Reference Sheet S: Organic Chemistry 11 Mechanisms

Part 1

Reaction(s) & Example(s) Reagent(s) Example Mechanism
Free Radicals Heat
. : - Heat . .
Split covalent bonds homolytically (one > b ¢ + Y
electron goes on each atom) into separate
molecules (each one has a radical on it). Radicals
Homolytic bond cleavage
x—y Hea,, £l &+ [y
Radicals
Radical Electron Movement N/A? Homolytie Addition Hydrogen
cleavage to a = bond abstraction
Moving radicals; there are three steps to e X" PR
. i . Al X' Y(H;R\
which this occurs:
e Initiation (radicals are made) l l
e Propagation (radicals typically X' X N X—H 'R
move from one location to
another)- note that the
propagation Steps must add a:silr(;?:?ign Elimination Coupling
together to give the net overall
reaction! VR X\_{ o
e Termination (radicals are
destroyed) l J
See reactions Chlorination to Radical Amx X < X

Polymerization for more information.

Consider that there are six ways in which
radicals move:

Homolytic Cleavage

Addition to a Pi Bond
Hydrogen Abstraction

Halogen (seen as X) Abstraction
Elimination

Coupling




Chlorination of Methane Cl,
- INITIATION
—
. . . Homolytic cleavage
Converting methane into methyl halide hv
. . . . . Ay .. ..
(in this case, the chlorine is the halide). o) Ly o P | A— B G
B - Creates two chlorine radicals . B
| PROPAGATION
cH: -2, CHl +  Hal
hv H Hydrogen abstraction H
Methane Methyl chloride oy L
H_?_H & Forms a carbon radica H_? A=l
H H
Note that polychlorination could occur,
regardless whether there is excess Cl, or
. H Halogen abstraction H
not Hee a0 H—C—Gir -G
' Gives the product and FAR
H H Cl |1| regenerates a chlorine radical ,_||
H—(IZ—H L, H—é—m L T S
[ hv [ hv [
H H H TERMINATION
Methyl Methylene
chloride chloride Coupling
(l:] Cl, 9 Cl, ?I :(:3] o F_\.(::EI: Destroys two :(:“EI_{::]:
H—?—CI > H—?—CI T C|_?_Cl chlorine radicals
H Cl cl
Methylene Chloroform Carbon i
chloride tetrachloride TI Coupling +|I
TP Y Destopsonemenyl FT§T
Once some of the molecules undergo the H e H
reaction to form chloromethane, they are
more susceptible toward further e
: . ege . H H Coupling H H
chlorination (due to the ClI stabilizing H_CI}_._R —(Ij u H_C_(I3_H
radical intermediates through resonance) | | Desiroys two |
L. H H methyl radicals H H
than remaining unreacted methane
molecules.
Chlorination hv #See mechanism above regarding methane chlorination.
—
Taking an alkane and converting it into Cl,

an alkyl halide (in this case, chlorine is
the halide).

Cl
L
N o, oA
~60% ~40%
***(Depending upon the molecule, the

most to least stable radical: tertiary,
secondary, primary, methyl; more stable




radical leads to the more likely product.)
With chlorination, one is more prone to
get a major product, and potentially other
minor products.

Be careful to note any chirality centers
that could potentially form
enantiomers or diastereomers.

Bromination

Taking an alkane and converting it into
an alkyl halide (in this case, bromine is
the halide).

Br
hv N
/\ —)B rz /\/ B r
~97% ~3%

(See “*** above).

With bromination, one would most likely
to have a lot more of the major product
(and little to no minor product). This
means that bromination is more
selective.

Be careful to note any chirality centers
that could potentially form
enantiomers or diastereomers.

hv

Br,

#See mechanism above regarding methane chlorination.




Allylic Halogenation

In preventing any potential of adding
halogens to a pi bond, and rather remove
an allylic hydrogen and replace it with a
halogen, one would convert an alkene to
an alkene with a halogen (in this case,
bromine) allylic to the pi bond:

Sl adalad
l |
//”‘7(Br . Br\v/:\\j/

*Consider the resonance of the radicals
from which other products could be
made.

Be careful to note any chirality centers
that could potentially form
enantiomers or diastereomers.

NBS

hv

INITIATION

N-Bromosuccinimide
(NES)

PROPAGATION

.
N =
H,z/_<

¥

— Vs,
_/—<_A_ SSa

TERMINATION

Forms a bromine radica

Stabiliced
by resonance

» .
- + H—Br:

b




Autoxidation

0,

INITIATION
— Hydrogen abstraction
Organic compounds react with oxygen to PN
form hydroperoxide (ROOH): /Y Initiator
R—H_ —m+———
Forms a carbon radical
PROPAGATION 4
Coupling
02 0—O—H Vs \.y-"\-.. . _.._.._
R’ O O A carbon radical couples R O O
with molecular oxygen
Cumene Cumene hydroperoxide
“ Hydrogen Hydrogen abstraction
H ab_‘tracuon e e ST '\.,——-\_ - - .
R—-0—0° HR —m8F7F ——— R-0O—0OH R
e Gives the product and e
Resonance stabilized regenerates a carbon radical
Hydrogen
PN ahstraction P o~ -O0H TERMIMATION
=T N = Coupling
Resonance stabilized
R 'R ——— R—R
Destroys two
carbon radicals
Coupling ,E/ - O_D I H?Zg
e e P
Net reaction: R—H + 0, — R—0—0—H
This process occurs very slowly.
Radical Addition of HBr HBr INITIATION
— Homoalytic cleavage
Using peroxide, an alkene, and HX ROOR (This AEYOR e s ROT OR \H = 151 Kelimol
(where X in this case is the halogen Br), is the
the alkene converts into an alkyl halide: peroxide! :0) e i . -
RO* ""H-Br: ROH + “Br: AH® = 63 kJ/mol
. . Forms a bromine radica ae
H Br i -Markovnik PROPAGATION
_H—Br : / nti-Markovnikov
F O ,r-l addition :E}:r""_]/\ N Addition ;Igi:r
- The bromine radical irlco \ AH 13 kd/mol
(95%) / /\’ : > <
Anti-Markovnikov- Hydrogen goes on
. . Hydrogen abstraction
most substituted carbon (in terms of i 7 e

most substituted. in reference to the most
number of carbon groups on a given

carbon).

Be careful to note any chirality centers
that could potentially form
enantiomers or diastereomers.

:Br t
2 /\’g\'-'n'g
i . >
3r Gives the product

and regenerates
a bromine radical

TERMINATION
Coupling
BB Destroys two Br—Br
bromine radicals




Radical Polymerization

Form polymers from an alkene:

H H AV
N\ i Polymerization C
c=C —_— ‘-nC
! * i
A H H H

Ethylene Polyethylene

The brackets ([ ]) represent the repeating
unit (monomer) that makes up the

polymer (consisting of more than one
unit).

N/A

IN

. Yal
. /
RO ' —//\;

PROPAGATION

TERMINATION

ITIATION

Homolytic
cleavage

AT Heat

RO—OR —f—————
aon Creates two
alkoxy radicals

Addition

P

Additior

Polymer

Coupling

Forms a carbon radical

— e ——

Additior

~
.'/\‘ //15

RO~

and/or high

Converting OH into a Good Leaving TsCl, pyr (pyr,
Group aka pyridine)
H
Replacing a hydrogen with Ts
(p-toluenesulfonylchloride or tosyl
chloride):
OH OTs
- 1) TsCl, pyridine - L
2) NaOEt
Alcohol Prep via Reduction H, Reduction of a Ketone or Aldehyde with H,:
H
Converts a carbonyl (i.e. ketones and Pt, Pd, or Ni Mechanism isn’t required. (N/A)
aldehydes) into an alcohol:
~(This is
done at high
temperatures




Ho
Pt, Pd, or Ni

o] OH H Na

le
NaBH, H—B—H
"

Sodium borohydride

—_— 5
EtOH, MeOH, or H,O

90% (NaBH,)
Q
\/\/\)J\ o
S T T T
H  2HO OH
BE6%

Note: H, can be added to an alkene,
whereas the reactions concerning LAH
and NaBH, cannot:

o) NaBH, , MeOH OH
III\_/

o

. 1) LAH ~

90-95%
2) H,0
OH
/R
H. / \
Pt, Pd, or Ni \_/
90-95%

Also consider that NaBH, only reacts
with ketones and aldehydes, whereas
LAH reacts with ALL C=0O (including
carboxlic acids and esters).

0

)J\ 1) Excess LAH
—_—s

R” Ton 2HO R™ OH

Carboxylic acid

o]
FI/U\OM

Ester

1) Excess LAH
T -

— MaOH
e M0 R™ TOH

pressures, so
it may not be
practical for
most
structures)

OR
NaBH,

q
EtOH, MeOH,
or H,0
OR

1) LAH

2) H,0

Reduction of a Ketone or Aldehyde with NaBH,:

MNucleophilic attack Proton transfer

o 10— o :07
I g M
n o the firat ot T I
R/ R IJ the 'Ib‘ :.ep R™ 'R The resulting R™ ' R
fr H SD-JIL:|‘:|L?:m_hII’.,J e H alkoxide ion H
~a . '_"crj'l is then protonated
H—B—H '@ he carbonyl group to form an alcohol
H
Reduction of a Ketone or Aldehyde with LAH:
MNucleophilic attack Proton transfer
o) o :0
F .
= ™—H = H /1\
B ————————— P ——

R/ TR In the first step, The resulting R\
(H LAH delivers H alkoxide ion H
\l . to the carbonyl group is then protonated

H—ﬁlkl;H to form an alcoho
H

AThis is also true for when an LAH reacts with an
aldehyde.

Reduction of an Ester with LAH:

Loss of a

Nucleophilic attack leaving group

(0 08
-~ — .
);Lu T H/\‘GOME —
R / OMe  LAH delivers . Expulsion of
(H H H an alkoxide
~ to the ion causes the
H—AI—H carbonyl group carbonyl group to
re-form
H

Nucleophilic attack Proton transfer

e (= J— .. ~H
o Ho L N 0
i T, X
.y E— T _ T,
R"/ H LAH delivers R™ \'H The resulting R™ L H
(H H H alkoxide ion H
~ ) to the s then protonated
H—AI—H carbonyl group to form an alcohol

H




Preparation of Diols

A dicarbonyl converts into a diol (two
C=0 to two hydroxyl (OH) groups).

H,/Pd

[o—owe T T

NN 2) HyO N ~

. NaBH, 2
MeOH
Note that the mechanism is the same in
the formation of the OH groups, with
exception of the fact that in converting
each C=0 group, they DON’T occur
simultaneously!

Also consider that two hydrogens total
are also added to make the product.

#See Reference Sheet 3 for syn and anti
dihydroxylation.

H,
ﬁ

Pt, Pd, or Ni

A(This is
done at high
temperatures
and/or high
pressures)

OR

NaBH,

q
EtOH, MeOH,
or H,0

OR
1) LAH

—

2) H,0

*See “Alcohol Prep via Reduction™ above.

Preparation of Alcohols via Grignard
Reagents

Making a Grignard Reagent requires
magnesium (Mg) and an alkyl halide:

Mg
R—X —— R—Mg—X

Grignard reagent

Using the Grignard reagent and a
dicarbonyl, this will eventually convert
into a diol (two C=0 to two hydroxyl
(OH) groups). Also consider that an R
(a carbon group) is added to the carbon
that once had an carbonyl:

8] OH
J’L 1) A¥gX )v
—_—

A3 2)H,0 e

=3

Formation of
the Grignard:

R-X (X could
beaClora
Br)

Mg

—

Formation of
the alcohol
given a ketone
or an
aldehyde:

1) RMgX (R
could be an
alkyl; X could
be Cl or Br)

—

2) H,0

=\
\ 7/

¢

Br s _MgBr 9

M
O == _~___MgCl

&+

MagBr

" ﬁ_

A (ﬁ\*l‘ 5 MgBr
| = [

i

Nucleophilic attack Proton transfer
WO ...H
10 ~_ o 107
Ny
The Grignard reagent acts } \ . \
e Grignard reagent acts R \"R he resulting alkoxide ion is it R 'R
as a nucleophile and R The resulting alkoxide ion is then R

protonated to form an alcoho
attacks the carbonyl group F o

Have an ester as a given molecule:

£ Loss of a
Nucleophilic attack leaving group
01
H"’{TJQMQ Expulsion of

R an alkoxide

the
group to




Note that the mechanism is the same in

Formation of
the alcohol

MNucleophilic attack

Proton transfer

the formation of the OH groups, with given an ester: oy B ~_ o 5"
exception of the fact that in converting "?L_\_ /J ~H T N )
each C=0 group, they DON’T occur 1) xs RMgX "/ RRJheresding R R
simultaneously! (R could be an {k protonated to form an
alkyl; X could " o
If one is dealing with an ester, use excess | be Cl or Br)
Grignard Reagent!!! —
0 1) excess CHgMgBr 2) HZO
/QLONIe 2) H,0 /\) CHS + MeOH
Protection of Alcohols 1) TMsCl G EtaNH
(aka L
In achieving a product in which a given Me B,MO-H/TW_Q,"
) : Me . )
reactant’s hydroxyl group is present, one
must note that the OH can act like an Me’ “cl ) /\//\\B/
acid, especially when a Grignard is 2) Et;N B o
present. One must utilize a protecting — i
group to shield the OH from reacting: 3) Mg G BN
4) Ketone
5 ~ /_}) .
HOX_/» o Aldehyde, or H.%Z_fQ*TMS TBA £ >/J \ HaO" H<‘5>~<—FQH
B OH ROR any Carbonyl YR '
of one’s
Protect Deprotect .
. choice
R e XJl 5) TBAF (aka
Br > protecting
protecting R SR IO ﬁ\ﬁ h/r
grotp \/v\g\/v P
)
6) H;0"/ H,0
Reactions of Alcohols
Syl Reactions with Alcohols: HX (X could
be Cl, Br, or I) Proton transfer Loss of a leaving group
Tertiary alcohols will undergo a — H

substitution reaction when treated with a
hydrogen halide:

.OH X
K

K - M.,
KQH T~ H—Br:

H.0




Sn2 Reactions with Alcohols HX (X could Primary Alcohol Reacting with HX:
) be Cl, Br, or I) Proton transfer |c:qsusmoef0ap|2i::ir? naiz "
Primary and secondary alcohols will — e
undprgo substitution reactiogs with a s \HJ_Br - (|) o .o .
variety of reagents, all of which proceed OR N - > TTH A AT
via an Sy2 process. One is mainly "
focused on the three following Sy\2 HCl
reactions: - Primary Alcohol Reacting with ZnCl,:
ZIIC12 Nuc Attack Nuc attack +
1) Primary Alcohol Reacting with HX: on a Lewis acid © LossofLG
OR oH  “zncl Aot o
It T2 By P
q
pyr (aka Primary Alcohol Reacting with SOCl,:
2) Primary Alcohol Reacting with ZnCl,: pyridine: Bad
leaving group
L N §
M e ~_o | T | T =2 A o
. :Cl:
on | |
é,Q: )
3) Primary Alcohol Reacting with ; H/ . 'CI'
SOCL: PBr; ok :Cl o Q ¢
2. /\/O\S//\/' . /\/O\ _C /\/O C|
/—f\\?_{_‘,DH S0Cl, MC| — éT/ \0 .JI
By
Good
4) Primary Alcohol Reacting with PBr;: ieavin group
PBr Br
s ~UH = TN Primary Alcohol Reacting with PBr;:
/"7"'51 P :\Br i
(In all of these reactions, one is N OH NN e B2 AE L hoes,
converting an alcohol to an alkyl halide). - \& By pa
Good
leaving group
El and E2 Reactions with Alcohol El: El:
*(Examples below 77077 777 77077
conc. H,SO, Z 7,
E1: Given a tertiary alcohol and a weak — T jg.“ .
. / By H / G
base, one would convert this into an heat > . H >£.O MO /}\ A I k
: )M —= SN AN
alkene: / "
E2:
cone. Ha50,
_,f>— OH ot /K + H0 1)TsCl
H

pyr (aka




/ pyridine: E2:
IIII’OH conc. H,S0 =
7 == - J| © 0
_ | i ) i \ jl’ T
Major Minor 2) Strong H\ ? ,Cf;f f-{\\ '-ﬂ: / o EO Me'QQ /‘_{\g EO
o psl R R\ () Ao
Base (see e J_de)w < > LN E‘_O.\\; o
E2: Given an alcohol and a strong base, Reference </ . . or j
one would convert an alcohol into an Sheet #5) A A
alkene: o\ / 9\ /
' 5 B2 *One of these three reagents could™ i
o k here (all are alkoxides)- NaOMe,
%3 . ‘I':g([)Et, or oK
o S s L R =o{ﬂis:
—7—OH ] —5—OTs = P - </
Reactions of Alcohols: Oxidation Secondary Reactions with PCC: N/A
Alcohol:
(Note that tertiary alcohols generally Reactions with Chromic Acid- Ketone:
don’t undergo oxidation!) PCC
- STEP 1
When examining secondary alcohols, CH,C], R o) Fast and
would convert this into a ketone by H,F>—OH - Ho—(:::r—OH eversble . >—o Cr OH + H0
using chromic acid or PCC: OR R o
Chromate ester
(Na,Cr,0, STEP 2
OH Oxidation - R |c|> /o R
/L\ O H,SO,, H,0) .’H%Lorﬂr_ /’% >=o:I + HyO + HCrOg
II| )J\ \\f q’_../” R
H 3 (‘,:-r;_rt_)rqwa_t;_;ester
When examining primary alcohols, Primary
would convert this into an aldehyde by Alcohols to: . ) ) ) ) )
using PCC: : Reactions with Chromic Acid- Carboxylic Acid: N/A
OH O
P poc, | Aldehyde:
A CHLCl, g H
PCC
Primary Aldehyde _
alcohol
CH,Cl,
One could also convert a primary Carboxylic
alcohol (or an aldehyde) into a Acid:
carboxylic acid using chromic acid:
H,CrO,

—




Note that the crown ether’s size must
match the size of the metal to form a
strong attraction (12-Crown-4 solvates
Li", 15-Crown-5 solvates Na*, and
18-Crown-6 solvates K"):

an Alkyl
Fluoride from
an Alkyl
Halide:

KF
benzene

—

18-crown-6

OR

acetone
OH (8] O
Na,Cr,0;
R) H,SO, . H;0 |:RJ\H] HJLOH
Alcohol Aldehyde Carboxylic
Difficult to isolate acid
Oxidation of Phenol Phenol or N/A
Hydroquinone
Converting a phenol (hydroxyl group to
attached to a benzene ring) into Benzoquinone
benzoquinone:
OH 0 CrO;
H
N
Na,Cr,0, H,0", acetone
H,S0,, H,0
Phenol 0
Benzoguinone
Note this:
j / Reduction \ OH
8 )
[kﬂj R~
0] ., Oxidation o OH
Benzoquinone Hydroquinone
END OF “REACTIONS OF ALCOHOLS”
Crown Ethers Formation of N/A




oY NaF
\ O(\o/j) [o ) O] benzene
[ ] e ~
y 0o 0 ?
/ \_/ o/ 15-crown-5
12-Crown-4 15-Crown-5 18-Crown-6
solvates Li* solvates Na* solvates K* OR
One could convert an alkyl halide (with LiF
Cl, Br, or I) into an alkyl fluoride: benzene
q
Br E 12-crown-4
KF
benzene Formation of
1&aowms a Diol from an
Alkene:
Br
NaF
benzenes KMI’IO4
15-crown-5 benzene
H
Br F 18-crown-6
LiF
benzens
12-crown-4
One could also convert an alkene into a
diol using KMnOy:
oH ©OH
. e KMHOq o
benzene
18-crown-6
Preparation of Ethers Acid-Catalyze Acid-Catalyzed Dehydration:
-d
Converting an alcohol into an ether using | Dehydration: oroton ranater 5.2 atack —
the following: ~ulf SN Py
H;0" gt Rt R /‘\fy E o™
ACld-Catalyzed Dehydl‘atlon' — Ethanol '!' -ﬂ"" Diethyl ether
HOR (R can
s be any carbon
g —o T group)
Williamson Ether Synthesis: Wlﬁ{[e}llmson Williamson Ether Synthesis:
er




1) NaH Synthesis:
R—OH 2) RX > R—O—R Proton transfer Nucleophilic attack
1) NaH
Alkoxymercuration-Demercuration: 2) RX (where | s=e™" — e e
R can be any * and dopro
carbon group,
1) Hg(OAc),, ROH with the
>—< 2)NaBH, H”’H‘H exception of | Alkoxymercuration-Demercuration: Note that this mechanism
R r R R tertiary and is like that of “Oxymercuration-Demercuration.” See
quaternary Reference Sheet #3 for more information regarding the
carbons). mechanism.
Alkoxymercur
ation-Demerc-
uration:
1) Hg(OAc),,
ROH
—
2) NaBH,
Acidic Cleavage Acidic Acidic Cleavage:
Cleavage:
When heated with a concentrated FORMATION OF FIRST ALKYL HALIDE
solution of a strong acid, an ether will xs HX (where s 7
undergo acidic cleavage, in which the X could be Br ’
ether is converted into two alkyl halides: or ) + OHC—X
—
Bxcess Heat
R—0—R — > R—X + R—X + H0O an alcohol as a leaving group
(Note: Both FORMATION OF SECOND ALKYL HALIDE
When a phenyl ether is cleaved under HI and HBr Proton transfer Sx2
acidic conditions, the products are phenol CC?:;:/Z léfﬁgrzo ~
1de: : + iX: ——— H,e-X: + HO
and an alkyl halide: HCL s less ,. X - . X 2
efficient, and gf:mf..ﬂg.;ﬂ: Saacke the t;r q
S O“\H Excess T OH HF does not a leaving group
| P ~ea | /]/ + RX cause acidic
N cleavage of
Phenol ethers.)
The phenol is not further converted into a
halide- neither S\2 nor Sy1 processes are
efficient at sp, -hybridized centers.




Autoxidation of Ethers

0O, INITIATION
Hydrogen abstraction
ﬁ H
. . . Y
Ethers undergo autoxidation in the (slow) PN it PPN
. NoX orms a NeK
presence of atmospheric oxygen to form i carbon radical
: . PROPAGATION "
hydroperoxides: B 77 50
4 N |
/\o/\ oo A carbon radical couples /‘\:O‘/\
O0OH with molecular oxygen
o L
’fﬁof e fS|DW:I ‘fﬂ"o d/o \‘\ H Hydrogen abstraction ‘.6/’QH
A hydroperoxide - /I&TQTA‘ Gives the product /L‘-Q-’A‘ t
d t
a carbon radical
Net reaction R—H O, —— R-0-0-H TERMINATION
>_/7\“ /7 7"\( Coupling > (
0 o:
) " Destroys two
> < carbon radicals > <
Preparation of Epoxides Making an Using MCPBA or Peroxyacetic Acid to Form the Epoxide
Epoxide: N/A
Using a peroxy acid and an alkene, one is
able to create an epoxide MCPBA Using a Halohydrin and a Strong Base to Form the Epoxide
= Nucleophilic attack
35" loss of a leaving group Nucleophilic attack Proton transfer
F OR ( ér; 5 = o, e
N Lo - & E &y (o @ P
| th‘ 'Dj - H attacks Br?sx;l‘;umg bromide Emmom;;ﬂ/ ;A::anu[cleophwle 7 W:;e; Py :0H
. as a leaving group ion and attacks and deprotonates -
. Peroxyacetlc and forming a bromonium ion ‘;eat?:csr:;g\r?;:efg the oxonium fon
Acid
N Proton transfer Intramolecular Sy2
Examples of Peroxy Acids
0" ~0
OR S ( _
o 0 _/q ¥ — 0.
i s < The alkoxide ion
Cl (0] Br R, Br 3De: I
S o/ \H )J\ o 1) Br H O deprotonaies the D functions as a
- 2s 2 halohydrin, nucleophile in an
= HyC 0 H — este;lisfﬂr g an
equilibrium with the
alkoxid
meta-Chloroperoxybenzoic acid Peroxyacetic acid 2) NaOH AronE
(MCPBA)

One could also prepare an epoxide using
the Halohydrin Reaction, as well as a
strong base:

OH
SEIONEE
+ Enantiomer
T

intramolecular Sy2

eaction, ejecting the
halide as a leaving group
#(The second part of forming the epoxide (utilizing the strong

base) is an Intramolecular Williamson Ether Synthesis. An
alkoxide ion is formed, which then functions as a nucleophile
in an intramolecular Sy2-like process). :O

Also, consider this: for these reactions, the overall
stereochemical outcome is the same as direct epoxidation

with MCPBA. That is, substituents that are cis to each other
in the starting alkene remain cis to each other in the epoxide
and substituents that are frans to each other in the starting




Enantioselective Epoxidation:

When forming an epoxide that is chiral,
both of the methods mentioned
previously will provide a racemic
mixture:

MCPBA

Me Et N

0 0
Me™” Bt + >\“"‘ﬁ"”me
- A Me Me FEt
Me Y,
. 1B H0 ~
?)

NaOH

Racemic mixture

alkene remain trans to each other in the epoxide:
MCPEA

H H 7 N =

R R
R R 1)Br, H,0

2) NaOH

cis cis
Enantioselective Epoxidation: (See mechanism above).
The two enantiomers are formed in equal amounts, because
the epoxide can be formed on either face of the alkene with
equal likelihood (in other words, the epoxide can form from
above or below the plane equally).

Ring-Opening Reactions of Epoxides

When an epoxide is subjected to attack
by a strong nucleophile, the ring opens:

HO

“L__j\

OH

0
NaOH
LN o
Other examples also include:

1) RONa OH
/

) NaCN OH
Q T / O 1—. /
2) H0 RO VAN 2) H,0 NC/—
OH
& 1) NaSH ) o 1) RMger _/OH
2) HO Hs o T9H0 A
o 1LAH OH

—_—
8 T 2)H0  H

One could form a diol, an alcohol with
an OR, CN, or an SH group, an alcohol
with an extended carbon chain (with
carbons), or an alcohol. It depends upon
what one desires for the product.

Note: There are two factors to consider
here:

Formation of
a Diol:

1) NaOH

—

2) H,0

Formation of
an Alcohol
with an RO:

1) RONa

—

2) H,0

Formation of
an Alcohol
with a CN:

1) NaCN

—

2) H,0

Formation of
an Alcohol
with an SH:

1) NaSH

—

2) H,0

Formation of a Diol:

Mucleophilic attack Proton transfer

o
65 N\ (b OH
_/ _HTH /

4 /
7 the first sten e resniing
,M/’ In the first step, Qo The resulting HO
hydroxide o alkoxide ion is
functions as a then protonated
nucleophile and by water
opens the ring in an
5,2 process

0 —IOH

AL

Using NaOR, NaCN, or NaSH: See mechanism above as an

example.
Using RMgBr:
OH
=0 1) PhMgBr
= &
N .C:l F@r %fo?H




Regiochemistry— When the starting
epoxide is asymmetrical, the nucleophile
attacks at the less substituted (less
hindered) position:

HO

A

/ Nuc

o]
a2 1) Nug™=
— 7 2)H,0
!

This position is less hindered,
50 the nucleophile attacks here

This steric effect is what one would

expect from an Sy2 process.

Stereochemistry— When the attack takes
place at a chirality center, inversion of
configuration is observed:

%

Attack takes place
al a chiralily cenler

OH
1) Nue'™=

2)H,0

T T"'IN uc

The configuration
has been inverled

This result is also expected for an Sy2
process as a consequence of the
requirement for back-side attack of the
nucleophile. Note that the configuration
of the other chirality center isnt affected
by the process. Only the center being
attacked undergoes an inversion of
configuration.

Formation of
an Alcohol
with an
extended
carbon group:

1) RMgBr
q

2) H,0

Formation of
an Alcohol:

1) LAH
H

2) H,0

Using LAH:
<0 1) LAH ~. O
Me 2) Ha O ]/
oy
H // H™ H
H=Ae ™ ©
H :

o” 0
Me

Acid-Catalyzed (AC) Ring Openin

Under acidic conditions, one could open
aring:

OH
O H']
AN H,0
HO
OH

O [H']

ROH ’ /

RO

Formation of
a diol (AC):

[H'] (aka
[H,SO.])

H,0

This can also
be rewritten
as:

Formation of a diol (AC):
Proton transfer Sy2 Proton transfer
Fa ,H
S i s :0H / o

Y D5 H O H H o
K./_\. @/ /T
- H—05 / HO

.‘Hw.___//

OH




Convert an alkyl halide into a thiol (a
sulfur analog of alcohol):

Sn2:
gy NaSH, ~"~g4 + NaBr
Br SH
/[\ NaSH ﬂ
R, R, R, R,

(Note: This reaction can occur even at

OH H,0" Formation of an alcohol with an OR (AC):
O HX —
A\ /
X Formation of
an alcohol
Note this: when the given epoxide is with an OR
asymmetrical, the regiochemical (AC):
outcome of acid-catalyzed ring
opening depends on the nature of the [H'] (aka
epoxide. [H,SO.])
H
Primary vs. secondary ROH
H .
s Formation of
Q an alcohol
= [ ~ with a
halogen . .
A::::eks 2 attached Formation of an alcohol with a halogen attached (AC):
(AC) Proton transfer Sn2
Dominant factor=steric effect
HX (X could P H =
. : . "™ ® |, . :0OH
Primary vs. tertiary be Cl, BI‘, or I) N H-—%: (‘;& . ,;j{'?’
H — In the first step, 7 _// " The protonated epoxide X
[ the epoxideis s then attacked by a e
o~ protonated nucleophile in an
. g Sy2 process
;— T
Attacks
here
Dominant factor=electronic effect
Formation of a Thiol NaSH (See Reference Sheet #5 for Sy2 reaction mechanism
H

example).




secondary substrates without competing
E2 reactions, because the hydrosulfide
ion (HS-) is an excellent nucleophile and
a poor base).
Oxidation of Thiols NaOH/HQO, DEPROTONATION OF THE THIOL
Br,
Thiols easily undergo oxidation to — N\ DI -
produce disulfides: R—§2H + Na  :0H ————— R—§: Na + HO
Thiol Hydroxide ’ tt:;tqlft ?:H' Thiolate ion Water
A Nen g opg” O MEOMROBR, g o el ne \pKa=157)
A disulfide ‘ . -
FORMATION OF THE DISULFIDE
Sn2 S
f ) N?\S—R "
H—S: Ma ——— HR_...5_ + NaBr
- Another thiolate s
oeleomh . unctions as a
attacks maolacular
Reduction of Thiols HCI, Zn N/A
H
Disulfides are easily reduced back to Note that it is essential to know what’s happening in the
thiols with a reducing agent, (i.e. HCI reaction: the neutral Zn is providing two electrons to become
with zinc): Zn*". The electrons attach to the S atoms as they break their
N 1 SN S-S bond, makipg both S atoms negatively chargeq. This
IFinduction] causes them to pick up protons from the HCI. Consider that
(Note: The interconversion between thiol tileretagls;s fthe p otentflzll thatthonetof th}f S atom; cozlhld bed
and disulfide can also occur directly via a protonated be (})lr'e S{[lg 0 et:.o cr steps gpplen. to’ © order
free radical mechanism.) in which the reaction occurs is irrelevant.




Preparation of Sulfides 1) NaOH i 7
- :
Sulfides can be prepared from thiols 2) RX e __\OH HiS/ _"_(N Y S
USIIlg the Sulfur analog Of the Wllllamson " - \'l_l»-.-n: step, N ;4 o : ;Am :\ale_-m_ a A
ether synthesis: doprotonatod T uleophileand
. 1) NaOH el
H—SH 2) RX H—S—HR
Note that this mechanism could work
with primary or secondary alkyl halides,
never with tertiary alkyl halides!
Reactions of Sulfides Utilizing a Reaction of Sulfide & Alkyl Halides: Given on the left.
sulfide to give
Sulfides will attack alkyl halides in an a methyl Oxidation of Sulfides to Sulfoxides; Oxidation of Sulfides to
S\2 process: group to a Sulfones: N/A
S CHg nucleophile:
.-S-.-" H,.C—X: ;1;'5 PR (Don’t be afraid to go on your sulfone and message Dr. Beil
R™ "R R7™T - Given a via Discord/Canvas if you have any questions!) :)

The product of this step is a powerful
alkylating agent, because it is capable of
transferring a methyl group to a
nucleophile:

+  HyC—Nuc
Sulfides also undergo oxidation to give

sulfoxides and then sulfones:

0]
0] [l 01 [l
—_— —_

/Sx ~

A R R™ "R

Sulfide

Oxidation- Sulfide to Sulfoxide:

o

methyl phenyl sulfide

Sulfoxide Sulfone

NalO,4

—_—

methyl phenyl sulfoxide

sulfide, use:

1) CH:X (X
could be Cl,
Br, or I)

q
2)
Nucleophile

Sulfide to
Sulfoxide:

NalO,

—
OR

H,0,

—




Oxidation- Sulfide to Sulfone: Sulfide to
0 Sulfone:

-'5"- S
™~ 2H0 W
2H0, o 2 H,0,
H

fNethyl phenyl sulfide Methyl phenyl sulfone




