Reactions of Garhon Nu with G=0 Compounds

- 1. step: addition of stabilized carbon nucleophile 5, 4,
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Reactions of Garhon Nu with G=0 Compounds

- hydroxylic solvents and under thermodynamic control

- preparation of a,p-usaturated aldehydes

- ArCHO + RCHO

- regiochemistry and stereochemistry - accomplished under kinetic control

Aldol Addition and Condensation Reactions

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR"

- ,directed aldol addition”
- one as nuclephile, one as electrophile

- kinetic control - no equilibrium
= stochiometrically generated enolate, Li*, aprotic solvent, low temperature

- thermodynamic control
= less then 1.0 eqg. of base, weakly coordinating cations, protic or polar solvents,
higher reaction temperatures



Reactions of Garhon Nu with G=0 Compounds

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

Aldol Addition and Condensation Reactions

Examples
LDA 1) CH3CH,CH,CH=0 O HO
CH30H2CHQCCH3 —7800 15 mln, _7800 CHscHQCHchH2CHCH2CHQCH3
) 2) CHgCO,H 65%
O
| pa 1) CHsCHCH=0 C|>H ﬁ <|3H3
CH3CC(CHg), =2
sCO(CRa)2 780 1.5h CH3CH,CHCH,C —COTMS
OTMS 2) NH,CI |

CH;  68%



Reactions of Garhon Nu with G=0 Compounds

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

Aldol Addition and Condensation Reactions

- stereospecific with respect to E/Z-configuration of enolate
- E-enolate — anti
- Z-enolate — syn

R” H
R’ OH o
o-;Li* - H)%o-—w L SO
>\ /T = = ]
Y = O R O R Y R
H H ﬁf
E-enolate 2,3-anti product
R” H R” OH
_Ljt X
=G )A\ _Li ”
/R R O
R R O R’ R/

Z-enolate 2,3-syn product
4



Reactions of Garhon Nu with G=0 Compounds

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

Aldol Addition and Condensation Reactions

CH,
Examples (CHg)sC. H PhCH=O0 (CHs)SCWPh
*Lil0O  CH; -72°C O OH
O OH
CH H R PhcH=0 O OH
CHsCH,cR DA ~Ts R P = .+ R Ph
II >:< .t . R Ph
H oLt CHy  Oli*
CH,
E:Z CHj |
2,3-anti:syn
R= CoHs 70:30 36:64
CH(CHg), 40:60 18:82
C(CHy)s 2:98 2:98
O Lit
—78°C
+ PhCH=0 —
THF

anti  84% syn 16%



Reactions of Garhon Nu with G=0 Compounds

Aldol Addition and Condensation Reactions

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

kinetic stereoselection in aldol additions of lithium enolates:

(1) Z-enolate — syn aldol, E-enolate — anti aldol
(2) no bulky substituent — low stereoselectivity
(3) Z-enolates more stereoselective than E-enolates

- ketone with one tertiary alkyl substituent — Z-enolate LINH(CsH,Cl)
- less substituted ketone — mixture of E- and Z-enolates LiNPh,
LiN(Ph)Si(CH3)3

Increasing the stereoselectivity of aldol additions:

(1) better control of enolate stereochemistry (LiBr /E-enolate/, aromatic

amides /Z-enolate/, etc.)*

(2) enhancement of stereoselectivity in the addition step



Reactions of Garhon Nu with G=0 Compounds

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

Aldol Addition and Condensation Reactions

Example
E:Z Stereoselectivity
LDA LiTMP LITMP + LiBr
i
CHZCH,CCH,CH, 3.3:1 5:1 50:1
I
(CH3)2CHCCHZCH3 1.7:1 2:1 21:1
@]
1: >50 1: 20 1:>20

Il
(CH3)3CCCH,CH4

LiNH(CgH,Cls)
LiNPh,
LiN(Ph)Si(CH3)s

+



Reactions of Garhon Nu with G=0 Compounds

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

Aldol Addition and Condensation Reactions

thermodynamic stereoselection (MgBr,)— lower:
(1) all the regio and stereoisomeric enolates can participate as nucleophiles
(2) the adducts can return to reactants — so the difference in stability of the
stereoisomeric anti and syn products determines the product composition
Example

Li+ Li+
LirO L CH3 PhCH=0O C? b_ 250C /U_
/ CH;);C : Ph
(CHa)5C H fast (CH3)SC)Y\ Ph slow (CHg)s

CHj, CHs




Reactions of Garhon Nu with G=0 Compounds

Aldol Addition and Condensation Reactions

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

Aldol Reaction of Boron Enolates:

- higher stereoselectivity

- similar TS (more compact)

- Z-enolate — syn aldol, E-enolate — anti aldol
- R,BOTf/R;N — Z-enolate, R,BX — E-enolate

R1
H
Yoo
HR
E-enolate

R1
H
¥ X\O;;BRQ
1o
R<  Zenolate

— o~
AR
R1
_ . HA
VAN
R2R

R1
H & BR
O/ 2

O

—

anti product
HO o
R R?

R‘I
syn product



Reactions of Garhon Nu with G=0 Compounds

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

Aldol Addition and Condensation Reactions

Aldol Reaction of Boron Enolates:
Examples (n-Bu), B

(n-Bu),BO4SCF,

\)k/CH - "CH, \/\/CHS
(-Pr)oNEt

—78 C
Z:E>97:3
(c-CgH14)-BClI O—B(c-CgH11):2
CHS/YCH(CHS)z /=<
5 -ProNEt CH, CH(CHa)
CH
0 1) (Cobro)oBL EtaN ’
CH3CH,CN(CHa)s CON(CHa)s
2) PACH=0
—78°C OH 93%

1
>97:3 syn 0



Reactions of Garhon Nu with G=0 Compounds

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

Aldol Addition and Condensation Reactions

Aldol Reaction of Boron Enolates:
- 9-BBNBr + TMS enolether

T™MSO  H 9-BBN-Br  (BBN)O :CHs 9-BBN-Br TMSO :CHS
(CHy)sC  CHs (CHgsC  H (CHysC  H

Aldol Reactions of Titanium, Tin, and Zirconium Enolates

- stereoselectivity: Bu,B > Cp,Zr > Li
TiCl OH

PhCH=0O + CH3;CH,CH=0O : CH=0 Ti(O-~Pr), )\/CH '9)
TMEDA Ph - 1 mo| O/o Ph
-30°C CH
CHg 3

69% >98:2 syn:anti 7:93 syn:anti 11



Reactions of Garhon Nu with G=0 Compounds

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

Aldol Addition and Condensation Reactions

Aldol Reactions of Titanium, Tin, and Zirconium Enolates
- Ti, Sn, Zr (ligands — tetra, penta, hexacoordinated structures)
- chelated TS

Titanium Enolates
- preparation: a) from Li* enolates (RO;TICl)
b) from ketones (TiCl,/R;N) — Z-enolates (formation of syn products)

Examples
OTiCl, O OH
\)K/CHS ) TiCl, /\/CH (CHy),CHCH=0 ¢y M
2) i-Pr,NEt CH(CHa)2
CHs
o) O OH
[ TiCl,
CHZC(CH,),CH; + PhCH=O CH; Ph .
toluene 87%
(CHy)3CH3 12

72:28 syn:anti



Reactions of Garhon Nu with G=0 Compounds

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

Aldol Addition and Condensation Reactions

Tin Enolates (Sn 2%)
- preparation from ketones (Sn(OTf),/R;N)
- formation of syn products only (from E/Z-enolate -open TS)
- even cyclic enolates — syn products

Examples L, oH o OH
O
—o CH + CH,
T Sn(0,SCF.), (CHa),CHCH=0 CHs M
CH4;CH,CCH,CH,4 CH(CHj3), H CH(CHy),
N-ethylpiperidine CH, CHg
syn 68% anti 5%

o O
6 Sn(O53SCF35), PhCH=0O ilji Ph
N-ethylpiperidine 95% syn

13



Reactions of Garhon Nu with G=0 Compounds

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

Aldol Addition and Condensation Reactions

Tin Enolates (Sn )
- preparation from enolacetates (R;SnOR)
- formation of anti products only (catalysts: Pd(OTf),, Zn(OTf),, Cu(OTf),)

Examples
CHj,
OSn(C,Hs)4 —78°C Ph
Ph/\\\( . PhCH—O Ph\r\n/Ph Ph
CHs OH O
9:1 anti:syn
OSn(nC4Hg)5 O OH
Pd(O5;SCF3), Ph
+ PhCH=O
96:4 anti:syn

14



Reactions of Garhon Nu with G=0 Compounds

Aldol Addition and Condensation Reactions

Control of Regio- and Stereoselectivity of Aldol Reactions of RCHO and RCOR”

Zirconium Enolates
- preparation from enolacetates (Cp,ZrCl.,)
- aldol reaction — stereoselectivity: Bu,B > Cp,Zr > Li

oM OH
| o OH O
CH;C=CCH,CH —O) —»
3 i 2~'83  + PhCH=0O CHj3 N ph + CH(s:/I:l>{LPh
CHg CHs CH,CH 3 “hebHs
am anti
E-enolate syn:anti Z-enolate syn:anti Y
Li Li 45:55
Bu,B Bu,B 94:6
(Cp),ZrCl (Cp),ZrCl 86:14
Example OZr(Cp).Cl o o
CHs; CHz OH CH3 OH
+ PhCH=0 — [ pn * ilj/("h
15
anti 83% syn17%



Reactions of Garhon Nu with G=0 Compounds

Aldol Addition Reactions of Enolates of Esters and Other Derivatives

Aldol Addition and Condensation Reactions

- esters, thiol esters, amides, and imides
- lithium, boron, titanium, and tin derivatives

Silyl Ketene Acetals

- reactivity analogous to silyl enol ethers

- E-enolates - preferred under kinetic conditions (LDA/THF)

- Z-enolate - inclusion of a strong cation-solvating cosolvent (HMPA or DMPU)

Example
LDA TMsc H OSi(CHg)3
CH3CH,CO,CoHs - - — E-silyl ketene acetal
THF CHj, OC,Hs
CHs OSi(CHa)
CH,CH,CO,C,H. LDA _~ TMSC _ % Z.silyl ketene acetal
THF, HMPA H OC,H; 6



Reactions of Garhon Nu with G=0 Compounds

Aldol Addition Reactions of Enolates of Esters and Other Derivatives

Aldol Addition and Condensation Reactions

Silyl Ketene Acetals
- aldol addition of unhindered ester enolate - not very stereoselective
- stereoselectivity can be improved - use of a very bulky group

— E-enolate — anti product

Example

CHj CHj
OLi o R
o /g + RCH= ArOQC/Y

CH, CH, R anti:syn OH
n-Bu 86:14
I-Pr >98:2
-Bu >98:2

Ph 88:12
17



Reactions of Garhon Nu with G=0 Compounds

Aldol Addition and Condensation Reactions

Aldol Addition Reactions of Enolates of Esters and Other Derivatives

Lithium Enolates of Esters

- Li enolates of a-alkoxy esters - high stereoselectivity
- syn product favored
- anti product (extremely bulky groups)

CHj
H—§>FL< H R
R20” o T RQO$\COQR —
> L OH
- favored for most
ester groups
CH OR CH
R1 \iH_< R' 3H
e S — @
U OH

4+ favored for very
large ester groups

CH; OR2

RT X
CO,R

OH
syn

CHs OR?

R1\>f
/" CO,R

OH
anti 18



Reactions of Garhon Nu with G=0 Compounds

Aldol Addition Reactions of Enolates of Esters and Other Derivatives

Aldol Addition and Condensation Reactions

Boron Enolates of Esters
- Z-enolates - syn product favored
- branched-chain alcohol (C4H4;),Bl) or esters (R,BOTf)- anti product

Examples
OH
" Bygoso.c,
CH3CH,CO,CH3 i (CHg)oCH 85 % vield

2) (CH4),CHCH=O0 CHs  —o7a syneant
1) (CEGHIQI1)2B| OH OH

t :  CO.C.H CO,C,H

RCH,CO,C,H - 2v2tis eTEs

#7722 5) PhCH=0 Ph/\r °r Ph

R R

antj favored for R = /-Pr, -Bu, Ph  syn favored for R = Me, Et



Reactions of Garhon Nu with G=0 Compounds

Aldol Addition Reactions of Enolates of Esters and Other Derivatives

Aldol Addition and Condensation Reactions

Other Enolates of Esters
OH

TiCl
Examples  pop—0 4 CH,CH,COPh —— s COPh

Et;N Ph 80%

CH,
82:18 syn:anti

OH
TiCl, COSPh

PhCH,CH,CH=0O + CH;CH,COSPh —— 99%
o~ Mo 3~z Bu,N Ph
CHj;
83:17 syn:anti
Sn2+
Nn(O3SCF3),
)K J\/CH3 )L /J\/CHS R'CH=0 )L
N-Ethylpiperidine CH3
>97:3 syn:anti



Reactions of Garhon Nu with G=0 Compounds

Mukaiyama Aldol Reaction

Aldol Addition and Condensation Reactions

- Lewis acid—catalyzed aldol addition reactions of silyl enol ethers, silyl ketene acetals
and similar enolate equivalent
o OH

%
™Mso_ M +|C|) M
_ —_— R'] R
/C > /C\

- LA:TICl,, SNnCl,, BF3, Bu,Sn(OTf),, Bu,SnCIO,, Sn(OTf),, Zn(OTf),, LiCIO,, etc.
- open TS (steric factors)

“BF F3B. “BF F4B~
o Nor o T N

CH o
Hﬁ9<CH3 H\ 3 I-%éiCH3 _ H\ /CHS
— syn anti =—— — syn anti =——
H

Ph H H Ph Ph H Ph
1J\OTMS 1J\ J\ J\

g Z-enol ether R~ OTMS TMSO~ "R’ E-enol ether TMSO™ ~R'
21



Reactions of Garhon Nu with G=0 Compounds

Mukaiyama Aldol Reaction

Aldol Addition and Condensation Reactions

- catalytic versions (Cp,Zr(OTf), »> Cp,Zr?*)

Zr— Zr N T™MS
N - /
+)0|\ OTMS /Yo o*TMs J o oL
CH . .
RTTR T TR Ny R Ph R~ Ap !
R R
Example
0 (Cp)oZr(O3SCF3),  OCH; OTMS

TMSO T 5 mol % CH
AN © 3
C=CH, + CHyCCH,CH PhJ\A/

Ph

22



Reactions of Garhon Nu with G=0 Compounds

Mukaiyama Aldol Reaction

Aldol Addition and Condensation Reactions

- TMS-mediated Mukaiyama aldol reaction

Mechanism ™S,
O oy
JI + (CHy),SIOSOLCF, + CFS0y
H R H R <
T™MS TMS
TMS
Mo OFTMS No ©

\

o* OTMS |
. (CH,),Si0S0O,CF

P A A (CSiOS00F,

- lanthanide salts — Yb(OTf)3, (aqueus solvents, H,O-THF)

OTMS  Yb(O5SCF4), OH O

10 mol %
PhCH=0 + @ Ph}\é

91% vyield, 73:27 syn:anti

23



Reactions of Garhon Nu with G=0 Compounds

Mukaiyama Reaction with Acetals

Aldol Addition and Condensation Reactions

- other type electrophile (acetals)
- LA:TICl,, SnCl,, TMSOTTf, Bu,Sn(OTf),— ionization (oxonium ion)
- products: B-alkoxy ketones

RCH(OR’), + MX, — RCH=O'R" + [R'OMX,]"
O
RCH=0*R" + R®CH=CR® —= RCHCHgRB
éTMS wé %2

Example

OTMS
(CH5)sSi0sSCF; O CIJCHs
+ (CHy),C(OCHy),  Smol% é,(:(CHB)2

87%

24



Reactions of Garhon Nu with G=0 Compounds

Aldol Addition and Condensation Reactions

Mukaiyama Reactions and Related Reactions

Examples
OCH CH; O
| Cl)TMS Bu,Sn(03SCFs), L
CHB(CHz)s(fCHs + CHy=CC(CHy), —mol% CH3(CH2)3(IZCHZCC(CH3)3
—78°C
OCH3 OCH3 100%
O O Ph

Bu,BOTf
é + Ph=< > é)\o/\/\OH
(-Pr),NEt

78%

0 Ticl, o 07
CHs\)J\/CH3 + CH30~<j 3\/\‘\[)\0

Et;N 83%

CHj 25



Reactions of Garhon Nu with G=0 Compounds

Intramolecular Aldol and Mukaiyama Aldol Reactions

Aldol Addition and Condensation Reactions

- aldol reaction of dicarbonyl compounds
- five-membered ring — thermodynamically favored
- six-membered ring — 102 faster formation

Examples
0
| HO-
CH4CH,CH = CHCH,CH,CCH,CH,CH =0 —— CH5;CH,CH=CHCH,
O
73%
®
CH;" N0
CH5C

26



Reactions of Garhon Nu with G=0 Compounds

Intramolecular Aldol and Mukaiyama Aldol Reactions

Aldol Addition and Condensation Reactions

Examples

CH,CH” ~OTMS

27



Reactions of Garhon Nu with G=0 Compounds

Robinson Annulation

Aldol Addition and Condensation Reactions

construction six-membered ring from a ketone
1. step: conjugate addition
2. step: cyclization
3. dehydration

O
I conjugate _CH N
CH5;CCH=CH, addition H,C 2 aldol addition
NG | and
=G O dehydration O
A O~ \
© CH,
Example

CO,CH,CHs

CO,CH,CH,
C]; 4 CHy=CHCOCH,CH; N2k

O EtOH o
CHs 59%

28



Reactions of Garhon Nu with G=0 Compounds

Robinson Annulation

CHy 0
Examples o CH, ‘
* ~OFt
+ CHyCOCH,CH,N(CHg); OBt
71%

Aldol Addition and Condensation Reactions

CHZ0 CH50
CHs
CH CH;z 1) CH,=CHCOCH,
CE ° Q: benzene, reflux
— N =
O Q 2) HOAc, NaOAc, o o
H,0, reflux 45%
O. OCH; O _OCH,
OCH, 1)LDA OCHj
I
2) CH;CH=CCCH,4

| 29
) MeO~  Si(CH3)3 O 62%



Reactions of Garhon Nu with G=0 Compounds

- reactivity: C=NR < C=0 < C=NR,* < C=0OH*
- preparation of B-amino ketones:

Addition Reactions of Imines and Iminium lons

OX T
+ H,C=NR" —— 1JJ\/:M‘NF{’
R’ /&CHRz R Lo

Mannich Reaction

- condensation of an enolizable carbonyl compound with an iminium ion

O O
|

I
RCH,CR® + CH,=0O + HN(CHj), —= (CH3)2NCH2(|3HCR’
R

+

N
CH,=0 + HN(CHj), == HOCH,N(CHg), == CH>=N(CH;),

30



Reactions of Garhon Nu with G=0 Compounds

Mannich Reaction

- formation of electrophile
- formaldehyde, benzaldehyde
- secondary amine
- primary amine (dialkylation)

0
CH3(|3H2 ﬁ) <|:H20H3 CaHs CoHs
CH30,CCH—C—CHCO,CH; + CHy=0 + CHgNH, — CH,0,C CO,CH,

N
CHj

Addition Reactions of Imines and Iminium lons

Examples
H

+
PhCOCH; + CH,O + (CHj),NH,CIm PhCOCH,CHN(CH,),CI™

OSiMe, OLj Eschenmo+ser’s salt O

CH,Li 1) (CH3)o,N=CH, CH,N(CHs,),
THF 2)H,0, H*, "OH
87% 31




Reactions of Garhon Nu with G=0 Compounds

Mannich Product Transformation

Addition Reactions of Imines and Iminium lons

- a,B-unsaturated aldehydes and ketones

N 1) 60°C, 6 h CH,=CCH=0
CHyCH,CH,CH=0 + CH:O + (GH3),NH,OI ' 57 st |
CH,CH,4

73%

CH,=CH

LDA, THF HMPA

\
\\\\

1)

)CHQ—N(CH )ol™ .
3) H3O* O = CH,
4) CHal CHIrj O

)

5) NaHCO, vernolepin O

32



Reactions of Garhon Nu with G=0 Compounds

Olefination Reaction of Stabilized Carbon Nu

Conversion of CO compounds into alkenes (Pathway C)

1.step: addition of Nu
2. step: elimination

Named reactions:
- Wittig and related reactions (phosphor containing compounds)

- Peterson reaction (a-silyl compounds)
- Julia olefination (a-sulfonyl compounds)

33



Reactions of Garhon Nu with G=0 Compounds

Wittig reaction

- reaction of phosphonium ylide with aldehydes or ketones to give olefins and
Ph,PO

RP—CR, + R,C=0— R,C=CR; + RsP=0

Ylide structure: (CHo)P—CH,~ == (CHg)sP=CH,

ylide ylene

Preparation of ylides: PheP + RCH,X —» Ph3|5—CH2F1 X~

X =1, Br, or Cl
Ph,PCH,R P3%¢  ph.p—cHR

Base - strong base used for deprotonation
organolithium reagents (BuLi, PhLi), dimsyl anion, amide ion or
substituted amide anions (LDA, NaHMDS) 34



Reactions of Garhon Nu with G=0 Compounds

Wittig reaction

Unstabilized Ylides
- ylides with nonpolar substituents (alkyl, aryl)

reactive toward both ketones and aldehydes

Stabilized Ylides

ylides with a-EWG substituent (COR, COOR, etc.),
less reactive

Mechanism of Wittig reaction

dipolar intermediate (betaine)
low temperature (oxaphosphetane)
(betaine intermediate)
AP—CR, _
_ O-CR,
Ar,P-CR, +R2C=0___| * — Ar,P=0 + R,C=CR,

+Ar3|:|’—(FF¥2 ]
O-CR,

(oxaphosphetane intermediate)

35



Reactions of Garhon Nu with G=0 Compounds

I
Stereoselectivity of Wittig reaction

Structure of ylide
Stabilized ylides — formation of E-alkenes
Unstabilized ylides — formation of Z-alkenes

Effect of base used for ylide formation
formation of Z-alkenes dominates (amides, silazides more than ylides
generated by organolithium compounds)

CH,CH,PPh,Br- %'12 CHsCH=PPh,

3
CeHsCHO + CH,CH=PPh; — » CgHsCH=CHCHj

benzene
98% yield, 87% Z
CHLCHoPPhy - "BYLT GH,CH=PPh,
CHCH—0 4 CHsCH=PPh; — L' CgHsCH=CHCH;
Solvent effect 76% vyield, 58% Z

Temperature 50



Reactions of Garhon Nu with G=0 Compounds

Stereoselectivity of Wittig reaction

Examples - Unstabilized x stabilized ylides

. _ PhLi
CgHeCH,PPhy Cl ey CeHsCH=PPhg

82% yield, 70% £

PhePCH,CO,CH,CH, B | '% PhyP=CHCO,CH,CH, stable, isolable yiide

CHO 120 A
7 benzene .~ COCHZCH,
+ PhyP=CHCO,CH,CH; — -~ 4 L
O OH (2 equiv.) reE I,L:K o OH

86%

EtOH
CgHsCHO + PhsP—=CHCO,CH,CH, . CgHgCH=CHCO,CH,CH;

77%, yield, only E-isomer y



Reactions of Garhon Nu with G=0 Compounds

Wittig reaction (Horner-Wittig)

aldehydes, ketones (not hindered)
olefination reaction with unstabilized ylides with high Z-stereoselectivity

solvent: DMF
additive: Lil, Nal
heating or r.t.

Schlosser & Christmann,
Angew. Chemie Int. Ed. Engl., ™5™, 126 (1966).

method: 2 lF:h . CsH,,
h /Po* Warm \CZC:
C?Htlf' Z-alkene
1 erythro betaine
Ph, Ph Ph TN HC H
- - tBUOH _ :c:c:
‘( Tether é H CsH,,
H, C CL:{ : H C 05H11 E-alkene
threo betaine

tolerance to OH, OR, NO, (arom.), ester, etc.

38


//upload.wikimedia.org/wikipedia/commons/4/4a/Schlosser_Wittig.gif

Reactions of Garhon Nu with G=0 Compounds

Wittig reaction (Schlosser modification)

- olefination reaction with unstabilized ylides with high E-stereoselectivity
- method:

ylide generated as lithium halide complex

reaction with an aldehyde at low temperature

formation of a mixture of diastereomeric betaine-lithium halide complexes

formation of B-oxidoylide with 1.0 eq. of strong base (PhLi)

addition of 1.0 eq. of tBuOH alcohol to protonate the B-oxidoylide
formation of high syn-betaine complex with high stereoselectivity

syn elimination of betaine-lithium halide complex to give E-alkene

|-|i y Ol
RCH—CHR’ pni RCH-CR" ;oo AR H:: iH
N | — ] — R
Li*O~  P*Ph, Li*O~  P*Ph, H R H

P+Ph,



Reactions of Garhon Nu with G=0 Compounds

I
Wittig reaction (Schlosser modification)

- allylation with CH,O
- stereoselective synthesis of Z-allylic alcohols from aldehydes

on N
| . o 1) CH,=0 R  CH,OH
RCHCH—PPh,  BLi  RCHC=PPh;
, —25°C é; 2)25°C H K
betaine B-oxido ylide

1) LiBr, THF, -78°C
CH,CH,CH,CH,  CH,OH

CH,CH,CH,CH,CH=0 + CH,CH=PPh,

2) BuLi
3) CH,0, 25°C H  CH,
Examples
CH,_ CHs
CH + CH,._CH CH P - SV
o °  PhPCHBr 3 ’ CHs PhsPCH; Br, 3
KOCR, KOCR3, toluene i
100°C, 2 h 1% E 90°C, 30 min L 56%
, CH ' 2 CHg
CH; % s, & CH3



Reactions of Garhon Nu with G=0 Compounds

Olefination Reactions Involving Phosphonate Anions

- reaction of phosphonate carbanions with carbonyl compounds to prepare
a,B — unsaturated esters
- phosphonate carbaninons:
stabilized
more nucleophilic and basic

- preparation of phosphonate carbanions:
alkylphosphonate esters with a base such as NaH, BuLi, EtONa
synthesis of alkylphosphonate esters by the reaction of an alkyl halide with
a phosphite ester

O
|
F{CHEX‘ R P(OCEHE}S — F{CHEP(OCEHS}E + CEHEX‘
O O
base _
RCH,P(OC.H;s), — RCHP(OC.,Hg)»
7 i i
- O e O e _
R’,C—CHR Easily removed

by aqueous extraction



Reactions of Garhon Nu with G=0 Compounds

I
Olefination Reactions Involving Phosphonate Anions

Horner - Wadsworth - Emmons reaction

- disubstituted, trisubstituted alkenes, aldehydes-ketones (poor)
- olefination reactions leading to the E-isomers predominantly (increasing
steric  bulk of the aldehyde, higher reaction temperatures (23 °C),
Li > Na > K salts, using the solvent DME over THF)
- olefination reactions leading to the Z-isomers (Still modification - use of
KHMDS with 18-crown-6, THF, -78 °C)

Example

P CH, CO,C,H;

Ph;P—=CCO,C.H; , CH,

THF %
CH=0 _—" CH;
AEXN o 95:5 E
CH,4 CH,
0 CHS\* —

CO,C,H:

KHMDS, 18-crown-6 0 84:16 Z

42



Reactions of Garhon Nu with G=0 Compounds

I
Olefination Reactions Involving Phosphonate Anions

- Some modified phosphonoacetate esters show selectivity for the Z-product

- many modifications o O
Il
CF3CH20_P
Examples o) CF,CH,O \AOMe 07H15/j
J > 0

OMe
C7His™ H  KHMDS, 18-Crown-6 oo
THF -78 OC 90% yI9|C|
! 121 ZE

CF3CH,0 N
H >
KHMDS, 18-Crown-6 0~ OMe
95% vyield

THF, -78 °C
5011 Z'E
PhCH,0
PhCH,O LiCl, DBU
_ + O=CH.__~_~_-CO,CH; CHsCN  R_si0
R3SIO 25°C. 2 h

N "X">CO0,CHj,
” o 70%


//upload.wikimedia.org/wikipedia/commons/4/41/Horner-Wadsworth-Emmons_Still_Example.png

Reactions of Garhon Nu with G=0 Compounds

Reations of a-Trimethylsilylcarbanions with C=0

Peterson reaction

- reaction of a-silyl carbanions with ketones (aldehydes) to form (3-hydroxysilanes

- B-hydroxyalkylsilanes are converted to alkenes by either acid or base
- advantage: E or Z with high stereoselectivity (base or acid)

. Mg or Li _ R,C=0 agird
{EHSJESIGHE}( - {DHE}ESICHEM - - ECHE}BBICHECHE — CHEZEHE
M =Lior MgXx EIJH

- acidic substrates: organilithium reagents of the type (CH3);SICH(LI)Z, where Z is
a carbanion-stabilizing substituent

Bl R.C=0
e R,C=CHZ
(CHJsSIOHZ —» (CHySicHz — F0=
¥
44



Reactions of Garhon Nu with G=0 Compounds

|
Reations of a-Trimethylsilylcarbanions with C=0

Peterson reaction

- basic elimination:

Rt Ry R{T -
R1 S| r R—|_S| O R1_ -0
RQ“>_\—R5 H”Rs o R2WH”R5
R3 R, R; Ry
1 2 3
- higher electron density on O, \ /

increased the alkoxide nucleophilicity Ry Rs
faster elimination =

- rate of elimination: K > Na >> Mg
(K alkoxides eliminate quickly, Na alkoxides require heating, Mg alkoxides
extreme conditions). 45


//upload.wikimedia.org/wikipedia/commons/6/6b/Peterson_Basic_Mechanism.png

Reactions of Garhon Nu with G=0 Compounds

|
Reations of a-Trimethylsilylcarbanions with C=0

Peterson reaction

- acidic elimination:

R1 R R. R
RiSi,  Rq  H20: /? S1| 1
R “>_§"R5 ;'{ “>_TR — )—<
2R3 OH MO’ R OH5
3 2
1 2

- protonation and an anti elimination to form the desired alkene
- typical conditions: H,SO,or AcOH, H,O, THF

Stereoselectivity:
- unter basic conditions an cyclic mechanism of elimination— syn
- unter acidic conditions an acyclic B-eliminations occurs — anti
46


//upload.wikimedia.org/wikipedia/commons/3/32/Peterson_Acidic_Mechanism.png

Reactions of Garhon Nu with G=0 Compounds

|
Reations of a-Trimethylsilylcarbanions with C=0

Peterson reaction

Examples H,SO, /=\
0O » CzHy  CsHy
- Yield: 99%
THF EZ =892
MesSi.  OH
CsH;,  CaHy
KH C3Hy
>
THF CaHo
Yield: 96%
E:Z=955
? I
I
Meaaicle P(OC5Hc)s + (CHs)sCHCHO — (CH3),CHCH=CHP(OC;H;);

]
L 92% 47


//upload.wikimedia.org/wikipedia/commons/5/57/Peterson_Example_Scheme.png

Reactions of Garhon Nu with G=0 Compounds

Reations of alkylsulfonylcarbanions with C=0

Julia olefination (Julia—Lythgoe olefination)

1.step: the addition of sulfonyl-stabilized carbanions to carbonyl compounds
2.step: the alcohol functionalization
3. step: the elimination under reductive condition - formation of alkenes

this transformation highly favors formation of the E-alkenes

1) n-BulLi
R, 2 i
i P.§ Ri ORs NaHa) R
O\\S> Rz Hh— O. _
0o ARX P 2 EOF R
1 2 3

- functionalization (R3 = Bz, Ac...with Ac,O or BzCl)
- reductive elimination (Na/Hg or Sml,) 48


//upload.wikimedia.org/wikipedia/commons/6/6a/Juila_Olefination_Scheme.png

Reactions of Garhon Nu with G=0 Compounds

Reations of alkylsulfonylcarbanions with C=0

Julia olefination

. 0
- mechanism; R, R, )I\ R, O
o) nBui_ o)~ R Ao )
//S\ //S\ 2N R2
O Ph O Ph O Ph
1 2 3
iR?’_X
R; OR;
R4 EtOH Ry H Na(Hg) 0 >_<
— - — -«
. .S Ro
RQ R2 EtOH 0/ \Ph
6 5 4

- the stereochemistry of the alkene (6) is independent of the stereochemistry of
the sulfone intermediate 4

- via the radical intermediates, that are able to equilibrate 49

- more thermodynamically stable E-olefin is produced


//upload.wikimedia.org/wikipedia/commons/6/67/Juila_Olefination_Mechanism.png

Reactions of Garhon Nu with G=0 Compounds

Reations of alkylsulfonylcarbanions with C=0

Julia — Kocienski olefination

- number of variations
- the replacement of the phenyl sulfones with heteroaryl sulfones

(benzothiazole sulfones, tetrazole sulfones)
- T Li*

0 N
N 2o DLDA "]\\ & N OSC R,
SO / - NG
S R 5) R,
1 2) 0 S O
. 0O R
1 Ry "H Li R- 5
- 2 —

- equlibrium reduced \ @:N\
. R O Ry .,
- E/Z mixtures Ry T / S>—k“>—< ‘u
N
Ra 39
6 0



//upload.wikimedia.org/wikipedia/commons/0/0f/Benzothiazole-Julia_Olefination_Mechanism.png

Reactions of Garhon Nu with G=0 Compounds

Reations of alkylsulfonylcarbanions with C=0

0
Examples N \ \\,o
N\ “cH, H
Oy__CH
3 H,C——CH, e Pl
CH

3

NaHMDS, -70°C, THF, 16 hrs. 77%

or
Ol

-
CH, Cs,CO,, +70°C, THF, 16 hrs. 63% CH,

TBDMSO_ = TBDMSO._ "

9] | W BDMS
* /~ch—0 1)Bul Y CH,
OTBDMS 2) PhCOCI
: 3) Na(Hg) 028 EZ  63%
PhsG, ™~ N “CH;

Nﬁ LiHMps CH:O
CHy0—, > CH=0 + mcHESDE—( A e
9=t ZNCl 69%

94:6 E:Z


//upload.wikimedia.org/wikipedia/commons/4/47/Julia-Kocienski_olefination.png

Reactions of Garhon Nu with G=0 Compounds

Corey-Fuchs Reaction

- alkyne formation

1. Ph3P, CBry
2. Base
R-CHO R———H
- mechanism
_ :PPh
“CBrs ( :
AL —_— ( . —_— :Br: —_—
PhsP: :Br—CB )
’ SR PthbB.r- Phap Yo
:B_r:"
1\ ph Ph Ph
0 ETS -
Q B NI @LH
—_—— ( . —_— I£ ae —_—
+ =/ Br PhP—{—Br:
PhsP—T~g;: Phafi g :Br:
:.B'r:" .e -
Ph
PhyH n-BuLi Ph-H Ph _H
M. — A~ — aH — |
‘Br” "Br: :BrAJLi o

H



Reactions of Garhon Nu with G=0 Compounds

Corey-Fuchs Reaction

Samples

EtsN, PhyP, CB Br Br
CHO 3 3 Ma > |
| CH,Cl,
N X' .78°CtoRT, 3.5h, 100% |
PhO,S N A
CHO PhsP. CBrg4 Br Br
‘ CN > |
MeO CH,Cl,
o 0 0°C, 10 min, 91% N
H MeO
o)

TMS Phap, CBT4

T
S CHO  cH,Cly S —
S — 0°C, 50 min, 89% S — Br
— Br — S
OHC == S
S

~ o
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Reactions of Garhon Nu with G=0 Compounds

I
Seyfert-Gilbert Homologation

i O
- alkyne formation x_ P
\ OMe
- Base: K,CO, OMe
0 Base, N,
J_L R———-H
_ R™H X = H, COMe
- mechanism
e :9: (—O. :0: O_ OJ
t-BUQ:/_\ H%P(OMG)Q Ph)LH ) IFI’(OMG)Q Ph/)\l\%ll?l’(OMe)g
—_— —"’ . H
ll\ll+ N4 II\II+
N- N: N-
o Ph_H
Ph @) Ph
H CP(OMe), \g/ Ph. _H
—_— —_— CIIJ —_— \lr) — | |
N4+ ||\i|"' C
N: N: "
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Reactions of Garhon Nu with G=0 Compounds

I
Seyfert-Gilbert Homologation

Samples

o 90
)\H, P-OMe
OMe
h‘z
(2.64 equiv)

K-CO4 (3.5 equiv)
MeOH, rt., 2h; 84%

R = disaccharide
Polycavernoside A

o MOMQ  OMOM
F m,w\—_ume :
OMe
Me OMe N,
HTH\/I\/DR (1.5 equiv) .
KOt-Bu (1.5 equiv) THF
O -78 “C tor.t., 30 min
R =PMB 92%
The C5CZ20 subunit of the aplyronines




