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Stereocontrolled Synthesis of
Tetrasubstituted Olefins
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e Particular challenge in organic synthesis

Ri R » Key starting materials for various asymmetric
/ —< transformations
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* Presence in a lot of drugs, natural products aneroth
biologically active substances
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£ PAUL CEZANNE | . Introduction

» Several processes of synthes g):Carbometallation of alkynas

b) Carbonyl Olefination

c) Elimination reactions

d) Olefin metathesis

e) Ynolates

f) Cycloaddition and sigmatropic reactions

g) Radical cyclizations

h) Manipulation of existing olefins
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|1. Carbometallation of alkynes

1. General process :

* The most widely used method

* Significant structural variation
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£ PRUL Cezanne |1. Carbometallation of alkynes

1. General process

Problem of regioselectivity resolved by : « usingediing groups

» employing symmetrical alkynes

Stereoselectivity depends on : « the metal used

* the catalyst used

High degree of control is possible



£ PAUL CezanNe |1. Carbometallation of alkynes @

AFEe

2. Copper :

a) Carbocupration of alkynoates

COMe e, cuLi, 0, MeO,C

I THF,-78°C~ I
R

R

b) Carbocupration of alkynyl acetals

MeO. _OMe OMe
1) R,'Culi, Et,0, -78°C R
|| OESTT wo ™
2) R?X, HMPT Me” R,
Me R, =n-Bu, R, = Me, 87 %

R, = Et, R, = n-Bu, 78%

R, = Et, R, = CH=CHCHS, 80 %

Corey, E. J.; Katzenellenbogen, J.JJAAmM. Chem. So&969, 91,1851.
Alexakis, A.; Commerciion, A.; Coulentianos, C.; Mant, J. FTetrahedronl984, 40, 715
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2. Copper :

c) Addition of organocuprates anehalo ethers to acetylenic esters

_ - OR;
COMe  4yR,2cuLi, THF, -78°C MeO,C__CuLi MeO,C
[l = | |

2) R*0OCH,CI, -78°C to 0°C R R, R R,
R1

A
OR;
LiCu ICOzMe CO,Me
| — |
. Ry Ry R Ry

Hall, D. G.; Chapdelaine, D.; Preville, P.; Deslongmps, PSynlett1994, 660.
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2. Copper :

c) Addition of organocuprates anehalo ethers to acetylenic esters

COMe 1) Ry2cuLi, THF, -78°C  Me0,C f " e COMe
!1 2) RAOCH,Cl, -78°C o 0°C R, 1| R, R, |2 R,

R1 R2 R3 yi?!ld: (;/;)
TBDPSO(CH,), Me BnOCH, 59 (24 1)
TBDPSO(CH,), Me 4-MeOCgH,OCH, 66 (6 :1)
TBDPSO(CH,), Me Me;Si(CHp);0CH, 68 (>25: 1)
TBDPSO(CH,), Me MeOCH, 87 (25: 1)
TBDPSO(CH,), Bu Me;Si(CHp);0CH, 61 (4.5: 1)
TBDPSO(CH,)s Me 4-MeOCgH,0CH, 72 (6:1)
Et Me BnOCH, 70 (10: 1)
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AFEe

2. Copper :

d) Addition of organocuprates and halo alkyls tetglenic esters

CO,Et

5 1) R,2CuLi, THF, -78°C Ry  CO,Et
‘ ‘ 2) 12-crown-4, HMPA R, Rj
R1

3) R3X, -78°C to r.t
> 19 : 1 cis addition

(a) Kennedy, J. W. J.; Hall, D. G. Am. Chem. So2002, 124, 898. (b) Zhu, N.; Hall, D. GJ. Org. Chem2003, 68, 6066.
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2. Copper :

d) Addition of organocuprates anehalo alkyls to acetylenic esters
CO,Et

1) R,2CuLi, THF, -78°C R4 CO,Et
- =
"| 2) 12-crown-4, HMPA R, R3
Ri 3) RsX, -78°C tor.t
> 19 : 1 cis addition
R1 R2 R3 yield (%)

Et Me ICH,SNnBuj; 80
Et Me ICH,SiMe; 30
Et Me BrCH,Ph 40
Et Me BrCH,CH=CH, 76
Et Me BrCH,C(Br)=CH, 57
Et Me BrCH,CH=CMe, 78
Et s-Bu BrCH,CH=CH, 72
TBDPSOCH, Me BrHCH3CH=CH, 85

Et Me I/\FT”/O 66
@)
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2. Copper :

d) Intramolecular carbocuprati

B

u
RCu \\ THF
n-Pr

Yy

25°C

on

n-Pr

R = (CN)Li.ZnMe,

RCu

Bu

Br”

CO.Et N-Pr

57 %

CO,Et

Bu

Rao, S. A.; Knochel, B. Am. Chem. So&991, 113,5735
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({2 . .

3. Boron:

a) Rearrangement of Boron Ate-Complexes to givasebsituted olefins

- = B
BEt,
1) n-BuLi, -20°C I Me;SnCl CeHisn  Et
2)EtsB,0°C i
nC6H13 nCeH13 Me3sn BEtZ
) ) 1) n-BuLi, -78°C
2) CuBr.SMe, 80 %
3) CH,CHCH,Br
Y
1) Iy
CGH13I7 Et 2) t-BULi, -78°C CaHaan Et
N 6' 113
Me \|  3)CuBr.SMe; HMPA, P(OEt) MeSri
68 % 4) Mel \

(a) Chu, K.-H.; Wang, K. KJ. Org. Chem1986, 51, 767 (b) Wang K. K.; Chu, K.-H.; Lin, Y.; Chen, J.-Hletrahedronl989, 45, 1105
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3. Boron:

b) Rearrangement of Boron Ate-Complexes in thegmes of PhSCI

1) BuLi, -20°C 1) MelLi, -78°C

||| 2)Rs?B,0°C RE_iRZ 2) Cul . R1:_<R2
r, -)Pnsc Phs  BR,2 ) ReX PhS R,
R4MgBr
NiClo(dmpe),
Et,0O, reflux
Y
R4 R
R, Rs

Gerard, J.; Bietlot, E.; Hevesi, Letrahedron Lett1998, 8735
Gerard, J.; Hevesi, [T etrahedror2004, 60, 367.
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|1. Carbometallation of alkynes

3. Boron:

b) Rearrangement of Boron Ate-Complexes in thegmes of PhSCI

1) BuLi, -20°C Mg
uLi, -20° 1) MeLi, -78°C NiCl,(dmpe),
|‘| )R2B,0C R R ogy Rt Re Et,0, reflux G R
] g \
r, J)Phsc Phs  BR,2 o) ReX PhS R, R{ Rs
Rq R, Rs R, Product ElZ yield
(%)
n-Bu
n-Bu n-Bu Me Ph Ph X N-Bu >99:1 82
Me
n-Pent
Et
n-Pent Et allyl Ph Ph™ XX <1:99 38
p
n-Bu
n-Bu n-Bu Me n-Bu n_BL%\(”'BU ] 70
Me
n-Bu
n-Bu n-Bu CH,Ph Me >99:1 24
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3. Boron:

c) Tetrasubstituted olefins in a skipped diene

; PdBry(PhCN), n-Pr<__Br n-Pr<__Ar
l”| " TTHE 0C | ABOH), |
PdBr,(PhCN) i
n-Pr 2 2 n-Pr
n-Pr Br/\y/ P(tBu)s CS,CO3
R R THF R

R =H, Ar=3-NO,CgH, 79 %
R = Me, Ar = N-tosyl-3-indoyl, 83 %

d) Multicomponent assembly of alkynes, imines arghnoboron reagents

. Et NHR H NHR
RI—=—R; Ni(cod), P(CsHe)s & ‘
+ = R1 N R3 + R1 N R3
NE MeOAc, MeOH R, R,
)| BEt; A B
R
E 12 examples yields = 30-98%

A/B = 86/14- 96/4
regioselectivity = 89:11-93.7

Kaneda, K.; Uchiyama, T.; Fujiwara, Y.; Imanaka, Teranishi, SJ. Org. Chem1979, 44, 55.
Patel, S. J.; Jamison, T.A&ngew. Chem., Int. EQ003, 42, 1364.
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“ ] |
3. Boron:
e) Cyanoborane addition to alkynes
) €Y [e/de(n3-C3H5)], PMe; NC Ro
R,—CN + Ar———R; . > >:<
- M;Iloxane, 130°C Ar R
N N,
o (T
N "IN 11 examples 59-97%
Me Me
i-Pr Me regioselectivity . 83:17-98:2
N N,
sl
N N
I-Pr Me

— Conclusion : « cis geometry for the initial carboaikdtion

* loss of stereochemical information less frequeantwith
organocuprates.

e using directing groups or making symmetrically stithted products
achieves reliable regioselectivity

* vinyl borane intermediates are excellent partf@rsubsequent
palladium-mediated processes.

Suginome, M.; Yamamoto, A.; Murakami, Mingew. Chem., Int. EQ005, 44, 238Q



Pay i |1. Carbometallation of alkynes o

3. Boron:

— Conclusion : « cis geometry for the initial carboaikdtion

* loss of stereochemical information less frequeantwith
organocuprates.

e using directing groups or making symmetrically stithted products
achieves reliable regioselectivity

* vinyl borane intermediates are excellent partf@rsubsequent
palladium-mediated processes.

Suginome, M.; Yamamoto, A.; Murakami, Mingew. Chem., Int. EQ005, 44, 238Q



£ PAUL CezanNe |1. Carbometallation of alkynes @

4. Tin :
a) Addition of acyl stannanes to alkynes
; O OCO,Et O
n-rr
O Ni(cod), N Ph/\) 5
N - - n-Pr ~ 0 n-Pr
&]\ P toluene, A O | Pd,(dba); |
0~ “SnBus 66 % DMF, A il n-Pr
BusSn n-Pr 88 %

b) Addition of acyl stannanes to dienes

R
i o Ni(cod), (R !
2 .
R1 SnR3 i %ﬁr - R1 i &
toluene, A
SnR3
5 examples 36-73 %

Shirakawa, E.; Yamasaki, K.; Yoshida, H.; HiyamaJTAm. Chem. Soit999, 121, 10221
Shirakawa, E.; Nakao, Y.; Yoshida, H.; HiyamaJTAm. Chem. So2000, 122, 9030.
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4. Tin :
c) Radical carbostannylation of alkynes
MeOzC
g AIBN, PhH, A
| : R 1945%
CO,Me |
SnBug GWE~ “SnBuj
EWG = CO,Et or CN
CF;
| | Bu38n CF3 Ar CF3
PhA, A . | Pd(PPhj), Cul |
CO,Me Arl, DMF, 70°C
SnBus of CO,Me Cl CO,Me
Cl Ar = Ph, 96 %

Ar = p-MeOCgH, 78 %
Ar = p-C'-C6H4’ 93 %

— Conclusion : ¢ highly stereoselective

» moderately regioselective

(a) Miura, K.; Itoh, D.; Hondo, T.; Saito, H.; Itbl.; Hosomi, A.Tetrahedron Lett1996, 37, 8539. (b) Miura, K.; Matsuda, T.; Hondo, T.;
Ito, H.; Hosomi, A.Synlett1996, 555
Konno, T.; Takehana, T.; Chae, J.; Ishihara, Tm#aaka, HJ. Org. Chem2004, 69, 2188
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5. Magnesium :

a) Carbomagnesiation of propargylic alkynes

R /\/MQBI' —— _ _—
1
10% Cul R, I = 1) TBSCI R
|| > - > IN_— - R —
M 2
HO QO | HO 2) R,ZnCl, Pd(0) OTBS

R¢ = Me, R, = n-Bu, 86%
R1=n-Bu, R, = Me, 97 %

b) Conversion of propargylic and homopropargylitegs to tetrasubstituted olefins

6 examples 35-92 %

(&) Negishi, E.; Zhang, Y.; Cederbaum, F. E.; WébB. J. Org. Chem1986, 51, 408Q (b) Anastasia, L.; Dumond, Y. R.; Negiski Eur. J.
Org. Chem2001, 3039

(a) Okada, K.; Oshima, K.; Utimoto, K. Am. Chem. So&996, 118,6076 (b) Tang, J.; Okada, K.; Shinokubo, H.; OshimaTktrahedron
1997, 53, 5061
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5. Magnesium :
c) Three component coupling of alkenes and dienes
Me
Jl R,MgCl OH
R,X, Pd(PPhs), sz/ﬁ&

Me

HO
7 examples 10-73 %
— Conclusion : « trans addition
* initial stereochemistry preserved in the subsegoeupling
* using directing groups achieves reliable regiagtaity

» works only with propargylic or homopropargylic alwols

Tessier, P. E.; Penwell, A. J.; Souza, F. E. Slisi-&. G. Org. Lett 2003, 5, 2989.
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5. Other metals :

a) Carbozirconation :
Ph

1) Cp,ZrEt, Ph ICOZEt RX Ph | CO,Et
| X

2) CICO,Et Ph™ ZrCICp, Ph
4 examples : 31-65 %

Yy

Y

R

— high degree of stereoselectivity
— Syn isomers

b) Carbozincation :

Ph

Ph

Y

EtoZn Ph:[ZnEt 1) CuCN.2LiCl PhIR

Yy

Ni(acac), Ph” "Et 2) RX Ph™ Et

3 examples : 55-71 %

Takahashi, T.; Xi, C.; Ura, Y.; Nakajima, B. Am. Chem. So2000,122,3228.
Stu'demann, T.; Ibrahim-Ouali, M.; Knochel, Petrahedronl998, 54,1299.
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ix-Marse |

5. Other metals :

c) Carboalumination :

™S 1) ELAICI

| | Cp,TiCl, N TMS:[Br PhZnCl TMSIPh
Ph 2) NBS Ph™ Et Pd(PPh3), Ph™ R
85 % 95 %

d) Carbolithiation of diphenylacetylgne ;

N/\/O\O\
| or | R1

o)
o \l|\l/\/ \©\ Ph X Ph
I 1) RyLi, -10°C, THF R11Ph B(OH),
Ph 2)E 2B Pd(PPhs), Na,CO; DME/H,0
3) HCI (aq) O
30-54 % 62-73 % N
>95:5 Z/E

Miller, R. B.; Al-Hassan, M. IJ. Org. Chem1985, 50, 2121.
Treitel, N.; Eshdat, L.; Sheradsky, T.; DonovanVP. Tykwinski, R. R.; Scott, L. T.; Hopf, H.; Raimvitz, M.J. Am. Chem. So2006,
128,470:



Pay i |1. Carbometallation of alkynes W

— Conclusion : » Access to various tetrasubstitutagbteobonds
» High degree of control is possible

» Stereoselectivity influenced by the type of meisdd and the type of
catalyst used

* Regioselectivity addressed by using directing geoor by employing
symmetrical alkynes.

» To synthetise4) double bond, the most effective is the boron

» To synthetise (E) double bond, the most effeasuwie magnesium.
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AFEe

1. Wittig and Horner-Wadsworth-Emmons

a) Wittig reaction :

1) PhLi, Et,O
Br Ph3|J5\/\/\Br ) hi=E _
2) Ph,CO
57 %
N R 1) NaH (2 éq)
Br PhyP.__ L _ Br §
2) R'COR"
45 -80 %

Ph

Ph

D=

R"

Scherer, K. V., Jr.; Lunt, R. s., I0. Org. Chem1965, 30, 3215
Utimoto, K.; Tamura, M.; Sisido, Kl etrahedronl973, 29, 1169
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Aras |

1. Wittig and Horner-Wadsworth-Emmons

b) Horner-Wadsworth-Emmons reaction : X
|S 1) n-BuLi, THF, -50°C 71 % t-Bu
|
(MeO),P
Y 2)0 50°C
\Iv\j\ _ S Ph
or tBu 80 % Ph
O~__Ph ,25°C
Ph
& 0 NaOEt / HOEt CO,Et
(EtO)P<_COEt + ]| - |
T Me™ R reflux Me~ R
40 - 85 %
EZ1.1 521

Corey, E. J.; Kwiatkowski, G. T. Am. Chem. Sott966, 88, 5654 Ramazani, A.; Azizian, A.; Bandpey, M.; NoshiranghdN.
Phosphorus, Sulfur Silicon Relat. Ele2006, 2731.
Gallagher, G., Jr.; Webb, R. 8ynthesid974, 122
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1. Wittig and Horner-Wadsworth-Emmons

c) Intramolecular diastereoselective Horner-Wad#hvor
Emmons reaction :

9 0)
t-BuOK, THF
oo ¢ -
Ph -50°C, 15 h
i, 86 %

de. =97.5%

1o, 25-dihydroxyvitamin D3

Mandai, T.; Kaihara, Y.; Tsuji, J. Org. Chem1994, 59,5847.
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2. Olefination with Metal Carbenes :

0
Rs<_R
Cl . TiCp 314
L 2Cp,TiP(OE)s), PR 2 R3)LR4 I
R4 R> - R4 R, g R4 R2
52-79%

» works only when R1 = R2 and R3=R4
 when R¥R2 and R3R4, bad stereoselectivity : mixture 6% isomers
— McMurry Reaction : synthesis of several terpenes

o O
| TiCls |

Zn/Cu, DME
R = CH,OSiPh,t-Bu

Takeda, T.; Sasaki, R.; Fujiwara,J.Org. Chem1998, 63, 7286
Jenny, L.; Borschberg, H.-BlelV. Chim. Actd995, 78,715.
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AFEe

2. Peterson and Julia-Lythgoe Olefination :

a) Peterson olefination-- limited process : only one example
RMgBr

- i AcOH
SiMes %Ph )ﬁ/\/Ph
or RLi R~ “OH AcONa

o R
R=)\ 64 %
s

R= /\éf 72 %

|
Y

— General mecanism ;

—
SiMe; ©
. RMqgBr : AcOH 3
SIMe3 Ph g — >§SI<M$/P|‘] — %Ph
or RLi R~ “OH AcONa L

@)

syn-elimination

)\(\/Ph

R

Brown, P. A.; Bonnert, R. V.; Jenkins, P. R.; Selivh R. Tetrahedron Lett1987, 28,693.



&

PRUL CEZANNE I11. Carbonyl olefination

({2 . .

2. Peterson and Julia-Lythgoe Olefination :

b) Julia-Lythgoe olefination :

SO,A
e O Ar0,S  OH Reductive

R
Ry Rj

)@RZ ' )J\R4 L ; i R Elimination

R, Ry
- )=
R, R

—s difficult reaction between secondarysulfonyl carbanions and ketones

1) LDA
0 2) R{COR, PR Sml
Sph . 03/764 R :
3) BzCl Ph\% HMPA
O 29 - 33%

4) Me;N(CH»)30H

0 0 0 0
R1)LR2 ) @ ,)J\iPr’ )J\APh

C
N YW/\ R,

Pospsil, J.; Posil, T.; Markao, I. E.Org. Lett.2005, 7, 2373.
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2. Peterson and Julia-Lythgoe Olefination :

b) Julia-Lythgoe olefination :

— General mechanism

: OH OAc OAc
n-BulLi AcCl/ Smi
PhO,S._R; - s R, IRy . Rl —~ » o R
SO,Ph SO,Ph PhHOHS\O
R H o
R@@ OAc Sml, OAc
RN - AcOP ACONHISA " R z R R R

Pospsil, J.; Posil, T.; Markao, I. E.Org. Lett.2005, 7, 2373.
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2. Peterson and Julia-Lythgoe Olefination :

c) Julia-Kocienski olefination of electron-defictesulfones with ketones :

O

O,
F3C SY R»])L R2 Me
\©/ Schwesinger's bas'e ;[
CF;

THF, r.t to reflux
35-70%

— Conclusion : swidely used for formation of mono- ahgubstituted olefins

* limited for synthesis of tetrasubstituted olefins

 the most effective is the McMurry reaction

Alonso, D. A.; Fuensanta, M.; Nara, C.Eur. J. Org. Chen006, 4747.
Schwesinger, REncyclopedia of Reagents for Organic Synthaafgey: Chichester1995; Vol. 6, p 4110.
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— Various processes to synthetize tetrasubstituteithsl

— Generally, the most used processes to synthetiggdelbonds are the carbometallation
of alkynes and the carbonyl olefination

— |n our case, the most effective is the carbomeiafiaof alkynes.



