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Announcements

* Exam II: Thursday November 4,
2010 8 AM -9:20 AM

*Practice Exam 2: By Friday
October 29

* Review Session: Monday
November 1" 7-8 pm STO B50



\_/ Oxymercuration-Demercuration

Cc=C

/ ) \
AcE\'-Hg-DAr:

Step 1:
The & electrons act as the
nucleophile with the
|| electrophilic Hg and loss of
— = an acetate ion as a leaving
¥ AcO™ group, forming the
Hg mercurinium ion.

OAc Step 2:
Water functions as a
H.0: nucleophile and attacks one
of the mercury substituted
carbons resulting in
cleavage of the C-Hg bond.

H
Step 3:

HE | UH ‘\ The acetate 1on functions as

AcO™ a base deprotonating the
oxonium ion to give the
alcohol. This completes the
oxymercuration part of the
reaction.

—C—C—-0H AcOH Step 4:(mechanism not
H | shown)
8 The hydride reduces the Hg
OAe off, creating a C-H bond
while breaking the C-Hg
NaBH, bond. This is the
demercuration part of the
| process



Orientation in Hydration via
Hydroboration

* Regiochemistry 1s opposite to Markovnikov orientation
— OH 1s added to carbon with most H’s

 H and OH add with syn stereochemistry, to the same
face of the alkene (opposite of ant1 addition)

-
H BT H OH
BHj : -~OH :
CH3 R S— H Bt G— H
1-Methylcyclopentene Alkyiborarie tran5-2-Metl(1§7513f};clﬂpentannl
C

intermediate
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Mechanism of Hydroboration

Borane 1s a Lewis acid
Alkene 1s Lewis base

Transition state involves
anionic development on

B

The components of BH,
add across C=C

Syn addition

H
H—B—H

H
H-B—H
L} .



Hydroboration, Electronic Effects Give
Anti-Markovnikov

e More stable carbocation is also consistent with steric
preferences

ll."l II--“'I‘Il ’ E]

i

HB_C/L‘H ,BH3 Partial 3" cation

L (more stable transition state)
I-Methyleyvelopentene,

 hw —

- B H BH>

ﬁl'tiﬂl 2° c‘.atiun- NOYT formed
i(less stable transition state)




Mechanism of Catalytic
Hydrogenation

« Heterogeneous — reaction between phases
* Addition of H-H 1s syn

N, ./ LY /
H H C—=¢C H H C=C
B, ] L /A
LLLLLL L e ) Ll LA L
Catalyst Hydrogen adsorbed Complex of alkene
on catalyst surface to catalyst
Nl
C
\ / H H/ \C/
\\C o C"/ i — | |
/ \ LLETLE A LELTT AT
H H
Regenerated Insertion of hydrogen

Alkane product catalyst into carbon—carbon double bond
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Reduction of Alkenes

* Mechanism of catalytic hydrogenation

(a) (h) ) (c)




Reduction of Alkenes:
Hydrogenation

Addition of H-H across C=C

Reduction in general 1s addition of H, or its equivalent
Requires Pt or Pd as powders on carbon and H,
Hydrogen i1s first adsorbed on catalyst

Reaction 1s heterogeneous (process 1s not in solution)

H
/
H
CH3 Pt H
— "
‘CHj
H

CH3 bH3
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MECHANISM FOR REACTION OF ALKENES WITH Hg(OAc), / H,0
Step 1:

\'.“ /
The C=C & electrons act as the nucleophile C=xC
with the electrophilic Hg and loss of an / ) \
acetate ion as a leaving group, forming the pr
mercurinium ion. Al_“c')‘\_ Hg-OAc

Step 2:

Water functions as a nucleophile and attacks
one of the mercury substituted carbons
resulting in cleavage of the C-Hg bond.
Step 3:

The acetate ion functions as a base
deprotonating the oxonium ion to give the
alcohol. This completes the oxymercuration
part of the reaction.

merLur[ﬂ (v hn

Step 4:(mechanism not shown)
The hydride reduces the Hg off, creating a
C-H bond while breaking the C-Hg bond.

| |

This is the demercuration part of the —C—C—0H AcOH
process. flg |
OAc
NaBH,
||
H=0— a'll'—{f:H

l
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OH

CH,
H,0, Ft,0
+  HgOA)y & ———— CH;
H

HzOAc

OH OH

H,0, Et, 0
i CH; -+ NaBH, NaOH o CH;

+ Hg*

HgOA¢
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Ox quo:qmﬁ_os\_ﬂma:oﬁ_o:

* an important feature of ox<3m_.n:_.m:o=:.mo_:o=o: Is
that it occurs without rearrangement

N 1Mo o, X
2. NaBH,

OH
3,3-Dimethyl-1-butene 3,3-Dimethyl-2-butanol

« oxymercuration occurs with anti stereoselectivity

H HgOAc H H

Cyclopentene (Anti addition of Cyclopentanol
OH and HgOA¢)
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 treating (R)- m_z>_u with _._::m:_:-::_: o:.o:n_m _“o_.s._m a
complex in which ruthenium is bound in the chiral
environment of the larger BINAP molecule

+ this complex is soluble in CH,Cl, and can be used as a
homogeneous hydrogenation catalyst

(R)-BINAP + RuCl, —> (R)-BINAP-Ru

* using (R)-BINAP-Ru as a hydrogenation catalyst, (S)-
naproxen is formed in greater than 98% ee

COOH (R)-BIN AP-Ru COOH
t H pressure >
Ha 0 H,CO
VS ALD (S)-N aproxen
0o~ | (ee > 98%)

Aleve WL g4 6-75
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