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 Clicker Questions

* Flipped Classroom Worksheets

Stereochemical
Relationships
Practice Game
Three pairs randomly

drawn for each game
(Beginner or Challenging)

Reconance Patterns:

Allylic Carbocation

.adjacent toa p,

“Or o
C o

Resonance Review

a carbocation...

https://www.youtube.com/chemistryconnected

Clicker Questions:

Library for Orgamic Chemistry Active Learning

C:\eaﬂb:.:nl iz Starkey, Profess o\fl:l,.,mlih.emls-r_ mEIPw:\hPu_n_,a.
contriby nema'lmals. please o a.rrlacr aurie {aed thank oy lsstarkeyrBopp.eda

Resources for Teaching Organic Chemlstry

O-Chem Active Learning Repository E| El
ChemistryConnected.com

Fee also: student motivation resources

Active-Learning Kesonrces can also be feand here: preanicERs.orp | MERL O arp

Tamdding Siruciure, Acid-Tiese,
Momenclninre

Comformations

Carbonyl Chemistry

rabicm (DT
of Alkanes & Cyvclohesanes

fererchem, Radiculs,
Stmily of Renctions

Substitmlim & Tliminalion
Allenel Allcym

e Resriinns

Conj, Systems, Aromaticity

Alerhiols, Tihers
& Tpoxides

Bpoxsde & Fiber Heachons
Alkcxsdes & Thaals

Symtheses Involvme Alchols

Additional Topics

Animations | [ | :
TLC & . el
Extraction e ‘ .
g, . i [
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To Master a Challenging Skill:

“Learn by Doing”
Success in Organic Chemistry requires...

* Daily Practice (Worksheets, tons of textbook
problems)

e Coaching (Office hours, study groups, SkillBuilders)

* Feedback (Quizzes & exams, homework, WileyPLUS,
Student Solutions Manual/SSM)

Practice makes perfect permanent |}




“Learn by Doing” in the Classroom

An engaged student is an active participant
e Socratic approach (Acidic or basic? Likely 15t step?)
e Ask for help, make intentional mistakes
* Put students to work (predict, add curved arrows)

* Clicker questions & discuss with a neighbor

* Do-vou-haveany-aguestions?2 Ask me a question.



“Learn by Doing"” with Worksheets

CTIM 3150 Organic Chemistry IT For clicker question voting. ga to [w]iies: [m]

bittps: 'pollay comlaunestark el 43

° D, Lanrie 5. Starkey, Cal Poly Pomona i P
¢ M O d e l. p ro b le m S O lVI n g Chaptes 13 Frboan S Kpoxis Parcd — Practica Boshlomes Which is the stronger acid? Explain briefly.

1| Predict the major product, and draw the mechaniam.

* Demonstrate tips/tricks | A <
* Clicker questions

H.0O NH5

o

A) H,0 is the stronger acid because
HO" 1s more stable than H,N".

B) HyO is the stronger acid because

° t k |i| Predict the major product, and draw the mechanism. HOr is less stable than HEN--
common miSstakes s - -
( ) A HSOy C) NH; is the stronger acid because
: : : [ ) cH.oH H,N" is more stable than HO".
Predict the major product, and select the correct mechanism step. o ’ :
H.SO D) NH; is the stronger acid because
2 4 .
- H,N" is less stable than HO",
CH;0H
3 Meo,  QH, A
A @ ! /‘6 Try SkiliBuilder 13
0O Try SkiliBuilder 13.5
Me” "H "
Meo  OH ?O’H E Predict the major product, and deseribe the mechanism. Which represents a logical disconnection in the retrosynthesis

/.. o o 1) LiAlH, of the given target molecule?
B) L AN . -

“CH.CH: - ) HLO'
h‘%\\/

HO, ©OMe N
; L Me A
©) U @b:o/ S D) N — e
H A) Protonate, attack, deprolonate H‘::"\‘\.\_,.-’ £ B
®_H B} Protonate, attack B e .
HO QME 03 . M ) Deprotonale, atlack ) ﬁ-‘}'\;"-:_"
B L. Me : .
.6 D) Deprotonate, artack, protogate ; =
D) N ) Deprot P B S _- NS
I!I E) Attack, protonate C) S8




“Learn by Doing” using a Textbook

Hours Spent on Chemistry per Week .
m In class
m Independent work

 Embedded practice: Read, Apply, Repeat...

* In-Chapter (baby steps): “Conceptual Checkpoint”
problems, “SkillBuilder” modules

* End-of-Chapter (exam review): Practice problems,
ACS-Style, Integrated, Challenge problems



SkillBuilders = Learn by Doing

LEARN the Skill

a worked example
(solved problem),
with a summary of
the steps involved

SKILLBUILDER

I

STEP 2

g A
Ll LTI

13.5 DRAWING A MECHANISM AND PREDICTING THE PRODUCT OF ACID-CATALYZED EPOXIDE RING OPENING

Predict the major product of the reaction below and draw a likely mechanism for its formation:

o
H,50,]
o Y0,

E10H -
Ma

c SOLUTION

The presence of sulfuric acid indicates that the epoxide is opened under acid-catalyzed
conditions. In order to draw the product, we must consider the regiochemistry and
stereachemistry of the reaction.

To predict the regiochemical outcome, analyze the epoxide.

U‘x
El"ﬁ s=r=El
Me
2
3

One side is tertiary, so we expect that electronic effects will control the regiochemistry, and
we predict that nucleophilic attack will occur at the more substituted, tertiary position.

Mext identify the stereochemical outcome. Look at the center being attacked and determine
if it is a chiral center. In this case, it is a chiral center, so we expect backside attack of the
nucleophile to invert the configuration of that center:

o

|s1-~'ffA ~Et

Me

This chiral center will be inverted
as a result of backside attack




SkillBuilders = Learn by Doing

Now that we have predicted the regiochemical and stereochemical outcomes, we are ready
P .A. D : to draw a mechanism. The epoxide is first protonated and then attacked by a nucleophile
pattern s o
Protonate ,
STEP 3 - .
Draw the mechanism. If 7 h_ﬁt}ﬂ .
the nucleophile is H,O go} @ H;Et Et  :0OH
- . Me s
or RGH.J the mechanism Et“‘"H'”Et '7 {"”Et
will be three steps M H o b
Et—
(PA.D. pattern). @

Since the attacking nucleophile was neutral (EtOH), the mechanism must include an
additional deprotonation step to remove the charge and generate the final product.

|f we.wa nt students s = Each mech
to think and solve C Be e B B step is

problems, training ety —— "7 {=  labeled
is needed! 194




SkillBuilders = Learn by Doing

PRACTICE the Skill — several practice problems
for students to try on their own

CDO HCl 9 Q __HBr
= (1 equiv.) u A\ (1 equiv.) m
(a) Me (b) Me
O [H,S0,] O
~~~~~~~~~ ’A\ = SH 9 [HoSO,] 9
- Me = & \m EI H,O -
{C} d Me

0]
. _Hsog - MY A _ HBr
Me MeOH u Me (1 equiv. ]| .
4 (e) (f)




SkillBuilders = Learn by Doing
APPLY the Skill —literature-based “real world”

appllcatlon of the skill being learned [5.J Org. Chem. 1991, 56, 3814-3817. ]

Photo and caption highlight Literature
purpose and relevance of material citation

13.18 The sequence below shows an enantioselective synthesis offa diol that is achieved
via two sequential reactions: 1) asymmetric biooxidation (in thg presence of enzymes,
nature's catalysts) to give a chiral epoxide, followed by 2) a ring-gfoening reaction. To study
the mechanism of this process, isotopically labeled molequTar gxygen, 180,, was used for
the oxidation reaction, forming the labeled epoxide sho aw the expected product
of the epoxide ring-opening reaction, and show a mechanism for its formation, clearly
indicating where the '®0 atom would be found in the diol product.

Extends
X skill to

OR
Enzymatic
oxidation d more
_—

The microbe Aspergillus
niger is responsible for
black mold. It can also

be used to catalyze
enantioselective oxidations
in the laboratory.

with isotopic

labeling x com p leX
example

1 need more PRACTICE? Try Problems 13.38d, 13.39¢, 13.42d,e, 13.47, 13.53, 13.55, 13.66




“Learn by Doing” using a Textbook

e Textbook Problems = Formative Assessment

* Encourages self-assessment and
use of Solutions Manual

* 25% of course grade based on
In-Chapter (SkillBuilders) and/or
End-of-Chapter Problems

Exams ® Homework Reflection



Course Credit for
Practice Problems

If you value it, assign
points to it...and then
students value it!

End-of-Chapter (EOC) Problems

20.350
2036
2037c—¢
20.38a—«

Whan a fir tree is damaged by
an irgact, tha wee defands impalf
by praducing a compaund that
mrATiCS an insect hormone, thius

cisrypting the neact’s abality
1o undergo metarophoss
(Le., proceed through its

;|g—'\.-_-||_||_||'n-'|'_¢ :'_-I!EI-':\.:'

Problem 20.31 (SB 20.2)

20.42ab**

2044 a-h (zkap )
20.45a—d

2046 a—h (zkip c & )
20.47

20.48ab™*
20.49A-D
20.50a—f**
20.52ac**
20.54%=*

20.55

20.56*

20.58
20.59—-
20.60
20.61a—e*
20.62ab
20.63
20.65
20.70
20.71

Name:

To earn 10 points course credit, vou must write and sign your name above, check one of

Organic Chemistry IT CHM 3150, Dr. Laurie S. Starkey, Cal Poly Pomona
Ch. 20 (Klein-Starkey): Carb. Acids & Derivatives, Textbook Problems Cover Sheet

Signature:

By signing, vou are confirming that the work vou are submitting is vour awn.

the boxes below, and submit thiz page to Gradescope. If you worked problems by hand on
paper (or tablet), complete this cover page and inclode it as the first page of the pdf vou submit.
Uze Genius Scan (or equivalent app) to convert vour handwritten homework to a clean, readable
pdf: please crop your pages and apply a Black & White filter.

Handwritten and/or WileyPLUS problems? Please mark the appropriate box below.

hand-written only

ok

What thase pears a'l have
n comrmean is the Dutyl
acctate that contributes to
their fragrance and flavor

hand-written problems & WileyPLUS

WileyPLUS only

For hand-written work, students need to do at least 40 problems for full credit. You are expected to vze the S55M to
self-grade your hand-written work, and it should not be emor-free or without corrections!  Students who simply copy
answers from the Selutions Mowual and submii them as their own work will not earn credit on thiz assignment. In
WileyPLUS, there are over 300 points that can be earned (~2 points per problem). A WileyPLUS score of 80 or higher
will earn full homework eredit. Partial homework credit will be given for scores below 80.

Suggested Ch. 20 problems *\echanisms and **Svnthesis {good to work on by hand)
In-Chapter Problems (includes SkillBuilders 20.1-20.3)

20.1a-f
20.2a-f
20.3a—d
204
205
206
20.7*
20.9ab

20.10adf 20.18a—*
20.11 a-1 (skip g) 20.19a—
2012 c-h 20.20a—d
20.13a—c* 20.21%*
20.14* 20.22%*
20.15a—f 20.23*
20.16ab* 20.24ad
20.17a—d 20.25%*

20 26a—c
20.2Th**
20.28%

Arits produce the simplest
carboxylic acid, farmic acid

2075
20.74

[ yos want to be s surgeon,
you will fave to karn various
sutiring tachniquas, such as

b 1 e this squara knot

Problem 20.65




Why | Use Online Homework (WileyPLUS)

e Do we want students to work on

textbook problems for practice? Here’s your book.

e How do we provide support Good luck!

to facilitate this work?

* |deally, 24/7 coaching and
feedback s not needed from

professor!

* Assign SkillBuilder modules
(Learn/Practice/Apply the Skill)

First 20 years of my teaching career



Effectiveness of WileyPLUS

WileyPLUS
points earned

(max. =750)

700

600

500

400

300

200

100

Fall 25 (n=101)

® ®
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e ©
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¢ o ® % o Ho
o0 ® o0 5 °e .-. °
%8 -;*&'-.: . o
e o 4 . e
[ @
20 40 60 80 100

Exam 2 Score



Why | Use W||eyP|_US." Fall 25 (n=101)

Most students did ¥ T
far more problems . ey
than min. required I R R T S
o b ® .. :.' .... .
for credit (160 pts)\@» ey a_."--.-. ER

POSitive Wi leyP LUS 0 20 40 60 80 100

experience N
Student does
- more homework!

Positive experience
for Professor




Many tools for success...
...but something is missing!

Classroom Textbook
’ +-
- SkillBuilders

Activities

>

Homework
4
WileyPLUS




Why is Motivation Critical to Success?

Because
all growth
Pl involves
— discomfort

To be successful, students must:
* Putin the required hours every day/week

 Keep working on challenging problems
* Persist after facing setback(s)



What Motivates Students?

We can do
better than
relying on the
Fear of Failure...

It Couln Be THAT THE Purprose ofF Your LiFe Is
OMLY TO SERVE AS A WARNING TO (OTHERS.




Keeping Students Motivated (G.P.S.)

Motivate Lab training®
v Growth Mindset

v Purpose & Relevance

v" Sense of Belonging

*Dustin Thoman
dthoman@sdsu.edu



https://motivatelab.org/overview
mailto:dthoman@sdsu.edu

GPS: Encouraging a Growth Mindset
Don’t praise ability — focus on process

Using effective

Making an strategies Challenging
effort \ / yourself
bercict GROWTH \ ook
ersisting eeking
through I support &
dlfflCUIty Learning feedback

from mistakes



GPS: Focusing on Purpose and Relevance
#1 Motivator! Leads to persistence, deeper learning.

Connected to a

Relevant bigger purpose Something
to my life l | value
=, Why am |
. . 9
Medicine / doing this: \ Useful to me
Green Chem. I & my goals,
Sustainability Meaningful major, career

makes a difference



GPS: Build Community, Sense of Belonging

v’ Support learning by {Teacher} ) [Student}
building relationships CHEMISTRY

Student J

v' Promote a Sense of Belonging
Do | belong in this class?
Am [ the only one who is confused?

v' Students who are included are open to critical
feedback, can accept challenges & bounce back

v' Critical for 15t generation (help close achievement gap?)



Can Motivational G.P.S. be Infused
Throughout a Textbook? / think so!

1. Revisions based on faculty feedback e

uuuuuuuuuu

2. Revisions based on teaching experience A
* Reorganized content (logical, clear, efficient) ‘T'
* New SkillBuilders, problem-solving strategies | 2/ ...

3. Revisions to increase student engagement & motivation
e Study tips, hints, common mistakes
* New applications and 400+ new graphics/images
Purpose — Relevance — Sense of Belonging



New WorldLink/B

iInk Applications

@ WorldLinks Organic Chemistry llluminates Humankind

In the modem world, we can summon
ligght by sirmply lizking & switeh of usng an
app on our phones, But what did humans
use for light before the relativaly recent
imventions (developed within the past 150
years) of electricity and lightbulbs? Prios
to the late 1800s, the only available light
on aarth was light from the sum and light
produced by fire. For over 200,000 years,
humans have been generating Light by
burning crganic material, Nearly 40,000

Carbide lamps were also used
threughout the mining industry in the
early 1900s. Comparad to candles and
oil-based lamps, the light from the
carbide lamp was brighter, and the
acetylene fuel was better because it

na carbon monoxida, Small lamps

could e affized to the front of a cap,
and larger lamps were carned by har
dangerous in coal mines where pocks

Throughout history, humans have devised many practical purpeses for fragrances: perfumes conceal
body odors, essential oils provide relaxing aromatherapy, and pleasant-smelling soaps and shampocs
are appealing to use, Plague doctors in the 14005 theorized that miasmas, or the smell of decom-
position, was the cause of the spread of the Black Death, To protect themselves while treating the
sick, they would place aromatic herbs and flowers in the beaks of their masks to combat the odors of

disease and deca

consumed less cxygen and produged m WDI'Id Li nkS FragranCES End F"EFfurI'iES

It's certainly good advice to “stop and smaell the rases™ as you go through life. Such a pause berefits
your mental health by providing an opportunity for reflection. Smelling roses might also increase

Fragrant materials filled
the beaks of masks wom

our appreciation for organic chemistry, because organic melecules are responsible for most of the by plague doctors.
odors we encounter each day! Fragrances can have a tremendous impact on our minds and bodies

They can increase our appetite, or they can tum our stomach and make us sick. A certain odor might
avoka images of a haliday or a favorite maal, or cause you to recall a childhood mamory. In aach
caze, a molecule or, more likely, a complex mixture of molecules is interacting with odor receptors in
your nose and sending powaerful signals to your brain, In response, an emotional reaction might be
triggered, or perhaps your mouth will start watering!

yaars ago, toward the end of the ) .
lsmps to burn animal fats. The lar Ca®* =0T + 2H.0 = HCE=CH CalQH).

the insae of caves whese we now but also materials cbtained

the anal glands of civet cats,

calcium carblde waber acetylene (g}

I BioLinks Terpenes and the Chemistry of Cannabis

Rose fragrance is a complax
rrviscture of argamic compounds,
including alcohols, atkenes, and

Hawve you ever felt energized and clear-headed after a walk through a pine forest? Or perha
you have enjoyed a goed night’s sleep after having a relaxing bath with lavender bath salts¥T

50, you have had some first-hand experiend m WorldLinks The Chemistry of Temporary and Permanent Tattoos
saw 8 few examples of terpenes that are fo

esign novel fragrances, and develop alternatives to products har-
Fances are not only used to make perfumes and colognes (and air
They can even be used as permanent make-up on the ayes and ), but they are also added to many persenal care and household
lis. Tattooing also serves an |

restone feamres that were <] IMDM BioLinks Hydrogen Bending and Bad Hair Days

Tattaos are tound In marny cubturs: F
warldwligs. Many of thess tattoos
Q| have cuttural, socisl, or r= iglons

— L rII"JIrII L= ”‘I(::_-' I"'IFI:_-' I‘:i"' ;‘].'-\.'i"'l'l a5 i a recanstructve oreast 15
/ rite aof passage inte adulthocd o as . bxezinig eof thie pratiznt can be i Warvy ar straight ar kinky or cully—each | treatrments, such as rlaxers,
part of & religious tusl, or they may \ 1 & realistie-looking arecla. person has a certain type of hair as stralghtenars and “perma” desve
11.7 Matural Product Syl"thesls . Likewlse, for someone mesing H i and then
*Therr ir oo drpang.(ar sl sl e ey meval i by} v e shoer cemar af chaltirage ;dr:lrz:ffl S't ructu l'al Cﬁl or s
Jpases i oot amalrais g wpid 3 gl af fon gt it is traced o med. Such
b, " Setieel £ Phodb i (it | fles covmred in The color wheel demonstrates the complementary relationship between the and will ot
Muany significant synthecle achlevemenes have bes In the res of wisrad pmsucs ally Facks as ths wavelengths of visible light that are absorbed and those that are reflacted. But ling. Crher
R e T LA e e rjected cheane how do the iridescent colors in bird feathers work? Why would a color ever change such as
' nbedded these based on your viewing angle?  and betting
s un tattoos clated The ability of bleach to remove colors was described in the previous il & curling
i ,_,‘_'"ﬁ“m" . on & glacer ‘WorldUinks application: when a = bond in a chromoghore undergoes a chamical \parary li
L [z} thit was i reaction (e, an addition of oxidation reaction) the conjugated n system is 5 are not
“”'ﬁ_'."f:.:",_"\:'; gy s T i disrupted, and colors can disappear. Upon exposurs ta sunkight, the cobored fabric soaddng
abied &1 tattes on cutdoor furniture usually fades over time, so how does & lizard keep its brightly artmanently o
=re_7€al:.tr:«:ne-:: :_" cobored skin from being "bleached” by the sun? ture of
\:-:I ;:;;Z’;TIE: {: The sacret bahind these brilliant and beautiful colors s that they do not arise from absorpticon of light or '
Fra . nees. Tataoos | electronic transifions. Rather than being praduced by a pigment molecule, iridescent colors are produced by
Timall e b ) L male murmmmie thes intevaction of light with the micrascopie structure of & surface. As the light hits vaious structursl fastures,
s o e el e el o ~1300 BC such as thin films or nanoscale-sized paraliel grooves, it undergoes diffraction (in ather words, it separates).
|l v rrag When the diffracted light waves recombine In various ways, they create new cobors. Structural colosation is




EFearof Fallure For the Love of Chemis

HELLO

my name is

What these prars all have in common
iz the butyl acetate that contributes to
their fragrance and Havar.

! Like
Florwirs hiwe

Dot pick The dand

haath

anh-p itk ehemicals that keep

pollinators healthy. e graphics o call out
"Masme Reactions' pentancic acid
Contributes to the
Bk {8 odor of a cheetah's
¥ termtory-markmg spray

7 8 : !
Former organic chemstry student and Tuture

Physician Assistant Christina Gloady is
proficient in both the language of chemistry and
American 5ign Language [(ASL)

: T b Tl
Cadaver dogs can help lind victims of natural
disasters and victims of foul play. They can
also help marginalized communities by
lecating unmarked burial grounds far early
Indigenous or enslaved people.

o ot MOt
The distinctive horn of the thinooeros is composed primariby
keratin. Althaugh rheng hom s nomore speciad than your
fingernails, it is ground into & poveder and wsed n traditiong
Chinese medicing, and rhing hom products are viewsed as
Iisiary fteme and status symbols in Wietnam, The illegal but

licratiee sale of rhino horn to Asian markets has fueled
poaching and ¢ 1ECiTs. | |

poison-dart frog produces
a deadly tomin

i

e Moy Mirke a0 P ey Vs e

ictoeated composite
z Eposy resins are  (1a] matsrials are
decaying Flesh, so these heetles can be used to make git
used To clean bones {or tacidernmy I
purposes,  such larvae ang
corpae, they might help

Throsghout the ages, umans have had o ¢

: ! i The larvae of dermestid beetles feed on
with seacicioness and enactile dysfuncison, in

fe for hllng cawties,

15 pemtury, we teave druags to treat both, thi
1o accidental discoveries

Green Chemistry

On average, Amencans corsums 17
teaspaons of sdded sugars per dey
anout 103 cup! If yeu wse an asifi

drogs means pharmaee
will he nrgning doe

‘Wher peepaning & rofreshing drink, o
muddler tool i used to crush mint
leaves and relesse their essemtisl ails.

Fragrant materials filled
the beaks of masks wom
by plague doctors

An Indian wedding tradits
to apply intricate Mehs
{henna) designs to the brike—
hands, as a way to be
good luck ta the marr

A proathe rendition of &
crazy anft, 2rmed and
oty bo leatthe five ant

fielp reduce your calorie intake.

M crtaneyhs helinady i oo ng
frioam sarong materials such o
pAyeatkonate pabpmens andd Ke

i chrad Dream thed Gebamedan wcetd A pippadrene (PR enind), tha orgieal s of thy
et 0 1937 e o be wemshirs be UEE Hoa BT sool
Jub. By TR, O
pn-off fodey PEIL ol
Jox g st iy o] l L F
jeronalad L St thay

™,
‘\ I ql. J
The whead |89t potemr ey -
earrowhead s pear , H" ;

Favorful lemon zest,

Amule deep hive liquid, Food Science 411: enology is ER :
b e : i : covered with tiny hairs @ a Fishhwak taken from the rind of Prafytinit Chideiv 1 st knowry s PG or
often included in hair-removal the science of mak,mg wine, A e X 3 i A | simply iyl e ueed ko cake piges To-
wasing kits. It is an effective el vitieiinie 1 the s af {called trichomes) that i Better sleeping through chemistry, -'-;-'“-f'c'“- W““‘_‘T*‘?I"-'-“ MUt oo s URORL SO RN i Secal
i < e g 2 3 e Darh on "’ el ARt " 2 ruit's pssential ail. T mainr T shoas uphal L
solvent For memaosing residual waax, secrete a sticky resin, rich Fsh hoak. thanks to "waterlock" powder and the nameasake of marphing, I fubing. vinyl sidng for homa aviarars and vinyl

grape production, in organic compounds. (sodium polyacrylate) in Baby's diaper | sfien depicted hodding popples. VRS for vanicd anation




chemistryconnected.com E o T
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LSSTARKEY@CPP.EDU Iﬂ;ﬁ
QUESTIONS
& DISCUSSION

Drop your question in the
chat or unmute to ask.
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