CH310N T TH 2-3:30 LECTURE 9

Textbook Assignment: Chapter 15 Begin
Homework (for credit): POW 4 posted

Today’s Topics: Aldehydes & Ketones (cont’d)

Potice & Announcements:

Exam I: Grading in Progress
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Aldehydes
And

Ketones
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Drawing Mechanisms

Use double-barbed arrows to indicate
the flow of pairs of e

Draw the arrow from higher e- density
to lower e” density i.e. from the
nucleophile to the electrophile
Removing e- density from an atom will
create a formal + charge

Adding e" density to an atom will
create a formal - charge

Proton transfer is fast (kinetics) and
usually reversible
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Overall Synthetic Transformation of
Wittig Reagents & Its Variations

R R’
% H
\__/ "\
KETONE ALKENES
CAN BE OR
CyclLic OLEFINS
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Phosphonium ylides are formed in two steps:

Step 1: nucleophilic displacement of iodine by
triphenylphosphine

o + oo
PhyP 3 CH E -2 »  PhyP-CH, i

Triphenylphosphine  pjethyltriphenylphosphonium iodide
(an alkyltriphenylphosphine salt)

Step 2: treatment of the phosphonium salt with a very
strong base, most commonly BuLi, NaH, or NaNH,

CH,;CH,CH,CH, 3 _._.ﬂm_._N -._w_u:w r——
Butyllithium +
CH3CH,CH,CH; + “ICH,-PPh; + Lil
Butane A phosphonium
ylide 5
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Wittig Reaction

Phosphonium ylides react with the C=0 group of
an aldehyde or ketone to give an alkene

Step 1: nucleophilic addition of the ylide to the
electrophilic carbonyl carbon

|
_U_,._w _U|OIM ﬂ:w _U|Q|_M _U—._w _U|O_|_M

T i

A betaine An oxaphosphetane

Step 2: decomposition of the oxaphosphatane
'0—C
K] K

Phs P--CH,

—> PhgP=0 + R,C=CH,

Triphenylphosphine An alkene
oxide
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Wittig Reaction

VHO + _u—._w._m\l/\/\ —> 7 + Ph3gP=0

Acetone 2-Methyl-2-heptene

T = \/¥
_us\/_\o + Ph,PN —> Ph N+ ph N + PhgP=0
H (Z)-1-Phenyl-2- (g).1-Phenyl-2-

Phenyl- butene butene
acetaldehyde (87 %) (13%)
Resonance stabilized Wittig reagent:

H 0] \ (0]
+

v_,/\ro + PhaPo N — _us/\/Lﬁom + PhyP=0

Phenyl- Ethyl (E)-4-phenyl-2-butenoate
acetaldehyde (only the Eisomer is formed)
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Wittig Reaction

— some Wittig reactions are Z selective, others
are E selective

— Wittig reagents with an anion-stabilizing
group, such as a carbonyl group, adjacent to
the negative charge are generally E selective

. D . e
Ph, v/mwvﬁ ot <> PP oFt

Resonance contributing structures for an
ylide stabilized by an ad jacent cartbonyl group

— Wittig reagents without an anion-stabilizing
group are generally Z selective (cis)
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A Variant of the Wittig Reagent

Horner-Emmons-Wadsworth modification
— uses a phosphonoester

0
Br-CH,-C-OFt 5 @

an Q&BEomm:wnYA_,\_mOvmw_v.OIm-vamn + MeBr

An o-phosphonoester

Br-CH,-C-R 5 @

an Q-g.c-:cwﬁczﬁ A_,\_movnmv.OIm-mvm + MeBr
An a-phosphonoketone

(MeO);P: A Q

phosphite

These reagents are
usually isolated.
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—phosphonoesters are prepared by
successive Sy 2 reactions

0
Sy 2
(MeO), P! +CH,-C-OEt X "»
GBr:
+n_u_<_m n__u Sv2 @ A__u
CHy:O; P-CH, - C-OFt "> (MeO),P-CH,-C-OEt +MeB
o A\v OMe An a-phosphonoester

Very exothermic as
MeBr is boiled from
the reaction mixture

10
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Resonance Stabilization:

11

1.
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The Use of Phosphonoesters

treatment of a phosphonoester with a
strong base followed by an aldehyde or
ketone gives an alkene

a particular value of using a
phosphonoester-stabilized anion is that
they are almost exclusively E selective

0 0 1. strong o)
I I base o
(MeO),P-CH,-C-OEt |OV /j/\FOmﬂ + _smo-__u.o
2 )4

OMe

H Onlythe Eisomer Dimethylphosphate
is formed anion

12
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Why do Stabilized Horner-Emmons-Wadsworth
Reagents give the E olefin?

ov 0®
o] H H
|_ _ i —_— n_v
MeO \v O.Et MeO—P CO,Et
MeO \
H MeO
H

Psst...
He will ask
this

13
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Why do Stabilized Horner-Emmons-Wadsworth
Reagents give the E olefin?

o.
.6 (Me0),PO°
(MeO)5P CO,Et
HV _._\ OOmmﬂ
J iPr H
ipr” y H

MUST ROTATE SO
THAT THE OXAPHOSPHETANE
CAN FORM

14
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Why do Stabilized Horner-Emmons-Wadsworth
Reagents give the E olefin?

oS o
| |
(MeO),P——O (MeO),P——O
:_UJ|_U_E T Hu o P
mﬁomo\ /_._ mﬁomo\ /_._
E-isomer

15
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Addition of H,O to Carbonyls

Addition of water (hydration) to the carbonyl
group of an aldehyde or ketone gives a
geminal diol, commonly referred to a gem-
diol
— gem-diols are also referred to as hydrates

acid or

\ base | \OI
R - \\__....
\QHO + H,0 ———— \O/
OH
Carbonyl group A hydrate
of an aldehyde (a gem-diol)

orketone

16
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Addition of H,0 to Carbonyls

—when formaldehyde (g) is dissolved in water
at 20°C, the carbonyl group is more than 99%
hydrated

H
_._vHo + H,0 - vAo_._
M T——
H 4 OH
Formaldehyde Formald ehyde hydrate
(>99%)

— the equilibrium concentration of a hydrated
ketone is considerably smaller

OH
vﬂo +HOo == X

Acetone 2,2-Propanediol
(99.9 %) (0.1%) 17
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Addition of Alcohols to Carbonyls

« Addition of one molecule of alcohol to the
C=0 group of an aldehyde or ketone gives
a hemiacetal

« Hemiacetal: a molecule containing an -
OH and an -OR or -OAr bonded to the
same carbon

acid or OH
vﬁo . HOR —P&¢w
OEt
A hemiacetal

18
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Formation of a hemiacetal-- base catalyzed

— Step 1: proton transfer from HOR gives an alkoxide
fast and
S \./A_._ﬂ.r. reversible mu:).&w
" + HOR ——— + "
— Step 2: attack of RO- on the carbonyl carbon
ze: .. 07
o_._w-oG".o.-mlh CH; ”M.%_._w

— Step 3: proton transfer from the alcohol to O- gives the
hemiacetal and generates a new base catalyst

Psst...

this

Hewillask |[CH3 + _._h..M.um

”.ﬁ_u._._
O_l_wun_vn_l_w +
‘OR

‘OR

19
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Formation of a hemiacetal --acid catalyzed
Step 1: proton transfer to the carbonyl oxygen

g

reversible,

_
CH;-CCHy + HA =

fast and ._.u UI
[l

CHy-C-CHy + A

Step 2: attack of ROH on the carbonyl carbon

*H
@

CHz-C-CHz + H-G-R —== CH;-C-CH,

~

:O-H

+
_._\D./w

Step 3: proton transfer from the oxonium ion to A- gives
the hemiacetal and generates a new acid catalyst

Psst... _
He will ask CH; -C-CH

this

3

”.n_.u_._
S S n_._.,w.n_,\.o_._.,w + H-A

'OR
20
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Addition of Alcohols to Carbonyils

 Hemiacetals react with alcohols to form
acetals

Acetal: a molecule containing two -OR or -OAr
groups bonded to the same carbon

+ H-OEt ———

VAO_._ H' OFt

OEt
A hemiacetal

OEt
A diethyl acetal

+ IMO

21
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Step 1: proton transfer from HA gives an
oxonium ion

S S W &

(o)

oc |
_ﬂ.ﬁ_uu.OOIw + H-A ‘||' _um.n_wuoo_-_w +

H

H

An oxonium ion

Step 2: loss of water gives a resonance-
stabilized cation

HetH
(0]
A\_ _— iy + . D)
RCLOCH, —— _wn_”lh.d.o_._w ~—> RC-OCH; + H G
_ )
H H H
A resonance-stabilized cation

22
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Step 3: reaction of the cation (an electrophile)
with methanol (a nucleophile) gives the
conjugate acid of the acetal

. X
CHy-OH + RCLQ

H

+ [ oq
QCH; —== RC—OCH,

H. o+\o_._w

H
A protonated acetal

Step 4: proton transfer to A- gives the acetal
and generates a new acid catalyst

+ e
A + R-C-OCH; — m-n_u.mo_._w + H-A
H H
An acetal 23
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Addition of Alcohols to Carbonyls

— with ethylene glycol and other glycols, the
product is a five-membered cyclic acetal

— this a method of “protecting” ketones

+

Cyclic acetal

o

24
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Dean-Stark Trap

I/olo + 2 mo_._l

7 | 1= __Water-jacket condenser

Aldehyde Alcohol i

or ketone e _._ 0

s:\I+ N
. ,OR _ Condensing vapor
\n/ 4+ Hy0
OR Cold H,0

| Acetal

- ot
Vapor tising toward —__|

Y —
condenser contains aJ\ v. ___—Upper layer contains 99.94% benzene
91% benzene and il and 0.06% water

9% water

o Dean-Stark trap

——— Lower layer contains 0.07% benzene
and 99.93% water
Reaction takes

w_mnm:_ ___._m /@m @ Y T Stopcock to withdraw lower layer
enzene layer

25
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Acetals as Protecting Groups

» How to bring about a Grignard reaction
between these compounds:

o) 0 OH o
H 2?
Benzaldehyde 4-Bromobutanal 5-Hydroxy-5-phenylpentanal
(racemic)

0
\:/ This Grignard cannot be made!!

BrMg.
/\/\ H

26
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Acetals as Protecting Groups

« a Grignard reagent prepared from 4-bromobutanal
will self-destruct (decompose).
— first protect the -CHO group as an acetal:

o)

o)
Wﬂ/\éﬁ_-_ + IO\/\OI |‘ﬁ' W—./\/\r\OV + H O

A cyclic acetal

— then prepare the Grignard reagent:

O MgBr* O\V
O\V 1. Mg, e :6_. o
2. om_._mo_._o

A chiral magnesium alkoxide
(produced as a racemic mixture)

— hydrolysis (not shown) gives the target molecule

27
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Acetals as Protecting Groups
» Tetrahydropyranyl (THP) protecting group

THP group
RCH,OH + | D
_uO_._n
Dihydropyran A tetrahydropyranyl
ether

—the THP group is an acetal and, therefore,
stable to neutral and basic solutions, and to
most oxidizing and reducting agents

— it is removed by acid-catalyzed hydrolysis

28
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Addition of Nitrogen Nucleophiles

Ammonia, 1°aliphatic amines, and 1°aromatic
amines react with the C=0 group of aldehydes
and ketones to give imines (Schiff bases)

Water is removed by Dean-Stark trap or
o:mB_om_ dehydration Am.@. molecular sieves)

O_-_wo_-_ + _-_M \© O—-_wo_-_ Z\@ + IMO

Acetaldehyde Aniline An imine
(a Schiff base)
_|_+
O”O + NH 3 ‘|’ NH + _l_N (o)
Cyclohexanone Ammonia An imine
(a Schiff base)

29
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Addition of Nitrogen Nucleophiles
Formation of an imine occurs in two steps

Step 1: carbonyl addition followed by proton
transfer

o o 5
+ HoN-R === —¢C —,__w —— —C _—_A-w
| W |
Step 2: loss of H,O and proton transfer to
solvent
+
. .\_l_ I/. .\I _l_
H -0 A._O N\ oo + / 0
L one . — . .
“/mv_._molz-m|7 —CyN-R ——== _C—N-R+ HOQ +HO
_._\4L _ __._ _ H - H Animine H
*—:0
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Addition of Nitrogen Nucleophiles

— a value of imines is that the carbon-nitrogen
double bond can be reduced to a carbon-
nitrogen single bond

—l—+
(=0 v w0 =8

Cyclohexanone Cyclohexylamine

OO OO

(An imine) Dicyclohexylamine

Does not have to isolated

31
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Addition of Nitrogen Nucleophiles

« Secondary amines react with the C=0
group of aldehydes and ketones to form

enamines
_|—+
Tro + w() F= ) mo
Cyclohexanone Piperidine An enamine
(a secondary amine)

— the mechanism of enamine formation involves
formation of a tetrahedral carbonyl addition
compound followed by its acid-catalyzed
dehydration

32




