ALDOLNA REAKCIJA

#* U PROTICNIM USLOVIMA * Katalizovane bazama
* Katalizovane kiselinama

#* U APROTICNIM USLOVIMA (Reakcije preformiranih enolata ili dirigovane adicije)

* U baznim uslovima
* U kiselim uslovima

ALDOLNA REAKCIJA U PROTICNIM USLOVIMA (INTERMOLEKULSKA)

>
0 @B (S ”\ 0 H O‘H\o (0]
L = | & — (I = [ il V2N

6 kcal mol!
O-H 104 kcal/mol
C-H 98 kcal/mol
pKsa20na18:-2,7 kcal/mol

* Samokondenzacije aldehida

NaOH, H,O, EtOH: za aldehide do 6 C-atoma

>6 C-atoma: dehidratacija

0 OH
NaOH, H,0
—_— CHO 50% K=400
H 4-5°C

1N NaOH, H,0O

/\/CHO >
80 °C

86%

NaOH, H,0
EtOH

>

OH
CHO
KOH, H,0O > 75%
+
CHO

OH OH OH O

K,CO;, H,0

o/(o
CHO 2 iy 94% (X 66,7% )
\/ 6-8 °C \)\H\
OH



* UkrStene adicije aldehida

* Akceptor: sterno manje zasticena CHO grupa

N"cho

+

Y\CHO N

0
)l + CH,0
>
o o
0 0

s. t.

OH O
/CHO KOH, H,0, Et,0
H
5-10°C
K,CO;, H,0, Et,O
CHZO 2 3 2 2 > CHO
25°C
OH
HO H
Cc=0
Ca(OH),,H,0 HO \
° (C)
25°C OH H><O
L Ho H
Cannizzaro-va reakcija
K,CO;,MeOH
OH 4+ cH,0 A
85°C,48h
_~_ CHO NaOH o
EtOH \

54%

52%

¢
HO

65%

-HCO,H

65%

CHO

86%



* Samokondenzacije ketona

- Nepovoljnija ravnoteZza nego kod aldehida
- Ketoli su skloni dehidrataciji

(0]

O HO
baza
)I\ - )QI\ K = 0,04
AN Ba(OH), 7

u Soxlett-ovom
ekstraktoru

Cl

1° HCl gas D — 2° NaOEt
- > N/ — e e

* UkrsStene reakcije ketona

4 mogucda proizvoda=» mali preparativni znacaj

o) o)
0) _ n=1 39%
. )I\ NaOMe, MeOH>
) -10 do 25 °C ) n=2 23%
n n
(NaOEt)
o)
o) o)
Ph \)I\/ KOH, EtOH .
—_—
Ph + 25 °C on 88%
o) Ph bh
o)
o) o)
Ph Ph
KOH, EtOH
Ph)‘\'(Ph + Ph\)l\/Ph - . > 96%

(0] Ph Ph

(0]

38%



* Reakcije ketona sa aldehidima

Aldehidi - akceptori; ketoni - donori

O O

)j\ . )]\ KOH, EtOH
—_—
H 15 °C

NaOH, EtOH
0-25 °C

O
@/CHO )I\ NaOH, EtOH
+ —_—
0-25 °C
* Nesimetri¢ni ketoni
adicija: C-3
O
)I\/ CHO NaOH
+
e 0 C

. cuo  —XOH
1-PrOH

20 °C

CHCl,;, H,S0,
_

JUGRNS

OH O
83%

OH O

70%

o OH
)\H\/\ $2%
OH O

O
+
HO
86% 14%
Q 0
My
O\/O

836% 14% (0]

Y

43%




Kondenzacija: C-1

fe) (@)
NaOH
PhCHO  + )I\/ NaOH /\)I\/ 99%
0.0 Ph
2
o 0
KOH,H,0
PhCHO + )K/Ph —’2> Ph/\)K/Ph 48%
55°C
OH O OH O
NaOH, H,0 )\/U\/
3-5°C, 6 h Ph * Ph
0
PhCHO  + )I\/ —
0
NaOH, H,O
Ay o /\)j\/ 100%
Ph
s. t., 8 dana
0
o o OH O
—_— —_— R A
R -~ R —HZO
Rl

©
Z
B@
\ oeo H O O

Rl R! R1



* ALDOLNE KONDENZACIJE

Claisen-Schmidt-ova kondenzacija (Ar-CHO)

‘—KOH )\/u /\j —- /\)l
)LH — — S == o X - 5 X ;

polimerizacija

)I\/ NaOH, EtOH
PhCHO  + —_—

H,0,25°C

99%

80%
30 °C

)]\ NaOH, EtOH,
2 PhCHO + H,0,25 °C

/\)I\/
Ph
0
NaOH, H,O /\)l\

PhCHO + —_— > Ph

/\)j\/\

Ph
0

0
0
0
A p, 9%
7

Ph
KOH,H,0
+ PhCHO _— 75%
A



0
¢\ . )I\/ KOH, EtOH /\ .
—_—
N7 CHO T N 90%
H (@]
. {/ \E KOH, EtOH, 089,
ﬁ (o]
o” > cHO 100 °C A
O O
o 0
CHO
. /| Et,NH, AcOH =
o < B HO = 75%
N N
\ 4

NaOH, H,0
PhCHO + _—> 88%
EtOH,s. t.

* Kiselo katalizovana

CHO
NO
: H,SO,, AcOH z
+ —_—
25 °C 84%
CHO
+ :
Cl

HCI, EtOH
_— 73%

®

0]
(0]
X

0°C
07 ~ph
cl O 0
PLCHO HCI (gas) Na,CO;
—_— —_— o,
Ph/\ﬂ/ " 0°C Ph KOAc PhT 81%
O Ph MeOH, Ph



1° HCI (gas)
+ PhCHO —_— 81%
o

2° destilacija

Ph
* Stereohemija dehidratacije
r
H
(0] B (0]
)I\ At H /\)j\
Ar-CHO + R —_— H—2()> Ar R
H < R
OH O E
Knoevenagel-ova reakcija
X X X X,Z = R H NR R
R—CHO . < — > R/\r ,Z =COOR,COOH, CONR,, COR,
zZ 7 COAr,SO,ATr, NO,, ...

Baze: NH;, NH,OAc, Piperidin, Pyr, KOH, PhNH,, Amin+AcOH
Kiseli katalizatori: ZnCl,, H,SO,+AcOH, TiCl,, BF;, ...
Rastvaraci: PhH, PhMe, EtOH, n-BuOH, dioksan, Pyr

COOEt
Br CHO N < KOH (kat.) Br \ 60%
CN EtOH CO,Et

NC
()
COOEt i ,HOAc, PhH o CO2Et
CHO + < > 90%
COOEt A CO,Et

O

(0]
(0]
CHO DMF, bez katalizatora N N
Ph/\/ + <j >< s, 1 > Ph Q 75%
o .t |
0 (0] O

ili: (j , AcOH, PhH, A : 78%
N
H



CHO

‘O on CN.H

100 °C

CO,Et

CO,Et

< :N'H’ACOH
>

CH,Cl,, A

Fe

< f;oK

o)
ZBVJL\ CN NH,OAc, CeH,
+ >
COOEt A
CN N-H
o LGN
COOEt 100 °C
[j o . CN NH,0OAc
N COOEt PhH, A
CHO
CN N-H
> < @
+ —_—
q COOEt s. t.
Me

Doebner-ova modifikacija Knoevenagel-ove kondenzacije:

COOH Pyr

/\/CHO "
100 °C

COOH

COOEt

(@)
z

O
OO 90%
O
@/j)%,
Fe O O

91%

COOEt
N 81%

CN

100%

: CN
COOEt

CN

CO,Et
70%

COOEt

CN

94%

COOH
S e e 30%



10

H,NO,C-CH,-CO,NH, 0 COOH

{ X
60-70 °C COOH 60%

Pyr, 100 °C o) - COOH
> [
6] 100%
COOH piperidin O,N - COOH
cHe- < 660 W, 15 k> 99%
COOH mw, s sek.

baz rastvaraca

O CHO COOH

O COOH

(ili: piperidin, EtOH, A, 7 h, 79% )

o, 0 { NH HOAc \SOMe N S0Me
s?_CO,Et Lil, DMF
PhCHO  + N0 e — —_— s

A CO2Et A

* Mehanizam

@ . }
* i @—H R—ICQ\IG R__r}
rR-cHo .+ < —_— x
4 R OH -H,0 ~ 1
: o H-T~Z
H (e} X
x>z B
\J
O QOH
X ||3 X .
>@ CH _— \5 —_— R/\r
z ' 27N R
’ D -
]
B
o)
COOH Pyr 0};,\ ‘o\) coom
R—CHO + < — R H R/\/
COOH H COHA_p, co,
\ Pyr
COOH f
RN co,

COOH



* Stereohemija

QOH
NC
CN COOEt
RCHO  + — —
COOEt R u
H
B UL
H
COOEt
COOEt >=o ZnCl, COOEt -
+
COOEt Ac0,4 ol_0*--znacl, -AcOH

T

Z o
O © < TicCl,
+ ﬁ
o) o) o%
o)

0,Et

) e

R/\(COOEt

CN
49%

: COOEt
COOEt

70%

* Aldolne kondenzacije potpomognute ciklizacijom: Perkin-ova, Stobbe-ova i Darzens-ova reakcija

* Perkin-ova reakcija

O 0
" " KOAc CO.H
Ar—CHO R-CH,-C—-O- C-CH,"R 2
r * 2 2 (ili NaO Ac, Af/\r
ili Et;N) R

~ +
(0] G Na Oj
NaOAc n
O,N CHO + Ac,O —_— )I\ J\ _
’ C ? 100 °C o} \/\IC H

Ar




CHO OAc 12
Et;N N
+ Ac,0 — +
OH 4,12h oo A co,H
40% 12%

* Preko Azlaktona

o)
rcozH Ph/\—(o
PhCHO  + NaOAc / E PhCHO

HN\n/ A0, A, Y — > NYO 77%
0 odvajanje H,O Me Me
>=O’H20 HCI, H,0, A
A
0
© HCI CO,H H,, PtO, CO,H
€O, -— Ph/\r 2 -« Ph/\r 2
Ph/\r H,O AcOH, s. t. Ph OH
@NH3 NHAc NHACc 0

86% 94%

* Stobbe-ova kondenzacija

COOEt b COOEt
R—CHO |: _oaza o R
COOEt

COOH
Baze: KOt-Bu, NaH
Rastvaraci: terc-BuOH, benzen
OMe
(0]
00 ren e
. OEt K Ar Ar e
—>
OEt ©0 —_— o CO,Et
o) H —>~o0
0 A COEt 0
CI — -

OMe

90%
@ X N cooH
COOEt
Cr



CO,Et

1° t-BuOK, t-BuOH, A CO,Et
\/\/\/\/\/\ + = . = — H'C11H23 N
CHO 2°H,0®
CO,Et CO,H
HCI (gas),
EtOH,
s. t.
CO,Et
n-Cy;Hy; N
589, CO,Et
CO,Et (@)
X
t-BuOK. -BuOH_ CO,Et
CHO + e
MeO COzEt 90%
CO,Et
OMe

\/O\ﬂ/\o/\ﬂ/ov
o) ¢

X CO,Et
(@) COOH
MeO ~~

* Transformacije proizvoda

(@]
CO,Et CO,H
t-BuOK HCI ZnCl,
' B OH> H,O > AcOH
t-Bu 2 c
CO,Et CO,Et
z Ac,0,A
84%
smesa izomera
a,BiBy
Cl Cl
(Y ... ()

H,SO, konc.

—_—
COOH AcOH OU COOH 80%
&, T



Br
CcO,H Br n-CeH 5
n-Cotly3™ ™ — cop  —NaOH '
CCly,s. t. BY H,0,90 °C
COZH COzH n-C6H13 CO2Na
95% l
(@]
o ® (0]
)l\/\ H;0, A CO,Na
n-C4H |, CO,H 5 nGeHi ? - Q
5 —
85% CO,Na n-CgH, ! CO,Na

* Darzens-ova kondenzacija (glicidno-estarska kondenzacija)

O

baza 1
XvZ 4 Rl\n/R2 — R () 7
(@] R?
X =Br, Cl
Z = COOR,CN, COR, COAr,...

Baze: t-BuOK, NaOEt, NaOH

Rastvaraci: t-BuOH, H,O, DME, THF, ArH

CO,Et
Q KO Qa 2
dodavani ©
sporo dodavanje
* a”co,Et > COEt | —3
%-OH ,10-15 °C Oe
83-95%
Br
/\/\)\ O
CO,Et, NaOEt AcOH
> > 45%
ksilen H,0 CO,Et
0
NaOH, H,0 Ph, H
PRCHO + oy Y T e YY" o

oksan,

1 H O

0
—~ JO]\ NaOH.H0 Ph P
+ sk .
c1” ceN Ph TEBA 1015 °C )W"‘CN 80%  *TEBA: Ph” “NEt, Cl



O

NaOH, H,O0

N

Cl CN

TEBA,10-15 °C

O
ST+ e
O

NaOH
EtOH

02N©—\ *  PhCHO
cl

p-TsOH (kat.)
_—

Q

7Q\ 61%
CN

Q COO%

t-BuOK

t-BuOH —
10-15 °C

82%

94 %

Ph

PhCHO  + PhNH X
’  PhH,-H,0,A Ph- = NPh
Ph
R %OK 4
Ph” SNPh 4 > CONEL, < > / \ot CONEL (50
DME Ph

-40 do s. t.



* Stereohemija

PhCHO + e(

PhCHO + 17 > COOEt

* Transformacije proizvoda

Cl

ald
\\ cl
k H Ph
EtO,C H
O@
uslovi
trans
NaH/PhH 90%
EtONa/EtOH 90%
NaH/HMPA 50%

(HMPA ubrzava ciklizaciju)

cyc

+ cis

10%

10%

50%

o 0
NaOEt HCl
HQ\ —on I\ o8 H,0 ili
Ph COOEt  H,0 (13 ekv.) Ph - COO Na 5 0c o
Ph”™® tcl>
OH H
NaOH
O n-CsH,, H3O® A
> > >
COOEt

HO\/\ O/\/OH

O
Ph CO,Et
cis
O CO,Et
Ph
trans
—> >—CHO
Ph
70%
(@]
37%



2. INTRAMOLEKULSKE ADICIJEI KONDENZACIJE
* Dialdehidi

CHO

w OH NalO,H,O o KOH
—_—
> 58%
H,O
OH o

wsnano, (0
100 °C Q
CHO

* Nesimetri¢ni aldehidi: sterno manje zasticena CHO grupa obi¢no je akceptor

AcOH
11?11 ,AcO .
PhH, 60 °C
21 : 1
N J
Y
80%
* Ketoaldehidi
Pod termodinami¢kim uslovima: enon >> enal
CHO
CHO
NaOH
e  ——— %
ELOH, A Q 08%
O
KOH, H,0
—_—
73%

50-80 °C




0 KOH
CHO

ne nastaje

O 5>7
N
H

,AcOH

CHO

KOH, H,0

cho  _KOH.H,0
\"/>< A, 70 °C 83%

O sporo dodavanje
ketona

OBn OBn
Na,CO,

N CHO — >
EtOH, H,O0 46%

(0]

CHO

KOH
MeOH

72%

OBn BnO

K,CO,
MeOH 98%

v



* Diketoni

—X—>
0
0
1M KOH -

2>

MeOH

¢ 25 °C
>

baza

(0]
(@)
O (@)
)I\/\/U\/R NaOEt, EtOH
—_—
H,0,s.t.

KOH, EtOH

s. t.

H,S0,

4,5%

91%

gl

.,
Fouk
fou

A

> 5

3-5% NaOH, H,O

100 °C,72 h

+

79%

0%



20

Q EtO,

i ,AcOH
o > 65-94%
PhH. A, 12 h
EtO, O
0
o HCI, TMSCI EtO, .
ili H;PO, 70-92%

* Asimetri¢na indukcija

0 $
COOH R O R

R N
H H,SO,
—_—
DMF, 16 °C DMF
9 o}
6} o OH
R = Me 100%  93,4%ee 71%

R =Et 76%  99,5% ee



3.ALDOLNE REAKCIJE U APROTICNIM USLOVIMA (DIRIGOVANE)

*U BAZNIM USLOVIMA

* Reakcija po Reformatskom (Reformatsky)

o)
Zn, THF
Br” “COOR  + Rl)LRZ = >
111 C6H6
ili Et,0
0
Zn, PhH
Br” “COOEt  + >
A, 30 min.
o)
J\ . Zn, PhH
ELULELLS
Br~ ~COOEt AL
o Ph
BrZnCH,COOEt  + )‘\A(C%Et Ll;h»
s. t.,
CO,Et
0
AN Zn, PhH
Br CO,Et  + n,

Vreme reakcije

-40 °C, 120 sati

6 min.

45 min.

2 sata

ZnBr
O L4 ~
jl)\ R /<_j 0O o
—
RO e;\j R? R! OR
ZnBr R?
OH O
R! OR
R2
62%
OH
COOEt ¢4
Ph
CO,Et
96%
o)
EtO,C 0
" N CO,Et
OH
HO co k¢
a Y
60 40
40 60
0 100
100 0



* Stvaranje preformiranih enolata pomocu baza

L tbA TR, /\)\ 2 0 /\/u\)\/\
_n >

-78 °C

65%

L
O O OH
1°LDA, THF, -78 °C /\/ll\)\/\
/\)K > X Z 70%

20/\/CHO
o)
1°LDA, THF OMe 2° )I\ OH
co,Me —m———>» = oo - 38%
I O Li CO,Me
o)
H‘\C / 1°LDA THE_  2°PhCHO_ NMe,
N 78 °C 0o 89%
NMe, \ﬁ
OH O
n-CgH 7
o e@.
n-CgH (CH,)¢COOH 1"LDA (2 ckv) > R/\ro Li 2° CH,0
— THF, HMPA (1 ekv.),0°C oe(?; >
1
HOOC
93%
@ O
>e—COOLi + —_— 75%
OH
COOH
OH
SCPh, \ SCPh,
1°LDA, THF 80%
N OMe ° o > N oM
~ 2° CH,CHO, -78 °C ~ OMe



Asimetricne dirigovane aldolne adicije pomocu hiralnih induktora:

Oppolzer-ov sultam

0]
. NaH .~ coc .
/ / /
SO,

o) SO, so,

Org. Synth. Coll. Vol. VilI, 110

0 O OH
A t.uca )H/L
N — N R R=Ph 72% >99% de
2. RCH
% CHO 862 R=iPr 70%, >95% de

J. Am. Chem. Soc. 1990, 122, 2767



* Borovi enolati

O
(Opemo
2

>

Et;N, 0°C

%
PMBO =

OMe

* U KISELIM USLOVIMA

Mukaiyama-ina reakcija

OSiMe;,
TiCl
X + R!=—CHO 2
R CH,Cl,
1°LDA,-78 °C. THF __
2° TMSCI
o}
TMSCI, Et;N
DMF, 130 °C, 66 h
OTMS

+ PhCHO

(C¢Hy),B—Cl

O
H

84%

99%

OTMS

12%

TiCl,, CH,Cl,
i
-78 °C

INEt,

O/B(C6H11)2

e N

L TiCl,

1%

OTMS

88%

OH

Ph
92%



OTMS
TiCl,, CH,Cl,
_

CHO
+ Ph/\/ 78 °C

OTMS
z + /\rCHO

TiCl,, CH,Cl,
-78 °C

OTMS O/w o

o TiCl,
0°C

OH O

92%

60%



Mannich-ova reakcija (aza-aldol)

® O
H
+ ’R,NH + CH,0 E—
RJ\ R NR?2,
R! R!
R = alkil, aril; R! = alkil, aril ili e-privlaéna grupa
(@)
R2=Me,EtiliZR2NH=O [ ] Z S
N N N
| | |
H H H
Oﬁ
CH,0 = formalin, 0_O: \60/\0/\0/\0511
Rastvarac¢: H,O,MeOH, EtOH, AcOH,...
—
®
o H,C=0OH .
)]\ ® o HCI HNMe, @ _~
Ph + CH,O0 + Me,NH, Cl _— Me,NH OH
EtOH, A
®
H,C—OH
[ —
o -H,0
H, u @
QO Me,N—CH,
0 )\
/\)I\ <—Ph
72% Me,N Ph
®
Me,N=CH,
o) AN 0
)I\ (0) (0] ® ©o 1° HCl,MeOH,aceton,A> )]\/\
+ + Et,NH, Cl 0
ko) 2 2° NaOH, H,0 NEt, 70%
[Oj
(0] (o) (o) @) (@) N
1°50°C
R e J_A
Ph H OH N 2° AcOH Ph CO,H 55%

|
H




* Nesimetri¢ni ketoni: termodinamicki proizvodi

O

+

+

+

* Primarni amini

CHO

H<E i

CHO

n=1 90%

n=2 68%

(CH,0);

(CH,0);

(CH,0);3

MeNH,

~\

0 0
®@ © H,0
+  Me,NH, ClI %» NMe, —  MeN
7 : 3
o) 0
® ©O H,0
+ Me,NH, Cl T> NMe, + Me,N
>4 : 1
Q o)
T Hz0 /\/u\/
+ Me,NH, CI X NMe,  +  MeN
3,5 : 1
o)
R]
0
CH,0 \)j\/\ CH,O
R1 RZ
HCI NHR? HCI
Rl
o)
COOH CO,H
o pH 2,5-45 MeNH o
s. t. (
n~ ZCHO
COOH | COH |
CO,H
MeN
. CO:H M
100 °C . C©NMC/ O.H
-CO, Cor CO,H ¢ /‘/
CO,H




(0]
MeO,C CO,Me
H,O
+ CH,0 + MeNH, —_—
MeOH,
s. t.
CO,H
OMe 2
H O©
NH, OMe + o) —
OMe H
OMe CO,H HO,C
(@]
* Ar - nukleofili
NMe,

OH
oM

c

JogR oK™
+
N H,O
H
H,O
CH,0 + EtNH
AcOH

NH,

OH
N
|
H
MeO
2°HCI, H,O,s.t.,12 h
MGOQ/\/ , 1,0, 8. 1.,

)
Ph\/O

Ph
Pictet-Spengler-ova ~

ciklizacija

OH
CH,O0, Me,NH, H,0 MezN/\<)/\
>
OMe
()
—_— HO 90%
[}

1° CH,0,H,0,MeOH, A, 1h
>

(@]
:@: NH
MeO
38%
OMe

CO,H

77%

80%

O

precoccinellin

NEt,
95%
MeO
NH
MeO
O\/Ph 50%



* Mannich-ova reakcija preformiranih iminijum-soli

Rl\@ )
R'R*N___NR'R? 4 AcCl —_— = Cl + AcNRIR?
RY
& .| © 150 °C ®_ ©
Me;NT 1| 1 e MeN= | 1
o) o)
® o " " ® (<)
Me;N—O + CF;C—O—CCF; ——p Me,N= | O,CCF;
® e
MezN/\NMe2 + AcCl E— Me,N= Cl
® o,CO,Et ® o CO,Et
Na Me—=< + =NMe, ClI — 70%
CO,Et Me,N CO,Et
® (€]
=NMe, 0,CCF,
CH,Cl,, 40 °C 95%
o)

® o CH,CN ®@ ©
)\é + =NM€2 Cl —3> == NMe2 Cl 77 %
80 °C I
H

NMe,

COOM 1°LDA
>

\r\/\(\ ) ® o z COOMe
2° =NMe, Cl .78 °C

NMe,

0
~
%
0
1°LDA o
_—
0 ® =) 80%

2°=NMe, CI O

66%

28



O o NMe, O

e/ © Rastvarac
+ =N\ 0O,CCF; _— +

NMe,
CH;CN 0 : 100
CF,COOH 85 : 15
OTMS 0]
®, © NMe,
¥ =N OTFA —_— 659
\ (]
OTMS 0
®,/ © Me,N 9
+ =N OTFA —_— 2 9%
AN
o
o)
_© e —_— 95%
+ =NMe, OTFA
TMSO

m (ITD

* Transformacije Manich-ovih proizvoda

* Eliminacija

0 ® o 0 0
/u\)\ CH,0,Me,NH, Cl> /\/u\)\ vakuum \/u\)\
Me,N

MeOH,A,6h destilacija

63% 59%

~H
COOH (o\

G?HE 4
H,0 o q t NaOAc

+ CH,0 + Et{,NH E— —_>
n-Bu (0] AcOH n-Bu O

n-Bu (@]
L — 62%




1°LDA, THF

. @® (S}
O 2° =NMe, I
O —_—_—m

H

O 100%
. 3° Mel
i\o': 4° NaHCO,
(0]
1°LDA, THF
o @ e
2° =NMe, I
31%
3° Mel
4° NaHCO;
o
0] 0) O
)I\/\ Mecl )I\/\@ FtoNa,
NMe, NMe, Cl > —>
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