FINAL EXAM PREP
CHE 3331 — Organic Chemistry

Final exam weekly resource for CHE 3331 — Organic Chemistry!

This week is the last week of class, and typically in this week (and the surrounding
weeks of class) you are reviewing for the final exam. Please use the review below (as
well as other resources from the semester) as a general overview of some of the key
concepts taught in the course! Please take a look at all 16 weekly resources listed on
our website to help you review for the final exam!

If you have any questions about these study guides, the final schedule of group tutoring
sessions, private 30 minute tutoring appointments, the Baylor Tutoring YouTube channel
or any tutoring services we offer, please visit our website www.baylor.edu/tutoring or
call our drop in center during open business hours. M-Th 9am-8pm on class days 254-
710-4135. The last day of tutoring in the drop in center will be the last day of

class. To learn about additional resources available during Finals Week, please visit
CASE in the West Wing basement of Sid Rich! Good luck on your final exam!

HIGHLIGHT #1: Acids and Bases

Bronsted-Lowry acids and bases o A Bronsted-lowry acid is a
proton donor o A Bronsted-lowry base is a proton acceptor
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* Evaluating acidity quantitatively: using pKa Values o The
lower the pKa, the more acidic, the higher the pKa, the less
acidic
* Evaluating acidity qualitatively: ARIO o Look at the
conjugate base, and determine how stable it is. The more stable
the conjugate base, the more acid the proton that was removed.
= A: Atom bearing charge- the more electronegative and
massive atoms with a charge are more stable.
= R: Resonance stabilization- conjugate bases where the
electrons participate in resonance are more stable
* [: Induction- When super electronegative atoms are in the
molecule, they can pull on the electrons making them “stick
more” and be more stable
= O: Orbitals- the more S character that the orbital has, the
more stable. This is because the s orbital is closer in
proximity to the + nucleus so it will hold on to the electrons
tighter o EX:
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HIGHLIGHT #2: Basic Nomenclature Rules

* Step I: Find parent chain and name it

# bmbons

Parent name Name of alkane

1 Meth Methane
2 Eth Ethane

3 Prop Propane
4 But Butane
5 Pent Pentane
6 Hex Hexane
7 Hept Heptane
8 Oct QOctane
9 Non Nonane
10 dec Decane

» Step 2: Name Substituents using the same prefixes as in the table above and

add the suffix -yl

* Step 3: number the main chain and assign numbers to substituents
* Step 4: Put the name together o Alphabetical order, commas between

numbers, - between numbers and letters

HIGHLIGHT #3: Newman Projections and Conformational Analysis

Remember that this is viewing a molecule as if you took at and rotated it 90
degrees. So, you are looking at it front to back instead of looking at the side of it.
* Drawing a newman Projection
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* Conformational analysis: once we draw a newman projection, we can rotate
one of the carbons and see which conformation is lowest in energy, or more
energetically favorable
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HIGHLIGHT #4: Stereoisomerism

3 “
Structural or Stereoisomers: mxl or
constitutional: same formula and different W
same formula b}n same connectivity 1B ok teiss o meiin
different connectivity / (Rand S) \ l i |
Enantiomers: Diastereomers:
mirror images w/ different not mirror images w/ different
configurations at all configurations at 1+ (but not
equivalent stereocenters all) equivalent stereocenters

* How to assign R and S o Step 1: identify all four atoms attached to the
chiral carbon o Step 2: Assign highest priority based on the highest
atomic number!

» Remember, your lowest atomic number, hydrogen, will
always receive a 4 priority If two atoms have the same



atomic number (like a chiral carbon directly attached to 2
other carbons), move away from the chiral carbon center to
identify which atom will be the tie breaker
o Step 3: Your 4th priority should always be on a dash! So, if your
4th priority is on a wedge, then flip your answer.

* For example, if your 4thpriority is on a wedge and you
identified it as R, then your answer will be S

* R =clockwise

* S = counterclockwise
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HIGHLIGHT #5: Enthalpy, Entropy, and Gibbs Free Energy

Enthalpy: Enthalpy is a value that is used to measure change in energy. You may
remember from General Chemistry that the value for enthalpy is AH o A + AH
means that the reaction is endothermic, which means that energy needs to be
put into the system for that reaction to occur.

=  For example, breaking a bond is an endothermic process.

o A -AH means that the reaction is exothermic, which means that
whatever occurred in the reaction released energy!
= |n addition to the previous example, forming a bond is an
exothermic reaction.
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* Entropy: Entropy is another value that is going to help us understand the
principles that guide all thermodynamic processes. Entropy is a variable that



measures the disorder within a system or reaction and is represented by the
variable AS.
* Gibb’s Free energy: Gibb’s free energy combines the enthalpy and entropy of a
reaction to tell us if the reaction will happen spontaneously or not.
o Equation: AH- TAS
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HIGHLIGHT #6: Substitution Reactions

The goal of a substitution reaction is to substitute one group for another. There are
2 different ways that this can take place

Differences between SN' and SN?

SN' SN2
enantiomers R R R

R, ooy AKOH Ry S-OH + HO-C- Ry H+C=Cl i%‘éf HO"C=H

F'!:, Ry ng ' L:, configuration
chiral-3°-alkyl halide m?:aoami:-mixmrem chiral 1°-alkyl halide 100%
1. Takes place in 3° alkyl halides 1. Takes place in 1° alkyl halide
2. Two steps 2. Only one step
3. 1% step is slow and rate determining 3. Only one step
4. Rateis a to conc. of alkyl halide 4._Rateis a to conc. of alkyl halide and alkali
5. Unimolecular 5. Bimolecular
6. Non-concerted 6. Concerted
7. Independent of concentration of alkali 7. Dependent on concentration of both
8. Carbo-cation intermediate is formed 8. Takes place via only transition state
9. Racemic mixture is formed 9. Walden inversion takes place.
10. Favorable in protic solvents (H,O, HCOOH). |10. Aprotic solvents DMSO, DMF, etc.
11. Order of reactivity: 3° > 2° > 1° 11. Order of reactivity: 1° > 2° > 3°
12_Rearrangement may takes place 12. No rearrangement takes place




HIGHLIGHT #7: Elimination Reactions
Elimination reactions are done in order to kick out a leaving group and create a

double bond in the process

Rate Law

"Big Barmrier”

Hequirns
strong base?

Stecvochemistry

Comparng the €1 and £2 mechanisms

E1 E2
Unimolecular Bimolecular
(depends on concentration | (depends an concentration of
of substrate) both substrate and base)
Farmation of
carbocstion None
F>P»1*
No Yes
No requirement Leaving group must be

andilo hydrogen remaved




HIGHLIGHT #8: Addition to Alkenes

Addition reactions add groups across a double bond and in the process reduce a
double bond to a single bond

= \
Addition of HX The reaction goes through a regioselective formation of a carbocation. This is the -
Hydrogen hallde @ix) 7> ——— % Markovaikov's rule stating that the proton binds o the less substituted carbon because VY\ = Ks N i k _’ v>§\ V\<\ e
X=F.CLBr.1 by doing so the more substituted/stable carbocation is formed. The hialide can attack the 3 carbocation s—
carbocation from both faces, thus a mixture of enantiomers is produced. more stable

* Notice that a0 alkene with a chiral center will  mre of diastervomens.

Radical Addion. NP ——— V\K\ Only HBr works for Auti-Markovniko addition. The reaction goes theough 4 o 8r Thers i o storeoselectivity and s meaxassas
of HBr ROOR a tadical mechanism with syn and anti additions 7, e A TN/ mumber ofsereoisomers can be formed

NBS s used 10 brominate the allylic position of the double bond.  However. the reaction is not Ttinvol of the allylic radicals and other
Allylic Bromination \,c\rsg Br \/\r\ + \)Y\ So, for the regiochemistry of the bromination, you can simply regivisomers are also formed. In addition. the lack of a«mlu-nuul control makes predicting all the possible products
identify the allylic positions and place the bromine there. quite difficult. Y heck hitps:/ iyl for more details.
H,S0, OH
3 Acid-catalyzed hydration follows the Markevnikov's rule. However, Dilute H,SO, H* H LI \|)\ \X "
Acid-catalyzed hydeation — e ; sremmeket i e ,\9( st \)! k)e" ( Syn and auti addition
V\(\ dilute rearrangements arc possible because of the carbocation intermediates. \)\ HOH ®. <ift od observed
1) Hg(OAc). Same product as acid-catalyzed hydration. The main reason for uslng is possible that i § oA 1N,
) ) He(OAc), EINH, g d :
b Bl 2) NaBH4, NaOH v>g“\ happen during acid-catalyzed hydration. ~ . : ] ——z) e \/2:\ + En
o . The mechanism goes through a three-membered ring which can react with other mucicophiles such as alcobols, amines and thiols. + En s ™

Unlike H,SO, and He(OAc),. Dxadation is used for Anti

¢ OH OH 3H,, THF HBH: NaOH
Oxdaion PN 1)BH,, THE Vﬁr (\/K\ N \,’X\) Hydroboration Is a concerted, syn additon, 30 the H ail OIf appear on the same side i the product, e DT vr-r‘;ﬂ D105 MO

8 bk For better stereaselectivity, bulky dialkylboraues such as 9-BBN (R,BH general formala) are used B
3 B 0 (=)
DO, o + H Liks for sty oher cxerclee, cr Lt SR (O Y ¢ o prodic he sctere of sarting alkene. E=)~o G
. ~y 'wmb‘l e:;gmeabmdmnmll e ; g commect the two carbons of carbonyl witk & B X = YY
Ozonoly ’ B pa ) MeS M d
)Mes - dcuble bout
oH
\/\(\ e X \/\(\
Syn Dibydroxylation s \’>¢ ¥ HO' . oM OH
The syn dibydroxylation with KMnO, works only KMnO, % o H o .
OH. cold at lowered temperatures. Ifheatisappliedthe ~ ~ > | Yos o | T T o~ . T o~
- double bond s cleaved: wanm - ) Ketone acid
00, slycol ketone aldebyde-oxidized
SynDibydroxylation 7 ——— \/>§: *
NaliSO3
o Epoxide Au poxide is a strained three-membered, A oH In epovide opening. the mucleophilic attack generally occurs at the more
DRCOH yH0° v\é\ eyellc ether that can be reacted with many other 3! L \/\(\ substituted carbon atoun for weak sucleophiles and af the less substituted
Anti Dibydroxylation ~~ - : e W e Y B
) (MCPBA) QRS VYH\ ‘mucleophile since epoxides are very reactive. + e’ WO N En carbon storn fox strong nucleophiles.
Trans dsols -
: o yis the key in of At bered ring
Br, : (bridged halontum lon) i formed upon addition of the firs halogen aixd the second one caa only
Browbats Y — \Ty\'g B add from the opposit side.Thus, trans enantiomers formed by antl addition Rl
ism as Ouly the ion is attacked by the water here.
iwy polat for reglochemistry: the water attacks the more substituted carbon of the ring. ~—~
Halohydrin Formation > )° > ———> V\‘(\ 4 v>g\ Key point for stereochemistry: the Br and OH are trans since H,0 attacks fiom the opposite side. l A

H,0

Other catalysts such as Ptor Ni can also be used for catalytic hydrogenation Rh(Ph,P),CL Wilkinson's catalyst
—

Hydrogenation Y ks G of alkenes. It is o syn addition, T na S Comied outin solwtion Copyright © 2018 Chemistry Steps
Enantioners For homogeneous reactioas, Wilkinson's catalyst is used instead of metals, (1 #tm)




HIGHLIGHT #9: Addition to Alkynes

These reactions are very similar to addition to alkenes, but some of the reagents
may change a little bit

Addition and Oxidative Cleavage Reactions of Alkynes

Aldehydes / Ketones
H,0, H,50, ("Hydration")

OH
0 0 H,0, HgSO, HoS0,
)L ("Oxymercuration")
H R

H H Alkanes

Pd/C, H
e.g. O, then Zn, H® R H H . Ho '
s "H ' "
("Ozonolysis") O=( 9 &R ("Hydrogenation")

R
can also use KMnOy OH \ /

R,5H then H,0,, Na
("Hydroboration”)

Carbonyls via oxidative cleavage
(carboxylic acids)

R H Alkenes

Geminal Dihalides & R———R >=< "partial reduction"
r
[ H R Na, NH3 "sodium reduction"
”sc—l( vl s 2 L i
0.9. H-Br R alkyne H H Lindlar's Catalyst", H,

[also works with H-CI, H-I]

proceeds via alkenyl halides / \ R B
H Br

>=< Cl Cl ©)

H R cl > ( cl =R
Tetrahalides R R Acetylide
e.g. Cl, (2 equiv) great nucleophile

[also works with Brp, 15]
Proceeds via alkenyl! dihalide

ha

HIGHLIGHT #10: Radical Reactions
¢ Radical addition to Alkenes



Free-Radical Addition of H-Er To Alkenes

“ . " .o
H = gBr: s Br:
H-Br " .
O[ RO-OR CE i O:
CH :YCH = 'H
3 3 CH,

(peroxides) ;,
heat or light

anti syn

Regiochemistry: anti-Markovnikov
Stereochemistry: syn + anti

* Radical halogenation
CHj(ﬂ‘/XCH3 —= CH;CH,
B VOB — - ih—Bo

BV Vor, —~ -,

HIGHLIGHT #11: Alcohols
* Preparation of alcohols:
o See additions reactions above such as
= Acid catalyzed hydration
* Oxymercuration-demercuration
= Hydroboration oxidation
* Anti-dihydoxylation

= Syn-dihydroxylation o Gignards reagent- creates

alcohol and adds R group

-

* Preparation via reduction:



O POCC (Pyndinsen Chikvoclromasne)

V\OP" — \)LH PDC (Pynidingen Dicloomare)
Swern (DMSO, (COCHH.. E1,N)

19 alcohol aldehyde  pMP (Dess-Mutn)
All of the above +
OH 0O Na,Cr, 0,/ H.80,
\A — - \)k H,CrO,
Croy H
29 alcohol ketone KM=O,/ ORI

NaCK¥ AcOH

¢ QOxidation of alcohols:

Strong Oxidizing Agents oxidize Primary Alcohols to Carboxylic Acids and Seconda:
Alcohols to Ketones

l 0 ] 0] Na:Cr:O;/ sto_;
1° R OH —» R H H,CrO,
Croy/ H'
OH [o] o) KMnO,/ OH/ H*
2 RFR —>» R/U\R NaClO/ AcOH

Some oxidizing agents can selectively oxidize primary alcohols to aldehyde:

0O
R oH [ O l & /U\H PCC (Pyridinium Chlorochromate)
PDC (Pyridinium Dichromate)
OH ] o Swern (DMSO. (COCI),, Et;N)

R R )LR DMP (Dess-Martin)

Tertiary alcohols cannot be oxidized! (well. except for burning them to CO,)

OH | o) | HO H Hisamust
R/tR —— > No Reaction! R” R

Thanks for using these resources this semester! Best wishes on your final
exam!



