CHEM 261 Notes FALL 2024 November 07, 2024

RECALL:

Addition Reactions
- Occurs on double bonds and triple bonds

N | @/ | |
C=C — —C-C\ —G)’ —(}:—C')—
7 A B A B

! i
A-B
0+ o
Hydrogenation Addition of H»

Pd or Ni or Rh or Pt || - Cis or syn addn
H-H Y= - —C-C—
H H - stereospecific

Hydrogen Halide (HX) Addition
N/ _nx |

c—cC T —C—C—
/o 0\ X=clLbrl | React: v o

Hoox eaction generally leads to syn/cis addition
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Addition of H>O and ROH (Hvdration and Ether Formation)

HO-H or RO-H

Addition R = Alkyl
N b HO-H(R) | |
Ry ® = e
H H OH(R)
(e.g. HQSO4)

Not Stereospecific

Hvdration formation

- H20 or ROH by itself cannot add to the double bond. Need an acid (H") to pull the
electrons from the double bond.

- H2SO4 (HY) is a catalyst, meaning that it is not transformed or used up in the reaction but
is present to lower the activation energy.

- Follows Markovnikov rules

Example 1:
H@
Addition ®
:OH }-! H H
As H-OH ® - ®0-H 0
C=CH, > >f/—~‘— —_—
/ H,SO,
- Isopropyl
Elimination (E1) alcohol

Example 2:

H,0
E>7 = & NoRxn
HOCHs,
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o5+ Hzo OH
H,SO0,
s—w
H+

\

Ether formation

Example 1:
-~ OH
>: A(o\/
\ H,SO,
Ho an ether

Example 2:

Oace
o- O+

O+ CH,CH,O-H Rxn will not proceed
o > Same as :
@/ H,SO, without cat. H,SO,

. OCH,CH;




CHEM 261 Notes FALL 2024 November 07, 2024

Example 3:

Intramolecular
OH reaction

(0]
__HO AKB % d_ ) Sameas
: H,SO, " -
'H H Cineol/
OH Eucalyptol
Limonene Terpineol Achiral
Chiral Chiral Achiral
Hydroboration
OR Lewis acid
H—B Empty orbitals
O‘R allow it to accept
a pair of e
R =H Borane
- B when stable and uncharged has 3 bonds and no lone pairs
- Borane forms partial bonds with another borane molecule to form B2Hs (diborane)
- Borane is a hydride (H") donor
_é_é_ Like Ha/ Cat.
® 4 & (Pd, Pt, Ni, Rh)
H H
Fast and
o concerted o H,0
HC=CH, ——> _Q_g_ - - —G-C— Cis addition for both reactions
RSB R-B H
R ['q NaOH
OIR
H-B Stereospecific H,0, ||
OR syn/cis addn. _9_9_
.O H

Concerted reaction: bond breaking and bond formation happens in a single step

Anti-Markovnikov: the hydrogen ends up on the more substituted C in a double bond. It is
SYN.
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Structure of borane

) . ) Borane BHj
Exists as Diborane (B2Hg), but behaves like BH3
H _H.__
Diborane é .-B H
H"""H™ H
Example
1. BoHg
@/ . Q/H NaOH, HOOH Q’H
2. NaOH, HOOH '//B'_l2 "IOH
H H Syn addition, but
H,0 anti-Markovnikov
H2S04 addition of OH

iy
H

X~y %

BH
@,B\\H 2

:_ H
H,0 ?

Q_ H,S0, cis addition
B
p &OH&
H20,

Organoborane

OH

Anti-Markovinkov

-
ePe

Organoborane
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Oxidation and Reduction
Oxidation- removal of electron
Reduction- Addition of electron

Example of Reduction (Hydrogenation)

Pd or Ni or Rh or Pt | |
H H = - —C—C—
H H

There are 12 electrons in the reagent side and 14 electrons in the product side. There is an
addition of two electrons, therefore classified as reduction.

Oxidation Reactions

Ozonolysis (lysis = cleavage) — cleavage by ozone (O3)

® ©
Ozone 05 0=0 = 0-Q
O O
-Toxic @)

- Use double-headed arrow to indicate resonance («)

- Highly reactive (always looking for negative charge such as the negative charge in a
double bond)

- Concerted and stereospecific

Zn
|| @ o \
03 —C;C— ~ /,O_o ;O_\Q /
c=c 3o €0 C;i_\r/ — 6.0
A% 0 | o//C\ \0)
Molozonide Ozonide
-Explosive explosive
® Zn
0=0 \ /
~ b Zn0 + (Cc=0 + O0=C
© / X

- Reaction is irreversible
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Examples of carbonyl groups
Carbonyl Ketone Aldehyde
S T
G “C C " H
(H)
Reaction scheme of ozone
1. 03 i
C=C c=0 O=C
\ 2.2Zn
Example
C:CH2 C=0 0O=C HO)J\H
/ 2.Zn / \H
formic acid
Acetone Formaldehyde (from ants)

More examples

- e o
— - o} o=
2)Zn =

Acetone Acetaldehyde
(ketone) (aldehyde)

1) 04
—_—

2)Zn

Myrcene H,/Pd



