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Stability of carbanions

- Carbanions stibilized by two —M groups
- Carbanions stabilized by one —M group
- Carbanions stabilized by P or S

- Nucleophilic acylations

- Alkene, arene, heteroarene nucleophiles
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Carbanions stabilized by two —M groups

CHy(NOg)s CHyCOCHCOCH;  CHa{COz0aHs )2 CH3COCHCO5CoHy
1 2 3 4
(1 pK, =4) (2 pis a9 pK, values of ¢. 13

(i} These compounds are deprotonated X—CH;—Y + Na™ “OR == X~CH-¥ Na' + ROM
(X and ¥ = COR’, COgR’, CN,NO3, otc. )

(i1) These compounds are also deprotonated, if not completely then at least
to a significant extent, by organic bases such as piperidine (pK;, = 11}

X—=CHy—Y + m == X—CH—Y O

o

M !
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5.0.1  Alkylation

MalOCsHg
gy O

]m* TCH(CO3CsHs)s + CHy(CHy)Br

|

CHy(CHy1sCH(CO,CoHs )y (88%)
5

[EH: (CO2CzH5 2

IEC‘-EH,
CHyCOCHC04CHs %TE- Na® ﬁ‘b + CHa(CH,)Br
CO,CHy
JCOCH;
EFL.']‘GHE}I‘_ CH {?1 "h:l
OgCaHsy
6
K400 ?Ha
CHyCOCH,COCH; ——— = |K" “CH{COCHy); + CHyl — CH,COCHCOCH, (75%)

CH;COCH,
[
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h 4] 2MNaOl M, ;
g CHs | COsGaHe |l —m8M8—— H (= a i
5.1.1 Alkylation SIS e Etiterele W
i 1) 2 NaH '
CH» |G e (PNCHa 18 GG 75"
2 GN a2 o e 2 )pGIUN):  (T5%)
CHM3COCH.COCHs 1 _ 7 (not isclated)
(L} E= 2|
(o] Pl
L=
CHy
EHaﬂﬂIIZEﬂEHE 63
CHy
THALCC M, . :
CHz{COsCoHs )y —— CaHsCHICOSCMs )y (90%)
i GsHgBr
(1] MO My
{11} (CHy J3 CHI
CoHg

|
1CHg JoCHCICO2Caly la  (41% ovarall)
{45%)
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HH

1 e =
VRiE; s SN R'RECHCOCH,COR —-"“'": R'RZCCOGHCOR %~ R'RICCOCHCOR
Iig,
NHy [ Iig "
e
1 {11 NaH e o Ay ]i .
R'CH,COCH;00R — - R'CHCOCHCO;A —— R'CH-COCHCO;
1 i !
CHiCOCH,COCHs ™ CHyCOCH,COCH,CHPh  (60%)
[ii) PhCHsCl
i 4":-.!- B
CHaCOCH,G05CoHs ':‘l'::ﬂ-“'-"—'- CoHsCHaCOCH;004CsHs  (84%)
{li] GyHylir

ambident nucleophiles
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5.1.2 Hydrolysis of the alkylated products: a route to carboxylic acids and
ketones

CH, CHs
co Jl\ v - I
HO o Hﬁ”’q“*ﬁ
'ml
CHaCOCHsCOH — = CHyCOCHg

RyC(COzH)y —= RCHCO,H
CHyCOCHRCO,H —= CHyCOCH,R

RY SOOI ACMICDSCoHsh —at . RCHICOSH)

Ly

ACH;CO H



C-C bond formation through carbanions m

BOSTOMN

5.1.2 Hydrolysis of the alkylated products: a route to carboxylic acids and
ketones

J ; . oo
F“'x b B m[:f""h- HH"E{GGE.EZ.I-H: -- HHIEIE%

&-m.
AR'CHCOH
CioR
COR COR
Hl*'TI::'l"l:UI"-'-‘FH'- i < - HI'_{:_;;
e
CO4CaHs GO
l4n,
R'CH,COR
L
: COR COR
HEH HI'H'QWJ':I'""-'_ H"HEH-C’/ _' b '.. R"’FIL-(_“_:
JE?HE . GD?H
0y

R'RCHCOR
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5.1.2 Hydrolysis of the alkylated products: a route to carboxylic acids and
ketones

iy (CHy )y Br o CHERCRN G4y (CHy }yCH{CO2C2Hs )2
5

r:nu.u,n| then H; 80,

-

(66% overall) CHy(CHp)sCOH = "::; CHy(CHs )gCHICO:H);

COCH COCH,
: / Prasal
6 NCH. Y i D e CHAICH L
CHa(CHy)s —CH T CH¥{CHzk "-'Fl;[ o Hy{ CHg ) sCOCH

COaCaHs COgH (485 overal)

O

— RY ~CHaCOzMH i . £ I8 :
OH

ACH,COR' = R* ~CH;COR’ ol |

|
RCO; + RICHOO,A?
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5.1.3  Acylarion

-

COR'
&
acylavon products of the type RCOCH are strongly acadic
COR?
COR' COoR'
j s
HEGGI F H.l'l,' 5 q{d ———— H‘ED" PE.H
COR? CoR?
13 14
B! ‘II'.:GH‘ fcfﬂ.n 1 IJEDHI
HEIQ::H b ml- G-.I,:i S HED_‘EH. m * C\HJ 5
Ki:-ﬂﬂl COoR* Cﬂﬂ? COR
14 13 i
COR' eon
RCOC! + RCO—C, b
COR? COoR®

15 16
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5.1.3  Acylation CHA(COCaHa)s M CaHgOMg' “CHICO;CoHsh
17
A0y
ey v

CHICOCatgls + CzHsOMgCl  (88%)

[ === CIMgC{CO:CHs)s + CaHgOH

- Naon > Na' Ho(CO; Na™ g
H‘:GGHIC-'D:EC-JH;_]: l:hl':' RCO; Na~ + GHp 2

i 248 = s 3 lHGﬂC-H
s ' e HaCOWH .
HED{:HI‘GUQEE?‘,]H O HEEGHL'DIJ?H!-:. RGOCH- O
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5.1 J‘if_l-"ll'lﬂl {r—"/} coc G;nlEEE_:E-“}EU?::H.L
o ) —COCH{CO,CoH),
(not isolated)
: My B0, e
| ney
|
o "*.I
'xll _.f?_ COCHy  (70% owerall)
COH
COCH{COyCsHg}s —1 o - -0y
PR ] H-_.lﬂ HE—D':H = s HEE}EH;ED:&}HF
GG?E:HS

EHg"':HE:mG'D{:' - EH}I{:H;:_'1:]C’:J':H-'Gn-|ﬂ;H5|z
||IIII;EI:]'.| G‘hm_—;“

! i haai

UHy(CH3 )10COCH,CO,C,Hs  (4B%)
: '::H;‘I'CHIH.JEE":H; (44%,)
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5.1.3  Acylarion

CHyCO

EH?EDEHrﬂﬂﬁﬂ_ TS e W R :
s {if) PrCOCa CHCOC:Hy  (70%)

PhCO
NHy, M. 0 |' NH
L]

P'I1-I:UCH-;{',‘-D~£E; Hg  [54% overal I
[F %]
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5.1.4 Condensation reactions g ot LB
XCHsY + B~ === NOCHY ¢+ BH s=—= c
' CHXY
for B) {ar BH} R +H
i
|14
(o B
li
=] i !
2 F
C=CXY wvwvvwm » + B
R A'  CHXY
(or B)

overall stoichiometry XCHsY + RCOR' — AA'C=CXY 4 Hy0



C-C bond formation through carbanions

74

BOSTOMN

5.1.4 Condensation reactions

Knoevenagel condensation

seoaataimm (005 =a

PHCHO + CHa(COCeHy)y —— === PhCH=C(COCHg); (T5%)
— i I-"||.I"I- |
“o” "CHO o “CH=CICN);
Ha Hy COCH,
fpedhne 4
JPHCHO + CHyCOCH,COCoHy e CHOH=C [B83%)
CHCH CHCHy GO laH,

R, M

= }:I;IHE + H0
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5.1.4 Condensation reactions

Knoevenagel condensation

prpeniidinium acaelobe

CHy(CHz |2CHO + CHz(CO2C Hs |y

CHy (CHy )y CH=C(CO3CaHg )2

bailing banrene® 59%)
CN .
CN
. (CHykCH
CHICOE WM LY
CHyCOCH(CHyly + NCCHCOpCiHs insionmone IIF--_C(E”'JCU:-GEH::

CHy

[84%: possibly a mixture of £- and Z-isomars)

CN
. ’
ot —@ CHO + PhBO,CH,ON ot e dr.:l-—C}—ﬁ:mE%~ (95%)
S0:h
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0
5.1.4 Condensation reactions : l/; N C’i"‘
A NS :
r N pyridine o
Doebner condensation C=0 + XCHCOH — 27
H1 ﬁ..! %
ll'-‘
H o
;:::-—GH:II [ + COy + "OH —= HCO4]
n\

— E
CH5(CHlsCHO ~ CHg{COuH): — © CH{CH;)s CH=CHCO:H (79%)

CHO i CHECHOOM
4 Fj” . CHACOME s rﬂhj (90%)
SN

N

CH=CHCN

THG
fdine §
er + EEH:[:D-‘-H 1-;.1—-.-;_:" £ | (B0%)
Lo & -
]

N
prerding l.lz CH'! {
PhCHO + I:'-H-JEH{E-CI,H}E *—.-—._..-. H.-" i , lﬁ.ﬂq}
2
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1 g 1
5.1.5 Reactions with ~C =[r' _C=0 and related systems: the Michael reaction

CaHy g NH
CHaCHO + 2CH3(COzCsHgls —— = CHyGHCHICOGolsl2
CH{CO9C;Hs)a [70%)

oy |l :’
CHy—CH ﬁlﬂu—cH—?i CH—C—O0OCH,

CHICOCHy); \

CHy
Hﬂ“"':’”' ==CH~~CH==CH—CH,00,CH,

H i
(C ‘.IDiEI;iCI" .

l-. Fh
20 COuCHY )y

[ybeid 74%; 19:20 « 7:1]

74
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Carbanions stabilized by one — M group

Moderate acidity: pK, RCH,X or RyCHX (X being a - M group)

9-10 nitromethane

19-27 others Equilibrium concentration of the carbanion
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5.2.1 Alkylation '

CHyCN + 3CHy(CHa)aBr tolumne, heat

[CH3{CHz 3 |3CCN  (B84%)

{11 LW, THE
(W) CHyCHy|

CHy CH3CHyCO;CH; = (CHyCHz);CHCO,CHy  (96%)

chﬂ
- |'CH.-:,]EEH [B8% )
CH;CH=C{CH3z)z

I} M. THF
(CH3 )2 CHCHO L
(i) n--:n,-::n CiCHy )z

(1} Py CNa, ather

——= PROOCH{CoHg ) (B2%)

PhCOCH; CyHg
. [oh ) Cply s

0 0
f' P rJL. _CHy
T \J + kL\_J}“‘t:vr-t?l:'h

(53%) (B%)
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O - -]f-:-H! 0
o a1 Pl > .
tﬁH;}gEMHn now [CHg)C H:H: (28%)
H H o H
an
/e {H 0
(CH)C ~ CHy (11%) + (CHylsC T CH, (52%)
: : ]
H HEH; H H
24 3

5.2.1 Alkylation

i) P G cHﬂ_ﬁD

[ mugias of 31 - z
21 N - 22 (5%) + 24 (53%) + (CHy) - .I CHy (13%)

H HCH,
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5.2.1 Alkylation

|||l'ﬂm-:-Hi T D', ;:h EH
{CH4)CHNO; CHyBr [‘% ﬁi-.]\ REET

i
Ty

o

I';:‘;"
| I (68%) + (CHahC=N—O

1‘\. -
~ “CHy
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Sy PhCOCH(COCH=CHPT):  (66%)
5.2.2 Acylation
(i} PhyCNa Lol
(CHg 1sCHCO
a2 2GaHs e 'iEHa‘h-.vE_H (51%)
COCH,
Claisen ester CH3CO2CHs + CHyCO,CoHs ’*;“:%_. CHyCOCH,COCoHs  (75%)
B L

condensation

PRCO,CoHs + CHaCOPh oo ®_ pPHCOGH.COPh  (62%)

PhCO,CHy + CHsCN —o®_ PRCOCH,GN  (T0%)

RCH,C0.A' 22~ REHCOR':

RCH-CO;R' R "
rd i
RCHy, [ PO Dh=CORT RCHe, . £—CO:R'
& 2 s [ #
R'O - H‘E‘j o D + “OR!
R

i
ACH,, _C—CO.A'

Q +« R'O#
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5231 Ac
KEE'.!:HI_'Cngg
PFhsiGN
2(CHy |sCHCORCzHg ——— (CHg)2C_ (25%)
COaCzH,
CHyCOCoHs, + CH3CO(CH: | (CHx
NaNH,
{CHz}aCHy
.‘-‘ F
CH3COGH,CO(CH,)4CHy  {81%) + CH3COCH (0.4%]}
25 COCH,
: 26

QO 3

CHs- [  NaDCH B0% =
HCO.CoHe + ICHy j not OHC
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§2.3 [Indirect routes to o-alkylated aldehydes and ketones

Routes to cc-alkylated aldehydes

- - U TS e e " g Wi By ' . - '
ACH,CHO - = ACHLCH=NR' —— ——= RCH—CH=NR
0
|1..—:¢
¥
2 H HO  H-
. _CHCHO = . _CH—CH=NR'
A" R
[R' = (CHy)aC, (CHy o N, cyclohexyl]
EL“"
(CHi)sCHOHD == = (CH)ZCHCH =N
11 Cgl-baMigitr
(i} A=y
L]
':H':_I E'HE s
._l H' '.- .II '|_
{:H'._C-_EHU O EH_._I!{:—CHT" ‘:-. ..:'
CHYCH, )5 CH4lCHas 3

170% ovaras)
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§2.3 [Indirect routes to o-alkylated aldehydes and ketones

Routes to oc-alkylated aldehydes

':H;. LHy
HD"’L‘ r:f’J“' A = M 65% viekd
cong. HB0, o iH = A0 yinkd;
ACHCN 4 l CHy ————= | l..-l'-fo A = Ph: 50%)
HO™ "CHa ACHy™ N~ "CHa
30
CHy rﬂla
N HL ™S A'x o~
W T e Sl 7 S i
ACH™ N “CH, CH N e,
L =1
3
tabik,
fid, wimstien &4 6]
H; LHy
R HO” ™ 0”
"CH-CHO + |cHy =t HJ  |CHs
q' { "-';:\. H;“J H F . .'Al\.\
HaN “cHq cH N oMy
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§2.3 [Indirect routes to o-alkylated aldehydes and ketones

CHa .
1 R
Routes to a-alkylated aldehydes Y L i P
e WG L DN il H*, My !
i 7 N "CH; )
A"l
H.
CHg
ﬂ..--l-_l eH i G X 1Il:.lﬂl'l'“|"'ﬁ :ﬂ:,H;T‘:T-HG}'-‘\C""ﬁJ {40%:)
_1. e - - T = ] WY, L
D = ? LI' 'l U E-H‘F N .:-H1
ll _CH, s “ay, ~CHa | : -kr.-([::‘-‘ cH Cha
I CHgpCul N ‘2 . £ad y [
I = [ Lot ——] Log 8% b= l}l
ol s N r"'-*--."' T ezl )
CHy | CH; | CH, A L R Ph, | | CHs
L. e =18 Tl CCHCH B .--"":-'-N--"'-'--l—-.H
PnCH:s” N~ “CHs CH e
CICH.CH,
i el 1T} 19Ty Mgl
[ v = .
| CH, |
TN A
L] ;
GHO \F‘h A b
\ : .'.‘x" H LHJ
CHCH.CH,0H  {65°¢) :
Pr E
rlnmml.
i W=, HD
|
Ph_ CHO
X (57%)

i
Bl
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Routes 10 O qmqug;;d ketones: -spg_-gﬁc_ Emﬁuffi.

0 (o
CHs, A CHy, M CHO CHy, ﬁ) LCHO
-\.I.. '\\l e | 1] ?.I.- T -\-1,, H_*'Ii- "'T 2 -_T
f-'___ e .F___: FiHul | . ___.-J
-l Ma
L
0 |' 0 |
L4 - 1| :
HED C :Ix"n.-"'ﬁ.-" O =D C‘J-}_ N o CHO
#ad L " - e — — '
nCaHg | J \"""ﬁim L ? l
{e. 60% overal)
{.-‘.] { ‘,—[|'LI' *
__]L CHs e L O | a J.l_\_\ CHy
|i CHghCll | [ .. CHy | Yy [ ::*:"}J [ B
P CHy | - CHy ‘ i CH,
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Routes to a-alkylated ketones: 'spi_-g;ﬁc_ g.ﬂl.r:ﬂf IT.

H} RE
i S
H"u

NI () o)

A R __-'*"H*r_',;.
Ye{

H =0
H-'!

74
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H H';'H'I

H : : . -
LN Hﬂ[ﬁ i N H’;ql' ':-{_}

32

ﬁ}
15.21)

0

O i H[’;jr"':"*:

(37%:; no 2. 2-dimethy! isomer)

CH,
Oyl b

e '”m;-f'

(60%; no 2 6-dmathyl isomaer)
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5.2.4 Condensation reactiony
5.2.4.1 Self-condensation of aldehydes and ketones

aldol condensalion

Caanr { ﬂl ’.:.1:'H1 HO .
1 - o - e minly= P e
RCH,COR RCH,—° ,r,.. RCH,C{R")=C(R)ICOR
A H ‘g
ia
NaCH, D Carby
4, Ml ¥ ey
2CH3(CHyhCHO ——=—= CHs(CHzlhCH=C (B
CHO
_|:...._| bkl J I}h
2PhCH,CHO s PhCH,CH=C [35%:)
(s ™ ] "
CHO
O CPH tupard
Sl | L - = . e Y =
?‘:H:.{;{}:,;H_l - IE-H',J'_'IL;. N {CH4) 0 =CHCOLH,
CH,COCH, {52% overall)
i i
I
TR el "
| - _.__.-' I.-l_,"l

74
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§.2.4 Condensation reactions

5.24.2 Mixed condensations O CHO
RCHCHO + R'CHCHO = FIEH:CH—G ¢ RICH,CH=C
& R
34 35

CHO OHO

¥ FhEH;.EH:CH 4 FI:'EHJ.CH_C‘"
"' H

6 a7
PhCHO + CHyCOC(CHy)y —— 28 o PhCH«CHCOCICHy)y  (88%)
CyHgOM, My

CH'D

I’
~
L. ¢ 'Lﬁ,;l\ ) (85%)
B
or Quﬂhﬁ:[\rkbéoj (zuantitative)

{dapending on proportions of reactants)
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§.2.4 Condensation reactions

5.2.4.2 Mixed condensations PhCHO + CHyCO.CsHy — vttt PhCH=CHCO,C,Hy  (68%)

i
PHCHO + CHaNOy —

PRCH=CHNO, (807}

* CHLL =
0N 1ﬂ—EHD b (CHiCOWO e O,N {}--cm:cmom

&k, 180°C
L ——

¢ Y—cHo + cHeHo == Y—cu=cHoHO  (S0%)
— ot
¥ i

ON 0N

CHs
{1 o CHHO —— F 1 ; T2%)

CHO _ _CH=CHCHOD
iz e
r y CHyCHO O, Wﬁjfc (only 5%)
-._H-:-'-'r"" "-n.H-""
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§.2.4 Condensation reactions

r—

f.- iy p— [ —
= = W, _JI' i/ L1 § L1
§.24.2 Mixed condensations CHYCHO e CHCH=N—{ ) =2 | LI*“CH,CH==N—( ’ﬂ
— I  T—
| w0
1
T
PheC =CHCHO =~ — PhyC—CH:CH=N—{ )

e

(58% owarall)

2
8 i Gl ) \’I/CHm

/Ja» P ST P
CHy N Ch CHepG—CHy N e
OM
i) HaBe,
i M, HgD

'
{CaHs)e C=CHCHO (62% overall)
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. — - s HuMcE
§5.2.4  Condensation reactions HC==C—0C;Hy BrMgC=C—0C;H,
(CiHyelO

5.24.2 Mixed condensations jof- a4, 1.8

I OH OH
i , P \
| (e Hst?fﬂC;Hh S e AT GH{,'{.—'C—C—D{ZPHE;
Indirect method to L ChHa
unsaturated aldehydes lH-, WO

[ cp
I'iﬂl'lgjgﬂl_h_ PCpHy  —= (CHa)yC=CH— t:H —= (CH,y),C=CHCHO
| u)z{-uF{}H {c. 10°% overall)

5 /Lg/r:HrJ
BiMeL=0C—0Dl:Hs + [: & (E8% overall)
l 1
}

GH:{ EH;l CH.?| CH'l
citral
OH
[ L i # HCO,H
CH3COsCaHy —— M= P E Phs QO
3G0:CaHy e L7 Cho) 2 COaGoMs
EH;-(:G;-G:'{;

38 {Th%] 19 [(50%)
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5.2.5 Michael reactions

P i

ML
CHsCHzND; & CHz=CHCOCH; ~= CHgCH [51%)
::HEGH?C’U'C*L*L
GHo
(CoHs)sCHOHO + CHa=CHCN kG, (75%)
CHuCHLON

D
J'L Ma(IH H‘\/rCHECHEEM - CINCN
LV] +« CHy=—CH-CN ——= U CH,CHCN

{215} (#s)
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Carbanions stabilized by neighbouring phosphorus or sulfur

5.3.7 The Wittig reaction

R R al R
CHBr + PPhy —= G —PPhyBr~ ——e C—PPhy —= C=PPhs
ﬁ{ R A’ R
40 di
A7 A | A A A R
F—L G e | AC—0— | —= A=C—>0—A
I C o - 'S Ph.P 0
40 42 ’ a2
1 R R R H H %
I 1 < == A AR'C=CR? a0
hsf D Ph.F i

74
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o

1l

4

Georg Wittig
Nobel Prize
1979
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5.3.1 The Wittig reaction
CHafle —“a CH,PPhs Br e (B PPhy|
53011 Non-stabilized ylides Fam

|Oms

{ )=CHy (B4%)

N
= : - MakHg, NH; ! "
CHyBr — CHyPPiy Br ———« [CHy~FPhy]
o A
h, &
| ~"cHo
L
. _LCH=CHa
e (75%)
EF M CHeCH,
2 el iyl z ' FhiCHD :
CaHgX —= CaHgPPha X~ ——=—s [CH CH—PPhg] ———+ PhCH=CHCH,
Ol e ] g

(Land B ([(68-98%)
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5.3.1 The Wittig reaction
5.3.1.2 Stabifized vides
BrCH,CO0Hs —= PhsPCHiCO.CoHs Br

N
1
PP - CHCOLC-He (¢ 75%)

FhCHD | =y L/
" o l..l b
4 several duys H. .COsCsHs
E)-PhCH=CHCO:CsHs | sevaral o o
| |

Lid ] 1
CHy CO:C:H:

H



C-C bond formation through carbanions m

BOSTOMN

5.3.1  The Wittig reaction

§.3.1.3  Steric control in the Wittig reaction

- = - e | 1
CoHsPPhy Br™ —o . (CHyCH—PPhy] —o0, PhGH=CHCH, 0 ft R
L Fh L S | 5
|ﬁub. -l.' £ = 13:87) s ;"'N'. H i = D‘\- '_.H-. H H
; o N\ - g 0
IrJh“llj i Php’&iH }1—{
PFh H H as s
; 43a 1ib
= |u] My
| g My R ;
(48%:; E:Z = 5:95) 4 A V) ™N&ow [ H R
e Y S N 5 — =<
-""-I{‘H'I Phaf R’ ! =1 'H
Ph © Lt d -
dda ddb

PhaP ~CHGHy + PRGHaCRZCHO — PhCHyCRyCH=CHCH,
When R = H, E:Z = 6:894; when R = CHg, E:Z < 198
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5.3.1  The Wittig reaction

§.3.1.3  Steric control in the Wittig reaction

H =8 H H at =] H
45a 45b
i o
PhaP PhsP.
T t<f‘*|-| =5 \,/ A i::lf

- )

R rd

45¢c

(1) PHCEHD, —T87C {11 Prs
(111) { GHy 1y COM

~ PhCH=CHCH,
{73%:; E:Z = 97:3)

+ _ P - +
CyHsPPhs Br =l CH,CHPPhy

ﬂ-":ﬁ,Hﬁ;th Br 4+ CHaCHO — n-ﬂuH"EH:ﬂ'I'H:H; (B0%%0; El= Sd)
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5.3.2  Sulfonium ylides

H.-m:l = EOH = .
(CHy)S + CHOH e (CHlgS HEOG — e [(CHy)pS—CHy |

l RGO

A

AL H

y N
{CHYS. ) ™0

N H —

O

{CHY:80 + (CHy)pS0; —= (CHy)sS =0 CHyS0; —oH, ~5~CH;z

N/
d

R+ (CHg):SO
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5.3.2  Sulfonium ylides

1 baasa
ICHy)2S0 + (CH3};S04 —= (CHy);5—0-CHy CH350; poree e — (CHz)38 + HyC=0
1 ahn

rrod fryfaytaon

(CH3)3S™ CHaSO;

P
: . ROH e .
[CHaly&* H80; ———em T ‘,,!‘(»H (55%)
Ph
; i L S "4 .
[CHa}S* CHLS0, 0 PRGO -.:Hv—-—-—;t% 7pn [84°%)
_Ph
. . . ot i} MalH . 4
CHaleS' OeSOF s> N\ / pn 1™
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Nucleophilic acylation

5 4.1 The benzoin reaction 3 OH o OH
2ACHO :'L:?* -"-r"J'_‘f Ar—i -
‘ Ar oN
' o o 0 Umpolung.
Ar }1_5_{ e Ar*"‘i'
H Ar Ar
H + Ft |..-rH
Hl}' _HI fea bt ] _E: R'CHO Ol 2 M OoH
' T - Jrl 3 3 e
—L“s ;L”H g s” T\
JFi
| P
_/"'"‘\5 ---:_lh.I
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5 4.1 The benzoin reaction

OH O
2PhCHO =, P (B0%)
-

o0 H Ph
CH, P OH o
: " IEHCHLN !_{

CHy(CHghCHO + o ?: : CHa(CHz) ™7
HO™ -I\S'HJ Cr H (CHZ):CH,

[T1%:)
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§5.4.2 Conjugate addition (the Stetter reaction)

7 . wow ) CHalCM :
'-\.\. /L—.EHD + CH}! = Cr‘"""{m rﬁ; —_ -"J‘_‘_‘r-}{ -lﬂ' [m‘f‘np
O C |
o)
CHy , ..
CHaCHO + CH.=CH-COCHs + N
HO™ -h'—-“?\s cr
(G el
0 0
A (61%)
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5.4.3 1.3-Dithianes and 1,3,5-trithianes

F.*'

HCHO + HS(CHg)SH
H:ﬂ

T}*"

AN mx ALY o A R .'JE;_""'.E
5—/ H/<:_f }" / mwx :’R‘_f

H g5~ Ao s

f’.x ‘_l'.l.'
O wo
A.n 1 i wo

& P
R'CHO + MS(CH;),SH ||R'CORF + HS(CH;MSH |

f‘ 0 roahi CI-HCH?]*XS N epeal GH!"':H?]E;(,B)
} 0 I::Hﬂ:H;I.Er H 5_.,; Ghend g CHACHa)4 '-S
(82%) {82%)

Hgls,
lﬂl]’ﬂl‘l HO

CH,{CH,1sCO(CHCH,
(87 %)

{74% over tvee slapas)
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5.4.3 1.3-Dithianes and 1,3,5-trithianes

Ph §— Ph S5,
o L= ' \. 0 O A—Cabe \ / \
PhCHO + HSICHISH B~ X ) moromcm. 1 O A
~ H E'J ; ;CH 5._.-"
(B5%) CHy
(667%6)
HifCl,, Hgo
CHAOH, Hoh
'
Ot
'[H:I'_FHGUGI:I‘
CHy
{705%:)
= | CHCHads, S\ 2 (44% ower three stapes)
'] o . ! 1 Y ‘1 {
Gl | ' e eV,
i ' H §— .
Haly Cdall,
- g
t
N
Pl B

e 50F% ovarall)
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Alkene, arene and heteroarene nucleophiles

R

5.5.1 Alkylation —

{ I_= ]j: - b\ e I_'l-' '.I ._.:'_ ':." | !}::'I;'ﬂ

II. -.1 |-r'._- H' J .
- 14 F—N_ 1 Ct 7w =0 (48% cwarall)

-

S |
WHO = L | —CHCOWCaHg

(35 %) (419%)
{145 ovaral)
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5.5.1 Alkylation ]
A0 A~ NS e N/
|-[- ] 5-11.':Illlr'li_ | i[ | |1':|‘rl | |_| i I
(B3%)
A%a 48b
CH CH; CH
=g BTN, C N ]+ ¢ Y%y } 50a:50b - c 61
ala b
CaHg-n
"
ICH3CHaCHCHO + n-C4HgNHCH:CHICHg}s —= | CHyCH;CH=CH H_
CHyCH(CHa )2
i) CH,CH, |

NULRLE
CHO

CHyCHg CH {41%)
CHzCHy
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Alkylation b9

/L CH, CHy
= i - ol
1 Lom Ll 5 i l_,l,’_;Ha Loceci CHs
CHy °N”~ "CHy CHy N “CHy CHy N~ TCHy
CHy . CHy
51
lﬂx
;ﬂ? CH3
, o o
Aomono -0 07) ou, h‘i,cu_j
' ACH” N” "Gy RCH; N~ "CHy
CH CH
3 3 ¥~
1) (89 "
Phi{CH3z sl Ph(CH; 14CHO {51%)

(11 g sk
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5.5.2 Acylation

o o
l.-_"'-lh-' .I-I'_',q: .'5- HF'["’-CHD
[ 1 + CO 4 HOl —— Sy (80%)
cH” = “CHy CHy ™~ “ChHy
{the Gattermann-Koch reaction)
{jH .;l'.'ll-l 'H;
F N HC| F % 4
HO—¢ % 4 CHEN —— | HO=( H‘}'—E.% &1
Y . | =/ CH
M0
L
H

F 4
HO—{ »—COCH; (70%)

ll'-:."

{the: Hoesch reaction)
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5.5.2 Acylation CH; H.I:Ha

.-""II'{ ,:1!' + HON = /él I::h {92%) (the Gaterrnann reaction)
i N HyC” "N~ "CHO
H
2 HPC
{ 1 + (cHiCon0 ——- { (74%)
s 5" “GOCH,

OH

f EF
CH4COGH; [*-—* cugzr;’; b (CHaCOJO —= CHLCOCH,COCHs  {70%)

CHy

NA; R'COX /}_ ¢ oo | (CatehN 2
H.-" ; H'II \ i gt :D :
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5.5.2 Acylation

2
[ g
N : ALOICHa W CHY
+ CH3(CHy ) L0001 :—I:l Eﬁﬁl‘; R U [70%)
N E

§oo / i
S N,»‘ L j 0
cioN /G N w Ph CN
Ph R 4G Phﬁj/ﬁ'" HO (67%)

Wilsmeier-Haack-Arnold = . PPOCH ~ FTCe
\ CHO + POCH =—— R.N= - = AL =
reaction : " pEn Ae=h

Cl

H

R.M=CHCl OPOCL
B3
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5.5.2 Acylation

POCH

PRN{CH )z + (CHy)aNCHO

r i DD
. - | (CHgleN -«{ }—CH=N¢EH-JJ:- EI'J
Wilsmeier-Haack- I L 2

reaction | ou

{CH5)aN— ,.:I} CHO  {80%:)
-

] u S T § U

+ [CHgkNCHO ——= § W (78%)

M WS OCHO

H &

-
N' o iof=cHoo )0]\ - He ,
ST L\‘j] EE
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0" Na* - T oNa
B CHCl,
5.5.2 Acylation | + 1CCl; (rom CHCs + NaOH) — | [ ]
-M_H_]ﬁf-
Reimer-Tiemann = L 9

reaction l

OH
“W = (67%)
1

K‘ - ] H
Kolbe-Schmitt \*] . GOy VKOs praamen, EC i 7%
J ity H*. Hgll
N "COH

reaction

CHO
= e
mph e E J\)-., .
P ﬂ Ok xjiF Ph  (52%)
H

0 Nabis

0G0 {£4%5)
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5.5.3 Addition and condensation reactions with carbonyl and related compounds

’ OH
H -F' -H' ! A
ACHCOR' === RCH;—C" =~ = HEH:—C-’;
% A a' ACHCOR!'
e fp‘
\
\ f’ffﬁl H
RCH=C _
Ty
D-H
l,ﬁ:“.h
H0 | A
RCH;C{R'}=C{RICOR" ~—— RCHz—C]
RCHCOR'

CHy
3 gj M Hirfj (B3%) PRCHO 4 CHyCOCH;CHy ——=m PhCH=C, [85%)
. > COCH;

-



C-C bond formation through carbanions

Mannich
reaction

Fain,

I - FAMH - = "
CHa=0 == CH;OH 2 H-,.ﬂ—cuﬂcﬂ == H;H—'GHE—;__EM

=

AaN=CH,
HO

PhCOCH; |==  C=CH, | + CHp=N(CHz)z G| (from CHzO + (CHg)sNH + HCI)

r
Ph

|

PhCOCH;CHoM(CH3)s  (60%)
i 8
CH
-m H e S 8 . i
+ CHo=fi ©Cr— J/\/ N Y (quantitative)
S L0
N—CH,
OH
OG5 00— By =
._ . a9

CHaN{CaHg):

P " s g :
OE\) + CHa=R{CyHs}y OCOCH; — | (85%]
g S~y
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Mannich . :
reaction q 0

|I- N+ PhCOCH.CHNICH), e || + PRCOCH=CH;
- - 5'* ‘ e |

i
L. _CHyCHzCOPH

O
o e i
-, A __'-:_-H:l'l_rll: |_,.|:_,I|"|‘
e =¥ {95,
(] loxcess) 4 A5 sscoEwe b L !
0 Q
T _ CHan L _GH,CH00Ph
0 | + | NCH.CH;COPh —— .T- | |
| ! < L :
-3
O
M _EH;'T"*_:EUP"-
PSS
| | THy

el ]



Table 5.1 Disconnections for some Products formed from stabili-

Summary

ed carbanions and related secies

ISTON

Section numbher Product Synthons Syothetic equivalents
Electrophilic Nucleophilic Electraphilic Nucleaphilic
-STI (pp. 61 -64) RCH(CO,R"), =+ R* (’THH'.'E;IIE-']I RX (halide) CHy(CO.R"),

CO,R? CO.R? COuR?
5.1.1 RCH — R CH RX (halide) CH,

COR' COR! CoR!
5.L1 (pp.62-64) RCH,COCH,COR* = R! CH,COCH.COR' Rx (halide) CH,COCH.CQ
5.1.2 reaction (5.4) RCH,CO,H = R* CH.CO, 1 RX (halide) CH,(CO,R"),

CO,R?
512 reaction (55)  RCH.COR' = R CH,COR' RX (halide) CH,
COR'
COR' COR' COR'
513 reaction (5.8)  RCOCH — RCO' CH RCOCT CH,
COR? (OR* ‘cor’
feaction (5.11)  RCOCH,CO,R! = RCO* CH.CO,R' RCOC CH,(CO,R"),
COR*
5.1.5 reaction (5.15) R.C—Ci =+ RyC-CHR'.COR? CHICORY, R,C=CR'-COR’  CH,(COR?),
R'
t;,‘I»ﬂ!L'r;rR“;J
3.21 (pp. 73-75) RR'CHCOR® = R* R'CHCOR? RX R'CH,COR®
also 5.2.32 (CN) (CN) (CN)
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22 (pp. 757D RCOCHR'CO,R? - RCO' R'CHCO,R® RCO, R R'CH,CO,R?
$,2.1.1 reaction (5.17) RRACHCHO — (R%)" RCHCHO R*X RCH,CH=NR'
CH;
5.2.3.1 reaction (5.19) RR'CHCHO = (R")' RCHCHO R'X N
L L CH
RCHs” N~ "CH,
i g
5.4.3 reaction (5.2%)  R'COR’ — (RY) R'CO By RS\
A/
H g
IIE
5.5.1 (pp.95-96) RR'CHCOR® - R* R'CHCOR® RX R'CH=C-NR}
o
5.5.1 reaction (5.26) RCH,CHO = R* CH,CHO RX { LCH,
. CH “N” “CH,
CH;
COR' R’
5.5.2 (pp. 96 99) RCH = R'CO' RCHCOOR® R'COC RCH=C-NRJ

COR>
RI
523 (pp 100 103)  ROOCH,CH,CHCOR® — RCOCH,CH. R'CHCOR? RCOCH,CH,NR!  R'CH,COR’

— = -_— . = m am i
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Synthon Synthetic equivalents For example(s),
see page(s)
(a) Nucleophilic 4. RCHCHO RCH,CHO; RCH,CH=NR': M, *JTEI-4.
I |-|l!'|.
syribony CH; b ]
)
(s I,L‘H
RCH SN ‘~._—H_.'
CH,
n"'L“
| CHA
A
RCH™ "N” “CH,
CH,
- '] .HI
5, RCHCOR' RCH:COR": RCH=C ;  64-8, 73-7,
. NR;I T9—-82. 4103
CO,R’
RCHCOR'
6. RCHCO.H RCH,CO,R'; RCH{CO-H),; 658, T0-3
RCH(CO.R'),
7. RCHCO4R' RCH,CO,R'; RCHICO,R'):  46-7. 65-7. 73,
O™ "ZnBr 76-T, 83-4
RCH=C, (section4.2.2)
OR'
CO.R"
8. RCHCN RCH,CH; RCHCN 71, 73, 76

9. RCHCOCH,COR' RCH,COCH,COR 63, §0



Summary

Synthon Synthetic equivalents For example(s),
see page(s)

5—, 85—,

10. CHO N 92-4
§— §—/
R S

11, RCO - 924
H %

12, RCIWCOR' ), RCH(COR'),, 673
RCICO,R').. RCH(CO,R'),, etc. 77, 80, 969
ele,

(b) Electrophilic 6. HCO HCO,R; HCONR,; CH(OR),:
£y RN CICH=NR; X
12. CH,CH.COR CH,=CHCOR: 71-3, 84-8.
R;NCH,CH,COR; 101-13
: R{NCH.CH,COR X~
13. CHQl, CHCly {via :CCl,) 99
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