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MYPHNO®IAH NMPOZBOAH 2E KAPBONYAIKEZ ENQ2EI2

NaCN, H,504 alcohol
\—[} - NC- OH ("acetone cyanohydrin®)
/ H,0

PYSIUN

nucleophilic addition of CN~to protonation

78% yield

the carbonyl group

H TTupnvo@IAn TTpoo oA o€ KapBOVUAIKEC EVWOEIC YEVIKA OKOAOUBEI 2 Bripara:

1. Mupnvo@iAn TTPpooBoAr) oTo KapRovuAio
2. TlpwTtoviwon Tou aviovTog TTOU TTPOEKUYE



MYPHNO®IAH NMPOZBOAH 2E KAPBONYAIKEZ ENQ2EI2

curly arrow representation:

e

orbitals involved:

\\ —
P

|

sp? hybridized carbon

while at the same time...

Nu

HOMO new o bond
I
— > DEI
>C:U /

electrons in HOMO begin to
interact with

sp® hybridized carbon

“\
_—C—0

/ o

N

e



MYPHNO®IAH NMPOZBOAH 2E KAPBONYAIKEZ ENQ2EI2

orbitals of the cyanide ion

— O
* N——C
J\ — = X HI\ C-N o orbital
R H H20, HCI R H N© Homo = sp ot (RoLshown)
. HOMO = sp
aldehyde C}'ﬂnﬂh!ﬂjﬂﬂ S orbita'l anC
\\ N CC : contaml_ng_
E_u one pal lone pair
.-i"f | ‘ e ",
] ¥ 4

Y

m 0 N ggw (;f \N—'—
CN HO orbitals involved in the additior S -

H"f H R H of cyanide

Cyanohydrins in synthesis H  en Q H el
Cyanohydrins are important synthetic o N
intermediates—for example, the cyanohydrin
formed from this cyclic amino ketone forms the first o cN other reagents
step of a synthesis of some medicinal compounds H 4 CFa
known as 5HT 3 agonists, which were designed to H H ;,x"‘
reduce nausea in chemotherapy patients. ~ OPh fluvalinate

; NaCM
Cyanohydrins are also components of many natural
and industrial products, such as the insecticides . - o
cypermethrin (marketed as ‘Ripcord’, ‘Barricade’, H hm‘“x H  en cl
and ‘Imperator’) and fluvalinate. oPh oPh ~a

0

H Cl
other reagents H H

MaCN, Hz0 CN  other reagents
- ————=  5HT; agonists

N N )
OPh cypermethrin

QR wviald



MYPHNO®IAH NMPOZBOAH 2E KAPBONYAIKEZ ENQ2EI2

FONIA MYPHNO®IAHE NMPOZBOAHZ ZE AAAEYAEZ KAl KETONEZ
(FTQNIA BURGI-DUNITZ)

GN)UG
| 2 N\
' nucleophile attacks
>b_ﬂ C=0 at 107° angle
Nu®
> combined effect: b o7
/,,C_{l
Y
DAY /

Ta trupnvo@iAa TTavta kdAvouv T1TpooBnkn otov C Tou KapPovuAiou Kal utrd
OUYKEKPIYEVN Ywvia. H ywvia autry ovouddletal ywvia Burgi-Dunitz, amd Ttoug
EPEUVNTEC TTOU TO AVAKAAUWAV PE KPUOTAANOYPOAPIKEC MEAETEC. 2TNV OUTiq, N ywvia
ecapraral amod 2 eaivoueva: Tn ywvia 1Tou 1a TpoxIiaka tou TrupnvogiAou (HOMO
TPOXIOKO) Kal Tou KapBovuAiou (T TpOXIOKO) £xouv TNV maximum aAANAETTIKGAUWN
(90 poipEC) Kal TN ywvia TTou Ta idla TPOXIOKA £XOUV TNV Minimum Aamrwaon Aoyw Tng
NAEKTPOVIOKIC TOUC TTUKVOTNTAG.



MYPHNO®IAH NMPOZBOAH 2E KAPBONYAIKEZ ENQ2EI2

MYPHNO®IAH NMPOZBOAH «YAPIAIOY» 2E AAAEYAEZ KAl KETONEZ

HG{\, DD X HP° -
Me)l\l'ﬂe Me)él'ﬂe d\ “To

nucleophilic attack by H™ H™ always reacts as a base
never happens

Hy + X@

arrow cannot start on negative electrons must be

charge: no lone pair on B transferred from a bond
H H H H H H
W™ Y E© . o ® g
~B X~ Bk BT VE ’ H—E /A
H™ H ] H™ H ! \¢o
H’-f HOMO =B-Ho
eight electrons impossible structure: ten eight electrons in six electrons in B-H
in B-H bonds electrons in B-H bonds E-H bonds bonds and one empty p H
orbital
e 0
H H H H H 0© ~7
\B/E] HB_.-"‘
H™ = L
H R H R

H trupnvo@IAn TTpocBoArn udpidiou o€ KAPBOVUANIKEC EVWOEIC DEV Eival yVWOTH yIATi TO
1s TpoxIakd Tou udpIdiou gival TTOAU PIKPO yia va aAANAETTIOPAOCEl YE TO TT* TPOXIOKO
TOU KapBovuAiou. 'ETol, TTavra dpa ws Bacn (aAAnAettidpaon pe o* H-X).

H avaywyr] KapBovUAIKWY EVWOEWV €ival EQIKTA ME TN XpHon udpidiwv Tou Bopiou. To
aviov Tou Bopiou avTidpd yéow Tou O decpou B-H kail avridpa pe nAekTpovioPIAa.
‘ET01, KaBioTaTal duvatn N peTapopd udpidiou oTnNV KAPBOVUAIKA Evwon JE TAUTOXPOVN
avaywyn auTng.



MYPHNO®IAH NMPOZBOAH 2E KAPBONYAIKEZ ENQ2EI2

MYPHNO®IAH NMPOZBOAH OPTANOMETAAAIKQN ENQZEQN ZE AAAEYAEZ

KAI KETONEZ

0 OH

JJ\ 1. MeLi, THF E/#
=
R H 2. H,0 Me” ¢ H
| e
0 0©
Li—e )'\) . g/)\
R H M / H

Li®

HOMO = Li—C q
H ' polarized towards C

oo
i-l\\
cC——o
T

orbitals involved in the addition

of methyllithium

organometallics are
destroyed by water

Liﬂ H—(-E}H

Me—-H LiOH

methane



MYPHNO®IAH NMPOZBOAH 2E KAPBONYAIKEZ ENQ2EI2

MYPHNO®IAH NMPOZBOAH NEPOY ZE AAAEYAEZ KAl KETONEZ

H H
13¢ signal at

expect 13C signal 0
between 150 and ._____ ,...J\ + H30
200 p.p.m. H H

formaldehyde

(“-- HCQ
OH;
H H

H H 83 D-D-m.

hydrate or 1,1-diol

H,0

significant concentrations of

0 <7/ @_j
H m - Eﬂ 0© H 0 HO OH hydrate are generally formed
2 H H H><H H H H><H only from aldehydes

H HOMO = oxygen sp?

H— orbital containing
lone pair

N

f(::ﬂ

orbitals involved in the
addition of water
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MYPHNO®IAH NMPOZBOAH NEPOY ZE AAAEYAEZ KAl KETONEZ

0 p HO_ OH
J\ + H0 — - X
R~ R

R R
0 equilibrium constant K
acetone )J\ 0.001 0
0 chlora HJ\KCI
acetaldehyde )I\H 106 & Cl

0

0
formaldehyde J\ 4 2280 hexafluoroacetone F F
F F

= =

2000

1 200 000



MYPHNO®IAH NMPOZBOAH 2E KAPBONYAIKEZ ENQ2EI2

MYPHNO®IAH NMPOZBOAH AAKOOAQN 2E AAAEYAEZ KAI KETONEZ

0

1, o= =
R H B R H
aldehyde

szH RZ20. OR3

hemiacetal X

L I R1 H Rt H
GﬁEt

{_gH (\ R20, OH I_,__—-D OH
0 Et—S o X |
S 0 Et 0

R H R H R H

hemiacetal acetal

H

hemiacetal from a cyclic
ketone hemiacetal
(or "hemiketal™)  (or "lactol™)

-0 OH names for functional groups
|
-

hydroxyaldehyde

|

| Jod =
. . . 0 — =
intramolecular attack of _~
OH hydroxyl group I-"Iu, {—;?;} Et @>I\ R H
@? . C%\l\ C
H </'

cyclic hemiacetal

H



2YZYITHZ NMPOZOHKH ZE KAPBONYAIKEZ ENQZEI2

H 2YZYTIA AAAAZEI THN APAZTIKOTHTA TQN AAAEYAQN KAI KETONQN

NaCN, HCN NC OH 0 NaCN, HCN

5-10 °C 80 °C
,fﬂﬂx,f’ ,jhix;ﬁ? Z7 —
Me

IR: 3600 (broad), 2250, 1650 R: 2250, 1715
no absorption near 1700 no absorption at 3600

l} 1. BuMgBr 1. BuMgBr, 1% CuCl

OH :
2. H,0 M 2. H,0
Me /

IR: 3600 (broad), 1640
no at&snrp‘non near 1700




2YZYITHZ NMPOZOHKH ZE KAPBONYAIKEZ ENQZEI2

H 2YZYTIA AAAAZEI THN APAZTIKOTHTA TQN AAAEYAQN KAI KETONQN

direct addition to the C=0 group
H @

NC_ OH

0 NC 0°
Y N

e

conjugate addition to the C=C double bond

>
CN —= 7 )J\/\
Me =1 Me/}VCN Me CN

&/

H ouluyia ptropei va aAAGgel TNV OpacTIKOTNTA TwWV KAPPBOVUAIKWY evwoewv. Kai ol 2
MNXAVIOUOI CEKIVAVE PE TN TTUPNVOPIAN TTPOOBOAN KAl AKOAOUBEI TTpwToviwaon. 2TIC
ouluyeic TTPOOONKEC N TIPOCPOAr} TTpaydaToTToIEiTal OTO OITTAG deOopO dITTA OTO
kappBovuAio. NMPO2ZOXH: Aegv 1TpooaAouv dITTAOUG deopoUC TTou dev gival diTTAa o€
KapBovuAia. AUuTEG o1 evioelg ovouadovTal a,B-akOpeaTeC KOPBOVUAIKEC EVWOEIC.



2YZYITHZ NMPOZOHKH ZE KAPBONYAIKEZ ENQZEI2

H 2YZYTIA AAAAZEI THN APAZTIKOTHTA TQN AAAEYAQN KAI KETONQN

an o,punsaturated aldehyde an o, funsaturated ketone  an o, funsaturated acid  an o, funsaturated ester

(an enal) (an enone)
o 0 o o
H HO EtO
propenal but-3-en-2-one propeneic acid ethyl propenoate
(trivial name = acrolein) (trivial name = (trivial name = (trivial name =
methyl vinyl ketone) acrylic acid) ethyl acrylate)

types of nucleophile which
undergo conjugate addition

] 0
KCN \)J\ en /\)J\
+ —_—
N OMe CN 0Me
0 0
Et.NH 100 *C
t2NH OEt EtN OEt
0 OMe O
CalOH)»
MeOH + y T ’
0 0
MeSH + AN H MeS H
0 0
HBr + ﬁ)l\m" e Br/\T)}\OH
0 )
HCI + \\)-I\ - /J\



2YZYITHZ NMPOZOHKH ZE KAPBONYAIKEZ ENQZEI2

H 2YZYTIA AAAAZEI THN APAZTIKOTHTA TQN AAAEYAQN KAI KETONQN

"N NN
butadiene acroleln
LUMO l

\\\/\\ —

NN * LUMO MEOA)\H
NNy —

LAY A Me—0° Me—0
W 4T

—_— -
\/\\0 \/\0 e

NANY

H ouluyia 1TpokaAei TTOAwaoN oT1o OITTAG deaud. 2NV ouadia, uttapxel aAANAETTIOpaon
TWV 4 p TPOXIOKWYV Kal £€TOI TIPOKAAEITAI JEIWON TNV EVEPYEIAS PE TAUTOXPOVN TTOAWGN
Twv HOMO kai LUMO TpoxIakwV TNG a,B-aKOPe0OTNG KAPPBOVUAIKNG Evwong. YTIAPXE!
¢ekdBapn TTpoTiunon yia TTPOCBOAN TTUPNVOPIAWY OToV B AvBpaKa.



2YZYITHZ NMPOZOHKH ZE KAPBONYAIKEZ ENQZEI2

H 2YZYTIA AAAAZEI THN APAZTIKOTHTA TQN AAAEYAQN KAI KETONQN

n-BuNH, H
0 N 0
/Y £ W
KOEt, EtOH
OEt 30 °C 99% yield OEt

l ‘ QOEt
( ookt 4
H H H
Bu@ 0 R \N’:) 0©® — |'|\] 0©
OEt Bu” @W Bu”~ R

OEt OEt

Me
OMe  meHN 0 OMe N 0
MeNH, —— —_— -
OMe OMe

OMe
77% yield



2YZYITHZ NMPOZOHKH ZE KAPBONYAIKEZ ENQZEI2

H 2YZYTIA AAAAZEI THN APAZTIKOTHTA TQN AI\AEYAQN KAI KETONQN

NH-0H
can be
drawn as
MeOH




2YZYITHZ NMPOZOHKH ZE KAPBONYAIKEZ ENQZEI2

2YZYTHZ '"H KANONIKH NMPOZOHKH?

conjugate addition to C=C direct addition to C=0
(also called "1,4-addition") (also called "1,2-addition™)

o (o
e 2

The way that nucleophiles react depends on:

® the conditions of the reaction
® the nature of the o,B-unsaturated carbonyl compound

® the type of nucleophile
1,4- 1 1,2-11po0Bnkn
1. 2uvBnkeg avTidpaong

2. Eidoc a,B-akdépeaTtne Evwong
3. Eidog trupnvogiAou



2YZYITHZ NMPOZOHKH ZE KAPBONYAIKEZ ENQZEI2

2YZYTHZ '"H KANONIKH NMPOZOHKH? 2YNOHKEZ ANTIAPAZHZ

NaCN, HCN NC OH NaCN, HCN

SN AT T,

cyanohydrin conjugate addition product
(direct addition to carbonyl)

J\/\ _________ )K/ NG nBiH/

_ _ slow but fast but
conjugate addition product jrreversible reversible  cyanohydrin

H 1,4-rpooBnikn Tou CN eival apynl aAAd pyn avTioTPETTITH) avTidpaon, evw n 1,2-
TTpooOnkn e€ivalr ypriyopn GAAa avTioTPETITA. ETOpévwg, o€ XaunAr Bepuokpaacia
TIPOTINATAI  TO  KIVATIKG TTpoIdv, €vw augavoviag Tnv OBepuokpacia  Trou
TTPAYMOTOTTOIEITAI N AvTidpAoN TTPOTINATAI TO BEPHOOUVAMIKS TTPOIOV.

To TTPOIOV TTOU TTAPAYETAl YPNYOoPOTEPA OVOUACZETAl KIVNTIKO, VW TO TTIO OTAOEPO
ovouadletal Bgppoduvapiké. Otav oxnuaTideTal To KIivnTIKO TTPOoIOV n avTidpaon gival
KATw atrd KIVNTIKG €Agyxo, evw OT1av oXnuaTifeTal TO BEPPUOOUVAMIKO TIPOIOV N
avTidpaon gival KATw atrd BepodUVAUIKSO EAEYXO.



2YZYITHZ NMPOZOHKH ZE KAPBONYAIKEZ ENQZEI2

2YZYTHZ '"H KANONIKH NMPOZOHKH? 2YNOHKEZ ANTIAPAZHZ

369 kJ molt 0 jl\/\
=]— — -
FBiH/ )I\’/ “CN

’_/
280 kJ molt



2YZYI'HZ MPO2ZOHKH 2E KAPBONYAIKEZ ENQ2EIX
ZYZYIHZ 'H KANONIKH MPOZOHKH? EIAOZ KAPBONYAIKHEZ ENQZHZ

0 1. Buli, -70 °C to +20 °C

x\ PP PP S
M| H . Bu
o, f-unsaturated acyl chloride
0

1. Buli, -70 °C to +20 °C
2. H,0 Bu O

Ve NH NMe- NMe,
0
H‘Mm,ffji“\ T ‘““H;”JLR‘
T "'\_\‘H
\‘“ Cl NH,
0

\)J\ . /\)J\

OMe HoN OMe

o funsaturated ester Aev gival OAeG o1 TTPOOBNRKEC AVTIOTPETITEC. AKUAOXAwpPIdIO
divouv oxedov travra tnv 1,2-1pooBnikn, evw a,B-akdépeoTta
apidia divouv oxedov mravta tnv 1,4-1TpoconkKn.

maost

/

4

/

proportion of direct addition to C=0

% G
=

)

(>

least

o, p-unsaturated amide
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2YZYTHZ 'H KANONIKH NMPOZOHKH? EIAOZ KAPBONYAIKHZ ENQZHZ

NaBHg, EtOH
CHO —
P N Ph MDH % NaBH,, EtOH f
% yield
Et CﬂEt
70 uj CP 0 TYY OH

0 NaBH;, MeoH O
—_—
MEDJ\{ Men)H/
Ph Ph



2YZYITHZ NMPOZOHKH ZE KAPBONYAIKEZ ENQZEI2

2YZYIHZ 'H KANONIKH NMPOZOHKH? EIAOZ MYPHNO®IAOY

H PhS H;;_}EhE °C, SPh
R—
= —_—
\/\I( o \\/Y
0

a thiol thiophenol 0

«ZKANpA» TTUPNVOQIAA €ival ouvBWS ATOUA TWV TTPWTWYV YPAUPWY Tou leplodikou
[Mivaka kal @épouv uwnAn TTukvoTnTa @opTiou, evwy «MaAakd» TTupnvOo@IAa cival
OouVNOWC AToua TWV TEAEUTAIWV YPAaUMWY Tou [epiodikou lMivaka Kal 0 PEPOUV POPTIO
 €XOUV NEYAAUTEPQA TPOXIOKA KAl TO QOPTIO DIAXEETAI OTA TPOXIAKA.

EidIkOTEPQ, nAekTpapvnTiKG @opTicpéva mupnvogiAa (F, RO, CI) kar oudétepa
NAEKTPAPVNTIKA HopIa €ival okKANPG TTUpNVOQPIAA. OEIONEC KAl POOPWPIKEC EVWOEIC
gival JaAaka TTupnvogIAQ.

Hard and soft nucleophiles

Hard nucleophiles Borderline Soft nucleophiles
F, OH", RO-, SOF~, CI-, N3, CN~ I, RS™, RSe™, 52~

H-0, ROH, ROR’, RCOR’, RNHs, RR'NH, RSH, RSR’, R3P
NH3, RMgBr, RLi Br alkenes, aromatic rings
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2YZYIHZ 'H KANONIKH NMPOZOHKH? EIAOZ MYPHNO®IAOY

® Hard/soft reactivity
Reactions of hard species are dominated by charges and electrostatic effects

®

® Reactions of soft species are dominated by orbital effects

® Hard nucleophiles tend to react well with hard electrophiles
®

Soft nucleophiles tend to react well with soft electrophiles

® Hard/soft—direct/conjugate addition
® Hard nucleophiles tend to react at the carbonyl carbon (hard) of an enone

® Soft nucleophiles tend to react at the f-carbon (soft) of an enone and lead to
conjugate addition

AVTIOPACEIC YUE OKANPA TTUPNVOPIAG CUVINOWC £XOUV QOPTIOUEVA EVOIANEDA, EVW OF
AvTIOPACEIC MAAOKWY  TTUPNVOPIAWY  EUTTAEKOVTAl €VOIAUETA OTTOU  Kuplapxouv
AANAAETTPIOPACEIC TPOXIAKWV.
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2YZYIHZ 'H KANONIKH NMPOZOHKH? EIAOZ MYPHNO®IAOY

H PhS H;;_}EhE °C, SPh
R—
= —_—
\/\I( o \\/Y
0

a thiol thiophenol 0

«ZKANpA» TTUPNVOQIAA €ival ouvBWS ATOUA TWV TTPWTWYV YPAUPWY Tou leplodikou
[Mivaka kal @épouv uwnAn TTukvoTnTa @opTiou, evwy «MaAakd» TTupnvOo@IAa cival
OouVNOWC AToua TWV TEAEUTAIWV YPAaUMWY Tou [epiodikou lMivaka Kal 0 PEPOUV POPTIO
 €XOUV NEYAAUTEPQA TPOXIOKA KAl TO QOPTIO DIAXEETAI OTA TPOXIAKA.

EidIkOTEPQ, nAekTpapvnTiKG @opTicpéva mupnvogiAa (F, RO, CI) kar oudétepa
NAEKTPAPVNTIKA HopIa €ival okKANPG TTUpNVOQPIAA. OEIONEC KAl POOPWPIKEC EVWOEIC
gival JaAaka TTupnvogIAQ.

Hard and soft nucleophiles

Hard nucleophiles Borderline Soft nucleophiles
F, OH", RO-, SOF~, CI-, N3, CN~ I, RS™, RSe™, 52~

H-0, ROH, ROR’, RCOR’, RNHs, RR'NH, RSH, RSR’, R3P
NH3, RMgBr, RLi Br alkenes, aromatic rings
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2YZYIHZ 'H KANONIKH NMPOZOHKH? EIAOZ MYPHNO®IAOY

MeMgBr
Et,0 = |
_—— 4
Me y Me . Me "
e e €
Me Me Me
43 % 48
0 MeMgBr 0 Me
Et;0
—_——— =+
Me Me Me Me M
e
Mé Me Mé Me Me
a3 % 7
@ﬁ
Me
conjugate
addition of Me
transmetallanon organoconner ) ® H20
Me—MgBr — = / 0~ MgBr ©
+ MgBrcl Me
Me Me

copper(l) recycled: only a catalytic gquantity is requi-——~
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2YZYTHZ '"H KANONIKH NMPOZOHKH?

® Summary
Conjugate addition favoured by Direct addition to C=0 favoured by
Reaction conditions ® thermodynamic control: high ® Kinetic control: low temperatures,
(for reversible additions): temperatures, long reaction times short reaction times

Structure of a,f}-unsaturated ® unreactive C=0 group (amide, ester) ® reactive C=0 group group (aldehyde,

compound: acyl chloride)
® unhindered § carbon ® hindered f carbon
Type of nucleophile: ® soft nucleophiles ® hard nucleophiles

Organometallic: ® organocoppers or catalytic Cu(l) ® organolithiums, Grignard reagents



2YZYITHZ NMPOZOHKH ZE KAPBONYAIKEZ ENQZEI2

NPAYTE TOUG UNXAVIOHOUG ME TOUG OTTOIOUG MTTOPOUV va TTapaAn@louv ta
TTPOIOVTA KOl TTWG 0a HITOPOUCOHE HE (PACHOTOOKOTTIKEG MEBOOOUG va
AVOYVWPEICOUUE TTOI0 TTPOIOV £XEI TTOPACKEUACOEI

0 0
Me,NH
MesN OMe --=—— OMe
c A
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MNMpoTEivETE UNXAVIOHO YIA TOUG TTOPOKATW METACYXNHATIOHOUG

No NaOAc 0

e 2 — =

‘\""-._/" HOAG Gw Nﬂg
OMe OMe

‘ EtOH
—_—
MeHN
. 0 N 0

I‘l.r'leJlr



MYPHNO®IAH NMPO2ZOHKH ZE KAPBONYAIKEZ ENQZEIX

NMYPHNO®IAH NMPOZBOAH ZE KAPBO=YAIKA MNMAPAIQrA

® Tetrahedral intermediates

Substitutions at trigonal carbonyl groups go through a tetrahedral intermediate
and then on to a trigonal product.

O Nu 0% 0
A
o R [y Vol PG |
Nu R X R™ICX Nu R
trigonal planar tetrahedral trigonal planar
starting material intermediate product

Mucleophilic catalysis in ester formation

@H @H%KE—FQE@**“*@

reactive trigonal
intermediate



MYPHNO®IAH NMPO2ZOHKH ZE KAPBONYAIKEZ ENQZEIX

MYPHNO®IAH NMPOZBOAH ZE KAPBO=YAIKA MNMAPAIQrA

18 1842 rapid migration of 18
0 0 2

protons between
J/’\ oxygen atoms %\
RT® X —= R[S ———= R7/™y
| H20 0g
H2

the tetrahedral intermediate can collapse to give the carboxylic acid product

"G0H2 0

0 0 36%)”2
R /.; J'I\@ J'I\ R _ = J’I\
4 X R OH, R 1804 ) X R X

Tnv OtTap¢n Tou TETPAEOPIKOU €EVOIAUECOU TNV TIIOTOTIOIEI TO YEYOVOG OTI Qv
CEKIVIIOOUME ATTO ETTIONUACHEVO OAKUAO-TTAPAYWYO HE 0OCuyoOvo-18, TOTE TTPOKUTITEN
MiyHQ ETTIOCNUOOPEVOU KAl U ETTICNUOOUEVOU KAPBOEZUAIKOU TTPOIGVTOG.
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NMYPHNO®IAH NMPOZBOAH ZE KAPBO=YAIKA MNMAPAIQrA

0 most reactive
)L acid chlorides
R Cl (acyl chlorides)
i J\
R 0 R acid anhydrides
i
R OR? esters
i
R NH, amides least reactive

@® Conditions for reaction
If this reaction is to go

0 0
J'I\ i JL ©
. X
R X R Y

1. X must be a better leaving group than Y (otherwise the reverse reaction
would take place)

2. Y must be a strong enough nucleophile to attack RCOX
3. RCOX must be a good enough electrophile to react with Y~
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0
acid chlorides are made 0 u 0

from ¢ :1|T:ru:u-'.~.._-. ic acids /\)L cl” Sl /\)I\
with thionyl chlorid -
ionyl chloride OH Cl

80 °C,6h 85% yield

0 0 o 0™ " cl 0
J b e D Fo G
R o NI R )u” ~c T R 0 Y —> R o S0,
unstable intermediate ¢l
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0 0
acid chlorides are made PCls c o
from carboxylic acids with OH — = Cl t"[:f'__.?g":
phosphorus pentachloride yiek
02N 02N
®

H
|
CI ‘3 H 9 _H
0 Cly 0 0 0 0 Cl A
C < a / P
. — )l\@/qu — - JI\ _PCly — _PCly — = » :: -
OH 0 }0 . 0 (j:| cl ol

q

H
Cl
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O _Me 0 ) Me 0 /}\R,,fl‘ﬂe |

H N H N Me
J | © ci |
= Me Me reactive intermediate

e = crl

Cio I Cl
cl ol cl \5 cl cl . )\
0 0 0 0 @ Me
o — /k — | — — H N
\ _Me °
H N
|
M

=22

K‘CI -H R 0 cl R o R o
- —_—
@ _Me Me )\J Me @ _Me 0
H/%qf H)é:f H N“‘*N/ H)ENH
| | | | Me
Me Me Me Me H -
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OH

0 7 0 0 MeMgBr
)I\ )J\ J‘l\ = /%
R1 R2 R OMe R™ | Me

heti i 1
OMe substitution R Me

Bng—/w\mK;P 9 j\
R OMe I?'ﬂ OMe R Me
e
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OH

0 MeMgBr
)I\ )J\ J\ l )V
OMe substitution R OMe R MEME
D 0 oM
e
JJ\ _OMe HN
R N |
R Cl Me
e
a Weinreb amide
(an N-methoxy-N-methyl amide)
during the reaction: o _MgBr
0 0 0 s
tetrahedral |-1'_er|*'u:~:1|._=.-_e is
stabilized by coordination
N*”GME N},’UME N~ OME f the s |-'._,D|- oxygen aton
|!{| — > Meplq Me | ml magnesium atom
Ve Ve e Me

MgBr

on quenching with acid:

0® 0
_OMe H® _-OMe M
N —_— —_— E
Me | Me |E'
Me
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0 H
IR 1710 cm-i----e-jj\ N L -
M

- 7 = 7
T
COH H OH IR 1400 cm-1
hydroxylamine
A
absorption
1400 cm1
time
intermediate formation

Mﬁ”” D NHOH ®
v O -

—_—

+H HO, NHOH
COz P co? Ph co?
dehydration of the intermediate to give oxime
H
f,‘ NHOH H,0 (. NHOH H@KUH N
X & —— )l\ —— ----iR 1400 cm™?
Me co5 M co; Me co;

M co5
oxime
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+ HQ'U
cat. H*

imine

this step rate-determining below pH4

-

n
APh_ )\ Ph_ h/l\ Ph X, Ph
Ph H HzN —ph @*"’ ——p o N ‘“\Nj --—F'hAN

H imine

hemiaminal
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0 H
L‘ TsOH catalyst \I/\N
H { ] benzene, heat Q

—-H>0 (Dean Stark) enamine

|-F9

only proton iminiu
an lose is this
D

Tyl o



