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Elemental building blocks for all organic molecules
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Organic Molecules

water ammonia methane formaldehyde | formic acid
1P Ew D Y
o O ea |¢°
J : | o3
\J J | IV ) 3

Shapes, Functions & Structural Analogies

Water, Ammonia, Methane

N
Plus /C=O “carbonyls”




Functional Groups & Amino Acids

Organic Molecules & Functional Groups

The following simple molecules: water, ammonia, methane, formaldehyde and formic
acid can be used as “lego-like” building blocks to construct the vast majority of organic
and biological molecules. Simply replace a hydrogen from each of any two molecules
with a bond to the central atom, and if joining three molecules replace 4 hydrogens with 2

Chem 108 / Dr. Rusay

20 Amino Acids found in Proteins of Living Organisms

R'\
R"' C/COZH

\
NH,

https://chem.libretexts.org/Libre Texts/Diablo_Valley_College/DVC_Chem_106%3A_Rusay/Amino_Acids

bonds.
water methane formaldehyde formic acid
Name General Formula
Alcohols R-OH
Ethers R-O-R'
Amines R-NH,
Carboxylic Acids R—g—OH
Q
Aldehydes ReH
Ketones R-C-R'
Carboxylic Acids 1
R-C-OH
Esters Q
R-C-OR'
. (H) R"
Amides R-C-N

B Rasmol Function &
Name ! 1 R- R Color Class
Alanine CH.- Aliphatic
Ala A | H 5 dark gy | e e
‘Arginine NH Basic
Arg RO H | el blue Hydrophilic
Amide
Asparagine Asn N cyan Highly
-CH,CNH, Hydrophilic
) Acidic
Aspartate Asp D H- ” bright red Hydrophilic
-CH,COH
Cysteine Sulphur
Y Cys c H- -CH,SH yellow Containing
Hydrophobic
) [ Amide
Glutamine Gln Q | u I cyan Highly
-CH,CH,CNH, Hydrophilic
P [e] Acidic
utamate Glu E | B I bright red | Hydrophilic
-CH,CH,COH
. Aliphatic
Glycine Gly G | B H- light gray | Hydrophobic
i Basic
o ) Hydrophilic
Histidine His H | H ¢ ), pale blue
N
‘CH,-
Tsoleucine C|Hx Aliphatic
1l I H- : g Hydrophobic
e CHCH,CH, green Yeop
) CH ‘Aliphatic
Leucine 3 .
Leu L | H- CHZ'CHCH‘ green Hydrophobic




Common Functional Groups

Name General Formula

Alcohols R-OH R-or R-

represents any
generic carbon

Ethers R-O-R’ atom bonded in
_ the functional
Amines R-NH, group

O
CarboxylicAcids ¢ __on

water |  ammonia methane formaldehyde | formic acid

).\) J’)Jjj\)‘ﬂj‘ﬁ‘




Common Functional Groups

Name General Formula
Aldehydes Q
R-C-H
Ket R'-or R-
etones
represents any R. (Hj—R'

generic carbon
Carboxylic Acids |atom bonded in

the functional R-C-OH
Esters group Q
R-C-OR'
Amides @ R
R-C-N

R!



Amino acids: two functions, an acid & a base, in the same

molecule
Amines R-NH, TS © S
O H—T—?—C—OH H—I}I—Cl—C—-OH
I I " H H
Carboxylic Acids R.CcOH " H
[ water ammonia methane | formaldehyde | formic acid
J i
)@ » ’J\) # | &G (é’?
| Funcons |
Alcohol R-OH
Ether R-O-R’
X Amine R-NH,
O
Aldehyde 0 R-C-H
Ketone R-C-R'
o 0
X Carboxylic Acid 0 R.C-OH
Ester RC-OR' o g
Amide R-C-N



Amino Acids
Legos of Chemical Biology

Amino acids containing carbon, hydrogen, oxygen, and nitrogen,
which resemble the following shapes & structural components

20 different amino acids are encoded in humans’ genetic code, which
IS archived in DNA.

*Hundreds of amino acids link together with amide (peptide) bonds to
form proteins, which provide the machinery and molecular backbone for
the chemistry of life.

*There are less than 20,000 total proteins produced from humans’
entire genome, each coded by a specific gene in DNA’ s ~3 billion

genetic bases.

http://chem.libretexts.org/Libre Texts/Diablo_Valley College/DVC_Chem_106%3A Rusay/
Amino_Acids



Amino Acids
Legos of Chemical Biology

All amino acids contain C, H, O, and N; two, C & M. also have sulfur.

—

——————

¢ THE ESSENTIAL AMINO ACIDS [ Soomm
(WHICH OUR BODIES CANNOT MAKE) : o

H (._.) HoO "o

“‘}“:“ -O-H HeN<CeCaO-M HeN-CC=0=H Proli
ol Ny (:w M .:;« roline
u}"(“t,u Hx A CH, :'”
HC =NH" CHy e’ ens
(7] Histidine Isoleucine Leucine
E n c"' " (-P H t“'
&3 Pt n-?-n:-\ ~0-H H-f—(:-( ~0-H H-?-t:-l ~O-H Glutamic
=i H CH H (H; H CH, acid
g N, CH, Q G
CH 5
'E NIt My A
= Lysine Methionine Phenylalanine
= ¥g
i ‘ "o HeN-0-C-0-H Mo Arginine
= HeNeCaC 0=l - HoN=G=C-0-N
= H «:u-( Hy (I‘ T
s - M —
o Threonine Tryptophan Valine :

http://chem.libretexts.org/Libre Texts/Diablo_Valley College/DVC_Chem_106%3A Rusay/
Amino_Acids



R1(|?

RZCI?

H—N—C—C—OH + H—N-—-—C—C—-—OH

|
H H

Amino acid 1

H

H H

Amino acid 2

1 R, O

C.

H H

Peptide bond
(Amide bond)

C—OH + H)O



Representing Organic Molecules
Common Formulas & Drawings

Molecular formula: C.H,0 Empirical Formula: C.H,0
Ili f|1 ?H%ﬁi Ili Condensed Structure: (|3H3
H_CI:_(l_j_(lj_(Ij_([j_H CH3CH2C(CH3)2CH2CH20H or CH3CH2C|CH2CH20H
H H CH;H OH CH,
Bond-Line Structure:
NN\ OH

Organic Molecular Jeopardy

Team Selection




Organic Molecular Jeopardy

Team Selection

Pick a card & write your name on the card.

Go to the lab location noted on the map.
Front of Lab




Organic Molecular Jeopardy

Team Reporting

Select a Team Scribe:
Record the full names of your Team on the form Dr. R.

provides and return it to him when complete.

Organic Molecular Jeopardy

TEAM:

Members

NlBWN -




Organic Molecular Jeopardy
SCORING

There will be 7 questions (5pts each) embedded in the lab
presentation; plus a final jeopardy question (15pts).

Dr. R will explain the rules. Lab bonus points will be awarded.
18t place: 25 pts

2nd place: 15 pts

3 place: 10 pts

Other participant scoring: 5 pts



Organic Molecular Jeopardy

Common Formulas & Drawings

A compound that smells like fresh raspberries, is shown below.
What is its molecular formula and molar mass?

HO




Organic Molecular Jeopardy

Common Formulas & Drawings

Select the names of the 2 circled functions
in the molecule. C @Bm‘

Alcohol R-OH
Ether R-O-R’
Amine R-NH,
@)
Aldehyde R-C-H
Q@
Ketone R-C-R'

L Q
Carboxylic Acid 0 R-C-OH
ESter R-C-OR' Q R"
Amide R-C-N




Detecting stuff we cannot see: the Sense of Smell
Models, Theories & Interactions

http.//chemconnections.org/organic/chem226/Labs/Smell/smell-links.html

Olfactory bulb
Odorous
molecule
L % :
nz’? = = ;":)jl
Qs s | 2
“Olfactory
nenve cely @ | (574 4 Us
P
ulb in — B> R P
nasal paisage | Q Olfactory Receptor on
N | n Nasal passage  hairs c olfactory hair

Structure-Odor Relationships
Karen J. Rossiter, Chem. Rev., 1996, 96, 3201-3240




Organic Molecular Jeopardy

Common Formulas & Drawings

This molecule may interfere with the
perception of the smell of raspberry.
What two functions are in the structure?

Alcohol

Ether

Amine
Aldehyde
Ketone
Carboxylic Acid
Ester

Amide

R-OH

R-O-R’

R-NH,, R,-NH, R,-N
o)




Organic Chemistry
Table of organic compounds and their smells

Organic Functions & Smell Receptors.

m ALKENES ALCOHOLS ALDEHYDES CARBOXYLIC ACIDS HALOALKANES THIOLS LACTONES
-ane cyclo -ene -anol -an-2-ol -anal 2-methyl 3beuyphenyy -enal -an-2-one methyl -anoicacid -enoic acid chlovo bromo |odo -anethiol  -anamine itrile lid
-ane -anal an -an-2-one -an -ane
meth Assour == A @ o @
“VOOKA DANGE!
et VOOKA e -
@ o PUNGENT & Toxic & ‘& :
PENETRATING WILDLY SWEET CHLOROFORM  SWEET, ACRID
. = ‘ ‘o @ @ '
2 carbons e ABSOLUT. VINERAR ‘MILDLY .sxum( @ A
\ESH SWEET
~ SWEET, ACRID ETHEREAL
prop- ‘ (= 4
‘& SN “% T @ sn oure W00 Qe g 'm@@ A\
@ c-l'e"e'»'«"ég'ﬁ'fu :‘;2252 N‘:L e ETHEREAL
but- BROWN * e sk a
4 carbons e @ & ‘ et nmc:un. m" :3#5'%. AITYCY  SHARP  plpasant,  umoue e ‘
BANANA SUFFOCATING ns SWEEI —
pent- ﬂ:‘ (<Y Q FRESHLY \J —
5 carbons S 'NG A& SW‘E’;‘E s - ‘ MILD PLEASANT
and
a’n{ﬂllon{ou msc";&"r': DISGUS'"NG SWEET
hex-
— — FRESHLY FRESHLY FRESHLY -
6 carbons | ST NG % w " . » ’ ; ATS %z- @ SLIGHTLY o
LN B L
benzene = SICKENINGLY “ ~
ferent naming —m SWEET AND * * . e p. m@ @ TOXIC, QA
system is used TARRY : AROMATIC
Benzen! Phenol Acetophenone  BALSAMIC AROMA'"C B ine
hept- a - % [e— ‘
= = FRESHLY 4 STRONG ;
7 carbons ® i R & FRUITY' o - R w RANCID e none SLIGHTLY none P A
u [Swd %) COGNAC i o S8 - ! SWEEY . ’
enantiomers. CUL (Gmethyl) e
o D. 5
8 carbons ATING, e = 4 @ A @@
S, O »& r @Q p: r K, e o @
ot buter « 108 STENCH
o 7
9 carbons DIE% »& ’&& ‘ .‘:r“tmas ? ? R'ANCID‘ PITS none none none
t . OBNOXIOUS
y [ A
10 carbons | JET FUE »& A‘& m ? ’ ? ? ? 4 " TS none none none
e 1 Lo It oBNOXIOUS
undec- NEW JET FUEL ) - T
1 carbons - t @ m ¢ @ % “ : Au;muu u I muosnu UNIQUE & L) P@
M RN B i OIL OF RUE PENETRATING  UNPLEASANT . OBNOXIOUS
dodec: | —= - = - A
12 carbons H% F ? ’L ? ? 2 7 ,b:" Bt none ?
i & ° FATTY UNPLEASANT OBNOXIOUS
tridec- me = oo &
nzmm o osmoxious
tletradf(- m ““ l y 1
4 carbons none 2 ‘L L ? ? ? ? = ? none ?
FLOWERS i ‘\.') AX 8 NUTHEG NP AT 0BNOXIOUS
pentadec- ‘ﬂ _— BIOMARKER
hons = = FOR DAIRY z i s
15 carbons ) ,& 2 2 ? ER (g ? CONSUMPTION ? UNIQUE & none 2
MEROMONE ‘ ‘o CELERY (No smell) UNPLEASANT OBNOXIOUS

Version 1.2 Produced by James at

jameskennedymonash.wordpress.com. Visit website for more infographics. Free to use!




One molecule, One function: One Smell Receptor

Isoamyl acetate

Isoamyl acetate, also known as O

isopentyl acetate, is formed from

isoamy! alcohol and acetic acid. )J\ /\)\
It is a colorless liquid that is only O
slightly soluble in water, but very
soluble in most organic solvents.
Isoamyl acetate has a strong
odor which is also described as
similar to both banana and pear.
[3] Banana oil may be either
pure isoamyl acetate, or
flavorings that are mixtures of

isoamyl| acetate, amyl acetate,
and other flavors.
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One molecule among 82
primary chemicals found
In bananas:

Isoamyl acetate

O

O




Organic Molecular Jeopardy

Common Formulas & Drawings
Isoamyl acetate

; C7H1402
9 J J

The function in isoamyl acetate’ s
structure 1s a(n):

A. Alcohol

B. Aldehyde

C. Ketone

D. Ester

E. Carboxylic Acid




One molecule, two functions: One Smell Receptor

Methyl salicylate

Methyl salicylate (oil of
wintergreen or wintergreen oil)
Is naturally produced by many
species of plants, particularly
wintergreens. It is also
synthetically produced, used as
a fragrance, in foods and
beverages, and in liniments.




Organic Molecular Jeopardy

Common Formulas & Drawings

Methyl salicylate

O/

O

O
CgHsO;

What are the 2 functions in methyl salicylate?
A. Alcohol

B. Ether
C. Ketone
D. Aldehyde

E. Carboxylic Acid
F. Ester



One molecule, three
functions: One Smell
Receptor

An extract of the cured, full-
grown, unripe fruit of an orchid
produces a popular flavoring. The
natural extract sells for ~ $1500/
kg versus ~ $20/kg for the
synthetic version. The structure
of the compound that is
responsible for the smell/flavor is
shown to the right. The Guinness
Book of World Records once
listed this compound as having
the lowest smell detection limit of
all chemicals (2 x 10 " g per
1,000 cm3 of air).

Vanillin

OH

Bonus:

The space (volume) of the
Oakland Coliseum Arena, aka
Oracle Arena, is approximately
90,000,000 ft3. If 1.00g of the
compound were released at
center court, and was completely
and evenly dispersed throughout
the building, would you smell it
sitting in sec. 204, row H, seat
121? Show your calculation. (1 ft3
= 0.0283 m3)



Organic Molecular Jeopardy
Common Formulas & Drawings

Vanillin

O H

One function, an alcohol, 1s circled. What are the other two
functions?:

A. Aldehyde + Ketone

B. Carboxylic Acid + Ester

C. Ketone + Ether

D. Aldehyde + Ether

E. Carboxylic Acid + Aldehyde




Inside the extraordinary nose of a search-and-rescue dog

https://www.youtube.com/watch?v=FLH36MLS8IEU



Dogs Can Smell Cancer - Secret Life of Dogs - BBC

https://www.youtube.com/watch?v=e0UKG6kkS0 M



Synthesis of an NSAID
(Non-steroid anti-inflammatory drug)
Aspirin

http://chemconnections.org/general/movies/Representations. MOV

NSAIDs are used primarily to treat inflammation, mild to
moderate pain, and fever.



Synthesis of Aspirin
(an NSAID)

Used primatrily to treat inflammation,

mild to moderate pain, and fever.
Aspirin & Pain

PAIN ASSESSMENT TOOL

0 1 2 3 45 6 7 8 910
rr I

No Pain Mild  Moderate  Severe  Very Severe “pusii®
@O
0 1-3 4-6 7-9

ACS American Chemical Socety

@ ACS Webinars

over fefetetititetitiieteee
1 1 5 tefetetititetetiietine

tépetiteteiitetiiitete
deaths* fefetretitiietttiieieed

each day :::::g?ﬂﬁﬂﬂ"ﬂ"i

mem opioid-related overdose

N amd (e e mww b geans o gy Snne b pd e

According to NIH, oploid-related drug overdoses lead to over 115
deaths each day in the United States zlone. Unfortunately, for the
almost one-third of Americans who suffer from chronic pain, prescription
opioids continue to be their best choice for pain-relief.

Oé)l'llgllg W ™ Ql‘m\/\rwthOl.lt Addiction

Join Ajay Yekkrala of Blue Therapeutics and Jane Aldnch of

the University of Florida this Thursday, May 10th from 2pm ET to 3pm
ET to discover how medicinal chemists are developing potent
analgesics that are devoid of narcotic side effects to stop the cycle of
pain-opioid abuse.

Register for Free!

What You Will Learn

« What are the stats, scientific issues, and policy ramifications
driving the opioid crisis

« What are the body’s pain pathways and where are the potential
clinical targets

« The search for solutions and what are medicinal chemists
working on right now



Organic Molecular Jeopardy

Common Formulas & Drawings

One of aspirin’ s two functions is highlighted in yellow, the
other 1s circled. What are the two functions?

A. Highlight=Alcohol; Circled=Ester

B. Highlight=Aldehyde; Circled=Ether

C. Highlight=Ketone; Circled=Alcohol

D. Highlight=Aldehyde; Circled=Ether

E. Highlight=Carboxylic Acid; Circled=Ester



Organic Molecular Jeopardy
FINAL JEOPARDY QUESTION

o% P

O 7"'6~3 |
c

|
o)

Cc

e

H

/

S

H

One of the reactants used to produce aspirin 1s shown above. It
also has two functions: one 1s highlighted in yellow, the other is
circled. What are the two functions?

A. Highlight=Alcohol; Circled=Ester

B. Highlight=Carboxylic Acid; Circled=Alcohol

C. Highlight=Ketone; Circled=Alcohol

D. Highlight=Aldehyde; Circled=Ether

E. Highlight=Carboxylic Acid; Circled=Ester



Organic Molecular Jeopardy

Tabulation
Organic Molecular Jeopardy
TEAMS:
QUESTION A B C D E
1
2
3
4
5
6
7
FINAL
TOTAL

A word from our sponsor:
https://www.youtube.com/watch?v=hfe5xQ1M7Jw



Jeopardy

Winners

TOP SINGLE =
GAME UVINNINGS! A,

131127 NS HOLZMALUES

huﬂ‘\ Iy
190 94 P ES HILZHFLIES GVAN TUM L(TAP

g &
IS HOLZHALUES
106 181 MAPFY GIRTHBAY sooett

&9 155 IS HOLZHALES
77000, SORONCRN $72,600

May 3, 2019
James Holzhauer, 22 days, $1,691,008



Organic Molecular Jeopardy

Winners

Organic Molecular Jeopardy

TEAMS:
QUESTION A B C D E
1
2
3
4
5
6
7
FINAL
TOTAL




Select Partner(s): form a group of 2-3.

Synthesis of Aspirin

alcohol (phenol)

OH
O O

1| ]
CH,COCCH, +

acetic

anhydride salicylic acid

5,3 . 390 b

—_—

acetyl ester

OOCCH,
COOH

acid _ GH,COOH

aspirin acetic acid



REACTANT:

Common Functional Groups

Name General Formula

Alcohols R-OH

alcohol (phenol)

Ethers R-O-R’ Of o
acid
Am I nes R_NH2 salicylic acid

o ®
Carboxylic Acids R-C-OH

water |  ammonia methane formaldehyde | formic acid




PRODUCT:

Common Functional Groups

Name General Formula
Aldehydes
Ketones
Carboxy“C AC|dS (”) acetyl es;,ter
R-C-OH ooccg(_,)(rmjd
Esters O [ j )
R-C-OR' aspirin
. O Rn
Amides R-(”I—l\f

R!



Synthesis of Aspirin

alcohol (phenol)

00O OH
[| |l COOH
CHJCOCCHJ . acid
R
acetic _ _ H,PO,
anhydride salicylic acid

1. Get equipment from stockroom
with your group.

2. Follow instructions in lab
manual carefully. Be mindful of
your safety. WEAR eye
protection.

3. Store in lab drawer as
instructed in Part A.3 of the
instructions of the lab
procedure.

acetyl ester

OOCCH,
OOH

acid | cH,COOH

acetic acid

Equipment

From the stockroom:
Beaker clamp
filter flask
Biichner funnel
ice bath — in lab

From the common drawer:
ring stand and ring
wire gauze
Bunsen burner

From your drawer:
125 mL Erlenmeyer flask
large beaker



Vacuum Filtration

&vsﬂls in solvent

Buchner funnel (Top view) Filter paper

Stopper or rubber adapter

~Clamp here

J1 e
—""=To vacuum trap

Paper covers all holes
but does ngt come
up the sices

Store aspirin in
lab drawer as
Instructed in
Part A.3 of the
instructions of
the lab
procedure.

Clean filter flask

Ringstand for support

https://www.youtube.com/watch?v=uJO_frXdNsU



Completed Report Form & On-line Post Lab

Due next week.

http://chemconnections.org/general/chem108/Aspirin%20Guide.html

Store filtered
crude
aspirin in
lab drawer
and weigh
next week.

http://chemconnections.org/general/chem108/aspirin-2017_html

* Required

Name: (last, first)

e-mail address: +

NEXT WEEK:
Calculate %
Yield.




TODAY: Calculate Theoretical Yield

STy

B H Po4
J + O O -/ Qo/
‘ 3L
J D
grams (Salicylic Acid) ——>  grams (Aspirin)
_ Moles
Using Mass of Molar Mass CoHgO,
salicylic acid Stoichiometry MW = 180.15
from page 90. grams (A)
(Molecular
grams (SA) W
1 mol (A)
(Molecular

Weight SA)
C;HeO;
MW = 138.12

"Gatekeeper"

-

— 2(A)

0

?‘2

</

22?
aspirin




Mass Calculations:
Reactants — Products

Balanced chemical
equation

Find appropriate
mole ratio

Moles desired substance

Moles known substance

Mass of
known substance

Mass of desired
substance

Convert
to grams

Use mole ratio _
Moles of to convert Moles of desired
known substance substance

Convert
to moles




Example

B H,PO,
"‘3 ) - ?O OJ

grams (Salicylic Acid) ——>  grams (Aspirin)

Moles
Molar Mass CoHgO,
Stoichiometry MW = 180.15
grams (A)
(Molecular
5.0 grams (SA) 1 mol (SA) 1 mol A Weight A)
— 20 |0.5¢
(Molecular
Weight SA) "Gatekeeper"
C7HgO3

MW = 138.12



TODAY: Calculate Theoretical Yield
&

B ‘3 H,PO, é}'/ 9
O+ 3)0 o —> t%f?o . ?\2&
g

grams (Salicylic Acid) ——>  grams (Aspirin)

] Moles
Using your mass of Molar Mass CoHs0,
salicylic acid Stoichiometry MW = 180.15

from page 90. grams (A)
(Molecular
? grams (SA) 1 mol (SA) 1 mol A Weight A) 9290
—_ ? (A) e o o

1 mol sA | aspirin
grams (SA) U 1 mol (A) P
(Molecular

Weight SA) | ugtekeeper” Show cllearlyllabel_ed
C,Hg0, calculation with units &
MW = 138.12 correct s.f ; Have pg. 90

signed before leaving lab.



Percent Yield

€@ In synthesis as in any experiment, it is
very difficult and at most times
impossible to be perfect. Therefore the
actual yield (g) 1s measured and
compared to the theoretical calculated
yield (g). This 1s the percent yield:

@ % Yield = actual (g) / theoretical (g) x
100

This calculation is for next week.




