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1. Carbanion Reactions of Carboxylic Acid Derivatives
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1.2. Dieckmann condensation : An Intramolecular Claisen Condensation

p . a aca . . . a . X A4 aaa Ao !
LB diester Lﬂmﬂgﬂim internal Claisen condensation AztnNAMNLAIY (ring) U1 mﬂgmmulﬁﬂmﬁ

' 1
= = =

Dieckmann cyclization WAZNUWAIUTHA 5 38 6 LWAEN (five- or six-membered ring) %LﬂuTNL@qu}mewm

q



(0]

(0]
[ i
Co C
CH, TOEt EtO” ) TOEt
Acid C\/
C
”\OEt C%O
O
Diethyl adipate Ethyl 2-oxocyclopentane
carboxylate
nalnyeqtlfjizen
O
0 ?\
ol \OEt
< CLUe” gt > < C
L — <—
C—OEt C_OE . C‘>0Et
[l 0%
(0] O g O
) /\ } ARy !
~OEt H—Cl & OEt L 0kt
0 So So

Ethyl 2-oxocyclopentane-
Carboxylate

(74 - 81 % yield)

deprotonation ledutl
aziilu driving force iUz

Aalfneminunnau
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2. Bifunctional Compounds
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2.4, ‘]J;jﬁ“ﬁ‘mﬂm\‘l B-dicarbonyl compounds
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Commonly used bases

H-O-H "OH 15.7
Water
CH,O-H CH,O 15.5
Methanol
CH,CH,O-H CH,CH,O 15.9
Ethanol

Simple ketones and esters

CH,-C(=0)-CH, CH,-C(=0)-CH, 20
Acetone
CH,-C(=0)-OCH,CH, :CH,-C(=0)-OCH,CH, 25

Ethyl acetate
[-dicarbonyl compounds
CH,CH,0-C(=0)-CH,-C(=0)-OCH,CH, CH,CH,0-C(=0)-:CH-C(=0)-OCH,CH, 13
Diethyl malonate (malonic ester)
CH,-C(=0)-CH,-C(=0)-OCH,CH, CH,-C(=0)-:CH-C(=0)-OCH,CH, 11

Ethyl acetoacetate (acetoacetic ester)
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n.) U318 Malonic ester (Malonic ester synthesis)

Malonic ester synthesis WuAgwsenanslszney a-(mono- 178 di-) substituted acetic acid #
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R—X —>via malogic R—CH gOH
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Alkyl halide o-substituted acetic acid
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C—OFt C—OFt
(ll) I
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v
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malonate sWNUjseAunsaudalianFeuaniinljisen decarboxylation Tuuazlfasisznay

alkylacetic acid \unaniurinaung

Lo ]
I i) ‘OH, H,0 ?_OH A i
R—CH o~ RFGH —2 »  RCH,COH
C—OFt i) H30 ﬁ—OH -CO,
(0]
Monoalkyl malonic ester Monoalkylacetic acid
g OEt I H
i) OH, H,0 (f_o A
R—C—R' T —— o R—?—R' ——> RCHCOH
c—opt D ¢—on e '
(0]
Dialkyl malonic ester Dialkylacetic acid

wunene 150 decarboxylation ilutlfisenanmwaz iR miu 1,3-dicarboxylic acid Wit Tnanalnlu
nafinfjisenaziin 6-membered ring transition state fieuyl carbon dioxide axugaaanliudaiin

1l enol form
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/O
O—H —C/
— - tautomerization |
0=C o —— R O-H o> R—C—C—OH +C02T

/
>% d =S i
R \ H 0—H
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1.) Uf)i3e1184 Acetoacetic ester synthesis

Ufjiseniiazadneriu Malonic ester synthesis waiazsfunNNdLani e ldaziiu ketone
17781284 Acetoacetic ester synthesis {luLf)i3e1n13491A31297 substituted acetone TngiFuann

alkylation a191/3vnay ethyl acetoacetate kAR NAEL]T3EN saponification, protonation waz decarboxylation

ANNANAL

aaa = Zl/ A
ﬂ@iﬂ"ﬂﬂﬂﬂgﬂi‘ﬂ’m 3 1AL AR

Qe

=2

U1 deprotonation 184 ethyl acetoacetate

. ..@
(0) : HOH (0]
I T | I
?—OEt ??—OEt ﬁ—OEt ?—OEt
EtQ: + H(;?H T_——— @:(le <—>Q$H <> (ﬁH
C—CH; C—CH; C—CH; C—CH;
I I <l [
L e gs’ |
+ CzHSOH

Resonance-stabilized anion

0
—om {0kt

H—#? + RI§ _EOH . R—CH f X
C—CH, C—CH,
) i

Monoalkylacetoacetic ester

pry . o = = = o = a aca . P
WB3IAIN monoalkylacetoacetic ester $NN o-H Ladagan 1 mmmmaamﬂﬁgmm alkylation #an

AT AIANNNT

i i i

C—OEt C—OEt C—OEt

' EtO” |CL///A‘F11X I )
R—?H —_— R—?: —_— R—(ll— R + X

ﬁ—CH3 ﬁ—CH3 ﬁ—CH3

O O O

Dialkylacetoacetic ester
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4u¥1 3 : hydrolysis wAaeNAIEU73EN decarboxylation

C—OEt ) __OH
. i) OH, H,0 ¢—O A D
— —_— _
i) 10" = oo Rettc
q—CH } C—CH 2
(¢}
Monoalkylacetoacetic ester Monosubstituted acetone

[

&31 dialkylacetoacetic ester AaziiATUNNUBLABANU Al

C”) 0
Il
C—OEt C—OH
R R i) OH, H,O | A Il
T ..+ » R-C-R —— RCH,CCH;
C—CH i ) H;0 | -CO, |
' 3 ﬁ—CH3 R
Dialkylacetoacetic ester Disubstituted acetone

2.5. U)N381289 Reformatsky

qINN1sANHUAFENN9AN (addition reaction) 284 aldehydes uaz ketones Angl Grignard reagent,

. . . . a P aaa A Y a o o @ o Y ' Y o d"
organolithium Lag sodium alkynides 1/1mum%gmﬂgmmmmu%”l‘mm@mnmmLﬂuﬂaﬂ@a@mummq’] IReail

5_6;\ H3O+ |
RMgX +™C=0 ——  » R—C—OMgX —2» R—C—OH

8'6\ ~ +
RLi + >C=O _— R—(::—OLi LO> R—%—OH

50 \ X | H;0"
RC=CNa  + (=0 ————> RC=C—C—OMgX —~ »RC=C—C—O0OH

o ¥ ¥ A '

Ufisenanatispuilandanezadaiudfisandefiuneljisenisfinaes organozinc reagent vy

a
[

carbonyl 789 aldehydes ¥38 ketones Ufjfi3eniFandn Reformatsky reaction @aiflurlfjiseniildsielnsea¥i
P1FUBLYRY aldehydes 1138 ketones liildin@niuaiiu B-hydroxy ester Ujfsentiazifluntsvindfisansendns

aldehydes 138 ketones fiu a-bromo ester tnadlanzdanzd (Zinc metal) agdne Tnavia ludvinazatenld
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azflunudy  wandneimiiatuluneuwsnaziily zinc alkoxide @9azgnhydrolyzed Wnlilanaasuaiiiu

[B-hydroxy ester ANNANNT

\ | ey .

/c=o + Br—T—COzR beanIL — C—C—co,k B9 (B (%cor

chyde -bromoester -hydroxy ester
Aldehyd B-b g-hyd

or
ketone

' %

. . Aa X - ) = o a A o N o
intermediate NiNAI Iuﬂ{]ﬂﬁ‘ﬂquLﬁ@quﬂu organozinc reagent EﬁQ’QszqVLﬂLmNV]MH carbonyl Iu@ﬂHmZLﬁﬂqﬂU

Grignard reagent

o

nalnuaalfjisen A

\
N K_\‘C=O BrZrO . OH
7 §'/]s / [ H;0 [ |
Br—C—COR  —ZL— s BiZn:0—COR ———> —C—C—COR —» —C—C—COR
cnzene

{83937 organozinc reagent deslaluniaifindjizenteandn Grignard reagent AutiuaslidnluiFism

' o o Aa X aaa X o o % Py >
Ny ester aUTU B-hydroxy ester mﬂmu‘Luﬂgnim Reformatsky 1azpnniamun (dehydrated) e It
o,B-unsaturated ester HtillaeaInUisanndmun (dehydration) Hazinliifinszuuds C=C Az conjugate fiu

C=0 294 ester

OH
| H;0" N/
—C—C—CO,R > =C\
. A, (-Hy0) /" “c—or
Y
B-hydroxy ester oL,B-unsaturated ester
Faati1era9l])isen Reformatsky 11w
(0] OH
[I 1.)Zn |
CH;CH,CH,CH + BrCH,CO,Et 2) 0 - CH;CH,CH,CHCH,CO,Et
-) H3

Butanal Ethyl bromoacetate

Ethyl 3-hydroxyhexanoate
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2.6. 173811 Michael Addition

U381 Michael addition {utlfjisen conjugate addition 184 carbanions Lua1sLszneULlsTiAN
o,B-unsaturated carbonyl #elfjisenugnAunulag Arthur Michael Tuil 1887
Enolate ion 71lAx1AN8RRLE189 malonic ester Faiflu B-keto ester aziinfjfi3en conjugate addition

Auanstlsznautszinm o,B-unsaturated carbonyl Aaatieteslizeniliun

\\c OEt 9] \\C o)

I / NaOEt (catalyst) i S —OEt
H;C—C-CH=CH, + H,C —— > H;C—C-CH,CH,CH
\ EtOH \

C—OEt C—OFt
o// i

nalnlunisiiadisentlazwiiewiunalnlnesialid wiud[isen nucleophilic conjugate addition uaz
lulfjizen Michael addition il enolate ion ﬁlﬁm%umﬂﬂﬁﬁ?mixudw ethoxide iU diethyl malonate azifl

nucleophile wsintrdunmreljisentiazsinglain Claisen ester condensation mssidnUfjisentiazldualu

A

Psnnouandesineidusiogaljisen (catalyst) windn vietiitlesandjisanildandudecliifianisunnsa
. . . =2 . a o cd o o Y |aaa o a v o = a X
(ionization @4fiA@ N3 deprotonation) wednARATNeNALITFeAEulIEwmd Gasiinaulilag
anysnliilesaniuse T 199 C-C Tuanssas (a,B-unsaturated carbonyl compound) AzgnuNuifaeiuse o 7
WA9K39N9N

o

nalnlunsialfisen JAH

(0] (0]
N\ AN
— (0] -

I A V/\@/C OFEt NaOEt (catalyst) I /C Ot
H;C—C-CH=CH, + :C —————> H3;C—C=CH-CH,CH
\ EtOH Oee \

C—OEt C—OEt
7 7
0 \ 0

}ll

(CH(COZEt)z
N\

o i /C—OEt
¢tCH(CO,Et), + H3C—C-CH,-CH,CH

//C—OEt
(¢}

nsldUfsen Michael addition Tun1sdainsziians avsasfiansaunnendinsazEuainaisssusa o
o L A o oo X ama, X 2y Ly Y
prRunIAANINNGIIL TelmazRAndueRsTuAIN U TEen s EusuaInanssesiu - (reactant) 5

WaNRA LW NARAUTENEIeNANIANANIRNEY 2 f A9l



17

EtO—C\ ° i (l? o C—OFt
C=CH, + :CH,—C—CH; i H,C—C-CH=CH, + i
EtO—C\\ //C—OEt

0
An 1 A7 2

4 a Lo ey " o Ao aae
nishaziaenansaesiug lasesgneudnlaatniuds enolate Mwnangeundiazfindiseruuy
conjugate addition wifuuaniusendraziinljAsanivy carbonyl (carbonyl-group reaction) Fariudinazli
A laxa , N 4. o v oA a L
\inUfjAzen conjugate addition 1nfigaazfadiaen enolate Nilluuaiiasgn AaAn 2 Wuies
uanaINHUATE1 Michael addition feiidselamian an dundndusiminIuazaisninlfise)

Aldol condensation Wani1 liAan1stlaaaumau (ring closing) 181 iu

S
CH3 CH3

i
C._ _CH; o N
. me—cn-decn, Ko 0,
C MeOH =0 benzene
o . " 0 | 0
(Micheal addition) CH, -H,O

(Aldol condensation) (35 - 65 %yield)

ﬂﬁﬁ?mﬂf@ﬂﬂdﬁ Robinson annulation @sAun1ilne Sir Robert Robinson

3. Stereochemistry a41{)AF8184 carbanion

Ca diaee e da Xy e awny o o o , 4 =
Stereoselectivity : Aan1sNILIze AN A7 MiAaTuLAN W IFuARADuaTTLY sterecisomers gUwilsnnnndnan

g1t

i1 stereoisomers T4Li11 enantiomers Liﬁ%@ﬂﬂﬂﬁﬁ?mﬁd%ﬂu enantioselective reaction

N stereoisomers 11411 diasteriomers Lﬁ"]%@ﬂﬂﬂﬁﬁ?‘mﬂd’nﬂu diasterioselective reaction

Ufj7i381 Aldol condensation uaz1fjfi3en Michael addition dqulunazvinliiianansiusind chiral

©

center finluslauan 2 Aumis 9 stereoisomers 2adNARATINAAINUG AT Aana19azidudsl

OH O OH O OH O

Syn (or erytho) (+) pair Anti (or threo) (+) pair
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ayiug enol M4 TunnsduAsziaziilu enolate 109taMs197] 11 magnesium, lithium, titanium L{lwe
el mettalic Z enolate Az lWiNARANTN syn (138 erytho) (E) pair wazdillu mettalic £ enolate Azl

Uzl stereoselective Wuusilanziuaziilu magnesium ¥7a titanium

mam Adnad o e Ly Y, . . e
Stereospecificity : ﬂgm‘mmimm%ﬂu stereospecific Ul A17696U  (starting materials) ATFAWNNUDNIL
. . ' g: P | a o el . 3 [V o a d”
configuration Wi uazazgnilasuliiundnsineindy sterecisomers aziiulddimuAiiensis nszuaung
stereospecific a1luAzFBId stereoselectivity agisiae usl stereoselectivity Tldnunaaandnil stereospecificity
aEjA0E
X " dd e o , - cs " ,

wmuum%zwwmmMmmzmumawLﬂmﬂm\‘m‘u chiral catalyst (?QNDQL@uisﬂNWQE) 178 chiral

reagent i@ configuration 184NARATuTieLfjiTeile] Tueg iU configuration 184ALAZRARITETIRIAULNES
' = \ § . v o v au A o A A el . X o v

agiN9AL9 U configuration axnAUAUGN LiATALRAFRWTETIAIAUANN configuration AIeAUdNN

nsldman stereospecific ¥nazmuneflfizentiududljisentszim nighly stereoselective ot

ve9fjiseniluilszinm stereospecific 1y 17j3en reduction 284 cyclic ketone

HO H , HC OH
H CH, H H
H, Minor Major
H f f
Pt
o]
CH, H H,C
O cH H O
H—H H—H

o -

anspesiuazil configuration 1w S wazillendfisenacldndndoed 2 ofia (15,25 uar 1R29) lu

' ¥
=< a

Uil ldlane platinum funzpzdss Ujisenninintuaziianiovesdans Gaanssasuazllinignfionii
v

a aaa lnﬂl :I/ v = % % Adld ] 4 dld 1 Aﬂl :l/ v o % dld '
LL@QLﬂ@ﬂQﬂ?EW WALWANANNANTANAUN 2 AU (@WHVINMH —CH, LATATUNHIY —H) NMINANTENAUNUANUNNNY —

H Wuinaaslanzaziialasmasliinenswlaus untvy —CH

Y , AW liliuansined configuration 1y

1R,2S \AANINNAN
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