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Grignard Reagent Reacting with an Aldehyde or Ketone
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Alkyne Anion Reacting with an Aldehyde or Ketone
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Formation if an Imine (Schiff Base) From an Aldehyde or
Ketone Reacting with an Amine
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Wolff-Kishner Reduction of an Aldehyde or Ketone
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a-Halogenation of an Aldehyde or Ketone Catalyzed by Acid

0" .
Cl\en, - 0 _ “'3’,\ )
B o H-07 “eiy
[\V)I\ ® r .:fj)]\CH3 W
e W
" “o)f: n Hsc'/b /C’\ H PvoPn H;L/C/ 7 C/
Keto form P \,\ | ava ){ . \_\ |
Nuc,\eo‘?'\ \Q
e\:;n’-?\'\ \C% BrTzBr Mc\;\i&hs
-4 0 [ @
&) :0: .G
:(|D‘. A H-07 ~Ciq H\éj)l\CH3 ‘oé\,\
o< Y on \ "
H (/ N ~, 7
¥ _/“H Take q By 4
B ?vo’fb"\ i “Br |
Products aLa )/
KRE A N \oom) Yo V<

oY Ahe A = Car Yoo ?DS:'\‘\\C"’\

H\]@c':\H }C w



Fischer Esterfication A et 1e';-‘\z.
SH - R .
g| ® . .

:0: O ® ;
H 0OR
H TR

oo/ 1 ¢'

9 :

- =
------

Add ¢
YProTon

C:(e c.‘\‘
LeaWt ) 7
o U .\¢~ ----------- \/ 9= H
G:f :,'H < @ \_\"'

-
-
~ -
Sam -5~

Products




Reaction with Thionyl Chloride
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The Haloform Reaction
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Keto-Enol Tautomerization vs. Enolate Resonance
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Microscopic Reversibilty: Acid Catalyzed Ester Hydrolysis-Fischer Esterification
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Microscopic Reversibilty: Acid Catalyzed Ester Hydrolysis-Fischer Esterification

.. ®
H— O—H Add a ®_H 5

|5 ?*(‘o"\b"] :OS H/..\H

H/..\H bov-\c{
_ .® _ _
H ot
H——O——H ’/6:5‘\\ .6/H
\/}\ h " - |
/\ Takq . \g}\o/\
O
\’c:::;/ H {7\\ H Racemic
O]
H_OKTH AJd <
| ?-ro‘\‘o'ﬂ
H
— "/H o 7 B’(‘cc\k q
(O H/o o\H boh&‘
N
o
O:
H " H
Take q
?fo‘\'o"\
:0: away
.. H
\)kg/
@



:O§ eo—H \ *?‘Z/Q/
\)Lo/\ — e

Base-Promoted Ester Hydrolysis - Saponification
——————

Mecke q \(\/O Racemic
\Ooﬂd - B’(‘C a k °|_
bond

\)l @ ................. ’ O\ 0
L g, @

Tox\:z S O+H
pretor U

awa
\/[‘\.f. Add o 4
AT réton .
It NOT Cafh‘—f\y"\‘\i
v Dase
........... , =
T e
\)\\ H Meclhanism B
............... 9/ ".
Prozl-u-c-t-s- N

DY‘:\/?fl} ‘G‘G{‘Ce_ —> ConNe s

T
6= A L

More steble. amen
%“&\[a(‘d ) m‘ VE



3 e ne L o9 ® U
relost wwp s aloon sy, P

& n
Acid Promoted Amide Hydrolysis S

H
o 4O AN

| Add a ]
H prf\'O"‘ | H —
-O- Maoke a
H/“\H bowo\
\ Tl Ny N Tolla
../_\ - re .o
H
e, YN Toke « PR
H e \(\/Q H * ?\/Q\HH
< © ) O
— /— ?qw“}’ — Racemic -
e
dd a

\‘\\ H '/’/’
\/U\g"j—l—l --------- l§ Twvis s N oT Hgo?
N\ 15 reactT®A 1S

ac“\d

Products




A —-C=N: + 21,0
Acid Promoted Nitrile Hydrolysis

HCY
hest

@ (=]
\?,-qc{,—m-) + Nty CE

@ | ~ Ao 2w
o 7 202 Y
\%N:AH " ¢ W
- N e
Add o J,@/“‘
pron LN A
.O.rﬁ Make o
AN band

.®

H-0-H
" k
C=N

H-of 1
E ne) &t an G"‘\\\Ae-

tautomerization

)M
O

M“C-\" move S’\‘q\a\c
koo Sorm oF

AM}AC—

several steps

(see amide
hydrolysis
mechanism)

Products

)
These Qanth‘h\"“g
ave 5‘\“'°'°‘> "“‘:)L,
Xo \:IJv‘e\f'LQ )

awndles  accordin
Ao the wmechanism
we. saw ay “Acd
Promokd ﬁ‘]““’)fis

o“' a" AH}CAQ"




o
U = @
> @—C—N-R + upyer U
n \
!

I
P"— —CQ + X '”}211
Acid Chlorides Reacting with Amines

MO — -
O
/\)g Make a b
ot bond ~ \__|:~_c:°4=
) \-\JC—A'I@H
H Gacenic

H2N_CH3
Much  beter mc\eaplﬂk
than Hy0 - vo ?w:‘\"oh
neessary

Proton transfer \ Very D“J

leavin
m e i 77
03" T Break a S

bo"\d ‘ ~ /':: :‘.\:
/\) L/\‘;/C‘*z ) T
l L

!‘\ HW,C—n
\ H (acewic
\ Ta\:& <
H,N—CHj gvoTom
aufa 7/

O %o We ﬂ(.CA 2

/\/\ s\,;'//C\‘B ___________ Q?“"“‘“—h -

L_/ amine for TS

Ho 7 B )
{ Hi(~N=H| reaction
\ 1
- H

-
-




y H
C‘) ) 2R MG ? 7 |N\¢§
l / > R-C-RA
-0 ) JUW/H0 , Salts
Grignard Reacting with Esters Leavi

0. @
/\)g e ke a g\ NPy Lé
5 lbowd SOy

) Kacemic

/\ MgBr
Sﬁoﬂj Y\MC\QO?\":\Q

MCC\’)GV\‘\ Swv,
B

.S ] :O:
P el e /\)‘E/

< Make 9 \) o _®
bond CH—O: (MeBr)
Chek\i}j)pens Flask
H

§C|)® ?ro’\'DV\
T Mechawis
; A
:07 \—\/..O.\H
/\j_\ M *:. Q\,E% AV\ q\Ca\ﬁoS
(Products SQ\QS D\IN\’}-\" l 70\64'};(% \
\/ e QY‘M‘ S at¥ached
New CC Ra mew (—C \oondg

Wonds



| A,Q
X PR >  p—<cHeb + RloH
@—C, ~O &= 1) H).,O Sa\ts
Reduction of Esters with LiAlH, " L@ ?;:,',;3
:0: B | 7]
> =Ty
:0 N
/\)L/\ Make . &\A """-':] /
.O. bond _ /\__k—\;‘""‘: -—_.Qh\
H © LiED H acemic
Nery | P l':‘- v - -
s |H=A—H | © 1T Ay v
Nu o\ Qo?% )Q. IL (_ N l-’-l' 'Bf:a
No’ .,\—’ ®
gton— 1) T O .® bend
i le . | H_A'_H> i .0 i}
-4
" : /\)g
H T
/\—‘_-H Meke \_/ ------- Mo
H a {NAQALR
B B ‘0""4 I \‘—!_
Chemist Opens Flask /«'::: """"
2) ~ ,¢":: """"
H/.C).\H ,&":: """
,,,,,,,,,,,, Tush eIy
»:23"::/ cC O_\‘ i
:b/\‘\ o+ i 1":::/ ?{OA vy
N
/\__{__\.\
H
AL salts \{_RC_‘_@ CG/)VQ(‘A‘\S
Products ~ ,.}
an esTey 1 )o
Note +he extreme te alconels =
~ “ N N d
5!"’\"\‘“‘"%‘!‘5 Yetvee bY‘C¢-‘c¥S (-O Yloon
Mese \ayt e
meSamisws !




O )
\ LlA‘?"‘I~ /
p\_‘c‘,_/\[»(?\' ) q) R—CH;—/}/"P* + AL salts
B 2 H,0 H

Reduction of Amides with LiAIH,

205
/\)k B \'i‘ GO
N/\ Ma\ﬁc q 7 ,.AQC:?H
| bond e_ A Y
‘ V—*-’* N
Li® ) } \\“-—\

H
©
T H Kkacemic
H—A|\I—H -
H

any yeu
O L® Lleseen

H
, B am
AH7L N\/\ T -2
H H N TN H
M &\\;:-h ; 22 L\®
Products | LOAI H3

Note: In this reaction the chemist opens the flask and adds water in a second step that quenches any
excess LiAlH,. Therefore, you need a second step to add water when using this reaction in synthesis
even though it is not shown in the mechanism above.
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Interconversion of Carboxylic Acid Derivatives
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Acid catalyzed dehydration
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Robinson Annulation Part 1 - Michael Reaction Steps
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Robinson Annulation Part 2 - Aldol and Dehydration Steps
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Bloom’s Taxonomy of Learning Organic Chemistry Analog Tools we created to
help you succeed:
i

CREATING 7" Solving synthesis problems
(Synthesis) Ho~eusrk 9

EVALUATING > iz i
p . >( Recognizing reaction products  gRE Table

ANALYSING @ctions Roadmaps Hemewor B )
(Analysis) N

APPLYING > Mechanisms
(Application)

UNDERSTANDING N > "Personalities of Molecules" Nucleophiles,
omprehension) R electrophiles, acids, bases

R ERING — Structures, bonding, functional groups,
( (Knowledge) reagents, nomenclature, definitions Rules of the Day,

T~ There ave vie short cuds o the \a?-—b

you C annn Q'\' :) < s"' « Ye Mcwube(‘" av\7 wove

Organic chemistry is difficult because it requires higher order thinking. According to Bloom's taxonomy of learning, the lowest level of learning involves pure
memorization ("Remembering") As one moves up the pyramid to higher learning, understanding, applying, analysing, evaluating and creating are reached. I
believe there are Organic chemistry analogs of all of these, culminating in synthesis which inolves creativity along with all of the other levels of thinking. It is
likely that many of you have never been challenged all the way to the top of the Bloom's taxonomy of learning pyramid before, explaining why this feels
different and disorienting. DO NOT GIVE UP. As shown on the right, we have created tools to help you master each step up the ladder. On the above diagram
you can cllick on the tools listed to go directly to them. Also, if you have any questions about how to study, click here to read about the way I learned to study. I
never earned a grade lower than an A after I started using this method during my own college career.

A Higher level
thinking

The 4 mechanistic elements

I understand that most of you are headed to the health professions, so you may be wondering if mastering synthesis problems will be important for you. I assert
that it is. Solving a synthesis problem involves the detailed evaluation of a complex molecule while looking for KREs, then working backwards to the starting
materials by analyzying possible reactions involved by thinking through your roadmaps, possibly applying your understanding of mechanism to make sure you
predict the correct product for each reaction. This is the exact type of thinking you will need to diagnose a patient. A patient will present various complex
combinations of symptoms, then you must evaluate which of these are important, then analyze, apply and understand how the patient got that way and how to
get them back to their starting state (healthy) again. In other words, you will learn the "KREs of diagnosis" then work backwards to understand what
happened to the originally healthy patient! Therefore, learning how to solve synthesis problems will teach you how to use higher level thinking skills, exactly the
'kind you will need to develop as a health care professional!
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(b) Out-of-phase addition of
two 2p atomic orbitals

(a) In-phase addition of
two 2p atomic orbitals
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n Watch a video explanation

FIGURE 1.21
Molecular orbital
mixing diagram for the
creation of any C—C
7 bond. (a) Addition
of two p atomic
orbifals in phase leads
to a ar orbital that is
lower in energy than
the two separate
starting orbitals.
When populated

with two electrons,

the 7 orbital gives a
7 bond. (b) Addition
of the p orbitals in an
outof-phase manner

[meaning a reversal
of phasing in one of
the starting orbitals)
leads to a * orbital.
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two electrons leads
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Calculated orbitals Cartoon representations

Nodes

3 nodes

~molecular orbital (antibonding)
Ao

2 nodes

mgmolecular orbital (antibonding)

A’ ofx_ed,_ " 1 node

ar-molecular orbital (bonding)

—

‘B Watch a video explanation
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FIGURE 20.2 Structure of
1,3-butadiene —molecular
orbital model. Combination of
four parallel 2p atomic orbitals
gives two mbonding MOs and
two arantibonding MOs. In the
ground state, each m-bonding
MO is filled with two spin-paired
electrons. The a-antibonding
MOs are unoccupied.
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H-X reacting with conjugated dienes

H H
4
H N F H ﬁ~ 3r:
H H

Add o

?vofow

hooon i
" Lw

\’\®\| 3]

minor contxibuting structure
Allylic cation intermediate

..O Make ¢ ). ©

word :Br:

Less
Mo H H .y |
S "‘c\:?,mx;% cavVod

q‘\:\b"'

1,2 Addition | B 1,4 Addition - more stable, more highly

substituted C=C

H\f§£\r/%;“ H ooy

2 B'\b BrNH
Y B oW RATI!

\)t / ! H’ Products
B} B¢
RacenmiC

Products




hv (165 nm)

_

E1§ { m 1 m
Ground Excited
state of state of

ethylene  ethylene

FIGURE 20.6 A 7> =*
fransition in excifation of ethylene.
Absorption of ultraviolet radiation
causes a fransition of an electron
from a #-bonding MO in the
ground sfafe to a arantibonding
MO in the excited state. There is
no change in electron spin.

174* '1T4*
¥ + mwg*
hv (217 nm)
q
+ "‘Tl + 11'1
Ground state Excited state
of butadiene of butadiene

FIGURE 20.7 Electronic
excitation of 1,3-butadiene;
a m — m* fransition.
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Butadiene
Apax =217 nm

CHs p-Carotene

Mnax = 455 nm, 483 nm Q ,Ca,(-o)rEV'\Q \}

11-cis-Retinal

Mnax = 380 nm
CHs CH, CH, CHj
HSC\ \\\\\\\\\\\ \CH3
CHg CHg CHg CHg

The rca‘ / Lycopene

Amax = 443 nm, 471 nm, 502 nm
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How vision works

11-cis-Retinal
CH,

Binds to an -NH, group from
HoN the amino acid lysine in the
protein opsin
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A photon of visible light is
Molecule I ahsorbed by the retinal, isomerizing ~ 4vaws Forw .

resets || the cis bond to trans, dramatically

altering the shape of the molecule

This change in shape causes a nerve
impulse to be sent to the brain



Generation of heat, Most molecules
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Flourescence - Rigid Molecules, Not uncommon

Fluorescein Rhodamine

Phosphorescence - “Glow in the Dark”, Rare
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FIGURE 21.2 The molecular

— orbital representation of the o
AT bonding in benzene.
Cd - s
T
Six uncombined \\\ | i | * In the ground-state
2p orbitals, each w2 s | electron configuration of
with one electron ) benzene, all six electrons
This 39S ‘-H— are in m-bonding MOs.
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(a) Cartoon orbitals (b) Calculated orbitals

i
i
a

i

4
9 e TS
K e
. 1]
"oa J < \
\
5§ o1 Yal
m I !
FIGURE 21.3 Orbitals for the ar system of benzene. (a) Carioon representations of the six calculated U
orbitals that chemists routinely draw. These piciures accentuate the fact that various combinations
of parallel 2p orbitals lead to the ar system of benzene. (b} Calculated orbitals. The three lowest in a Supe '
energy are occupied with electrons (see Figure 21.2). The lowest of these orbitals is the image most
chemists use for the r system of benzene: a forus of electron density above and below the ring. S—\\c‘(o LC C-\\ ¢ C\.\c T
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Aromatic resonance stabilization of charged species
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Reagents

Halogenation X,, FeX;

:>|<: )
Fe—X:
IX: — |
X =Br, Cl

Sulfonation H,SO,/SO;

H ‘ﬁ' :0:
:Q—S—b.\:\ g
:g: Ho g7 o

Fuming sulfuric acid
contains both of the

above reagents, the SO5

is the important one

ﬂ

® O
X FeX,
-
|
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Wicked strong
electrophile
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Reagents

Friedal-Crafts Alkylation R-X, AlX;

:>|<:
Al—X: i o]
1. A ® O
R—,X,—Al\l—,,t =—= R AIX,
—R X
X =Br, Cl
Friedel-Crafts Acylation RCOCI, AICI,
:E|:°|:
AI—Cl: [ .. P :0:
&1 N T le ©
o = /\C—CI—AI—CI: — (|3 AlX,
-O.. R oo N0
w U :CL R
Cl—C, L o . Acylium
\R ion

Wicked strong
electrophile

E@

2l

Note this is a
carbocation, so it
will rearrange if it
1S a primary or a
rearrangment-
prone secondary

cation
:ﬁ: /
o ©)

Other notes: 1) It is hard to stop the Friedel-Crafts alkylation after one alkyl group adds
(because alkyl groups are "good", that is, activating), but it can be done. 2) Neither Friedel-
Crafts reaction works if there is already an electron withdrawing (bad) group on the ring.



Arenium ion stabilizing interactions (_/6 OO D

A)_;idonation, a resonance effect for atoms with lone pairs attached to the ring
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Organic Chemistry is the study of carbon-containing molecules. This class has two points.

The first point of the class is to understand the organic chemistry of living systems. We will teach you
how to think about and understand the most amazing molecules on the planet!!

You will learn how MRI scans work. | / 19 /2_3
You will learn the basic principles of pharmaceutical science and how many drugs work. \ / \9 / 27
You will learn about the special bond that holds carbohydrates such as glucose in six-membered
rings, connects carbohydrate monomers together to make complex carbohydrate structures and is
critical to DNA and RNA structure.

Vae/2
You will learn how soap is made from animal fat and how it works to keep us clean. 2, / 16 / 2.3

You will learn the important structural reason proteins, the most important molecular machines in
our bodies, can support the chemistry of life.
2(14)22

You will learn how important antibiotics like penicillins work, including ones that make stable
covalent bonds as part of their mode of action. % / ~
7/2

You will learn why carrots are orange and tomatoes are red. "b / )’5, / 2_;

You will learn the very cool reason that the DNA and RNA bases are entirely flat so they can stack
in the double helix structure. 4 /13 } 23

You will learn even more about why fentanyl is such a devastating part of the opioid problem and
how Naloxone is an antidote for a fentanyl overdose. kf/| % /2-5

You will learn even more details about why Magic Johnson is still alive, decades after contracting
HIV, and how the same strategy is being used to fight COVID. 4 /l % / 23

You will learn about the surprising chemical reason the Pfizer and Moderna mRNA vaccines elicit
strong immune responses. 44 /)_ 0 /)_.}

The second point of organic chemistry is the synthesis of complex molecules from simpler ones by
making and breaking specific bonds, especially carbon-carbon bonds.

You will learn how carbon-metal bonds lead to new carbon-carbon bonds. | / |7 / 27

You will learn how most reactions of carbonyl compounds involve only the four common
mechanistic elements operating in only a few common patterns.
\/\2/23

You will learn how, by simply adding a catalytic amount of base like HO to aldehydes or ketones,
you can make new carbon-carbon bonds, giving complicated and useful products. 2. /7_5'/2 3

You will learn a reaction that can convert vinegar and vodka into a common solvent. 2. / [ / 2.3
You will learn why molecules with six-membered rings and alternating double bonds are stable. 3 / 20 / 2%
You will learn a reaction that can turn model airplane glue into a powerful explosive. Y
. B [vel23
Most important, you will develop powerful critical thinking skills:
1. You will learn how to look at a molecule and accurately predict which atoms will react to make new
bonds, and which bonds will break during reactions.

2. You will learn how to analyze a complex molecule’s structure so that you can predict ways to make
it via multiple reactions starting with less complex starting molecules.





