Nucleophilic Addition Of Hard Anions To
Aldehydes And Ketones

from chapter(s) in the recommended text

A. Introduction



B. Types Of Additions To Carbonyls draw

arrow

Polarity Of Carbonyls o . here
: P ¥
positively polarized.

to carbonyl carbons
oxygen.

Reactivity Of Nucleophiles And Carbonyls At Different pH Values

J g

more reactive
more reactive than ones that are not.

hard because
are likely to

cannot be used

completely wrong to show
neutral or basic conditions.

In the second edition of the book a somewhat ambiguous question has been changed from:

Additions of reactive basic anions to carbonyl compounds can/cannot be reversible if the anion involved
is very stable.

to:

Additions of unstable, reactive, basic anions to carbonyl compounds tend to be reversible / irreversible.

the answer is irreversible.



Formation Of Tetrahedral Intermediates

S

P

Cjcl) /\'CHs —

sp? hybridized.
give alcohols.

(this is kinetics),
(thermodynamics).

‘O_ OEt

>

tetrahedral intermediate

O, H

S

tetrahedral intermediate

0. CHg

X

tetrahedral intermediate

tetrahedral intermediate



one C-0 bond(s)

one bond(s)

the starting materials.
it will be

ie irreversible addition.

Cl- Br CN- MeO- Me- Ph-  CH,CH-

relatively stable relatively unstable

reversibly to ketones

C. Reactions of Aldehydes And Ketones With Hydridic Reducing Agents

tetrahedral intermediate product

| /_\H
Ph><H Ph)

Ph

S w op 7
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\?OJ\’/—\ H —

NaBH,

name: Sodium Borohydride

nucleophilc

does not do

OH

R OH

NaH LiAIH,

Sodium Hydride Lithium Aluminium Hydride

basic nucleophilc



NaBH,

H-0

(i) NaBH,
\Jﬁ}/ —_—
(iiy H*

(i) LIAIH,
\)\—>
! (ii) H+

reduction processes.

OH OH

two diastereomers

\\/J\V/OH

HO, D D, OH

\/\l)‘\H + \/\l)\H

two diastereomers



OH O

OH OH O OH

MeO,C~ Y = MeO,C~ "~

OH O

because:

Lithium aluminium hydride can reduce ester to alcohol, but sodium borohydride cannot.



OH
© NSO v/\OH

D. Addition Of Carbanions
reactive

carbonyls irreversibly.

is stronger than

under anhydrous conditions.

alkoxide does not

tetrahedral intermediate

OH

N

H+

HO_ Et
CCl;

OH

PP

HO

Me
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OH

@)

OH



~ K

tetrahedral intermediate

H+

R

‘O_ Ph

~ Ay

tetrahedral intermediate

tetrahedral intermediate

tetrahedral intermediate

H+

H+

HO_ Et

K

OH

A Ph

OH
Ph

OH




tetrahedral intermediate

tetrahedral intermediate

tetrahedral intermediate

tetrahedral intermediate

H+

H+

H+

H+

HO_ Ph

OH

OH

HO_ Et




E. Reactions Of Carbonyl Compounds With Acetylide Anions

NEts MeMgBr HO

secondary or tertiary

(i) H*

(i) HoC,, excess NaH
H,CO >

Na2C03

O-Li Ha0* OH
—
Ph Ph

HO

(ii) H*

OH

Ho/




() Li——=— _
EtJﬁ (i) H Et/l\|/ * Et/l\_/
i) H* -

OH OH

two diastereomers

OH HO 0

— — )K

OH

/Ph — LPh
Ph

=0

S %

OH OH O O

two diastereomers




OH (l)
E— 0]
CT N |
N\ N\
F. Si And Re Faces Revisited
enantiomers.
Re-face attack
Si -face attack.
HO, Et Et- 0 Et- Et. OH
. o
D —~ Ph)]\ — > D
Ph Re-face Si-face Ph
addition addition
o) OH
LiAIH,,
Re-face
(0]
Me- Me OH
Si-face




(0] (0] 2 Et- HO !_Et Et OH

—_—
two

Si-face
additions
(R)-Alcohols are not
(S)-alcohols are not
HO. OM -OMe Q -OMe
OMe
S Ph)]\ MeO, OH
Ph Re-face Si-face Ph
R addition addition S
HO. H LiAIH Q LiAIH
. 4 4
>~‘\ B S Ph )J\ — H>£H
Ph Re-face Si-face Ph

S addition addition R



Addition Of Grignard Reagents To Aldehydes
And Ketones

from chapter(s) in the recommended text

A. Introduction



B. Grignard Reagents: A Type Of Carbanion Equivalents
magnesium;

strong base

cannot be formed from compounds liberating ethene.

_~_Cl Mg ~_MgCl equivalent P
Grignard carbanion
H,0
— N
-HOMgCI
hydrocarbon

Br Mg MgBr equi -
quivalent
g - U ‘ (]

Grignard carbanion

H,O
—_—
-HOMgCI

hydrocarbon




I Mg Mgl equi
quivalent
o= ot

Grignard

H,O
—
-HOMgCI

hydrocarbon
M .
X Cl 9 X MgCl equivalent
Grignard
H,0
e AN
-HOMgCI

hydrocarbon

.

carbanion

carbanion



Pz Br P MgBr equivalent 7
SN — NN o NN
Grignard carbanion
H,0O
— NN
-HOMgCI
hydrocarbon

1,2-dichloroethane bromobenzene

allyl chloride -chloropropane

diethyl ether fluoroethane bromoethanal 3-iodopropanol

chloro(methoxy)methane 1-bromo-3-methoxy-ethanal

benzyl bromide butane

1,2-diiodopropane 2-chloroethanol



C. Reactions Of Methanal With Grignard Reagents

HCOH

Grignard
HCOH

NG T .

Grignard

Grignard
HCOH

"
—

+>0H O%\OH

Grignard
HCOH

N0OH NHoH =

Grignard
HCOH
<::>
Nl -
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+>0OH

»

+ 0H

PN

o™
X- + OH
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+H,0
\/\m 9 — ~~_OMgBr Bkl ~_~_OH
9 -HOMgBr

primary alcohols
one more

MgBr +H,0
+ O — OMgBr _— OH
-HOMgBr
excess
&O +H20

Bng/\/\/\MgBr E BrMgO._~_~_ ~_-OMgBr E HO._ ~_~_~_0OH
-HOMgBr




NS MgBr
(:)Me

\/\/\l/MgBr
OM

e

primary

ANSOH ——

M H M H H
OO = ®O95 ™ MgBr Ot~ =
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—
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Ph H Ph<
\/O —y MgBr

CD3CH,OH ——> CDgMgBr

></OH e >(MgBr

OH

K — AMgBr

more basic than

compounds irreversibly.

primary because methanal has two
secondary alcohols.

IS unique

HO

N\ /

OH

OH
—

OMe

MgBr

MgBr

a di-Grignard

©/MgBr

OMe

OH
L™ =

| N MgBr
¥
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D. Reactions Of Other Aldehydes With Grignards

/\ +H20
MeMgBr  + — " e
’ dé/ Y -HOMgBr Y

OMgBr OH

give secondary alcohols with the same

OH

o
R N MeMgBr + EtCOH —» P

OH

Ph
MgBr 4+ PhCHO ——>

OH

Grignard reagents are more basic than nucleophiles like methoxide, and add to carbonyl compounds
irreversibly.

The alcohols from reactions of Grignards with methanal are primary because methanal has two
hydrogens attached to the carbonyl group.

Reactions of Grignards with other aldehydes must give secondary alcohols; methanal is unique.



excess
MeMgl
oéf\\//\\v/Qbo —>
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secondary alcohols

OH O
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+
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OH OH
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——

OH
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)
\/\MgBr + fPh or \q + Bng/Ph
) @]
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E. Reactions Of Ketones With Grignards

MeMgCl —+ Yy — A/
0

OMgClI
tertiary alcohols.
the same
must be the
Q HO

+H20

H
-HOMgCI

N

OH

HO
MeMgBr + EtCOEt —
9 EtX

Et

\ﬂ/\/\ﬂ/ + 2PhMgl —> M

HO Ph Ph
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2 PhCOMe
BrMg._ ~_~_MgBr 5

4;\V/MgBr

Ph#\/\/\/H’h

Ph

Me Et

HO

Me/)(Et

Ph




HO. CDs O O ©

+ or or
)Q/ — )H CDsMgBr DSC)H + MeMgBr Me)]\CD3+ EtMgBr

THIS PROBLEM HAS BEEN CHANGED FOR THE SECOND EDITION OF THE BOOK

OH . V/;\]A;(? ) V/XO 2>
A

MgX

: HO : : : : :
\/‘\/g)\/’\/ — \/\)W +  MeMgBr 9 \/\)J\ + Bng\/:\/

is
is not possible



> W + MeMgBr or . + BrM /\l/\
: = - : g
W E T /\E/\[O(

F. Complimentary Grignard and Hydride Reductions

a Grignard route hydride route

@) 0O OH 0O

- o ~ = N = P

+ MeMgBr + PhMgBr +NaBH,
)
P~ >wger L —= Ph" "TOH —= Ph” "0
H™ H
+NaBH,

OH O OH OH OH O

+NaBH,




HO 0o

\—o

or (= —
+ MgBr

+ MeMgBr @ + NaBH,

@) or OH @)

NS P

+ MeMgBr Z"MgBr
+NaBH,




G. Reactions Of Carbon Dioxide With Grignards

d ()
MgBr \O
g=r i OMgBr H20

OD -HOMg Br

carboxylic acid.
one more carbon than the Grignard.

OMe (i) CO, OMe
)\/\ > M(OH
MgBr iy H,0

OH




(i) CO,
)\/\/Mgsr . MCOOH

(i) H,0

MgBr i
/©/ g (i) CO, COOH
—
BrMg (i) H0 HOOC/©/




OH — | ~ MgBr
O =

CO-H MgBr

almost always



Addition Of Water And Alcohols To Aldehydes
And Ketones

from chapter(s) in the recommended text

A. Introduction



B. Relative Reactivities Of Aldehydes And Ketones

more

N

ie 120° to 109°.
closer thus accentuating




C. Proton Transfer Steps

common
H
<
HO_SO* H
K -—
+H+*
H
HO_ “N*Me,

-H+
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H+
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H H
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|
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+H+
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_H+

+H*

-H+
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|
HO* NMe,
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H,0+ O




H,0+ O—

O N*H, -HY, +H?

NH,

Ph” “Ph
H

HO_ O*

—
~————

_H+’ +H+

NH2
HO,_ NH

Ph;yiPh

H,0f O—

H,0r O—

+H+ EE
[—
-H+

HsN+ OH -H*, +H* HZN)@
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D. Addition Of Water
equilibrium
strongly

—_—

O/\lw +O|—/—\H-\OH OH
I 4y §

- = O*H,
protonated carbonyl protonated hydrate
-H*+ OKH
—
OH
hydrate

Draw the key intermediates for hydration of acetone using curly arrows to show electron flow.

OH
_— ﬁ\%_,_HZ

protonated carbonyl protonated hydrate

-H+

OH
— 7k
OH

hydrate



exactly 2 %.
120° to 109°
disfavored
does

E. Additions Of Alcohols

OH
= %%HMe

protonated carbonyl! protonated hemiketal

e OH
\/‘\OMe

hemiketal
called a hemiacetal.



hemiacetal
acetal.

OMe

o

H-OMe

do react

+H* OMe -H,0 +(|)Me
-H+ 2
OMe -H+ OMe
[ —
O+*HMe +‘ e+ )\ OMe
protonated acetal

/—\
0 +H +O|K—M\eOH
Ph)kPh EU\

~ _—
-H* Ph™ Ph -MeOH
[
HO_ *OMe -H* HO><OMe
Ph~” “Ph Tl Ph”" “Ph

hemiketal



~ —
-H* -MeOH
i "
HO. +*OMe h HO_. OMe
)Q/ e ){/
hemiketal

starting material?

H
HO. +OWe e HO. OMe

O W O




/—\ .
HO_ OPr +H* H,0+ OPr -H,0 *O'Pr
AN

Ph Ph H+ Ph Ph +H,0 Ph Ph
protonated on OH oxonium ion
HO™
_ T
+HOPr Pro. +OPr -H* Pro_ OPr
St -
-HOPr Ph Ph +H+ Ph Ph

protonated ketal

an alcohol

+H H,0r OMe -Ho0 TOMe
HJ\

- (N -
i -H P +H,0

protonated on OH oxonium ion

H,0
H
MeO +(I)ﬁ H+ MeO_ OM
+HOMe e e - e e
-HOMe +H+

protonated acetal acetal



HO_ O"Bu

o <H

+HOMBuU

-HO"Bu

HO.__OEt

+H+

+HOEt
-HOEt

H,Or OMBu
-H+ Ph H
protonated on OH
H
"BuO_ *O"Bu -H+
[ —
Ph” "H -
+H*
protonated acetal
+H+
e
-H+
protonated on OH
H
O+ _OEt

-H+

+H+

protonated acetal

-H,0 +ONBu
-
+H,0 Ph H

oxonium ion

"BuO_ O"Bu
Ph H
acetal

O*Et

oxonium ion

acetal



HO

" oH

)

" oH
H;0: O

+H+
—
-H+
[
O_ *OH

protonated on OH

protonated ketal

H,0

+H20

OH

(

O+

A

oxonium ion

%

ketal



MeO

OH

protonated carbonyl
+H* MeO +OH2
e %}
_H+

MeO_ *OHMe

protonated ketal

-H,0

H
HO +(I)ﬁle -H+

+H+

protonated hemiacetal

Meomon/le
al -~

~

MeO_ OMe

ketal



_H+

+H*

+OH

HO

protonated carbonyl

OH

H HO
HO_ +O

protonated ketal

-H+

protonated hemiketal

ketal



EtOH HO_ OFEt EtO_ OEt
s )
H+

hemiketal ketal
OH
OH )
H+ H+ 0]
. OH A o A i
I OH 0]
OMe
OMe MeO
aldehyde + "diol" acetal
OH

Qo o, — OLog g OL’>

ketone + "diol" hemiketal



HO H HO, o 6 00

HO — —
@]
ketone + "diol" hemiketal
a b /\ c
MeO_ OMe O 0 LO><oj
molecules used to make 3 molecules used to make 2 molecules used to make 1
molecules produced 2 molecules produced 2 molecules produced 2

to acid is c.



Formation of Cyanohydrins, Imines, Enamines

from chapter(s) in the recommended text

A. Introduction



B. Tetrahedral Intermediates And Beyond

N X

methylamine EtMgX HCN

C. With HCN

weak

jgdw %LK—\_CN

—_—
~

protonated carbonyl!

pyrrolidine

HO_ CN

cyanohydrin adduct



O,N

4-nitrobenzaldehyde

cyclohexanone

phenylethanone

H+

H+

H+

‘/‘:‘OH/_\‘CN OH

| ~ CN
Pz
protonated carbonyl! cyanohydrin adduct

|
X

+O?/_\‘CN HO CN




D. Condensations Of Aldehydes Or Ketones With H2N-R Or H2N-X

Primary Amines Form Imines
(loose water)

2

+ m
% +H* H,NPh

H0* NHPh ] NHPh
(258 L
O +Ob
| +H* - H,NEt
= -
-H*
H,O* H,0 “NHE!

) -~
NHEt

NPh

-H+ NEt




because: at this pH, the carbonyl will be protonated leading to activation of carbonyl group, facilitating the
nucleophilic addition of amines. If the pH is lower than 4.5, most of the amine will be protonated making

it non-nucleophilic, slowing the rate of reaction.

O/\ HOF\

+OH
D
| +H* é‘o H,NPh 'T'p
_— —_— +NHPh
-H+

H,O* +*NHPh

+H*, -H* A -H,0 |
- NHPh == | N
=

NPh




THE FOLLOWING IS A NEW SECTION, ADDED FOR THE SECOND EDITION OF THE BOOK

An Alternative Mechanism For Imine Formation

Draw a mechanism for imine formation that involves nucleophilic attack of an amine without protonation
of the carbonyl first.

)OJ\ (DzNAr 'O><N+H2Me -H*, +H* HO_ NHMe +H*
Ph” “Ph Ph”” ~Ph ph”ph i
Me. Q,H
H,0 S NHMe H,0 )'N\ e )I\IJ\IVIe
Ph” “Ph ) Ph” Ph T Ph” “Ph

Identify the first intermediate that is common to both mechanisms, ie the one involving protonation of the
carbonyl first, and the one above (it is the one that precedes loss of water).

HZO&\NHMe
Ph”” ~Ph

amino-oxonium intermediate



Condensation of amines with aldehydes and ketones proceeds most quickly at around pH 4. Under
those conditions amines are more / less protonated than the carbonyl compounds they are mixed with.

The mechanism used mostly in this chapter shows protonation of the carbonyl before attack of the amine,
and under these conditions, pH 4, the amine is mostly protonated / mostly present in the unprotonated
form.

An alternative mechanism that invokes shows nucleophilic attack on the carbonyl without protonation
also involves attack of the free amine at pH 4, but on a neutral carbonyl, and this is likely to be slower /
faster than attack of an amine on the same carbonyl, but when it is protonated. Indicate the relative rates
of the two steps on the diagram below.

0 (//IENMe O N*H,Me  -H*, +H* HO_ NHMe
Ph” Ph Ph”” “Ph Ph” “Ph H
fast / slow \\
H,0! NHMe
Ph” “Ph

0 e H o (H\ZNMe,/
)k —_— )J\ fast / slow

Ph Ph +H* Ph Ph

Draw yet another mechanism that involves formation of the amine-oxonium intermediate above in a
single step which involves hydrogen bonding of the carbonyl with an ammonium salt formed from
protonation of the amine at pH 4.

H
H-p—H
N H
H-O_ 'N*
| . ~
P& _— ‘><Ph

Ph Ph Ph



Secondary Amines Form Iminium lons Then Enamines

allcarbon.
are reversible.

fastest at pH 4.5 Z >

N+
H H
pyrrolidine
+H+1L-H+ K
’/,
§ 3 N HB"*@
Ph) L= Ph K - Phx

-H+

+H*, -H* H.O* N@ -H20 +
2 | A H

Ph

-H+ Z >
H N




piperidine

+H+

-H+

cyclopentanone

+H+, -H+

+H+1L_H+

do hydrolyze

-H+

“H,0

-0




//\\\///\NH2

excess

+

SN




is:

Primary amines have two protons; one can be transferred to OH group then loss of water and another is
removed to neutralize iminium to form imines. On the other hand, secondary amines have only one
proton involved in dehydration step but no proton left to neutralize iminium ion. So the mechanism must

involve to loosing a proton from the a-carbon to neutralize iminium ion thus forming enamines.

E. Transamination

o
O‘ P\/O HN 002
- /\
OO0 _ | H/enz +H*
+ —_
NS No

tetrahedral intermediate

-H,Nenz

tetrahedral intermediate imine



O-pON 0,6 H /) ene
s\ R HoN H+
OO _ U\I\‘I(X\\CO )
2
. “L\Ql _H protonation
H{) o at the
benzylic
carbon

imine

H,O

hydrolysis

pyridine intermediate pyridoxamine a-ketoacid

oxidation of

amine
degrade one and form another.



Stereochemistry Illlustrated By Carbohydrates

from chapter(s) in the recommended text

A. Introduction



B. Assigning R- and S-Configurations

\X“
»
-

C H 2 h
co>r H%)éﬁ\ c )
C C H%)Z,fi
C H C
H

H g ) -
MeO._ O, O Me/Nf\ %\ / 5 N PN ©/

highest priority

lowest

0]

H
HoN 7)k o MeO,C.__N__CO,Me

enantiomers



S R R R

Dt o o o o

peasanvasias

_ OH OH OH OH
= : HO., OH | HO., .OH
‘ o AN A o0
S S
R/S S

R S R R R/S

Cl OH OH OH OH
/\_/ /\l/ \l/\/\ HO _'70
o] OH OH OH OH

S S S R S R SR SR SR SS

write assignments



C. Stereochemical Representations Of Carbohydrates
are all used to describe compounds in this series.

(eg glucose): if they contain an aldehyde they are called aldoses
ketoses.

OH OH OH OH O
0 OH
HO™ ™ HO™ ™ o) HO™ ™ HO™ ™" OH
OH OH OH OH OH OH 0
D-glucose D-ribose D-fructose dihydroxyacetone
aldose aldose ketose ketose
top
CHO CHO
H——OH —|-n
CH,OH CH,OH
D-glyceraldehyde Fischer projection L-glyceraldehyde Fischer projection
OH OH

HO\)\¢O HO\/E\¢O

D-gylceraldehyde zig-zag L-glyceraldehyde zig-zag



triose

pentoses,
hexose.
CHO CHO CHO CHO CHO CHO
HO—H H——OH HO——H H——OH HO——H H——OH
H——OH HO——H H——OH HO——H @E 6@
H—O @E @@ @E CH,OH CH,OH
>,OH CH,OH CH,OH CH,OH

glucose mannose ribose

or L- D- or@ r L- D- or@ D- or@ r L-

enantiomers.
epimers.

CHO CHO CHO CHO CHO CHO
H——OH HO——H HO——H H——OH HO——H H——OH
H——OH HO——H HO——H H——OH H——OH HO——H
H——OH HO——H H——OH HO——H H——OH HO——H
H——OH HO——H H——OH HO——H H——OH HO——H

CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH

enantiomer enantiomer enantiomer
CHO CHO CHO CHO CHO CHO
H——OH HO——H HO——H H——OH HO——H H——OH
H——OH HO——H HO——H H——OH H——OH HO——H
HO——H H——OH HO——H H——OH HO——H H——OH
H——OH HO——H H——OH HO—H H——OH HO——H
CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH

enantiomer enantiomer enantiomer



be D-.
are D-.

CHO

H—tOH
OH

CHO
HO——H
H——OH
H——OH
—OH
CHO
H——OH
HO——H
H——OH
H——OH
CH,OH

THESE ANSWERS ARE FOR THE UPDATED SECOND EDITION.

CHO
H——OH
H——OH

—OH
CHO
H——OH

HO——H
H——OH
H——OH

CH,OH

is equivalent to HO\>§CHO

is
equivalent
to

is H
equivalent OCI)-|H H
to

HoH
=~0OH

is equivalent to HO~_:
HO—.’

H OH
is H/oH
equivalent OH H
fo HO
H OH

CHO
HO——H
HO——H

—OH

is equivalent to

is HO H H OH
equivalent

HO, HH OH
equ1va/ent M
H OHH OH
OH
is equivalent to HO\)\/CHO
OH
is OH OH
equivalent HO X CHO
to :
OH OH



Extra examples:

CHO
HO——H is equivalent to
H——OH
—OH
CHO
HO——H
HO——H is

H——OH equivalent
to

CH,OH

HO

HO

H OH

CHO

OH
is equivalent to HO_ )\rCHO
OH

is
equivalent
to

HO

OH OH
. _CHO

OH OH



D. Carbohydrates Can Cyclize To Hemiacetals Or Hemiketals

o)

L

@)

9

THF

OH

/\l/\AO

OH

OAc

DR

OH

is the
same
as

is the
same
as

is the
same
as

OAc

4H-pyran tetrahydropyran

9H is the Q
NN same
o as HO™" \O

is the /\/\L
NN same :
: ~0 as OH %

OH

is the OAc
same :
\/\|/§ 0 as OH \O

OH OAc




(six-membered ring)
(five-membered ring

protonated pyranose form

ring ring
closing opening

OH

"Po ZOH
OH

protonated aldehyde

Glucose and

HO i

H+
. 1P~ ~OH

HsO0* H

HO !
OH OH

OH

protonated furanose form

ring ring
closing opening

HO

—_ e OH
OH

—+OH

OH

protonated aldehyde redrawn
poised for 5-membered ring formation



HO

Hmm
o]
OH™oH

HO
OH™OH

pyranose

hexoses to Fischer projections.

is the 0O is the
same HH cyclized
as H OH  form of
H OH
is the H —o is the
same HH cyclized
as HO OH  form of
H OH
HO
is the H
cyclized
form of

OH
same
HO OH“on as HO

glucose
is B-.
OH
HO’ 0
HO
HO

is the
same
OH @S

HJ%E%ﬁMOH

is the
cyclized

OB—0oH  isthe
HH same
H ~0 as
H OH
H —0oH  isthe
HH same
HO TO as
H OH
is the
H HOH same
=0 as
OH

1 OH
Ho
form of HO@\

is the
same
as

CHO

HO——H
HO——H
CH,OH

CHO
H——OH

H——OH
CH,OH

CHO
H——OH

H——OH
H——OH
CH,0H

CHO

CH,OH



is the
same
OH OH

is the
0 same

as

OH™0H
OH
0 is the
same
HO as
OH "OH

trans to the -CH.OH

HO, HH OH

Ho CHO /s

HO H

is the
cyclized
form of

H H (0] is the

H cyclized

Ho@@* form of
H OH

¥ is the

H cyclized

H OH " form of
H OH

is the
same

OH OH

is the

H HOH same

(@) is the
H HOH same
H OH

HO
.
gives

OH

CHO

CH,OH

CHO
H——OH

H——OH
CH,OH

CHO

CH,OH



HO, HH OH

HO ~~ “CHO

OH OH

HO CHO

OH OH

OH OH
HO CHO

OH OH

HO
0
OH
HO
OH
o)
HO
s HO OR™OH
OH
%
5 Ho .
OH

OH

gives HO *HO

HO HO

H
gives |

H OH H
OH OH

OH

OH OH

OH OH
e Ot

OH

OH  OH OH



CHO

1 OH OH
H——OH HOH HOH
H——OH O -Q

o HO H H HO H OH
H——OH 9 )
H——OH OH OH OH H

CH,0OH o-anomer B-anomer
HO HO
H
H OH o]
H convert to the H OH
HO =0 cyclized form HO
OH OH OH OH
CHO
H——OH HOH HOH
HO—{—H To To
HO i HO i
H——OH HO Sy HO SO
H——OH H OH H H
CHZOH o-anomer ﬁ_anomer
HO HO
H
H 0
H HOH convert to the HH oH
d = cyclized form HO
H OH H oH




HOH

H H
HO © HO ©
H——oH H OH H H
HO——H a-anomer p-anomer
H——OH
H——OH
CH,OH
glucose
X
Ho” {7 o.M
H OH
H OH
a-anomer p-anomer
box for reasoning, write answers above
) 4
R ; /I—?‘
= 4 H~’—OH 1 rotate 3 groups HO+R
CH,OH clockwise AK CH.OH
3 3

CH,0OH

glucose

R configuration




E. Homologation Of Sugars By Reaction With HCN

imines
aldoses
N N
Il it
HO——H HCN CHO HCN H——OH
HO——H -~ HO——H ~ HO——H
H—1—OH H——OH H—1—OH
CH,OH CH,OH CH,OH
H, partial partial H,
Pd/BaSO, hydrogenation hydrogenation Pd/BaSO,
H.__NH H.__NH
HO——H H——OH
HO——H HO——H
H——OH H=—OH
CH,0OH CH,OH
l HCI, H,0 l HCI, H,0
H._O H._O
HO——H H——OH
HO——H HO——H
H——OH H——OH
CH,OH CH,OH
epimers

would be



F. Conversion Of Aldoses To Lower Homologs

left
right.

HO OH

HOOH
N
OH |
oH °Mon

H,Pd/BasSO, l

HO OH

OH
NH

OH OHOH

HCl(aq) l

HOOH
OH

oH on

0
OH NH,OH
\\\-\H+

HO OH

OH
NOH

OH
OH ~'H

dehydration l Ac,0

HOOH
OH

H=N
on ©

“retro-cyanohydrin HO-
formation"




HOo7\ OH OH

OH

H,Pd/BaSO, l

- OH
HOHO OH H

OH NH

HCl(aq) l

‘ OH
HOHO OH H

OH

HO/o .~ _OH

OH

NOH

l Ac,0

OH

l o

H \__OH
Cho 0




Fill in the gaps in the following sequence.

CHO
H——OH
H——OH
H——OH
H——OH

CH,0H

G. Other Reactions Of Sugars

oxidized
reducing

HO OH

OH OH

HO

OH
HO OH

MeCOH, HCI

N
H \7NOH Il
o H——OH H——OH
NH,OH 1 Ac,0
2 H——OH 2 H——OH
H——OH heat H——OH
H——OH H——OH
CH,0H CH,OH
N
I
H——OH HO" CHO
H——OH -HCN H——OH
H——OH H——OH
H——OH H——OH
CH,0H CH,0H
HO OH HO OH
o}
OEt
O OH
OH  OFEt OH
a-anomer p-anomer
HO HO
o o) OMe
OMe
HO OH HO OH

a-anomer

p-anomer



H. Relative Stabilities Of Anomers
axial non-bonded

[

OH
a-anomer p-anomer
o-to-o* interactions possible o-to-o* interactions impossible

I. Di- And Oligosaccharides

acetal or ketal

OH
OH
AT N
O 4 O
OH

cellobiose



OH

0]
H
ﬂo on 10, OH
07 O
OH
HO OH
maltose

HO

/%
HO HO
HO :
HO HO 0 O © ©
0 © 0
fo S o GH © o HO 7
HO OH

n 0.OH

OH
cellulose sucrose

linkages are: 3-1,4 linkage is: al,p2

poly-saccharide,
di-saccharide.
photosynthesis.

OH



J. Carbohydrates In Summary

D-(+)-glyceraldehyde D-ribose D-glucose
OH HO OH
0 @) 0
O)\/\(
OH OH OH

D-(-)-tartaric acid

HO

R

a-D-ribofuranose

HO

<

a-D-glucopyranose

OH

=

p-D-2-deoxyribofuranose

[-D-ribofuranose.
[-D-2-deoxyribofuranose.

pB-D-ribofuranose

B-D-glucopyranose



Heterocycles In Biological Chemistry

from chapter(s) in the recommended text

A. Introduction



B. Names

H H H H
N N N*N N.
\ Q_W \ €N
N N—-N
pyrrole imidazole pyrrazole tetrazole
H
N N S N | S
| | / /
Pz _N
pyridine 1,3-pyrimidine indole thiophene
H H
N N H H
Oy 0 O A
N
1,2,3-triazole piperidine pyrrolidine aziridine
') o) O @)
A B O I
oxirane oxetane furan benzofuran



N

N.__Cl
o L
~N -
NMe,

~
Izg/
—
g\ :Z\
o

2,4-dimethylipyrrole 1-methylindole 2,4-dichloropyrimidine 2-dimethylaminopyridine

/ ~

[ = .

SN HN. NH (; 'j Cl)l/\fN
cl

N
I

e perazne 1,2-dimethylindole 4,5-dichloropyrimidine

OH OH O
~

0] /\)\/'\/U\O_ 0.5Ca2+ U /p N

ety
NH = y
/7 7
A 0
| NS

J

F
lipitor viagra
pyrole piperazine
H
g eSS
N
H H
O LN g
allopurinol morphine imatinib
perazi imidi ridine
piperidine piperazine and pyrimidine and Py

pyrrazole




C. Aromaticity And Basicity Of Heterocycles
Pyridines And Pyrimidines

sp? hybridized with a lone pair

1 electron

aromatic.

~

~

N
pyridine

sp? hybridized with a lone pair
1 electron
aromatic.

1,3-pyrimidine

sp? hybridized with a lone pair
1 electron
aromatic.

»

1,4-pyrimidine




Pyrrole

sp? hybridized with 0
can

aromatic.

pyrrole

Imidazole

can

are both sp2 hybridized, and one
is

imidazole

does influence

Pyrazole

cannot
are
one

Pyrazole is

pyrazole

aromatic stabilization.



1,3,4-Oxadiazole

sp? hybridized and each contributes 7
sp? hybridized and contributes 2
aromatic.

N—N

L>

@)

1,3,4-oxadiazole

does not
good base
is not lost.

Heterocycles In Nature

% NH, N3 0 o)
2
ﬁNZ N2 1 | NH N2 2
1 1
N/go NT: 2 N/go NT: 2
H H
cytosine thymine




)O N4 2
3 2
N N NG 2
A A
07 3N” "Nj Nz 2
| N': 1
caffeine
5 N> 0
NH; N4 A1 o
H 5 3
NN NG 1 HN
P g
ANT N, N7 2 H2’\5l aN
N': 1
adenine guanine

2 pyridine-like nitrogen atoms, 2
26 m-electrons

are aromatic.

2

porphyrin

N2
)

N
H1

N> 0
N4 1
N3 2
N2 1
N': 2



Fe?* complex overall charge 0 Mg?+ complex  overall charge 0

Hemoglobin
chlorophyll
): strongly UV absorbing / fluorescent / capable of redox chemistry.



Aromatic Characteristics Of Protonated Heterocycles

H

|

N: aromatic because it has
6 me".

=

| + not aromatic because it has
_ 4 me-.

aromatic because it has
\ / 6 me-.

N aromatic because it has
» 6 me".
N+

| N \ @aromatic because it has
= N 10 e

H

C3

O & @y

pyridine pyrimidine pyrrole

H

|

N:w aromatic because it has
E/ 6 me-.

N
H~N+H not aromatic because it has

@ 4 me.

‘N+  not aromatic because it has

&,{7 4 me.

o) aromatic because it has

« ) 6 me-.

H
N\ not aromatic because it has
N 8 me~.

;
e

imidazole pyrrazole oxazole

=
ZT
@



D. Electrophilic Attack On Pyrrole And Indole Compared

Pyrrole
low

in the 2-position

+
@Br
N H

H

in the 3 position

2-position
thermodynamic

Hammond’s postulate.

complete diagrams and show arrows

complete diagrams and show arrows



/\5+ D — D —

O H O

choose correct regiochemistry, show resonance structures, and electron flow that relates them using curly arrows

more electron rich than benzene, hence it reacts faster

® & O &

least reactive most reactive

> s



Indole
in the 2-position

+ +

<> <>
N Br N Br + N BI’
H H H

—\_ H —\_ H donation of the N-lone pair
-~ does
¥ (Rl Br =N} Br disrupt aromaticity of the

H I\-| benzene ring
in the 3 position
H Br H Br
D I— O
N
+ A
3 H

donation of the N-lone pair
need not
disrupt aromaticity of the
benzene ring

3-position
because the positive charge can be delocalized onto the nitrogen without disrupting the aromaticity of the

benzene, whereas for attack at the 2-position the aromaticity of the benzene must always be disrupted.



Nucleosides And Nucleotides

from chapter(s) in the recommended text

A. Introduction



B. Nucleosides

H H
N O+_N__O H,N._N__O Os_N_O
N 2
=N ~_NH ~_NH NH
pyrimidine thymine cytosine uracil
DNA both RNA
NH, O
N X N N
ay TN ¢
N™ N NN N™ “N" "NH,
purine adenine guanine
both both
ribose in a furanose
[-anomer.
[f-anomers.
5 5 5 B 5
HOH.C o H HOH,C o OH HOH,C o HOH,C o B
4 1 4 1 AN >’1 4 1
3 OH 3 2 H 3 2 3 2
HO OH HO H HO OH HO
a-D-ribofuranose B-D-ribofuranose generic RNA generic DNA



C. Nucleotides
without a phosphate
phosphate esters.

Q@
R-OH

-\

phosphoric
acid

di-esters.
di-esters.

9 o
R-OH R-OH
-\ <N\
RO™ o RO™ or
phosphomonoester phosphodiester
a different
3™ end.
the sugar part.
are not

@)

I
R-OR
N\

phosphotriester



RNA is less

O )
P\’ + O\é_
O_
_g_o
2-OH.
transcribed
translated
., H
O HN~ HN- H o
N H N . . H
N N N AN . .
¢ fx ¢ ] ) B
NN N /
oy NN ay N NS0 N0
o o
G A c U
# H-bond donors: # H-bond donors: # H-bond donors: # H-bond donors:
2 1 1 1
# H-bond acc's: # H-bond acc's: # H-bond acc's: # H-bond acc's:
1 1 2 1

refers to H-bond acceptors and donors, as indicated in structure

Cin DNA
Cin RNA
Tin DNA
Uin RNA
Gin DNA
Gin RNA
Ain DNA



A H-bonded to U

A H-bondedto T

N\
O sugar
= Qe-mmmn H~NH
/N / N—-H----- N/ \
sugar N=
HN—H-----g7 N
sugar
Or------ .
(/N NH
N N=H-----\ 2N
sugar N:< k\ | \>
HN—H------= N“ N
sugar

G H-bonded to C

G H-bonded to A
does not match well



?
=)



phosphodiesters
nucleobases



Cinto U
right

the same as
less

DNA
RNA.

NH» NH,
N X N
N SN
< | ¢
Ny NN
9 N 1] 11 N
HO-P-0— g HO-P-0-P-0— ¢
OH OH OH
OH OH OH OH
AMP ADP
NH, NH;
N N
¢ ¢TIy
Q@ "N @ e ¢ "N
HO-P-0— ¢ HO-P-0-P-0-P-0— g
OH OH OH OH
OH OH
dAMP dATP



NH, 0
l\N [ NH
0 NAO o o o N’go
11 Il Il I
HO-P-0 o HO-P-0-P-0-P-0 o
OH OH OH OH
OH OH OH OH
cmP uTP
NH, o)
N X N
N NH
¢ ¢ |l
N N/) N N/)\NHZ
HO‘l o) HO :O:
HO” ~OH HO”" ~OH

2-deoxyadenosine
3"-monophosphate

polymerases.

antiparallel
3’-end of the growing strand.
A di-phosphate

promoter
promoting
messenger RNA.

Ha! Caught you looking unnecessarily! codons.

Exon

introns.

splicing.

transfer messenger

2-deoxyguanidine
3'-monophosphate



D. Nucleoside Drugs
DNA
arresting

OH OYN\ NH,
~n
S

N (0]
N
N-
Zidovudine Lamivudine
treatment of HIV
nucleotide triphosphates.
kinase
HO Oo._.0O
0 B kinase R 0 B
— O O
OH OH

cell permeability

likely
mono-
negatively
do not
do not

o} )\
Ph<~A~ H
PLA = N
o 0 =

)

Sofosbuvir
treatment of hepatitis C

cell permeability
unlikely

Nucleotide Prodrugs
neutral charged, cell
prodrug

ProTides.

HoN H

oH N _o on /EH2

L e o
HO

o_. NN N/S\A

Acyclovir Penciclovir

treatment of herpes

‘0...0._.0._.0

//P\ /!3\ /P \ @) B
¢’ 00 00 O

OH

kinase
—

cell permeability
unlikely



H OPh o H OPh

(0]
)\/N\F:,;O »\/N\F:):O
~0 0 B o)

t
0 esterase 0 B -OPh
cyclization

OH OH

Y

cell permeable

0]
OH
(\kp A R-po

HN_|:I>:0 OH, »\/ | P-amidase
0 B - HO 0 B ek
0 ester O
hydrolysis
OH OH
0-p=0
o B



DNA Synthesis And Sequencing

from chapter(s) in the recommended text

A. Introduction



B. Chemical Synthesis Of DNA

HO/R + C+Ph3

quenched
in reaction
medium

Ph._0.  “H Ph g+
KR = g 'R
Ph” "Ph Ph” Ph
Sn1
easier
more
N

NH3

H
I Ay _0.__O
R/O\P/O\)\\ R/O\/F{\/O\/\\\N D R ,R\ + /\\\N

/\ AN
00 N e

carbanion

This is an E71cb




Ar = %—@OMe

}LJLPh

@)

sugar
benzoyl iso-butyryl no protection
Bz CO'Bu required
O
HN )]\ Ph
N~
¢ Ty
) N
sugar
N-Bz A

Ar

0

ph| N O
o}
R
NiPr2
0
HNJ\Ph
B
N’go
sugar
N-Bz C

0]
N
NH O
T
\ NANJK(
H

sugar

N-iso-butyryl G



X = leaving group
B' = protected nucleobase

DMTO B'

Tetrazole
oxidation

base

DMTO

Op-O e
.0t




DMTO B' DMTO B'

O 2 O
0. 0 TP 0. 0
PTG RGN
R-0 O
O\R
3,
5.
also removes
OH ' HO
B B
(0] (o]
O‘PEO CN O\P(/O
10 O
B O B
o (0]
NHj4
0._..0 > 0._.0
P\O/\/CN H2O IID\O'
O%
|
(e O



DMTO G

show

_ reagents
N -<" throughout ">~ _
E/ NH ~ DMTO ~ DMTO
=N o G' Iy o G'
— —
0. .0 THFaq 0. .0
o]

- n coupling .
& oxidation B o - T
, deprotection B'
H+ HO o G cycles 0] NH3
— —_— —_—
H,0O
O\P/O\/\CN O\ Pgo\/\CN 2
X0 -0
L o G -n
WYO O\P\(O\/\CN
6 O
0] A
o
Oﬁ“\ﬂ/o
o]
HO B
0]
0._.O
~p< N
o E NH
L O d, =N
0 G
O. P(O tetrazole
N
A
o



C. DNA Sequencing
Sanger’s Method

primer
template.
dNTE
A
triphosphate/o W o

fluorescently labeled ddNTPs

A

o

G
cannot
increasing
. ——
Size
i —
: E——
Y —
5 —
——
—
—
——
10 =—
——
—
——
——
15 ———
—
——
——
——

riphosphate/ow 0 triphosphate/ow 0

only one.

can
can

T G

OH

OH

C

triphosphate/o W 0

M e

T G

@) 0] O o
triphosphate” 1 triphosphate” 1 o) triphosphate” T o) triphosphate” T o)

5-TGCGATGCGAGAGCCGAGA-3’

5-TCTCGGCTCTCGCATCGCA-3’

Cc

y)



Sequencing By Synthesis
higher

fluorescently labeled, blocked, dNTPs

cléavable
group

would not
could
would
Sanger.
different
different

yxn
more

Reduction Of Azides By Phosphines And Azidomethyl Protection

remains annealed
gentle.
Staudinger



/N (‘\CN -N2
R\N//N+ - R\ j'N/ — (A\/N:N\ —
N R-N-  P+Ph,
/—\ Ph Ph
4 OH, PhI"Ph  He 4He RPh\Fl,/Ph
“N” R. 2N H —— - ~
— NT oo T N
H H H
Ph
Ph{1 Ph
— R. + P
NH2 6

+3
+5
oxidized.

reduced.




PPh,
PhN, N
THF )

Ph
1L
1l
/N+N\Y/H\N o B!
.N e g H
R
' B
@ P(CH,CO,H)3
i
H,O
o\] 2
N3

azidomethyl!

O-3




Ester Hydrolysis And Transesterification

from chapter(s) in the recommended text

A. Introduction



B. Reactivity
less

less

do not

more
more

unlikely.

are not

C. Acid-mediated Hydrolysis

. H+

A e

-H
e o
- | -
~ +
" )\o/ H,N

_H+’ +H+

+*OH

HO_ OH -HOMe
~ o -~
0




carboxylic acids
water.

o)

o

Hz0*

Hz0*

Hz0*

HgO*

)]\OH + HOMe

WOH + HOMe

\)kOH " HOPh

PI N HOEt

HO Ph




9 Hz0* 0
iio = HO/\/\)J\OH

0 Hs0" 0 2 HOEt
\/ \”)ko/\ _— H \H)J\OH +

o] 0]
reversible,

H+

/\[(OH . HO_~ - /\[(O\/

@) O




OH HO._
OH
excess

HO—/_\—OH +  AcOH

excess

OH

OH

H\/\/\)J\
© OH

H+

H+

H+

H+




OH

OH
O

HO

7\

Ph”




o 0 o O
o o — HO  OH v Ho >
_/
o o
HO HO
o) — OH
HO HO
OH

possibilities: forming a five-membered ring is more favorable than three- or four-membered ring due to

ring strain of sp* carbons.

Hydrolysis Of tert-Butyl Esters Occurs Via A Different Mechanism

stable
without

o"/—\ H+ O-H o)
t Ci | t
)ko/ Bu —_— )\@ Bu —_— )]\OH + )+\




MeCOOBu —>

OH

~>cooBu >

O
AN :QJ\O‘BU

N

carbocation.

0]
H+ H+
MeCOOH HzN %otsu —
OH
i PN tert-butyl TFA
COOCH glycine
lactic acid
H+ O O H+
—_— H2N \:)J\OH H2N \:)J\OtBU —_—
valine

0
AN %OH

alanine

o)
AN \)J\OH

glycine

0
H3+N\_)J\ o

leucine



M- OMe A
\©/ /\©\0Me

O o) OMe

SacH SacW

D. Base-mediated Hydrolysis
Mechanism

-O_ OH
ﬁ/j\ -OH NG %o/

irreversible
reversible.



likely.

unlikely.

likely.

H H*

: 0. O
OH - - %/ -~

Mg+ on <= X,



G oL v — A
Et~ “OPh Et Ph et o4 *+  HOPh

‘O_ OBn (i) -OBn O

! <= Con
OH >%J\ + HOBN
%OB” (i) -H*/+H OH




180

would not

would not

can

soaps

HO-

OH

Ho.___oH

HO™ ™

8 Na+ O'J\



OAc OH O
NaOH k
OCO"Pr — OH + *Na-O

OCO"Bu OH

=0

*Na-O~ MBu

=0

*Na-O~ "Pr

o
Y OH O

O

o) NaOH
0

Eog\wﬁ H o) EOH + +Na'0k )w

2 +Na O 11

O)L(\%ﬁ OH o

+Na'OM

are: Particles that aggregate in the solution with the hydrophilic "head" regions in contact with

surrounding solvent and the hydrophobic single-tail regions are in the micelle center.

cartoon of a micelle



E. Transesterification Reactions

Mechanism Under Acidic Conditions
another ester.

o™ /\ +OH /\ . io><0\

\)]\O/ + HY === o~ OH _—
Et OBt
H
OFEt \><0Et
+O—H/—\ 0 'Tl

\)LOEt + FOS o \)]\OEt + %




Examples Of Transesterifications
alkoxide

0
PN * HOY

o)
Ph)]\O/Q + O

/OMO\ + EtOH

H+

H+

HO._ -




(0] 0]
\)ko/\/\o)]\/ +

HO
(S)7(S)

o) EtOH

\)J\OMG ‘L

AOMe

H+
EtOH -

H+

cat. H,O

\)]\OEt

Et'7OH
H+

MeOH

OEt

\)ko/\ T HOT"V0oH
(S) i
OWOH

(S

check by assigning (R)- or (S)-configurations

o (0]
AcOMe
oH _H* o)
AcOH o




Mechanism Under Basic Conditions

alkoxides.
O - O
o, ClI
C + ‘OMe —_— K}<\) — A + CI-
Cl OMe OMe
0]
SQ/\ ‘0. OMe O )
“OEt = J — + OMe
OMe OEt )J\OEt
show arrows
Examples Of Base-Mediated Transesterifications
CO-Me COEt
7 oEt 2 o 0 Ot o o
> MeO%OMe : EtO%OEt
HOEt HOEt
-OMe QO  Om Q
HCOOBn —> HCOOMe o Bu —> Ny Okt
HOMe HOEt P




more
sp°-
would not

F. Ester Hydrolyses In Biochemistry

In The Central Nervous System
esterases.

acetylcholinesterase.

acetylcholine receptors
choline.

ACHE
paralysis.

nerve gases.



In The Digestive System
long chain alkyl groups
triglyceride

catalysts.

neutral

nucleophiles

electrophiles.

can

metabolism of triglycerides

transesterifications.

lipases.



Hydrolysis And Dehydration Of Amides

from chapter(s) in the recommended text

A. Introduction



B. Reactivity Of Amides
less

less

sp?
pyramidal and sp®
more

athan e.

2
1 at elevated temperatures.

more
more

0 H+ +OH OH

: il
\)kOEt ‘ \)L(E)Et \AO’fEt

o H+ +OH OH

C
\)J\NMez = \)J\ANMeQ > \/gN’fMez




C. Hydrolysis Of Amides

tetrahedral

H+ H&OV—\ e

HO) OH

Qe

+OH -H*+

-NHj

NH4
irreversible
NH4" is not nucleophilic and cannot attack carbonyl to form amide.

because carbonyl group on amide cannot be protonated under neutral condition, leading to inactivated

carbonyl, then water cannot attach to carbonyl carbon.



Ho _H Ho _H H. _H
Ph 2

0 e Ph/lefrOH = Ph)%H

tetrahedral intermediate

H
H*, +H* N NH OH
- ’+ -
—_— %OH S )\
Ph" 5y PhS0%
H
-H+ OQH -H+ O
- -
LH* ph/go CH* Ph/go




-H*, +H* HO, COH
Yy )

H3N+>ﬂ/\

OH HLO* OH
ﬁ

~">CONH, ~">COOH

lactic acid

+NH3
-NH,*

-NH,

*OH

0
HQN:QKNH2

N

carboxylate

H30*
—_—

0
HN \.)J\OH

N

valine



D. Proteases
Function

esterases
proteases.

~7

Catalytic
enzymes
hydrogen bonding

do not
active-

degrades

R2

Y

@)

R3




Catalysis
kinetic

tetrahedral
intermediate

Relative Energy

amide
amine + acid
Reaction Progress
destabilizing the substrate and/or stabilizing the intermediate.
a b
> >
> 2
o) @
c C
L L
E z
© © amide
() [0}
o o
amide
amine + acid amine + acid
Reaction Progress Reaction Progress
situation a.

is the way



Protease Inhibitors
9 proteins

enzymes are proteins but not all proteins are enzymes.
active- site
a high affinity

the alcohol functionality
mimic the tetrahedral intermediate in amide hydrolysis.

B,
T

1
thermolysin inhibitor

Detection Of Protease Substrate Selectivity
0]

R" , O R ., O /@(\/\(\CONHz rotease
HQN)\WN\:)kNJﬁ(N\:)]\N 0 X0 —
re B o Re H
2

R1

L, 0 om0
HZN&(NJN&(NJOH N
o R2 1 o R4

fluorescence.




E. Hydrolysis Of Nitriles Involves Amide Intermediates

carboxylic acids,

Ph~” *OH,

partial.
Tautomerization
(\ H+
_N Sin Oz
o N .
-H+ CNH tautomerizarion
I . ‘——‘
-~ Ph O-H

Ph~” “NH,

/\ . o
N\\\/\ _ Hm

+OH,

HN

H>0
-H+ tautomerizarion
E— . —
—~ HN ~




N N+
~ 7 - ?/ = Ar” +OH,
| Ar
Z
Cl S
define, Ar =

Cl

-H*, +H* MOHz H.N_ *OH, -H*, +H*

== A" OH == A lom -
H3(N/+>Q<OH NAs +<5|?H ¥ NH,
Ar~ "OH Ar)\OH

+NH,4 0 /NHS 0
Ar)J\CS?H )J\

-NH,* -NH,* Ar

carboxylic acid carboxylate



hydration M
NH

<
+
O-T
T

amide

hydration
MNH + O‘H —_— /\)]\OH + NH2H

carboxylic acid

F. Dehydration Of Amides

P205 + 3 H20 = 2H3PO4




o) SOCl,
Ph”” “NH,

Ph/ﬂ\NHz

NH»
NH»

P20s




NH,

HoN

—

NH,

—

NH»

AN




Reactivities Of Acylation Agents

from chapter(s) in the recommended text

A. Introduction



B. Acylation Reactions
RCO

NuH

NuH

cat. H*

cat. H*

C. pH Dependence

Acylations Under Basic Conditions

readily receive
displaced

4)01\/\.._

R Y Nu

does
good

(eg OMe)
bad

(eg CI).

CI', NOs, HSO4, H,0, Br (add some more)

MeoN", HO', HS', OMe, CN" (add some)

most



tetrahedral

ol _
ik/\ma- M

R™ °CI

moderately
more
“OH
s =
Cl

ethanoyl chloride

40/—\ -OMe

Cl

benzoyl chloride

tetrahedral intermediate

O, OMe
Cl

tetrahedral intermediate

Cr-

-CI-

-ClI-

ethanoic acid

OMe

methyl benzoate



Acylations Under Acidic Conditions
increases

O'./_\ +O}|—/—\ )
H+ Z Nu

D. Reactivities Of Acylation Agents
Chemical Intuition

unreactive.

reactive

activate

reactive

cannot
less
more

retard
unfavorable
faster

_H+

Nu

Nu




Molecular Orbital Description Of Acylation

increase

lower its LUMO energy.
reactive

low energy LUMOs.
more stable

less reactive

high
good

lower
excellent

carbonyl! transition nucleophile
LUMO state HOMO
e - \ N



Relative Reactivities Of Functional Groups In Acylation Reactions

Carbonyl Halides (Acid Halides) Are Hot

s 0 ) F
e N > %’i“ S

basic
0" Ny O+;H/—\Nu H o /
- -O_ Nu*-H
A, =~ <L —
Cl cl Cl
-HCI 0

acid conditions.

-H+



Carboxylic Acid Anhydrides Are Very Reactive
lower
excellent leaving groups.

z0 .
A‘O/\Na . OEZ(N” >

@)
(@)

2 carboxylic
an electrophile
carboxylate leaving group.



Esters Are Not Very Reactive

raises
inferior

under basic conditions .....

0

Et)1<o/\NU' >
I
Me

ester hydrolysis
transesterification

do not tend

G Nu --OMe i
Et Et Nu
|
Me
O+;H/—\N H
u—
A i
Et (l)
Me
) | 0
120} Nu --OMe
%
Et O Et)J\Nu
|

Me




Thioesters, Gentle Chemoselective Acylating Agents
better
less

under basic conditions .....

z0
Me)ks/\Nu O/) Nu
|
Et

Me” /> SEt Me

Nu

tetrahedral intermediate

%
Me : Me §
Et Et
HO  NUH 4204 Nu - HSEt i
Me § - Meé‘? Me Nu
Et Et

do tend to



Amides, Poor Acylating Agents
worse

poor

more

under basic conditions

<)OL 52 Nu -NHy

NH, Nu- — EE— )]\

Me” /"NH, Me

tetrahedral intermediate

under acidic conditions

Me”” “NH, Me” “NH, >

H-O_ Nu*H 120 N - NH,
M >< —~ > )]\
e NH, Me NH, Me Nu




Carboxylic Acids Are Not Acylating Agents

(PKa=3-5
(0]
RJ\ o + NuH unlikely
/Nu‘
as base o
(0] Nu-as
J\ nucleophile )J\ can occur
R™ "OH H+/Y R™ "Nu
-H,O
. i (0]
o, O
L + 0% never

R><Nu R)kNu

uncommon
extremely basic and a very poor
Synopsis

Q 0 © 0 o o
RJ\ Br Et)kNHz iPr)J\NHZ \Hkm )kok
E / / E E
Et)J\OI\/Ie \)J\CN )ko/\
! SS / E SS

cannot



R)J\x X = OAc OMe O NH, Cl OPh
Cl OAc OPh OMe NH, o
0
Nu = ° A ™e ‘OH NH, <l NHs  OH,
0
'Me -NH2 -OH _O)J\ _CI NH3 OH2




Acylation With Acid Chlorides And Anhydrides

from chapter(s) in the recommended text

A. Introduction

B. Reactions Of Acyl Halides

Under Basic Conditions
stable  many
Chloride is a relatively irreversible.

O> Nu- /\,
JIS . o Nlu

ﬁ

RTXCI N R™(C

O Q 0.<cl
\)Lm -OJ\ - M

Q PT
\)J\Cl + H \%)J\ =

0
— R)J\Nu + C
o) O O
A = \)J\OJ\ + ¢



Syntheses Of Anhydrides Via Acylation Of Carboxylates

Q o)
)O]\ -OAc )(J)\ Cl
ﬁ
Ph >Cl 5 Ph~ “OAc o O
o) o)
6] @) O O

-0 Et -OAc
Ph)J\CI — > Ph)J\OJ\Et BuCOCI —> BuCOOAc




'O\ﬂ/\ or \ﬂ/o'

-0 i,
W]/\ or Ph YO




Hydrolysis Of Acid Chlorides To Form Carboxylic Acids
the nucleophile is hydroxide,

it is water,

acylation of water.

under acidic conditions.

o™ +OH
0 e T T

~—

HO_COH

OH H*
\><CI H - \%m

-CI- 0




Acylation Of Alcohols To Form Esters

o -HCI Q
)ku ToHOTY - )Lo/\
\/\[(Cl + HO._Ph ol WO\/ Ph
o) o)

0 ] o)
Ph)]\CI ¥ HO)\ N ph)J\OJ\

Indicate acid chloride and alcohol starting materials that could be used to make the following esters.




Ph)J\o/\/ —

EtCO.Bn

)J\C| HO™ ™
0
o HO
! O
EtCOC] BnOH
0

o

o




Acylation Of Amines To Give Amides

L N/\ —
)]\CI + |\ ~~

A8

)(N,Et
Et
proton before chloride loss,
shows it after.
O
ﬁl\ + N7 =
Cl

-CI-

-H+

0_ Cl H
N+Et #
HU Et
0]
Et
)L'T‘/
Et
@g& or

N+Et —_—

H Et




gives unstable products

DMAP

/" Rinve, O *NHMe,
ﬁm — g

which amine?

N-acetyl DMAP
good acylating agent for other nucleophiles

f\ NMe,
Ph_’_ClI Ph___Cl

?.]; ‘O *NMejy




Ph)J\CI *

= iiNH * MH\H/\/\N/)

-HCl 0
NH, — )kNHZ
o
-HCI
HNTS —— Ph)J\N/\
H

i dN_ + Mrlvww




0]

HO CN i
(0] 0]
excess




@)
/\/
N A
o]
give esters,
acids,

ammonia to give amides.




C. Acylation Reactions Of Carboxylic Acid Anhydrides
slightly less reactive

would be the same.

an electrophile and the

would be a good strategy.

COz_
AcHN—/

‘\_\ COZ'
AcHN—{

o) NH,

O - _\_\
= HN
O

o NJCO-?' 0
25 = o) COy
0 — HN—/




HN

o CO,H
—_— N

/j)( 2)(\ O /\‘g COH

H o)

N\(O HoN">"""NMe, NH2

> N/\/\/\NMez
O -CO, H

o)
isatoic
anhydride

O O
H H s~
! 0
o)
(0] o H
N OBu
‘Buo) NH, > tBu/O\n/ \)k”
O y o o)
) N_ _O.
- i
S o)kr jo( Bu




Activation Of Carboxylic Acids

from chapter(s) in the recommended text

A. Introduction

B. Reactivity

poor acylating agents because:

(i)  hydroxide is a mediocre
(i) exists as a carboxylate.

are reactive to nucleophiles.

C. Common Carboxylic Acids Derivatives

S
HoN™ "NH,

thiourea

0]

Cl

ethyl chlorocarbonate
D

)

CI)]\CI

phosgene

dicyclohexylcarbodimide (DCC)
E

0]

J

H,N~ “OH

carbamic acid
B

@)

-

H,N" 0

Iz
Iz

methyl carbamate
AorC

0]

N

o 0

dimethyl carbonate
A

S

N

Cl Cl

N,N'-dimethylurea
(0

0]

o0

0]

oxalyl chloride
D

HoN"" ~NH,

thiophosgene
D

urea

SR Ve

N" N
H H

N,N'-dicyclohexylurea
c



D. Activation Of Carboxylic Acids By Conversion To Acid Chlorides

Thionyl Halides: Excellent Dehydrating Agents

formula: SOBr;

Thionyl Halide Plus Carboxylic Acid Gives Acid Halide, SO,, And HX

acid halides.

2
cI”Cl gp,
+ _»

-CI-

o
socl,
OH —>

802 + 2HCI

HO

OH

-Br

SOBr,

802 + 2HBr

Ph)J\B

r

Br

Br




O O
O)J\O/

é

|
Cl)

SOocl,

SOBr,
HOzC(CH2)5COZH — BrOC(CH2)5COBr
o SOCI ('? 9
M, 2 _s. M,
Cl

sulfonyl anhydride
intermediate

o)
O = dOH

sulfonyl anhydride
intermediate
it i
Br/S\O Pr —— HO)LiPr




Ar” “OH

carboxylate
+Br- 'O/) Br (.?
2 Ar 0] S B

tetrahedral intermediate

E. Activation By Forming Anhydrides

Symmetrical Anhydrides

2 molecules
7 molecule
0] P.O O O
2 2VY5
Et)J\ OH > Et)J\ O)kEt
-H,0
Symmetrical anhydrides

, but unsymmetrical ones

Br Ar (0] Br
Br-
sulfonyl anhydride
intermediate
-S0, i
-Br Ar Br
carboxylic acid bromide
O O
P20s
2PhCO,H —> Ph)J\OJ\ Ph

H,0




O O
N CO-H P50s5
(T orer
. SRS

is symmetrical) and the unsymmetrical anhydride

I

acetic anhydride

Unsymmetrical And Mixed Anhydrides
2

unsymmetrical.

another type of acid.

are not

that can be used
eg

A;OETL pus

0O O

oA

anhydride from ethanoic and propionic acids

0
et g

T

A

)l\NH

draw arrows to most reactive carbonyl carbon(s), circle unsymmetrical anhydrides, and box those that are mixed



different,

Formation Of Unsymmetrical Anhydride Derivatives Using Carbodiimides
urea.

N Q combination
B e T N ooty
N

Q / O\—/N
Cy Cy~
H2N/ (H+ -H*, +H*
— —_—
Cy\|N fae CY\|N Oy
Cy\N)\Ok Cy\NJ\OK H
H H
tetrahedral intermediate
fard H)N\/Cy > o HN-SY
0" 107 ﬁ} )L”/ ¥ O)\l}lH




0] :
(i) bCC

H o iy |

HN

BOC
tert-ButylOxyCarbonyl

(i) DCC

BOC. OH -
H/\[o( (i) o
HaN \)kO‘Bu

@)

Bn. . A OH () bee

n<

WY N~
0] (i) HoNMe

CBz

CarboxyBenZyl

(i) bCC
CBZ\N OH -
H

o} (ii) Q
HZN \_)]\OtBu

BOC.
/\’
0]

Iz

ZT

\)kOtBu

CBZ.

I=z

ZT

CBZ.

Iz

H
N \)kO‘Bu




F. Activation Of Phosphate Acids In Cells Via Phosphate Anhydrides

Formation Of Mixed Anhydrides Of Phosphorus Acids
mixed anhydrides

-H,0 o
O O OH VRN O. OH
\_/ \_/
P E— HOos X
MoPoon o o " oH
H

acyl phosphate

the carbonyl of
is a better leaving

OH H,O O O. OH

00
\\_/ \\_/
+ +
\)J\O’P\OH \)J\OH Ho-"~oH

carboxylic and phosphoric acids

deprotonated



NH,
N N
N N— XN
y
g <)
N N Q (I? N N/
HO >~O—IID—O
(0] o 0
OH OH OH OH
adenosine
acyl adenylate
,ADP /ATP,
NH,»
N X
N
7
0 <N | /)
1l N
HO—-P-0O
o o)
OH OH
AMP
NH,
N AN
N
Y
(I? 9 <N |N/)
HO-P-O-P-0O
I I
O O O
OH OH
ADP
NH»
N AN
¢ 1)
o 9 9 Ny
HO—IID—O—IID—O—IID—O
o O O O
OH OH




Ooooqo

A\ 7

AdO” a Q&v

S phosphorus.
on the y phosphorus.

repel anionic
faster if encapsulated

0. O O o0 00 O

NW) W/ (N

AdO~ P\OH

AMP and acyl pyrophosphate



Introducing, The Amino Acids!

from chapter(s) in the recommended text

A. Introduction

B. Nomenclature And Conventions

left,
right.

ammonium and a C-terminal carboxylate.

zwitterionic form.

HzN/ﬁ]/OH
O

glycine, neutral form

slow compared
resonance.
N N
> N
HoN ~ N >F >
Y Y

trans

Hae >

0]

glycine, charged form

NH NH
HN" Y HNT N+

cis



flat
sp?
alkenes.

trans
is not

20 genetically
aliphatic

Caand the
labeled Cp.

Cp.

C. Amino Acids With Lypophilic Side Chains

Cf
C(xrsH
~
HN »
V
¢ (0]

trans

o

)

@)

cis

OH H
HoN H;I(O

0]

alanine, Ala, A

L-configurations

valine, Val, V

the configuration of glyceraldehyde.

leucine, Leu, L

iso-leucine, lle, |



secondary amine.

\ O
Vol
N_D -Me :
E S
: 4 Co
trans cis

Really the question and answer were intended to be (and will be in the second print):

Proline is an “odd-ball”: it is the only amino acid that is a tertiary / secondary / primary amine.
Draw the cis and trans isomers of MeCO-Pro-OH.

o)
o) Cy )O Cu\;o
HO N HO ‘\l/\N)

trans cis

more

D. Alcohol And Thiol Amino Acids
Ser

Thr

Cys (CH2SH)

Met (CH2CH.SMe).



S
HO HO HS
OH
HZN%(OH Hle;(OH HZN:Il—?\H/ HN"S OH
o) O 0 )
serine threonine cysteine methionine
Cys,
sulfur atom connected to Cj has higher priority than carbonyl group.
E. Acidic Amino Acids And Their Derivatives
H NH
o 0.0 o o) >
HO HoN
HN OH HN OH HoN OH HaN OH
o) ) @) O
D E N Q

more acidic



F. Basic Amino Acids
H

Lys

Arg (CH2CH2CH2NHCNHNH;

HN NH,
Y NH,
HN € 5
HN/t \
OH H H
H 2N H 2N (04 o H 2N o
O (0] (0]
most basic intermediate least basic
/=NH X
= /=NH /=N /=N
HN _ HN / HN > HN _
+ OH + ()_ + (5 y
HaN HsN HaN H,N ©
O o (0] (0]
pH=0 4 8 12
di-cation monoanion

G. Aromatic Amino Acids

HO
HN _
H OH H
H,N © HoN H,N ©
9] W

o) F o) Y

phenylalanine tyrosine tryptophan

weaker
indole
is not



H. Summary

0 0 0 0
HZN\)LOH HzN%OH HQN:QKOH HgN\)kOH

(

N \(
hydrophobic 1 hydrophobic 2 hydrophobic 3 hydrophobic 4
name: alanine, Ala, A valine, Val, V leucine, Leu, L iso-leucine, lle, |

0
HoN \)]\OH H2N \)]\OH
HO
g J:
© 07 “OH

acidic 1 acidic 2

aspartic acid, Asp, D glutamic acid, Glu, E

0 0
HoN \)LOH HoN :QLOH

s

HN
41\ NH»
HN NH,
basic 1 basic 2

arginine, Arg, R lysine, Lys, K



I. Isoelectric Points
isoelectric point
midway between

0
HaN\)LO
62

9. I 234

p/ = pKa (a-COOH) + pKa (a-NH3*)

2

pl=(2.34 +9.62)/2 = 5.98

structure of alanine indicating pKa's

average
8.95 .

0
AN \.)J\OH

2.18

+NH310'79

calculation

pl = (8.95 + 10.79)/2 = 9.87

structure of Lys indicating pKa's

967 , ©
H3N\_)J\OH

2.19

/I/‘fOH 4.29

O

calculation

pl=(2.19 + 4.29)/2 = 3.24

structure of glutamic acid indicating pKa's

Asp, acid

Ser, neutral

Asn, neutral

calculation

Arg, basic



the highest pl value Arg the lowest pl value Glu
most negative charge at pH 6 Glu most positive charge at pH 2 Lys

mass divided by charge.

Lys
not at all
migrate to the positive electrode.

J. The Ninhydrin Test

central

OH MeNH,
_— 0O —> | NMe
OH

7\

hydrate ninhydrin imine



0o O Me
~ ,/FeNHZ HNED -H*, +H*
( | _\H —_—
X oV
o 6]
o)
H* CNHMe -H0
(:0H,
)
proline).

amine
Proline does not

NHMe
OH

o( 4

*NHMe




Pr

@)

o

imine

b

I>:O

Pr

amine

purple
can be quantified by UV.

and to quantitate

HaN %o-

iPr

-CO, y—Pr hydrolysis
0 By il

imine enolate

o)
; ®
o Q %
- HO N=
)
purple



perfect

(S)-Ac-Leu
H (0]
N OH
O

is just under 50 %.
is just under 50 %.

decreases with conversion, while that of the starting material increases.

pig kidney
aminoacylase
_—
fast

pig kidney
aminoacylase
_—
slow

N Q J\OH

HoN




Peptide Syntheses

from chapter(s) in the recommended text

A. Introduction

do not
acid
H-Met-Phe-OH H-Met-Met-OH H-Phe-Phe-OH H-Phe-Met-OH
dipeptide dipeptide dipeptide dipeptide
O 0] 0]
NH HN )k NH HN
HN\[H SH H(NH
0] 0] O

diketopiperazine symmetrical diketopiperazine
would also

impractical synthesis

N- protect one of the fragments and C- protect the other.

Reactions Of Unprotected Amino Acids
Carboxylic acids do not combine with amines
carboxylic acids to acid chlorides,
H-Met-Phe-OH

H-Met-Met-OH H-Phe-Phe-OH

unsymmetrical diketopiperazine

H-Phe-Met-OH

dipeptide dipeptide dipeptide

dipeptide



There are also three possible cyclic by-products, diketopiperazines, in the reaction above; show these:

0 0 0 0
HL I Bnﬁ)LNH NH Bnﬁ)LNH

0]

P

diketopiperazine symmetrical symmetrical unsymmetrical

Polymeric materials would also be produced in this reaction.
Overall, this route would be a(n) impractical

To solve this problem it is necessary to N-protect one of the fragments and C-protect the other.

Reactions Of Protected Amino Acids

P-Met-Cl + H-Gly-P' —— P-Met-Gly-P' P-Phe-Cl + H-Pro-P' —»  P-Phe-Pro-P'

lllustrative Protection: BOC/'Bu
N-BOC Protected Amino Acids

amines
amines.
o] (0]
0. Cl + HN\)k — O H\)J\
Dl 27" “oH S} Y oH

@)




SN H-Leu-OH
DI
<

XOE(O\g/OX + H-Met-OH

(BOC),0
H-Val-OH S

with trifluoroacetic (TFA) acid.




carbon dioxide.

@)

0]
H H _tB +
(@) N u
U \;)kOH —> XSC\(NQLOH —
O B + 3
> “Ph %Y Spp
H+
BOC-Phe-OH
H+
0 O
-CO
(oY \)L -5 H2N\_)kOH + >+\
H Y OH :
- ~N
(0] ~ph Ph
amino acid carbocation

unstable carbamate

Give the products of the following reactions

(@)
H CF3;CO-H
><O\ﬂ/ N \E)J\O/ —_—
° N
S
TFA
BOC-Val-Ala-OH —

H-Val-Ala-OH




undesirable
HSIEt;

‘
N
H
OH

Tyr/ Trp

s~ s~
o 9y 2.0tg?jtiiv. 0 ’
acin L A N _coH aciN I A N_coH
= H § -H* = H §

HO

1.0 equiv.
tBu+

0

H

AcHN L N__CO.H .
: NAfg : H*

usually



0] O

XOTH%OH il H\)kOH
0

|
%
:<Z

L,

BOC-Tyr(Bn)-OH

@)
-CO, HZN\.)kOH

: OBn

amino acid

.\ HSiEt,
PSS i

carbocation

C-Protection Of Amino Acids With 'Bu-Groups

H+
H (0]

. rH
B G
10>

: OBn

unstable carbamate

2

carbocation

<L

by-product

S

Ac-Met-O'Bu

by-product cation



1-Adamantyl esters cannot
are

BOC-Gly-Cl + H-Met-Bu — BOC-Gly-Met-Bu

BOC-Pro-Cl + H-Phe-Bu ——  BOC-Pro-Phe-Bu

BOC-Asp(Bn)-Cl + H-Thr(Bn)-Bu —» BOC-Asp(Bn)-Thr(Bn)-Bu

BOC-Asp(Bn)-Cl  +  H-His(Bn)-Thr(Bn)-Bu —>  BOC-Asp(Bn)-His(Bn)-Thr(Bn)-Bu

Activation Of N-Protected Amino Acids

too reactive for

using carbodiimide reagents

ie dicyclohexylurea,

because the by-products can be protonated and are water-soluble.



Let /N\/\/N\ be represented as RlN/N\RZ

EDCI
H
N+
H 0 RLN R2
N
BOC™ Y "0 —_—
“Ph
BOC-Phe-Or

N
“Ph

o 9 t 0
BOC/NQJ\N OBu + RL )LN,R2

BOC-Phe-Ala-O'Bu by-product

The Epimerization Problem

epimerize)
epimeric products.

difficult to separate



azlactone.

azlactone
forms rapidly

is driven by aromatic stabilization in the product and simultaneous loss
carbamate.

more

BuO

BuO 0]

W=

azlactone
forms slowly

H
N OH

Ac-Ala-OH

BOC-Gly-Ala-OH



Strategies In Solution Phase Syntheses That Avoid Epimerization

BO o@ alAla-0'Bu

more prone to racemization

circle the one amino acid in one of these structures that is most vulnerable to epimerization

will
will tend to
BO @ al-Ala-OBu
less prone to racemization
are

C- to N- direction

B. Solid Phase Peptide Syntheses
are mixed with

is usually required

easier to purify

advantages of

are not optimally

C-terminus.

Ph

Cl

styrene polystyrene

Sn2 reaction

"4-chloromethylpolystyrene”



‘BOC BOC

BOC-Pro-OH

TFA often in the presence of a scavenger; this does not

N-terminus
e 0
TFA BOC-Ala-OH
O “couen C0,Bn

BOC-Asp(Bn)-support

O H O H O
tBu\OxHJYNJOm TR HZNJYN%OAO
o = O =

\COZBn \COZBn




H
TFA
o /:\
0]
H
Bu N
u O)J\H : O/\O
0 /:\
e
‘Bu/OTN\:)J\OH
0] -\O
{Bu

BOC-Ser(O'Bu)-OH

O
HzN%O/\O
E\Q

Bu

TFA

0]
BOC-Leu-OH
HZN\_)J\O/\O e
: EDCI
PN
TFA oo
o /:\
Cl
0]
kO H TFA
— syt og
o
Bu

BOC-Leu-OH
EDCI
O \Q
Bu
e
0 _\O




HF and scavengers

-Glv-Ala-Mat- HF
BOC-Gly-Ala-Met Pro\o/\O
HSiEt,

OH
O

on
i 1T

H2N/\H/N\E)J\N g
O =

H

Cl

0

BOC-M-OH —

BOC-Phe-OH
H-M-support —_—
EDCI

BOC-Gly-OH
H-FM-support —_—
EDCI

BOC-Gly-OH
H-GFM-support T
EDCI

draw peptide

BOC-M-support

BOC-FM-support

BOC-GFM-support

BOC-GGFM-support

TFA

TFA

TFA

TFA



H-GGFM-support

BOC-Leu-OH
EDCI

C. Side-chain Protection Of Amino Acids

may
is required.

undesirable
desirable

NH,

protection required?

yes

HSiEt,

BOC-LGGFM-support

H-LGGFM-OH

NH
HN A NH,
protection required?

yes

protection required?

yes

o

o)

protection required?

yes

Lys

Arg

Glu

Asp



OH

protection required?

NH

protection required?

J\t

OH

protection required?

Ko

protection required?

yes yes yes yes
Tyr Trp Ser Thr
T o
s e
NH
0™ "NH, 2

protection required?

protection required?

protection required?

protection required?

yes yes yes no
Cys Gin Asn Phe
D. The FMOC Approach
HF
base labile
via TFA.
H . 0 HQOL . Ho9
Lo Ny O Y oH O\H/N\)J\OH
DI 0 _
(e} j/\ \ (0] \O
By Bu
o p
tBu/O\H/NH
o)

FMOC-Glu(Bu)-OH

FMOC-Lys(BOC)-OH

FMOC-Ser(*Bu)-OH



Peptides And Proteins

from chapter(s) in the recommended text

A. Introduction

B. Nomenclature And Conventions
by amide bonds.

on the /efft,
right.
0] H O
HoN N
H o
N-terminal C-terminal

triglycine
amine,
acid.

ammonium and a C-terminal carboxylate.

trans (based on the peptide polyamide backbone
alkenes.

local conformations

like ¢ (the N-Ca dihedra)l yCa-CO), and @ (CO-NH)
w because of amide

0 Cp o B
Cal H C |
P} STaiN )LN%w O
A He %5

trans cis



C. Primary Structures
sequence of amino
sequence of

similarity

fold into similar shapes.

Elucidation Of Primary Peptide Structure Via The Edman Degradation

primary structure
Ph
i 1 i 8L
=C= H,N N_ N
ph-N=C=S + 2 \:)J\N CO,Me — Ph" \_)J\N CO,Me
: H : H
- S z
PhNCS H-Ala-Phe-OMe
J: HCI YO
HNJLN COMe — > HN -
: 2 protonate e N~ “CO,Me
cyclize, and : H
cleave amide
0 S
Ph
S —> \N4
Ph )\JNg """ NH
PhN” N o)\(
HN~ "CO,Me
amino acid _H-Phe-OMe_ initial cyclization product rearranged cyclized product

Chromatographic analysis
does require

It is possible.
It is not



NH,

(@]
fz
T
(@]
3}
v
al
pd
:<Z T

S— o NH

first thiohydantoin second thiohydantion third thiohydantoin

Elucidation Of Primary Structure Via Enzymatic Cleavage And Mass Spectroscopy
mass spectrometry

SO proteases

at predictable sites

within of a chain.

Positions of cleavage vary

fragment 1: H-Pro-Ala-Pro-Gly-Arg-Trp-OH

fragment 2. | H-Ala-His-GlIn-Met-Val-Lys-His-Lys-Ala-Trp-OH

J

fragment 3: [ H-Pro-Ser-Tyr-OH

J

fragment 4: 4 Thr-Ala-OH




Chymotrypsin

fragment1:  H-Pro-Ala-Pro-Gly-Arg-Trp-OH

fragment 2: H-Ala-His-GIn-Met-Val-Lys-His-Lys-Pro-Trp-OH

fragment 3. (H-Pro-Ser-Tyr-OH

fragment 4- L Thr-Ala-OH

Elastase

fragment 1 ("H-Pro-Ala-OH

fragment 2:

fragment 3. H-Arg-Trp-Ala-OH

fragment 4. H-His-Gln-Met-Val-Lys-His-Lys-Pro-Trp-Pro-Ser-Tyr-Thr-Ala-OH

Elucidation Of Primary Structure Via Cyanogen Bromide Cleavage And Mass Spectroscopy

methionine

methionine

Cy atom

iminolactone produced

HN<__NH, HNYNHZ

%‘/
NH
@) 0)
YH\)J\NJi;NHZ Br-CN \H/H : NH, cyclization
o " o o - 0
N N J
S ///

~ \\
Br) TN

Ac-Met-Ala-NH, sulfonium salt



//\’\NH Q) hydrolysis

o H 0
N § H,N

iminolactone lactone Ala-NH,

BrCN
H-Pro-Ala-Met-Val-Lys-Met-Lys-NH, ——>

H @ Ho P
N
H-Pro-AIa/N-:V/(O + H-Val-Lys” \/Z<O + H-Lys-NH,
) ~—/

BrCN
H-Pro-Ala-Pro-Gly-Arg-Trp-Ala-His-GIn-Met-Val-Lys-His-Lys-Prp-Trp-Pro-Ser-Tyr-Thr-Ala-OH —

A
H-Pro-Ala-Pro-Gly-Arg-Trp-Ala-His-GIn™ ™7 g + H-Val-Lys-His-Lys-Pro-Trp-Pro-Ser-Tyr-Thr-Ala-OH
:\/




D. Secondary Structures

hydrogen bonding between residues shielding of hydrophobic residues from aqueous surroundings
entropy gains placing hydrophilic residues at the core placing hydrophilic residues at the periphery
ionic interactions between charged side-chains ~ stacking of aromatic rings
packing of one chain against another  overlap of orbitals containing CO lone pairs with other CO =* orbitals
increased temperature addition of high concentrations of guanidine hydrochloride

secondary structure.
primary structures.

are called helices.

right handed
does not matter (right helical in both directions)

most common
3.6 amino acid
Pro is rarely

in collagen.
Types Of Helices

Amino acid blocks that coil into spring-like arrangements are called helices.
right handed corkscrew when viewed from does not matter.

most common, a-helices, have 3.6 amino acid residues per coil of the helix.
Pro is rarely found in a, «t, or 310 helices beca...... found in collagen /.

in the same directions.

in opposite directions.

the strand loops back on itself.
f-turns, while y~turns
antiparallel B-sheets.

Different protein, Ha!

a_ pstrand __ b ___ sheet-turn-sheet ¢__parallel p-sheet __ d ___ antiparallel f-sheet __






helix

turn

sheet

helix

E. Tertiary And Quaternary Structures

these protein units usually are not covalently



F. Constraints On Peptide And Protein Structures
do not fold

cyclo(-Val-Orn-Leu-D-Phe-Pro-),

gramicidin S

NH, NH;
L-Orn D-Orn
Cys residues.
oxidizing agents.
! o SH o
I I @) H\)\ I
BOC/N\:)J\NJ;"/OBU j/N y OBu
:\ H o H,N / -
SH BOC .8
BOC-Cys-Cys-O'Bu BOC-Cys-Cys-O'Bu



actually following should be shown with one letter codes where:

Cys=C
Tyr=Y
lle =1
Gin=Q
Asn=N
Pro=P
Leu = L:
Gly=G
; ;
H-Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly-NH»
S S S S
| | | | Ac-Cys-Ala-Cys-Ala-Cys-Ala-Cys-OH
Ac-Cys-Ala-Cys-Ala-Cys-Ala-Cys-OH S S |
- S S
S S Ac-Cys-Ala-Cys-Ala-Cys-Ala-Cys-OH
| | ]
Ac-Cys-Ala-Cys-Ala-Cys-Ala-Cys-OH ST S .S
| |
S S

It is necessary
could be done



Hydridic Reductions

from chapter(s) in the recommended text

A. Introduction

B. Mechanism

hard
Om O‘/\T'“ OH
Ik A -
easy
b H- —» Pho_H + -OH — Ph._H + HO
H J
H+
hard
EWG EWG _(\‘H+ EWG. _H

easy



E? W —»  Ph._H + OTs — Ph._H + HOTs

Ts” )

H+

O:C{):O
.0

By}

O:({):O
o

Ts TsO-

easy to reduce
hard to reduce them

fosylates are
tosyl groups are
ionic

chemoselective reductions

do not tend

C. Substrate Scope
One Reduction

5 2 L by
Ph Ph H Ph H

easy

alkoxide

alkoxide



NaBH, because

d)\l%- ‘NPh ™ NHPh
Ph — A

Ph”"H Ph

amide anion

alkoxide

ES/J;de H- 4 NTs H+ NHTs

P (Br B  Ph"H Br ~p

this reaction proceeds with inversion

It takes 2



Two Step Reductions

@ H -MeO-

OMe %Me >
H- o- /\ H+
— NN —
alkoxide
H- O. H -HO-
OH %OH >
H- o H+
— D)\H —

alkoxide

OH

OH




)

(i) H- X (i H
P e g P ©/\NPh il @NHPh
oo (ii) H+ oo (ii) H*

sulfone imine




0 (i) 2H-

(0]

WNH

OH OH

HO/\/\/OH

(i) 2H-
i (il) 2H*
-
Ph OMe -MeOH

o

Ph””  OH




/\)]\C| -HCI e /\/\OH
(i) 4H-
O (ii) 4H*

Ph”” “NH,

(i) 2H-
(ii) 2H*

-OH,

Ph~” “OH

Ph”NH,




Difference Between Hydridic Reductions Of Amides And Esters

a
M CO%H -MeO-
H -
tetrahedral intermediate aldehyde
o_ /\ OH
H- H+
alkoxide
b
o
N ~
H
tetrahedral intermediate imine
H- H /—\ H+
3 \)\ N - — ~o N -

amine



tetrahedral intermediate

OH

o K, A Ay

alcohol

mechanism b.

Because the amine anion is not a good leaving group.



D. NADH: A Hydride Source In Vivo

H H O

N
R

is NAD.

NH,
N \N
%

<N | N/)

NADH full name: Reduced nicotinamide adenine dinucleotide

OH

by-product full name:
Nicotinamide adenine
dinucleotide (NAD)



pro-S
addition
e

+H+

-NAD




Reductions Via Electrons And Radicals

from chapter(s) in the recommended text

A. Introduction

B. Reductions Via Free Electrons

Addition Of One Electrons
a radical anion

proton orbited

radical anion




Addition Of One Electron Then Protonation

a radical
/\ H+

~F - —
2 (ﬂ H+
\ - >
dianion

an anion

OH

A, SE'S

oj A

OH OH

OH

OH

OH

%

ANIONS LIKE THAT SHOWN ABOVE UNDERGO
RAPID PROTON TRANSFER TO GIVE
ALKOXIDES BEFORE PROTONATION



addition of two hydrogens.




radical anion radical
B} OH OH
e = H*
anion product

ANIONS LIKE THAT SHOWN ABOVE WILL UNDERGO RAPID PROTON TRANSFER TO GIVE
ALKOXIDES BEFORE PROTONATION

oxidize to Sm(3+)
sodium amalgam
inky-blue solution.

NH; (\ H-NH,
e

Na ——> —_— H + "NH,
-Na+
hydride anion
radical

anion

Cycles Of Electron Addition Then Protonation
frans-geometry
equivalent to



|

radical anion

anion

e
radical
P
product
/\‘

a radical, then another electron to form an anion
2



NH,
Na — e‘\j—»
-Na+

radical

HOMO
non-conjugated

-Na*

Na

radical anion

anion

radical anion



H,N—H
radical anion
C. Reductions Via Radicals
reduction
N ATH
/\I HI’ e 3 /\H
kinetic effects
more than stoichiometric amounts
homolytic
f. 1 L] L]
Wonp, <2 H +  °SnRy
chain initiation
W /\ 'SnRS R /\\ H_SnRS R
N — ~ —_— ~SH O+ SnRj
-ISnR3
chain propagation
radical products

another tin radical.

regenerated many times.

concentration is low.



homolytic homolytic
S VRN fusion YA fusion
H "‘SnR; <~—= H-SnR; RsSn’ ‘SnR; ~—> R3Sn—SnRg

would not



| R4SnH H
—

chain initiation

homolytic
Y fission
H-S

Ry ~——=

chain propagation

Vo

/‘\
" I .SnR3 *
r=g
-ISnR3

radical
chain termination
o WA
H* ‘H
homolytic
N\ fusion
H '/\'SnR3 D H—SnR;

would not change

H +  'SnRg
TN
“ N H-snR, H .
I CCARE.
products
homolytic
fusion
homolytic
~A M fusion
RaSn ‘SnR; ~=—— R3Sn—SnR;



D. Biosynthesis Of Prostaglandin H2 (PGH>)

arachidonic acid

AV,

CO,H




(i) +H°
R
(ii) reduction

prostaglandin H, (PGH )

dilate blood vessels and are secreted in seminal fluid from the prostate gland

E. Reactive Oxygen Species

e /TN 2H*
0o T "0-0r 0-00

superoxide, radical anion

/—\ /\e_ f‘ H+

'0-00  — 0-0r '0-0° —>

peroxide anion

endoplasmic reticulum and mitochondria and peroxisomes

HO-OH

perhydroxyl radical



Oxidations

from chapter(s) in the recommended text

A. Introduction

B. Amine Oxidations

increasing the
Ammonia
dehydrates
water.
(O] (O] H
NHy ~ ——> HO—NH, — HO—N-OH
hydroxylamine dihydroxylamine or azinic acid
OH
OH -H,O N [O] N+
HO—-N — O~ “OH — 0° "0
OH
trihydroxyamine nitrous acid nitric acid

tautomers.

do tend



Organic Amines

[O] [O] -H,0
/\NH2 3 /\N/OH > /\N/OH
H |
OH
hydroxylamine intermediate
.0 [O]
/\ N - I /\ ﬁl/ O
)
nitroso compound nitro compound

oo 0 ) e )

N I\ | "N\
H OH ©
hydroxylamine N-oxide

easier to



C. Oxidations Of Alkenes And Alkynes Via Additions Of Heteroatoms

oxidation.

X Ha
—
catalyst

@ (i) O3
—_—
(i) NaBH 4

Ho
—_—
catalyst

Ph——=

(i) Og
H
(i) HxO4

(i) BHg
(i) HO5"

L

+1

o

-1

Ph

+1

)

/\[(\/

"Oct————

H3O+
— -
HO
+1
mCPBA 0]
—_— /\/<I
+1
Hy
E—— =
catalyst nOct
-1
(i) O3 o
—_— OW
(i) SMe,
+2
HIOg



D. Oxidation States Of Common Oxidants

AcO\ /OAc
@o St 7 0=Cr—0—Cr=0
Y o 0 0
+5 +4 +6 +6

high oxidation states

E. Dehydrogenation Reactions
oxidation reaction.

do not influence

does lower it
The Principle of Microscopic Reversibility.

kinetic barrier
enclosed from
easier to find
greater.




energy
kd*mol-1

200 —]

100 —

downhill
oxidation




F. Oxidation Of Alcohols
Catalytic Dehydrogenation

oxidize
O-H
0]
H -Ha H : -H
W \/\[01/
O. H  catalyst catalyst
OH 0 OH OH

H H,
—_— —_—
catalyst OH catalyst _0

primary / secondary and not tertiary
tertiary alcohols than primary / secondary

Elimination From Alkoxides: A Mechanistic Commonality Between Many Alcohol Oxidations

H
-H+ -H+
ASo——mz T — U0 M
H/\

base
E2 mechanism.
reduced;
high oxidation
reduced.
Itis harder
high oxidation state.
OH oC st O
Pt A = J
— — + S

Ph™ "H . Ph™~"H -Hbase Ph




C%3+

)O\a/ S4+ é& base j) g2
—_— —_—
Ph"H Ph"~"H ‘Hbase Ph
alkoxide
NO, ~Mn4+ NO; base NO,
[ (\ —_— Mn2+
OH _h+ Ol 3+ -Hbase _0
H
alkoxide
/“‘I5+ base i ,
— — |3+
%OH “H+ ﬂ[}o -Hbase N0
H
alkoxide
(\ 7 H\/\
Ru’+ 6
\:/\OH o \/)QO@ + V \:AO + Ru5+
OMe -H* OMe -ribase OMe
alkoxide
XStM ‘ | +
e ¥
NEt, 2 0] /% ) O
or
Ph VQH)

( -SM62

ph.

Ph A

NEt,

intermolecular

intramolecular



OH DMP
PN >
Ph™ "Ph oHoAc
Cr03
Pho_~_OH _ 5
- H3O+

AcO OAc
/j: \|~OAc
Ph~” ~Ph [::I:{Q

DMP

Ph \/\70

intermolecular

intermolecular

intramolecular



AI(OPr)4
OH MeCOMe o
Ph)\Ph . Ph)]\ Ph
-HO'Pr

PrO._ cOPr
Al

7
AP
- Ph

intramolecular

G. Oxidation Of Aldehydes

o Ph)\OH

Ph T
hydrate
base @
— )J\ +
-Hbase Ph™ "OH

CCI’s"'
H>0 O_/\_/v Cré+ o)
8/ sk,

> n R

base

alkoxide

indicate
what happens
fo the
metal here

Cr4+ - - -

hydrate

alkoxide



OH

base
— Ph/\/go + Mn5+

-Hbase

Ketones cannot

do not have
‘/\ CN
)\A HCN )\)\ Cré+
— O_\—/V—>
\Qp _Cr4+

base CN H,O
— o) —

-Hbase

5+
ot

alkoxide

)\/CLH
(@]

acyl nitrile



chlorous acid

hypochlorous acid

/o/\ ZOH 7\ HO__OQy, HO._O
H+ CIOQ- H 6
"alkoxide"
H. Oxidation Of Ketones
H
0. e
Qwo H Q o migration Ph\)\ ‘/—I\QO Ph\)\
B~ _— By 'OH — 9) — OH
Ph” " TOH “oH ~OH II;D -B(OH),
Ph HO” " “OH
Ph
y 1
0 /’/ 0. ~ Lo - 0
O" "H (9 Q migration
Ph/\iu\/\Ph =~ Ph/\MPh on O)\/\Ph

anti-periplanar in



H o)
0. o, oLy
< 0"H Gy © migration 0
—_— H
~OH
H
O O. k! O

Y 0"H C/g 9 migration
\\\\\ —_— et » O
-OH

’
‘0,
’

Ar

Ph & Ph migration )]\
0" Ph

'-Ochr

Q
'e)
\
@]
o=
>
)
2
oO
(@]




Characteristics Of Enols and Enolates

from chapter(s) in the recommended text

A. Introduction

B. Enols Form Under Acidic Conditions

Mechanism Of Formation

protonation
enol.
o) +H+ +OH
% - < g?
H H
protonated carbonyl!
0] +H* +OH
NS 2
H H
protonated carbonyl!
0] +H* +OH

)]\Ph

-H+

_H+

_H+

enol form

OH

AN

enol form

OH

/I\Ph

enol



OH




Deuterium Exchange
deuterons.

+

O/\J+D+ OD -H+ O
tBu)H/ = Bu — Bu
H

deuterated carbonyl! enol form

+D*, -D* o

deuterated product

D
O/\/+D+ oD -H o

~ H ~
D+
+D*, -D* o
—




O +D+ +OD _H+ OD

Ph)J\/ - Ph)K/ - |:>h)\.~'f

O-deuterated carbonyl! O-deuterated enol
+D*, -D* @ +D+ *OD H*
D D
C-deuterated ketone O-deuterated carbonyl!
oD +D+, -D* O
F>h)§'¢H - Ph)g(
D D D
enol form dideuterated ketone

o oo fom o ol efo T LR,

tautomerism;



Enols Of 1,2- And 1,3-Dicarbonyl Compounds
keto form

10° : 1.
enol

+H+ -H+

protonated carbonyl! enol form

reason: Enolization of 1,3-cyclohexanedione forms conjugation between carbonyl and C=C which is

stabilized by resonance, while the acetone does not have resonance effect.

T

O +*OH OH

reason: Compared to acetone, one carbonyl group in the 2,3-butanedione acts as electron withdrawing

group that enhances acidity of a-H.



conjugates

H
/N
O O @) |(|)
ll\ll’“ - - N¥
\O_ o
H
/ \\
O O 0O

OH | o N
OH OH
best

second best

In the print the question above right will be changed to the following:






Enols Of Other Carbonyl Compounds

O/X” +OH OH,
H+ -H;0*

ST T

Hgoj

OH OH,

o/\, 5
/\)J\ H* -H30+
NMe, NMe,
H
40

OH,
JO‘\/A\_’ il q" HO"

|
it
|

0 /X‘y e +OH OH2
-H30+

OH

/\/\NMeQ

enolates of teriary amides
are almost exclusively cis,
probably enols too under most
conditions




Keto-Enol Tautomers Of Other Compound Types

O OH

B — A swe e =~

NH

enol

OH O

keto

SH

Izp
|
|

enol

P
Awo - v A, —
I
(0] O
keto
incorrect

they are not resonance structures.

/

keto

keto

keto

enol



C. Enolates Form Under Basic Conditions
Mechanism Of Formation

oT N . OH
HLOH
HO("’\LHOEQOH = /I\ == /J\OEt

OEt o

enolate enol

MeO- H . -~

e OMe /I\OMe Yo /I\OMe
/N O-L' H[?)H OH
- H —

Na* H- + OMe — %OMG ‘_-HO‘ %\OMG

Y
Nat+ NH2- + NH

HOG 5 / —
Ph e




T\ O-L» H‘[?)H

Ph Ph

NM62

-HO-

Resonance Structures Of Enolates

OH

{LNMe2

Ph




O O 0O O

o O
I 1 |
+ + +
. e ph Mo Ballias o N

more
more
g3 g (
BNND N @
o
It is not easy
N-anions instead.
D. Effects Of Enolization
Racemization
! - OH
/\/\)]\Ph - th
optically active
0 OH

achiral



—_—
optically active
OMe - 0] OMe : OH
)\/\/U\ Ph —_— W Ph
optically active
can racemize
O OH
OH =" "OH
H+ H+
S
ibuprofen
enol

Double Bond Migration

Migration

/\/\)J\ph

H+

(B,H

Ph

enol

keto



enol keto
O OH OH
enol enol keto

keto keto phenol



HO H H+ HO
HO = HO
HO'P oH 0" oH
OH OH OH OH
: H+ Z
HO s L HO AP oH
OH OH OH OH

OH OH
H+ :

OH O

OH



Halogenation Of Enolizable Carbonyl
Compounds

from chapter(s) in the recommended text

A. Introduction

B. Halogenation Via Enols (Acidic Conditions)
Acidic Conditions Give Monohalogenation
acidic conditions, whereas enolates form under basic

Ph)K/ Br

bromoketone

less
He
0 O B
)K +H+, -H* Br—Br
Ph - Ph >
-Br, -H*
enol
Br'/\H
o) @)
L W Br--Br
Ph — Ph —
-HBr, -Br,
less likely

less



halide.

(@] [P} (@] Cl, (o)
—~— —
| Cl
NOCI
|
monosubstitution

monosubstitution

(0] O
W - %Y
N+o "OH
nitroso form oxime tautomer

C. Halogenation Via Enolates (Basic Conditions)
Basic Conditions Facilitate Substitution Of More Than One Halogen

different.

(o} 0] O 0]
A <> )K )\( Br =— )K( Br

Br Br
3 1

O 0] O 0]

)\( Br —=—>» )‘\( Br )\( )K_(
H H H H




more
more

O
base
M—’
H

2,2-dimethylpentan-3-one

O‘-) I"%I’

Br

enolate

would
more
haloform reaction.

Bry

R

Br

more likely to form enolate
than starting ketone

0]

XL

Br

2,2-dibromo-4,4-dimethylpentan-3-one



50 NaOH
%
Ph Lﬁ -H,0
H
HO-
enolate
O-
-NaBr
Br N
Ph
Br—CEr
enolate
%L/. i
r —
Ph Br—CTBr
Br
enolate
by bl
/N
CBrs; —> Ph” 0
Ph OH )

tetrahedral intermediate

could be

NaOH
-H,O

monobromination

Ph Br

NaOH
-H,O

dibromination

o)
Br
Phﬁu\#sr

Br
HO-

‘OH

tribromination

+ CHBrS




NaOH -Nal H NaOH

— — —

-H,0 - I -H,0
07

Nal H/_?aOH
I—CJ -Fp
|
07 o)
I -Nal OH
— | =
| !
|
O‘7 O
enolate triiodination
_C| 'H|3C
OH o + 10—
|3 COQH COQ'

OT)

tetrahedral intermediate

slower



O 0]

N
no yes

ph. L

0]

)OL Bu
no

D. Choosing Acidic Or Basic Conditions For Halogenations

@)

Br,
—
H+

(ij/Br

0]

Br

Br,
—

Br

Br

Br

(@)

Bro

HO-

Br,
HO-

Br,
HO-

Br

yes

e

Br
Br




Ph

indicate
conditions

Br,
HO-

{ \/LL Br
Br

Ph/\/Br

Br

Br



E1cb

Br,

CH,Cl, Br
——
“'Br

o)

.

i) Br,
RN

i) base

R —

(i) Bry
(ii) base
RN
R —]

0]

EtO)H‘/ Br

O
o

Br

Brs
FeBrj

i) Bry

RN
||! base

Br

Br



E. a-Halogenation Of Carboxylic Acids
Mechanism

(0] (0] Br O/—\H+

Ph \)J\o/\.p P{|;r3 —_— Ph \)J\/C\)’ FI’\ Br —_— Ph\)J\Br

activated carbonyl! acyl bromide
H
+OH O‘B O
H+ -H+ -H+
- w Ph - w Ph. —- w Ph
= N "Br == Br » Br
Br—(/gr
H Br
protonated carbonyl! enol acyl bromide
Br Br
PBrj, Br Br H,O OH
O -
H+ O
Cl Cl Cl o

bromoacid bromide

J\ Br H,0 Br
PBr,, B OH
Ph" SCOH & 52 Ph><f( Br —> Phx(

H* o o)

bromoacid bromide



Syntheses Featuring a-Bromo Acids

Sn2

NaNS HOQC Br -SMe HOZC SMe
OH /1\\ OH RN
ﬁ/go ——— \(&O  —
Br \ N3
\indicate
nucleophile
O ;
“SMe OPh
i AN i o ~—~ ] OPh
é/ Br ———— é/ SMe E————
\ Br
\\\ o) PhO
indicate ©
nucleophile
0 Py 0
S —
Br AcO
Br CN CN PPh,
L —— \) E——

Br P+Phj




Reactions Of Enolizable Compounds With C-
Electrophiles

from chapter(s) in the recommended text

A. Introduction

B. a-Alkylation Of Carbonyl Compounds Under Strongly Basic Conditions

C-Alkylation Of Ketones
nucleophilic

strong and non-nucleophilic.
hindered alkali

O
(i) "BulLi HO
—_—
(i) H*
mostly
tertiary alcohol
O
i‘j O-Li
)\ J\ (i) "BuLi /L J\
N - > N >
- I
Y (i) H* II_ : HN'Pr,
lithium diisopropylamide LDA enolate

pKa 35



O-Li

0]
O-Li
LDA LDA
— \E —




\)kN/ £A> \AN/ \)K/ £A> l2\/

Z-enolate draw E-enolate

0] 0] 0]

Et % (i) LDA lJ (i) LDA %
- —_—
(ii) EtBr (ii) EtBr Et

2,5-dialkyl product 2,2-dialkyl product

It is difficult to



Alkylation Of Hydrazones

) N /N\N

NH,NMe, | |
H +

syn less stable anti more stable
thermodynamic
M62
MeoN .
0 2N >N

/
NH,NMe, ! LpA L | EtBr
—_— —_— 5 3 —

anti hydrazone

MeoN
275N

| Hs0*
Et . Et

alkylation at least hindered carbon 2,5-dialkylation product



Silylation and O-Methylation Of Aldehydes And Ketones

strong
O-atoms
Q MeSiCl o>
3
Ph)J\ — Ph/K
NEt,
o Me3Si \O
Me,SiCl
—>
NEt,
Li _SiMe,

o @)

Me3SiCl
/]\O‘BU —3I> /I\ OBu

carbon.

polar aprotic
O-alkylation

hard electrophiles
concentrated positive

9 MessiCl
H
NEt,

)J\/U\ Me3SiCl
—

NEt,

o Li

MeSiCl
O

,SiMe3

Me3Si\ /SiMeg

disilyl enol ether

O/SiMe3

O




o (i) KOBu

)j\ DMSO

(if) Me3O+BF 4

~ O (i)

@)
-~ O e
—_—
(i) Me3O*BF ;-

o (i) KOBU
DMSO

Ph (ii) Me O* BF

~0 0 (i

N ﬁj/ __Duso
(i) MegO* BF ;-

Me3Si
3 I\O) N

o

-H*
-HOSiMeg

MeSi
€3 I\O e

C-protonated form

M s/\
o '<§|o+ H,0
H —

0 i

-HOSiMe,

addition of a PhS* electrophile

Me,Si
S CISPh

-CI-

C-protonated form

MesSi - T

ol H,0
M _sPn —
-H+
-HOSiMe,

thioether silyloxonium ion

KOBu

) KOBu
DMSO

thioether



acetal; it is

protonation then quench of the oxonium ion with an alcohol

T Y r
—
-H+

dihydropyran C-protonated form
OR *OHR
o +H* o -ROH
—_— ﬂ
THP ether

THP-protected alcohol

@




C. a-Alkylation Of Carbonyl Compounds Under Near-neutral Conditions

Enamines From Ketones and Aldehydes

iminium ions
° )
) N .
/—\ H Et—Br
— —

least hindered enamine

2D

Etwé/ S i

)

]

—

iminium

»

HO_ *NH

()

Ir=z

tetrahedral intermediate

ammonium intermediate

-H+

protonated carbonyl!

2
least substituted



Irz

H+

W

enamine

()
oY

enamine

()
O

(i) Etl

(ii) HzO*

(ii) H3O*

(i) BnBr

(i) H3O*

(i) AcBr

(ii) HzO*

ﬁ)v

4-methyl-3-hexanone

)

Ay

-,




Reactions Of Ester Enolates With Esters

from chapter(s) in the recommended text

A. Introduction



B. Enolates With Ester Electrophiles (Claisen Condensations)

Homocoupling Of Esters

O.

0 OH 0 o
\/®0Me \@/J\OMe (@J\OMe ©/®0Et (?J\oa
Ph

OBu

o

electrophile nucleophile nucleophile electrophile nucleophile nucleophile

enolates with esters.

%) EtO- o
P—
QJ\OEt = OFEt
H
g
EtO
ethyl acetate enolate
0 O>

EtO-
—
MOEt N

1,3-dicarbonyl

more
stiochiometric.

transesterification.

0]

e
o Q}@k
—— N
Et OEt

tetrahedral intermediate

o O

A om

-EtO-

enolate



(i) MeO-

OMe RN
Ph
Y (i) H+

0]

\/\)J\ (i) EtO"
X OEt ... >

(ii)

H+

Ph

M
oy

O O

1,3-dicarbonyl!

(i) "OCH,CHCH,
\)ko/\/ -

(i) H*




Uncontrolled Cross-Claisen Condensations

Q Q (i) EtO-
\)LOEt + /\)J\ OEt — >
(i) H+
O O 0O O

\)H)J\OEt + /\)‘\iJ\OEt +

O O O O

WOB . Qkikoa

constitutional isomers

Controlled Cross-Claisen Condensations

O (0] (0] )(J)\ cl O (|) jJ)\ O
\)kOEt )J\OEt Ph)kOEt Ph”™ “OMe OMe kOMe MeO~ "OMe Ph\)]\OMe
O O O

\/\OEt )\OEt Ph \/\OMe

enolate 1 enolate 2 enolate 3
only one
o] 0] (i) EtO- )OL o (i) EtO-
+ —>» A + —>» B
\)LOEt )J\OEt Ph~ ~OEt )J\OEt

(i) H* (i) H*



O Cl O (i) MeO- O © (i) MeO-
)k + —>» C m + \)k —» D
Ph™ "OMe OMe (ii) H* OMe OMe (i) H*
o) O (i) MeO" o o (i) MeO-
+ E Ph —» F
MeO)J\OMe \)kOMe (i) He \)kOMe OMe i
Cl
O O (? o) O O
PhMOEt H/U\OMe MeOMOMe
letter __ B letter _ D letter _E
0] 0] (@) 0]
EtO OEt — EtoAOEt * /\/\)J\OE’[
Ph A = Ph)J\OMe + MeO)J\/\/\

COQMe




Intramolecular Reactions Of Ester Enolates With Esters (Dieckmann Reactions)

form enolate

_- here -0
o - -7 ’ Meo- O- OMe
o o OMe
enolate enolate in conformation

for cyclization

OMe
-MeO-

a cyclopentanone

o)

O CO.Me
COMe _\e0- 2 -MeO- CO.Me
— OMe — 2
(0] (0]




form a single point of contact between two rings.

O O O O

“MeO-
MeO OMe % MeO

more than one
less
diminished in

O 0
OMe -MeOr N Mom
0 0
COzMe CO,Me
0 o)
O"Pr -PrO- O"Pr
> +
CO,"Pr e} o

COznPr




CO,Pr [ i
LU Pro,C PrO,C
: S couPr \:

CO,Pr Y : . :
CO P O 0

CO,Pr

assume trans-fused 6,5-rings are not formed since they are less stable

R -MeO-
MeO OMe __ 5

’
‘Y,
’

the same configurations.

C. Decarboxylation Of 3-Oxocarboxylic Acids
From Carboxylates

pole — A -



-CO,

-CO,

-CO,

-CO,

Ph

'OZC/\[(\

O O
L,

O O
L,

-CO,

-CO,

-CO,

.O/

Z-0

/A




From Carboxylic Acids
carboxylates and carboxylic acids

enols (whereas carboxylates produced enolates).

O H OH

O O OH

-CO,
0 — N

O,
N\\ 'COZ HN
O — \

Ph Ph

-CO,

N coH —>

OH

OH




D. Classical Syntheses Of Amino Acids

9 NH,, NaBH NH2
\HS(OH b OH
0 0
amino acid valine
20 NH,CIUKCN NH, e NH,
S O I SR (i o
H
HO H,0 HO CN HO CcO
amino acid tyrosine
i NH,
NHAc (i) NaOMe, MeOH NHAC HzO+ on
—>
O O (il Brﬁ/ O oSN heat
O
O O O O
amino acid leucine
0] (i) Br, PB (0] NH o)
1) Bra, Fbr excess NHj3
(i) H,O Br S,

racemates.

amino acid phenylalanine



Ph

OWO\ o O o._. >

Et” Et (i) Br~" >Ph Et  heat
O O O O
0] ] (0]
\)k (i) Bry, PBrg excess NH;
OH — > OH —
(i) H,O Br
0]

CO,H H,, Pd/C
OzN/\/\ﬂ/ 2 =y e OH



E. Thioesters Are More Reactive Than Esters

stronger
better
milder
NH,
G GV ¥ e
—P-O-P-— Z
HS o~y N)%o g_o g_o <N )
H H OH o) N
O\\P/O OH
-0\
0] O
coenzyme A or COASH
NH»
Fo R M oboto, Ty
S O-P-0O-P-0O ¢
OH 0 N
O\\P/O OH
A"\
@] O
acyl coenzyme A or acyl-CoA
huge
better
Nature’s Equivalent To Claisen Condensations
(0] O/—\'SR o O co O
-L0s
HOM]\LYSCOA - HS’J\O/U\SR - /I\SR
malonyl-CoA transthioesterification enolate of thioester

product



ketone
reduction
B —
show
Si-face addition
of hydride

product

/\)Oi/l?\ dehydration /\/\)Oj\
o ™
SR SR
-H,0

hydrogenation /\/\)J\
- > SR

+H2




Aldol and Aldol Condensation Reactions

from chapter(s) in the recommended text

A. Introduction

B. Acidities Of Carbonyl Compounds

YR

electrophile nucleophile nucleophile nucleophile nucleophile

electrophile

<o

T
increasingly acidic a.CH
less
EtO,C_ CO4Et MeOC.__CO.Et MeOC.__COMe MeOC.__CHO ON.__NO,
>
increasingly acidic a.CH
more

deprotonated forms.



C. Aldol Reactions
nucleophile
electrophile.

OH O

OH O

homo-coupling

equal
same

HO- ?Hoz < }




o _ OH O OH

syn anti
exactly
the same as
/\/Oij ' /\/?ij
- -
syn anti
o) -HO O HO \ OHo \

syn anti



Intramolecular Aldol Reactions
the same molecule.

@)
o Qe C O
\ X
o =0 o OH

OH

starting material re-drawn product
¢Ho - CHO /O
OFOH — -0 Q’ — QJ
\
OH O

CHO =
OH —— —0 ‘ — !
Ne)
\ OH |
0] 0]




CHO ~
X OH o CHO
> TsN wOH — TsN
\/\70
(question changed
from 1 st to 2 nd edition)
N N
o] O
— SN
OH ~0
trans-decalin cyclo-CqoHog cyclo-Cq4Hog

[T

cyclo-CgHsg

[T

cyclo-CooHyy



e

internal enolate
(extended conformation)

|

T

o

internal enolate
(conformation to give cyclopropane)

WL

OH

£

kinetic alkoxide

LA GNP M

terminal enolate
(extended conformation)

|

L

terminal enolate
(conformation to give cyclopentane)

WL

\I\:><OH

thermodynamic alkoxide



O.
M
(0]

internal enolate
(extended conformation)

|

HO-

internal enolate
(conformation to give
5-membered ring)

1L

HO

5

alkoxide from a cyclopentanol

\H/\/\)OJ\ ™, Y\/\)J\
(e}

terminal enolate
(extended conformation)

1L

2,7-octanedione

terminal enolate
(conformation to give
7-membered ring)

1L

OH

alkoxide from a cycloheptanol

neither the thermodynamic or the kinetic product.



starting material re-drawn

0]
(0]
0O O
starting material re-drawn
o
O
= (@)

starting material re-drawn

o]e]
{

starting material re-drawn

HO-

HO-

HO-

HO-

OH

product
(edge shared
7 and 5-membered rings)

HO

product

HO

favored product

HO

favored product



D. Dehydration Of Aldol Products: Aldol Condensations
Homocouplings

)O]\ _»base i C)HPh ML i +C)Hlih _>_H+
—_—
Ph PhM Ph OH
2
H
aldol product after oxonium
protonation with water
Q base O OH +H+ O *OH, H+
/JL\ > /JL\V/%T_ — [
OH,
H
aldol product after oxonium
protonation with water
Cross Condensations
Featuring One Enolizable Component
HO O OH H+
O._Ph I
04\ + Y — %Ph —
Ph -H,O

enone

enone

intermolecular cross aldol

more reactive

enone



(0] (0] H
HO- %
+ O& —
intermolecular aldol
OH O
HO-
o —
intermolecular aldol
One
one of the components
O O base
ﬁ

Ph)]\H

H+
S o
dehydration to enone
0]
H+
dehydration to enone
OH O OH O

+

benzaldehyde ethanal

benzaldehyde and the one added slowly to this would be ethanal.

base

homocoupling product

heterocoupling product
(ie cross coupling)

heterocoupling product
(ie cross coupling)



Cl
+ \©\AO

Cl

+ 07 >CCl,

base

base

base

mixture

heterocoupling product
(ie cross coupling)

Cl

homocoupling product

Cl,C_ .OH
= A0
“ |

heterocoupling product
(ie cross coupling)



Aldol Condensations Are Hard To Control When Two Enolizable Fragments Are Used

homocoupling product 1

OH O

A

OH O

Y

heterocoupling product 1

homocoupling product 2
(two diastereomers)

OH O

Y

homocoupling product 1

OH

X

o

heterocoupling product 2
(two diastereomers)

OH O

Y

heterocoupling product 1

homocoupling product 2
(two diastereomers)

OH(l)

heterocoupling product 2
(two diastereomers)



Intramolecular Condensations

(i) HO-
—
(ii) HO0*

Ph




25 Conjugate Additions

from chapter(s) in the recommended text

A Introduction
B Polarization Of a,p-Unsaturated Carbonyl Compounds

+. O
(0]

NOH

N -
[l

i
'l O~__NHMe
= < Y < |
Ph. _~ Ph
+

is always on the B-carbon

LUMO
more / less stable



C Mechanism Of Conjugate Addition

Nur\@,go

Nu \[c\)- _>H+ NU\)\¢O

enolate

Nu\/\/'/o\\H — NUWO

enol

Nu OMe




D Examples Of Conjugate Additions

Amines And Thiols
the nucleophile adds to the 4-position
the proton adds to the oxygen

(@] , 0O SPh
M ST

enolate intermediate

MeOQC:

enolate intermediate

N COMe ~ HSMe

HzO* (@] SPh

— AN

1,4-addition product

HaO* O
_>
¥

0

1,4-addition product

SMe O
OMe




1

CONMe,
07 N
|
H,0
CO;Me ; HO CO,Me
CO,Me H CO,Me

©/NH2 + \/COQMG — ©\N/\/COZMG

excess

COzMe

D_/CN

Iz




Enzyme-mediated Conjugate Additions

- -methylaspart
_OZC/\rCOZ . NH B-methylaspartase

- fumerase
0,070 4 on, TR

rotamer of initial adduct

NH,

-020)\( O

'Ozc/\|/002-
OH

Crmmng A oo,

S-product

CO, O O bond
rotation

rotation about this bond

retro-
1,4-addition

—_—
~

adduct

O O

-020/\)]\)]\00 -

2

isomerized product



Stabilized C-Anion Nucleophiles
the base is required in stoichiometric quantities.

CO.Et NH; O CO.Et
tO
* MO — EtO,C NH:
EtO,C
o]
O 0
HO
;’Jl oo 0 ~o
0" "0 e Ne)

o) 0 )
MeO
Meo.c. I+ /\)kOMe el MeO,C

MeO (0]




Organometallic Agents In Laboratory Chemistry

Me Li

o) cu”? 0 o)

Me”  Li H,O*

H+
— > —
-M
eCu Me
enolate intermediate 1,4-addition product

. Ph

PhoCuLi + /\\\N — \/\\\N




E Conjugate Addition Then Aldol Condensation

0 &<
- N\
)j 0 HO ! OW H .

conjugate addition product

OH

an enolate that can cyclize easily cyclization product

cyclic aldol/dehydration product



Predict the products of the following reactions.

O O O @] O
HO-
+ /\[( — = S
o]
0] O )
enolate from conjugate addition terminal enolate
0] H+ ')
— —
-H,O
@] O
o
intramolecular cyclization product enone
0 0 O o) o)
HO- _
+ A]/ — D
O
O O O
enolate from conjugate addition terminal enolate
O o
HO- H*
— —

o © -H,0 0

intramolecular cyclization product enone



HO- H+

o X + O = —> —
-H,O
Ph O @)
H
Pho Ph
intramolecular cyclization product enone
0]
0]
o (i) HO-
T 0 o
(ii) H;0* o

(i) H;O* Et




F Nucleophilic Epoxidation

a-effect
more acidic than water

It is not possible

enolate intermediate

H
03

o\\sgi;o
Ph” i~

O~ Ph

enolate

H\CI))

O\\Sg\\/O
Ph” 1
o>

~ Ph

enolate intermediate

7

epoxide

0
PhO,s”
Ph

epoxide

0
PhO,s~ PN

trans



G Addition Elimination Reactions

F H-
0 O o =
—_—
then )%
proton
transfer

o

enol

.O/ I

(0] O
(—K'*@/J\ o QHN*xﬁ« O~
-0” Cl —

enolate
O (@]

HNO -

0] O N
— K +

Cl

Cl H
enolate

W

-HF

— X0

product

product

product



@ F/I)()/\/OH Q To : & L
\ + \/\ -F \ +
N\())\ -0 N% OH N%o/\/OH

— -0°

enolate
base Q E 0
— oMNCT)
O
enolate
Formation Of a-Bromo Enones
O
Br,, base Br
H
Br

dibromide intermediate

-HBr

intermediate

e O O

product

Br

Br

enolate

Br

monobrominated product



H Nucleophilic Aromatic Substitution

SNAr processes.

They involve rate-limiting addition

anionic intermediates
sp® hybridized C-atom.

Z
2z
O
z

2-chloropyridine

N /_\-SEt
{)/ ‘—_‘

N~ “Cl

3-chloropyridine

e
XX Cl -SEt SEt 7 SEt
| - -
N/ ~ - ~

’ N (2> N -
'”_ SEt S A SEt —-> S J—SEt
N~ “ci N™ “ci N™ “ci

Cl




2- isomer.
Addition occurs fastest for the 2- and 4-isomers

2-chloro-1,3-pyrimidine reacted with cyanide

N
intermediate product fast
4-bromo-1,3-pyrimidine reacted with azide
Br. Nj N3
L J £}
Nig SN
intermediate product slow

chlorobenzene reacted with phenoxide

OPh
Cl OPh
intermediate product

slow



