

0]
N
i
N MeN
H

Evodiamine
19, $1.04
250 mg, $108.5
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1 g, $0.33 maybe mixture
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Yohimbine
Twinlab Yohimbe Fuel
8.0, 100 Capsules
~400 mg, $9.15

400 mg, $24.16 (HCI)

HO

Huperzine A
Source Naturals

12 mg, $10 Me

1 mg, $191

o 159, $4

Me'""

Fucoxanthin
19, %$2.14
10 mg, $134
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Carnitine (betaine)
Bodybuilding.com

Foundation Series L-Carnitine,
500 mg, $0.267

500 mg, $18.95
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OH Catechin

Bodybuilding
really cheap, mixture
59, $57
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Biotin
300 mg, $5
500 mg, $40

O
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Ginkgolide B
really cheap, mixture
10 mg, $155

Me Me
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What does it do: i Kuehne. JOC 1991, 2701.
Erectile dysfunction treatment !
Veterinary drug ! Me K,CO3
Weight loss | ®y_~ EtOHH,0 N 1) mCPBA N
/ i 20% N\ 2) EtsN, Ac,0 AN
MeO.,C OH | Toxicity: ! N 85% N 0
o Low blood pressure ! NH; H © ’ H
Yohimbine Dizziness, nausea ! 0 A\
Yohimbine Synthesis Anxiety, insomnia, irritability E N N@ 6 Steps
van Tamelen. JACS 1958, 5006. (ref. to Woodward reserpine) 1 H O N 7) _
EtO,C, Cl.__0O: 1:1 cis/trans R MeO.C OH
O  1)Zn, AcOH e if R = CO,Me o2
2-3 weeks 2) KOtBu, PhH g E 100% trans trans Zn/Cu
( _tBUOH_ i ifR=H e addition | TFA/MeOH
9 OEt i et
93 %o Cl/ﬁ( ) :
0.5-1kg O yohimbine o 2% o
21 steps ! ;
_name rxn? ! cis Zn/Cu
Pyr. ! e- transfer | AcOH/H,O/Dioxane o
CHClj3 1
H |
NalOy; i Zn (2 sequential
o HsPO, | ! e transfers) 1) NaOMe
H acetone/H20 HN HN\/O 2 Steps HN N\_&O i O 2; Zn/Cu
“Te0% H H: o TFA/MeOH
T T | N 100% trans
! 100% cis Co,Mé
H HO H H ! if R = CO,Me
OH 0} ! 7:1 cis/trans
HO ! i
Br : ifR=H
Stork. JACS 1972, 5109 H N\ !
Me PhH/MeOH 4 Steps N N l yohimbine
N N .
reflux, 80% . H H ! 12 steps
RN [ |
0 > K,CO ?
H 2 3 |
MeO,C - MeOH |
0 e WMeOQC MeO,C" ™ !
S o OH | Aube, JACS 1994, 9009
° Hg(OAC) i Wenkert, JACS 1982, 2244
EgTA 2 i N‘\O hv, Pyridinium reduction, Pictet-Spingler
o NaBH,4 1% AcOH ! A\ N Brown, TL 2000, 5627
yohimbine o Ac ' MeCN VPR
-~ - : N 77% Sugar SM, Pictet-Spingler
8 steps 32%, 2 steps : H N H Jacobsen, OL 2008, 745
| Asymmetric Pictet-Spingler, DA
i Hiemstra, JOC 2011, 8907
! AcO (0)
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Me What it does: Herzon, Chem. Sci. 2011, 2251 Br = Br _
Improve memory/mental function - e} ~ | o “ |
Treatment for myasthenia gravis PhMe,SiLi / N7 “OMe NG N~ “OMe
NH Potential treatment for Alzheimer's Cul, then o LHMDS, TsCN o
v A o IMDS, T
C~7HN \—= Toxicity: -~ SiMe,Ph ~ VSiMe,Ph
Huperzine A Mild cholinergic effects V Me PA(PtBUS),
Some reviews of huperzine A products: Me o | NaOtBu

Tririririr Works for me EtPPh3Br
Tririricir WOrks for Me NG LHMDS, Et,0 NC
T3 | think® it improves memory but it sure gives you crazy dreams TfoH.  PhMe,Si OMe 't. PhMe,Si OMe
TIL0T07 Short-term memory improvement, check. Vivid dreams, check. )
a e " then (5:1dr)
oW Mold Sensitivity - CAUTION!!! H,0,, TBAF 71-76%, 3 steps
Huperzine synthesis . ’ Me Me
Kozikowski, JACS 1989, 4116 (5:1dr)
Me Me

(0] AQQCO3
4 steps m Mol
Q </ 93% Q

Burgess
HCI, acetone; ©
OPRD 2012, 635

KH (OMe),CO PIFA, MeOH
[A%%/\(\OAC } e 74% 2 steps Me l then TMS|
12 ste HO CHO 1 huperzine A
ps OMe | White, OL 2013, 882 1. KHMDS P
8 steps :

TIPSCI
o ,

16 steps -~ 0 T™MG f 2. TMSN,

p o) _ 93% Me ’ hV, CHzclz PhlIO
o” “OMe CO,Me — T, T

73% Me"

(Ming
Magnus GM)

58% Me"
Fukuyama, OL 2009, 5354

0
H KHMDS T H \‘/\Br

HP e
o steps 18-crown-6 Me
— 0 ——— o| —
93% ee THF =~/ | TBAF, THF
H i 0°C 80%

(]

huperzine A’ <«——— 7 NH - |

Me 0 1.TsOH
H TfOH OMe win
H,NCO,Me

15 steps 9 2 2

huperzine A <o ore 0 — @ o <o mol %) PhH, 37% \H
22steps 7 steps [ 61% 2Mst S~/ =0
Me
OH o ° If Br instead of SePh Mech. S

Me Me rinstead of sern. 17 steps from A
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Betaines (BEET-ah-een) Isolated from beets

o What it does:
Supports immune functions
Me;N S
3®\)J\0
trimethylglycine

Maintains intestinal functions
Boosts strength

Toxicity:
none?

Betaines in catalysis

Chiral Ammonium Betaines: A Bifunctional Organic Base Catalyst for
Asymmetric Mannich-Type Reaction of a-Nitrocarboxylates

JACS 2008, 10878.

NHBoc
B cat. A A
N 0C  Me CO,tBu 5 mol% -

+ COQtBU
J\ E
toluene Mé /NO2

Ph” H NO,
97% yield, 99% ee 4:1 dr

Chiral Ammonium Betaines as lonic Nucleophilic Catalysts
ACIE 2010, 5567.

O-H
o8
Me OTroc  cat. B Troc 2 O
= 2 mol% Me%
_eTvRl o
N dioxane N
tBu tBu

99% yield, 96% ee

Forskolin

Highlights of Corey forskolin synthesis

JACS 1988, 3672

Me
5 steps

—_—
—_—

Me Me o)

What it does:

Treats heart conditions
(congestive cardiomyopathy)
Asthma

Maintains testosterone levels
Supports lean muscles
Supports fat loss

Toxicity:
mostly safe, irritation?

Ts

OH
X
S
Me \COZH
—_—
= 12%
Me Me Me Me Me Me
hv, sunlamp
95%

1)Al/Hg
2)8220

-

other applications of singlet oxygen see (GM SJ McKerrall 2011)
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Hang Chu
Vitamin chemistry o}
OH 0 )L CO,H CO,H
- H o Me N HN” “NH
HO : B NH H H V|tam|n B9 O
- OM \ \N o = > % . folic acid
HO e S " $15/g
Vitamin ¢ OH WOH H
i arr!m _ Vitamin B2 : VitaminB7  H,N_ _N_ N
ascorbic acid riboflavin OH biotin m/ | A
$1.4/g $4.9/g HO” ™ $63.3/g N N7~ NH
Me Me Me Me OH NH; O
XXXy Vitamin D NN
cholecalciferol N| N S
Me $59.2ig N*N/ —~ oH
Vitamin A Me Me 7 Vitami)
A HO,, N Vitamin B1
retinol . Me iami
$38.11g thiamine
$3/g
Me
OH

Mazur, JOC 1979, 3077

Me,, Me
Me

Me,,
Me

B ———— L s
or CH3COg3H, hv A 6H

15% 14%
OAc OAc OAc
Me,, Me Me,,, Me
Me OH
) ,\\H Me )
o, 05/Si0,, - 15°C O},
_—

Conditions:
a) RuO4,RuCls
NalOy, 49%
b) DMDO, 86%

50%

e

Cruci,

JACS

1994,

8112 O _Me,
-40°C, 1thoy"

85%

AGO™ ACO™ Chem. Rev, 1995, 95, 1877-1 952

Vitamin C

e = €
Some Transformations Me Q H HO -0 Ascorbic
of L-Ascorbic Acid Me,CO O A0 O Acid
OH AcCl - =0 0 Redox System
s 80-85% HO
HO —O
oo S 0 DEAD, PPh; HQ,_
bH THF/DMF ~ HO
| R 64-77%
H20 NCW):R
R 2 |2 eq. tBuOK, RBr
1 R 0 25% DMSO/THF RO
2
O .
ﬁ)\ OH
O=~_:-0
=< 1)
(O
H oH
R1 =R, =Me Piptosidin

L-ascorbic acid
as starting material.

CO,H
o  0Ac 0Bz H"¢ e 0 _ .
B isocarbacyclin
CONH, 4
O -
Mé lathyranoic acid A echinosporin : A
H p OH OH
(0]
Methods 10 mol% CuMeSal H
Ascorbic acid N OCu
/ \ (HO),B _DMF, 55 C_ ‘C OH
|‘ T 74-80%
80% R R Me CuMeSal
OL 2004, 2631-2634
1 mol% CuMeSal | & | H
R, Ascorbic acid R, +N/O N N
5 - = + + CH)O
R, 49-89% R,
OL, 2009, 843 JACS, 1995, 2381
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Polyphenols

The Composition of a Typical Tea

Beverage, %wt/wl Solids

QGreen tea

Catechins 30%
Theaflavins

Simple polyphenols 2%
Flavonols 2%
Other polyphenols 6%
Theanine 3%
Aminoacids 3%
Peptides/Proten 6%
Organic acids 2%
Sugars %
Other carbohydrales 4%
Lipids 3%
Caffeine 3%
Other methylxanthines <1%
Potassium 5%
Other mineralsfash 5%
Aroma Trace

Representative (oligo/poly)phenol strategy
O A

RO

" DDQ, XH

o)
TL 2006, 5298 O
oligostilbenes OH

OH
FeCls, acetone

97%

TI(NO3)3, MeOH
 E——
30%

H o
120 °C
—_—
32%

or AgOAc, MeOH
————> HO

diinsininone

HO

Qtrans-dehydrodimer
OH OH

AT Yb(OTH),

Black tea HO e OH
o% OH catechin
4% theaflavin OH HO
3% o)
1% .
h Z
g; OH OH resorcinol
6% HO o) R HO
2% :
ey : © OH
4% “OH
3%
3% OH HO
<1% . . phloroglucinol
5% Lewis acids:
5% TiCly, SnCly, OH
Trace TMSOTf, AgBF,
K10 Betonite, HO OH
BF30Et,, Sc(0OTf)3 pyrogallol

resveratrol OH

> Eviniferin

QOH

@OH ' Quadragularin A.
OH

ACIE, 2006, 7771

1. A|203, 950/0 OH

Hopeahainol A/Hopeanol
Nicolaou, 2009, 3440.

0
0,C
1.

TBSO I

OTBS 3. TBAF

OH
quadragularin A

2.4:1dr. 65%

1. KOtBu
2. A020

OMe

HO

OH ¢co,me O
hopeanol A
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but can certainly aid sleep
facilitate muscle recovery.

do nothing & harm your

The total synthesis of cannabinoids
Synthesis from simple terpenes:

Me
Me Me
OH BF;0Et,
— _—
verbenol Me OH
1. hv
2. LAH
HO CsHq4 HO CsHy4
Me Me
BF;OEt, BF;0Et, Me "
e
HO > wa /
chrysanthenol citral CHO
Me
Diels-Alder
H02 C:;OZH
| OMe
1. MeMgl
—, 2 VIeV9l
Me 2. heat
CsHis MeO CsHis

Some recent syntheses
Trost OL, 2007, 861

CO,Me
OCOZMG OMe Mo cat. MGOZC ZOMe
5 steps *Ligand 10 steps
_Nuc. A e
05H11 CsHyq1 MeO CsHqy
oL, 2013 764 95%, 94% ee
O o}
3 steps 10 steps
OMe Asym.H e — >
O 98%, 96% ee
0}
C5H11 F C5H11

Dietary supplement? Not really,

Using it in/around training will

performance (common sense).

reefer

reefer

Macronutrients Protein
Whey protein:

a) concentrate

Amount Per
Senving

Double Rich
Chocolate

ded Scusp (309 g)
177

Calaries

120

Basic, cheap protein

10

b) isolate

% Daily Value *

Total Fat

g %

GOLD STANDARD

Fast absorbing, more expensive

Saturated Fal

Trans Fat

c) hydrolysate

Fastest absorbing, most expensive

*o Chalesterol
Sodiurn

=] ' Total

L Carbohydrate

Casein:

Slow digesting, taken before bed

Milk protein:

" EREE

Contain both whey and casein. lower
protein concentration by weight.

°
>

Natural Sources of protein

GOLD STANDARD

Nutrition Facts

Serving Size 1 Heaping Scoop (35g)
Servings Per Container 25

Dairy: Meat:

Greek yogurt 23g/80z. Steak 23g/30z.

Cottage cheese 14g/1/2 cup. Ground beef 18g/30z.
Snacks: Chicken breast 24g/3 oz.

Amount Per Serving

Peanut butter 8g/2tbsp. Turkey breast 24g/30z.

Calories 1%

% Daily Valuo*

Seafood:

Mixed nuts 6g/20z.

Halibut 23g/30z.

Produce/frozen food/grains: g5mon 23g/30z.

Tofu 12g/30z Tilapia 21g/30z.

Green peas 7g/1 cup

Quinoa 8g/1 cup

Carbohydrates
Preferred sources of energy for any physical activity.

Insulin brings blood glucose to liver, muscle then fat.
The glycemic index: measurement of how quickly a carbohydrate

is converted into glucose and enters the body.

High glycemic carbs:

candy, potatoes, white bread

honey, corn chips, white rice, some
fruits (canteloupe, watermelon),
some cereals (puffs), instant oatmeal
Fats

Why eat fat?

1. Highly concentrated form of energy: 1g fat = 9 cals

pasta (boiled), beans

2. Transport, store and absorb vitamins 240 calories

J rsstonprotecer oo sowcs ot 15
. i y aci : .

5. Makes food taste good Fish, eggs, avocadoz, nuts, 3g protein

dark chocolate, chia seeds,
olive/coconut oil, yogurt.

3/4th of avocado:

Moderate/low glycemic carbs:

sweet potato, brown rice, nuts,

legumes, oats, bran, dairy, fruits:
(strawberries, cherries, apples, pruness),

Natural PB:
210 calories
69 carbs
169 fat

79 protein




