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Appendix 3 Bond Dissociation

Enthalpies

Bond dissociation enthalpy (BDE) is defined as the amount of energy required
to break a bond homolytically into two radicals in the gas phase at 25°C.

A—B— A + B AH" [K] (kcal) /mol]
g
§
E Bond AH’ Bond AH' Bond AH
5 H—H bonds C—C multiple bonds C—Br bonds
g H—H 435 (104) CHy 727 (174) CH;—Br 301 (72)
5 D—D 444 (106) HC=CH 966 (231) CoH;—Br 301 (72)
E (CHj3)yCH—Br 309 (74)
‘-; X—X bonds C—H bonds (CH3)3C—Br 305 (73)
3 F—F 159 (38) CH;—H 439 (105) CHy=—CHCH,—Br 247 (59)
E Cl—Cl 247 (59) C,H;—H 422 (101) CgH;—Br 351 (84)
ES Br—Br 192 (46) (CH3),CH—H 414 (99) CsH;CHy—Br 263 (63)
S I—I 151 (36) (CH3)3C—H 405 (97)
,-é CH,—CH—H 464 (111) C—I bonds
% H—X bonds CHy—=CHCH,—H 372 (89) CH;—1 242 (58)
Zo H—F 568 (136) CgH;,—H 472 (113) CoH;—I1 238 (57)
9 H—Cl 431 (103) CsH;CH,—H 376 (90) (CH3),CH—I 238 (57)
g H—Br 368 (88) HC=C—H 556 (133) (CHj3)3C—1 234 (56)
§ H—I 297 (71) CH,~CHCH,—I 192 (46)
ﬁ C—F bonds CeH;—I1 280 (67)
2 O—H bonds CH;—F 481 (115) CgH;CHo—1 213 (51)
ﬁ HO—H 497 (119) CoH;—F 472 (113)
gb CH;0—H 439 (105) (CHj3),CH—F 464 (111) C—N single bonds
g CsH;O0—H 376 (90) JeH;—F 531 (127) CHs;—NH, 355 (85)
! CeH;—NH, 435 (104)
% 0—O bonds C—Cl bonds
%D HO—OH 213 (51) CH;—Cl 351 (84) C—O single bonds
o CH3;0—OCH; 159 (38) CyH;—Cl 355 (85) CH;—OH 385 (92)
© (CH3)3CO—OC(CHg) 5 159 (38) (CH34),CH—ClI 355 (85) SsH;—OH 468 (112)
(CHj3)3 C—Cl 355 (85)
C—C single bonds CH —Cl 288 (69)
CH;—CH, 376 (90) CgH;—Cl 405 (97)
CoH;—CHys 372 (89) CgH;CH,—Cl 309 (74)
CH,~CH—CHs 422 (101)
CHs~—CHCH,—CHs 322 (77)
CgH;—CHj, 435 (104)
CsH;CHy,—CHj 326 (78)
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Transition state

W Figure 8.2
! Hammond’s postulate. Energy

i diagrams for two one-step

: reactions. In the exothermic

| AH® reaction, the transition state

I J( occurs early, and its structure

' resembles that of the reactants.
In the endothermic reaction,
the transition state occurs late,
and its structure resembles that
of the products.

Transition state

Reactants
AH®

./

Products

Reactants

Reaction coordinate Reaction coordinate

(a) Highly exothermic reaction (b) Highly endothermic reaction

AA G~ -4 K] (-1 kcal) /mol
-9 kJ (=2 keal) /mol

Re + HCI —26 K] (=6 kcal) /mol
w_// 17 KJ (4 keal) /mol

7

(a) Chlorination

Primary AAG*~ -18 kJ (4.2 kcal) /mol

Re + HBr
e 17 KJ (4 keal)/mol

T_____-——— +37 K] (+9 kcal) /mol

RH + Bre

(b) Bromination

Figure 8.3

Transition states and energetics for hydrogen
abstraction in the radical chlorination and bromi-
nation of 2-methylpropane (isobutane). The prod-
uct is the intermediate radical, R-.






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
things on the planet!!

Water is essential for life, you will learn why water has such special
properties. % /-)_7 / 2S

You will learn the secret structural reason proteins, the most important
molecular machines in our bodies, can support the chemistry of life. G{/ (0 / 28

You will learn why when you take Advil for pain, exactly half of what you
take works, and the other half does nothing. q / At / 2 s

You will learn how toothpaste works. \© / 6 /' D_g

You will learn how a single chlorofluorocarbon refrigerant molecule
released into the atmosphere can destroy many, many ozone molecules,
leading to an enlargement of the ozone hole.

You will learn how medicines like Benadryl, Seldane, and Lipitor work.
You will learn how Naloxone is an antidote for an opioid overdose.

Yi)\l} will learn why Magic Johnson is still alive, decades after contracting
HIV.

You will learn how MRI scans work.

The second point 0£ organic chemistry is the synthesis of complex molecules
Jrom simpler ones by making and breaking specific bonds.

You will learn how to understand movies of reaction mechanisms like
alkene hydration.

You will learn reactions that once begun, will continue reacting such that
each product molecule created starts a new reaction until all the starting
material is used up.

You will learn reactions that can make antifreeze from vodka.

\Eouhwill learn a reaction that can make nail polish remover from rubbing
alcohol.

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.

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.
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How to think about allyl radicals and allyl cations

Carboxylate anion
H H E—
/K )\
Total # of electrons in the rtbond = ' -
Total # of electrons in the 2p orbital of the other O atom =
Total # of electrons in the T-way =
Allyl radical
| | !
H C H H Cs H
\?4 \clz./ - \.(lz/ \Cli/ “
H H H H
Total # of electrons in the mtbond = —
Total # of electrons in the 2p orbital of the other C atom =
Total # of electrons in the T=way =
Allyl cation
| | ‘
H__ 40\ _H H__ /C% _H
C C C C _—
L ° ]
H H H H
Total # of electrons in the mbond =
Total # of electrons in the 2p orbital of the other C atom = E—
Total # of electrons in the T-way =
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Special Alkene Bonus: Important material you
will need to know!

Alkene stability part 1: Z (cis) groups larger than H atoms will crunch into each
other causing steric strain.

Steric Strain

H H
\_/
H\ H}/H /H H—C\ /H
H—c” A Nd—n c=¢C
N/ / \
c—= H C—H
/ \ / \
H H H H
Z E

(no steric strain)

Alkene stability part 2: For reasons we are not able to tell you, more substituted
alkenes have more stable (stronger) pi bonds than alkenes with more H atoms
on their sp?>-hybridized C atoms (despite there being steric strain present in the
most substituted alkenes).

Strongest Pi Bond

HsC CHs HsC H  HsC H  HsC CHj
C—C/ > C—C/ > C—C/ > \C—C/ >
/ / / \ / \
HsC CH; HgC CH; H CH; H H
. Z
HaC H H H
C—C/ > \C—C/
\ / \
H H H H

Weakest Pi Bond

' e Time Capsule:
- YU Zaitsev’s rule follows
' this trend!!




When analyzing allylic halogenation reactions (NBS and hv)

1. Consider all possible allylic radicals that can be formed.

2. Analyze all contributing structures for all of the allylic radicals.

3. Add a Br atom at the site of the unpaired electron for all contributing structures for
all of the allylic radicals.

4. From all of the possible products, the predominant product is the one THAT IS
THE MOST STABLE ALKENE - the most substitued alkene — alkyl groups
stabilize alkenes — frans over cis.

5. Note: It is OK if the product you choose derives from an allylic radical contributing
structure that is a minor contributor. FOR THIS REACTION WE ONLY CARE
ABOUT THE RELATIVE STABILITIES OF THE PRODUCT ALKENES.

A%
Minor Major
Contributor Contributor

Either site will

make an allylic

radical and they

are identical due Br

to symmetry /k/
/

/\/\ Br
Br Racemic =
Major Product :
(Disubstituted alkene) /\/

Minor Products
(Monosubstituted alkene)

NBS
hv

Product Product




Non-Markovnikov Addition of HBr to an Alkene
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The Sy2 Mechanism

NaGD H
o0 e \ [ ]
I S (e
H
Transition state
Products

Summary:
Regiochemistry:
Stereochemistry:
Example:

~o >~

NaN3




Table of Nucleophiles

Strong Nucleophiles
Br,I,R-S",H-S",N=C , N,

R-C=C™,R-O", H-O Strong Bases

Medium Nucleophiles
R-CO; , R-S-H, R3S,
NH3;, RNH;, R;NH, NR;

Weak Nucleophiles

R-CO;H, R-O-H, H;O Very Weak Bases

Special Case

Tert-Butoxide (tBuQ") is a strong base, but
is not a nucleophile due to steric hindrance.
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The E2 Mechanism

©)
eNa S
. ;dC Hs
HSC_.O. . + H\‘\\)C_C\
H . Br:
Products
Summary:
Regiochemistry:
Stereochemistry:
Example:
Cl
NaOH

<CHa
H,C
CHs
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Special Alkene Bonus: Important material you
will need to know!

Alkene stability part 1: Z (cis) groups larger than H atoms will crunch into each
other causing steric strain.

Steric Strain

H H
\_/
H\ H}/H /H H—C\ /H
H—c” A Nd—n c=¢C
N/ / \
c—= H C—H
/ \ / \
H H H H
Z E

(no steric strain)

Alkene stability part 2: For reasons we are not able to tell you, more substituted
alkenes have more stable (stronger) pi bonds than alkenes with more H atoms
on their sp?>-hybridized C atoms (despite there being steric strain present in the
most substituted alkenes).

Strongest Pi Bond

HsC CHs HsC H  HsC H  HsC CHj
C—C/ > C—C/ > C—C/ > \C—C/ >
/ / / \ / \
HsC CH; HgC CH; H CH; H H
. Z
HaC H H H
C—C/ > \C—C/
\ / \
H H H H

Weakest Pi Bond

' e Time Capsule:
- YU Zaitsev’s rule follows
' this trend!!
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