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Elemental building blocks for all organic molecules
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Synthesis of Aspirin
pp.87-91
Organic Molecules
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Shapes, Functions & Structural Analogies
Water, Ammonia, Methane

Plus ;C:O “carbonyls”

Functional Groups & Amino Acids

Organic Molecules
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

Carboxylic Acids R_g_OH

uuuuuuu T methane | Jormaldehyde | formic acid

*o}] :bJJ‘A"OjA‘O‘/

Name
Aldehydes

Ketones

Carboxylic Acids |atom bonded in

Esters

Amides

Organic Molecules
Common Functional Groups

General Formula

Q
R-C-H
R'-or R-
represents any ,
generic carbon R-CR
the functional R-C-OH
group -
R-C-OR'
/RH
R-C-N
RY
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Amino acids: two functions, an acid & a base, in the same

molecule
Amines R-NH, e 9
’ o H=N=C—C—OH H-N—C—C—OH
Carboxylic Acids RCoOH "M H H
e ’JJ U oo’ | Se
Alcohol R-OH
Ether R-O-R'
X Amine R-NH,
Aldehyde - el
Ketone R-C-R'
X Carboxylic Acid o RLO.OH
Ester RCOR g po
Amide R'CN.,,

Amino Acids
Legos of Chemical Biology

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

Q CSE)
27 g
J
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/LibreTexts/Diablo_Valley_College/DVC_Chem_106%3A_Rusay/

Amino Acids
Legos of Chemical Biology

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

(WHICH OUR BODIES CANNOT MAKE

" o THE ESSENTIAL AMINO ACIDS kym:
()

, Proline

Z%x"

Leucine

Histidine
" Glutamic
LY -] acid,
&
QO S e ]
Methionine Phenylalanine

= &

Tryptophan

http://chem.libretexts.org/LibreTexts/Diablo_Valley_College/DVC_Chem_106%3A_Rusay/
Amino_Acids

=

Amino_Acids
9 T 9
H—l}l—(If—C—OH aF H—l\ll—(I:—C—OH
H H H H
Amino acid 1 Amino acid 2
i ° 9
H_l_l Cl—C—OH + H,0
H H H
Peptide bond

(Amide bond)

Representing Organic Molecules
Common Formulas & Drawings

Molecular formula: C,H,,0 Empirical Formula: CH,,0

H H f”}“ H Condensed Structure: ?Hs
ch‘fﬁ‘fff?f(‘fn CH;CH,C(CH;),CH,CH,OH ~ or cuxcnfcn:cugou
H H CH;H OH CH;
Bond-Line Structure:
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

[a] [8] [e] [o] e} []




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

[6,RE N[N SIEN

5/12/19

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.
1st place: 25 pts

2 place: 15 pts

3rd 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?

o B
.

Co

HO

Select the names of the 2 circled functions

in the molecule. ﬁ?’c,,gf,
o
Alcohol R-OH
Ether R-O-R’
Amine R-NH,
Aldehyde R—E—H
Ketone R-‘é'R'
Carboxylic Acid R-C-QH.
Ester R-\é(-OR' Q R
Amide RGN

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

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

S Offactory buid
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otacoo - > Mucus. < 3
nasal plsage ‘/ LA Ofiactory = ecerinn
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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 R-OH P

Ether R-O-R’

Amine R-NH,, R,-NH, R;-N

Aldehyde R—‘(’:{H

Ketone R-CR

Carboxylic Acid R—E(—OH

Ester R-\é(-OR' O _po

Amide R-C-N %
R




Organic Chemistry

Organic Functions & Smell Receptors.

B e
8y
B éb
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One molecule, One function: One Smell Receptor

Isoamyl acetate
Isoamyl acetate, also known as fo)
isopentyl acetate, is formed from
isoamyl alcohol and acetic acid. )L /\/k
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 9
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.

One molecule among 82
primary chemicals found
in bananas:

Isoamyl acetate

/ICJ)\C;H&
O

scjohnson

Organic Molecular Jeopardy

Common Formulas & Drawings

Isoamyl acetate ]
(0] < Qo
)
)L /\)\ &
J )
O . 9]
Y
C7H1,0;
9 9 )

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

A. Alcohol

B. Aldehyde

C. Ketone

D. Ester

E. Carboxylic Acid

One molecule, two functions: One Smell Receptor

Methy! salicylate

S
Methyl salicylate (oil of OH

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 L | o
beverages, and in liniments. , }_O,O:o
2 00
3] )O—QJ
CgHgOs

Organic Molecular Jeopardy

Common Formulas & Drawings

Methyl salicylate

o e’
g’
@ﬁk({ J’JJ’ <%
OH B) )O—d‘ 7
ﬁv‘» * CHeO,

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 cm? of air).

Vanillin
O; H
X
N CHy
0
OH
290 ©;
CgHgO;4 g b4 ®
s
Bonus:

The space (volume) of the
Oakland Coliseum Arena, aka
Oracle Arena, is approximately
90,000,000 ft2. 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 m%)
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Organic Molecular Jeopardy

Common Formulas & Drawings

Vanillin
Os _H
’ f o 0
) Ly
>\ o O
o
(&) )
CgHgO;4
One function, an alcohol, is 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=FLH36ML8IEU

Dogs Can Smell Cancer - Secret Life of Dogs - BBC

https://www.youtube.com/watch?v=e0UK6kkS0_M

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

H

Cc

|
H/c§9/c\o
H

Aspirin

D
H\ 4C\C/G§°

CoHgO,4

]
C~
J CH,

o030

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

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

v
() Acs Webinars o .
Synthesis of Aspirin av.erl 5 i
(an NSAID) deaths" HHH
eac! ) ) H H d
Used primarily to treat inflammation, Y it
mild to moderate pain, and fever.

from opioid-related overdose

Aspirin & Pain Acanglo i st g g rscnse et e 15
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Organic Molecular Jeopardy

Common Formulas & Drawings

CoHsO, 7
‘l

One of aspirin’ s two functions is highlighted in yellow, the
other is 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 o
e o X
"2 ] |
C
Q C7Hg0, e
> 9o |
)O'Q) WO

x

One of the reactants used to produce aspirin is shown above. It
also has two functions: one is 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 Cc 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

> SING
TOP SINGLE -

GAME UINNINGS! Lo
=

31,127 WHAT i

o BUANTUM LEAP

st WPr1 GIRTHIAY BookER

e $72,600

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

Organic Molecular Jeopardy

Winners
Organic Molecular Jeopardy
TEAMS!
QUESTION A B [} 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) acetyl ester
o 0OOCCH
ﬁ (\)\ COOH cca)or!
CH,COCCH, + acid acld+ CH,CO0H
acetic . HyPO,
anhydride salicylic acid aspirin aceic acid
< ST
LU Q Q ‘J‘
S .. %9 bo— b5 . B
4\? 2 2 QJ 0-& .)go 5o + ‘\j)g
00 :




REACTANT: Salicylic Acid

Common Functional Groups

Name General Formula

Alcohols R-OH

alcohol (phenol)
Ethers R-O-R’ é/cow
acid
Amines R_NHZ salicylic acid -
o Q
Carboxylic Acids g &gy

ammonia | methane | formaldeiyde | Jformic acid
J") %)J &0 0‘5
9) J O o] °

water

oS
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PRODUCT: Acetyl salicylic acid (aspirin)

Common Functional Groups

Synthesis of Aspirin

alcohol (phenol) acetyl ester
00CCH
oo s
Il O0H 00H
CH,COCCH, + acid aid cp cooH
acetic H,PO,
anhydride salicylic acid aspirin acetc acd
Equipment
1. Get equipment from stockroom From the stockroom:
with your group. Beaker clamp
2. Follow instructions in lab filter flask
manual carefully. Be mindful of Bilchner funnel
ice bath — in lab
your safety. WEAR eye
protection. From the common drawer:
ring stand and ring
wire gauze
Bunsen burner

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

From your drawer:
125 mL Erlenmeyer flask
large beaker

Completed Report Form & On-line Post Lab
Due next week.

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

mulaiiné

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

Aspirin

NEXT WEEK:
Calculate %
Yield.

Name General Formula %
Aldehydes < s >
Ketones o ¢

. . acetyl ester
Carboxylic Acids Q o
R-C-OH COOH
acid
Esters Q .
R-C-OR" s
. "
Amides P R
R-C-N
R’
. .
Vacuum Filtration
&’uﬁ in solvent
Crystals
Biichner funnel (Top view) ::";"Ix":‘
Stopper of rubber adapter
[T+ Clamp here
Paper covers all holes
Lt Toveowm trep
Store aspirin in ——
lab drawer as
instructed in
Part A.3 of the
instructions of Rivgotwnd for suppert
the lab
procedure. o /iwww.youtube.com/watch?v=uJO_frXdNsU
TODAY: Calculate Theoretical Yield
<« S g
% g 00 H4PO, “' , o
o’ o+ 9 P — q 00
qg ®g }) >4 b+ %
grams (Salicylic Acid) ~——>  grams (Aspirin)
Moles
Using Mass of Molar Mass CoHgO,
salicylic acid Stoichiometry MW = 180.15
from page 90. m grams (A)
? grams (SA) 1 mol (SA) 1 mol A Weight A) — 292
grams (SA) W T aspirin
(Molecular
Weight SA) | wgatexeeper”
C/Hy0,
MW = 138.12




Mass Calculations:
Reactants — Products

Balanced chemical
equation

!

Moles desired substance
Moles known substance

Mass of

Mass of desired
known substance

substance

! |

Moles of Moles of desired
known substance  sss———)  substance
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Example
> Sty
e HyPO, >:
L. ? o\) Qo PO, s 2 o
D o+ O w— ¢ %
q 9 O e o * ")X
5
grams (Salicylic Acid) ~——>  grams (Aspirin)
Moles
Molar Mass CoHgO,
Stoichiometry MW = 180.15
grams (A)
5.0 grams (SA) | 1 mol (SA) @ Welght A)
— 24|65
{ molsA aspirin
‘ i U ‘ 1 mol (A) P
(Molecular
Weight SA) | +Gatekeeper”
C7HgOs
MW = 138.12

TODAY: Calculate Theoretical Yield

& T
[ I} e H,PO, ‘3‘
, 8.0 . 4 9o — q_ 0g -
T ¥ 9" .6 ve 9t O
[ RLp e

> 0
grams (Salicylic Acid) ——>  grams (Aspirin)

Moles

Using your mass of Molar Mass CgHgO,
salicylic acid Stoichiometry MW =180.15
from page 90. grams (A)
(Molecular
2 grams (SA) 1 mol (SA) 1 mol A weghn) (A) Py
I mol sA aspirin
‘ grams (SA) U ‘ 1 mol (A) P
(Molecular
Weight SA) | saekeeper” Show clearly labeled
C/HgO; 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) is measured and
compared to the theoretical calculated
yield (g). This is the percent yield:

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

This calculation is for next week.




