Alkenes: Formation

HsC OH conc. H3C
CHy, ————> »=cH, El
HsC H,SO, HaC
30
H3C_ CHgj Base

HZC%CH\Q, E2
H

X H S
(@]
2% or 3°

Zinc dehalogenation of vicinal dihalides

X
HsC..| .CHs Zn HsC  CHs
—» —
H)_V\H =

X H H

KNOW MECHANISMS!

The "Master List"

Alkenes: Addition Reactions

Addition of hydrohalic acids

HsC conc. HsC X
CH, —————» Y—CHg
H5C HX HsC

Acid-catalyzed "hydration"

H3C H,O H3C OH
CH, ——> M-cHs
HsC catalytic H+ H3C

Oxymercuration/Demercuration

H3C 1) Hg(OAc),, ROH H3C OR
H3C 2) NaBH, HsC
(-OH if
ROH = H,0)

Addition of halogens

HiC  CHa %2 HaC.]  \CHy
_ ]
= H)_’\H
H H CH,Cl, X

KNOW MECHANISMS!

Halohydrin Formation

HiC  CHa %2 HaC.]  CHa
_ ] .
= H)_’\H
H H ROH OR
(-OH if
ROH = Hzo)
Hydroboration/Oxidation
HaC 1) BHg/THF HaC H OH
)=CH, - CH,
HaC 2) H,0,/NaOH  H3C

Reduction of alkenes

HaC  CHas H2 HsC.,  .CHs
R R
R R Metal catalyst H H
Reduction of alkynes
Hz HaC R
HaC——R -
H7l [H
Metal catalyst H H
Ha H3C R
HC——R > —

Lindlar catalyst H H

Formation of Diols

OH OH
HeC_ CHa ﬂ» H3CHCH3
H H
R R KMnOy4
HsC CH3 1) OsQy, pyridine OH OH
>:< > H3C/,. _\\CHS
R R 2) NaHSO4 H H

KNOW MECHANISMS!




Alkenes: Oxidative Cleavage The "Master List"

HsC ~ CHg3 1) O3 HsC CHs

i

HsC H 2) Zn/HCI HsC
or Zn/H,O

HoC  CHg HOT HsC CHs

HC  H KMnO,4 HaC OH
aon oH ]

Oxidation/Reduction Reactions

"Exhaustive" Reduction: Clemmensen

R Zn R H
)=0 "y
H HCI H
Terminal methyl
aldehyde group
R Zn R |,
=0 X<,
R HCI R
ketone
Turns into
a methylene

(CHy) group

"Exhaustive" Reduction: Wolff-Kishner

R NH,NH, R
H
>—o s
H KOH H
Terminal methyl
aldehyde group
R NH,NH R
2NF3
=0 <.
R KOH R
ketone
Turns into
a methylene

(CH,) group



The "Master List"

Oxidation
H PCC H
H—+—OH =0
H H
methanol formaldehyde
H PCC R
R——oH =0
H H
1° alcohol aldehyde
R PCC R
R——OH =0
H R
2° alcohol ketone
R PCC R
R+OH — > R+OH
R R
3% alcohol 39 alcohol
(no reaction)
H
H,SO H
H-on — 220, =0
H CrO; HO
methanol formic acid
H H,S0, R
R——OH )=0
H CrOs3 HO
1° alcohol carboxylic acid
KNOW MECHANISM!
? H,SO, R
R——OH =0
H CrO3 R
2° alcohol ketone
R H,SO, R
R+OH — = R+OH
R CrO3 R
3% alcohol 3° alcohol

(no reaction)

Reduction

H 1) NaBH, H
H>:O ~  H—|-oH
2) HO H
formaldehyde methanol
R 1) NaBH, H
R OH
=0 -
¥ 2) HO H
[0}
aldehyde 1° alcohol
KNOW MECHANISM!
R 1) NaBH, R
R 2) HO H
(0]
ketone 2° alcohol
R 1) NaBH, R
)=0 /=0
RO 2) H® RO
ester ester
(no reaction)
H 1) LiAlH, H
;%:O H—+—OH
2) HO H
formaldehyde methanol
R 1) LiAIH, H
R OH
=0 -
H 2) HO H
(0]
aldehyde 1 alcohol
KNOW MECHANISM!
R 1) LiAlH, R
=0 R—+—OH
R 2) HO H
(o}
ketone 2° alcohol
R 1) LiAlH, R
=0 H——OH
RO 2)H® H
HOR
ester 1° alcohol
\ and O-derived
KNOW MECHANISM! alcohol




The "Master List"

Organometallics: Organolithium reagents

Li
Fischer Esterification RX ——» R'Li + LiX
hydrocarbon o
R H® R solvents (The Organolithium reagent)
HO ROH RO :
carboxylic C_ -
acidy ester fR=  CHy ©/ or N
KNOW MECHANISM!
. H
H 1) R'Li ,
o R'——OH
H 2) H+/H,0 H
Organometallics: Grignard Reagents formaldehyde 1° alcohol
Rx YR pvgx
R "0 R
(The Grignard Reagent) =0 D RL - R I OH
. e H H 2) H+/H,0 H
' r
>:O ) R'Mg R FOH aldehyde 2° alcohol
H 2) H+/H,0 H
formaldehyde 1° alcohol
R 1) RLj Ff
)ZO > R—OH
R 1) RMgBr R R 2) H+/H,0 R
>:O » R I OH ketone 39 alcohol
H 2) H+/H,0 H
aldehyde 2° alcohol
R 1) R'Li R
=0 HRU R—)—OH +
RO R’
R):o 1) R'MgBr R 2) H+/H0 HOR
T e :
R R OH ester 3% alcohol
2) H+/H,0 R and O-derived
(0]
ketone 3° alcohol alcohol
(same as Grignard reagent!)
R 1) R'MaBr R If R" = n-Bu or any large alkyl group,
)ZO )49» R'+OH +
R
RO 2) H+/H,0 HOR L | .
30 alcohol n-BuX ——  » n-BuLi + LiX
ester ) hydrocarbon
and O-derived solvents The strongest organic base!
alcohol
KNOW MECHANISMS!




The "Master List"

Hydrate Formation

R>:O

H® R
Ho—ot
o H

H Hy
aldehyde hydrate
R ©OH R
=0 HO—|—OH
R H,0 R
ketone

hydrate
KNOW MECHANISMS!

Acetal formation/hydrolysis for ketones/aldehydes

R R'OH / H® R
=0 R'o—|—0R'

H H,0 / HD H

aldehyde acetal

R R'OH / HD R
>=0 R'O+OR'

R H,0 / HD R

ketone ketal

KNOW MECHANISMS!

"Exhaustive" Reduction: Thioacetal route

R HRSH/HO R
O _—

R 2) Raney Ni R H

aldehyde

or ketone

Cyanohydrin formation

R):o 1) NaCN R>< CN
R 2)H+H,0 g OH
aldehyde
or ketone

Hydrolysis of nitriles to carboxylic acids

H+/H,O
R-CN — > R-CO,H
or OH-/H,O
Hydrolysis of cyanohydrins
R><CN H+/H,0 R CO,H
g TOH orOH/H,0 R ©H

alpha-hydroxyacids

Strecker synthesis:

R 1) NH3/H,0 R _COH
>:O —_— ><
H 2) HCN o NH2
3) H+/H20 o -
aldehyde or OH-/H20 alpha-aminoacids!

KNOW MECHANISM!




The "Master List"

Nitrogen nucleophiles with aldehydes/ketones

R NH5R R
>:O —N\
R HO/H® R R
aldehyde or imine
ketone
(hydrazine)
R NH,NHR R
):O —N\
R H0/H® R  NHR
aldehyde or hydrazone
ketone
(semicarbazide)
@)
L Nw,
R HoN- N R
>:O H —N\
R H,0 / HD R _ﬂ/NH
@)
aldehyde or ketone NH,

semicarbazone

(hydroxylamine)

R NH,OH R
o —n

R H,0 / HD R OH
aldehyde or oxime
ketone

R NHR; R R
)=0 \
HsC H,0/H® H,C R
aldehyde or enamine
ketone

KNOW MECHANISMS!




