ASYMMETRIC ENYNE
CYCLOISOMERISATIONS

Literature Review
08/06/12
‘ Ross Walker




CYCLOISOMERISATION OF ENYNES

M R M N R
Nu Path A
Path B
Nu
Path H
— /—:
4 2 . - 7 Path C _ Z(;Ij
A Path G (\_'n_\\_\ “h R
R
Path D
Path F
Path E
7 N\ R
(4 Y Z( |
n-1 n
R R

Aubert, C.; Buisine, O.; Malacria, M., Chem. Rev. 2002, 102 (3), 813-834. a
Michelet, V.; Toullec, P. Y.; Genét, J.-P., Angew. Chem. Int. Ed. 2008, 47 (23), 4268-4315.
Lee, S. |.; Chatani, N., Chem. Commun. 2009, 371-384.




OVERVIEW

Cycloisomerisation of Enynes:

Pd, Ru, Rh, Ir, Pt, Au, Hg, Ti, Cr, Fe, Co, Ni, Cu, Ag, Ga, In

1) Enyne Rearrangements

2) Enyne Tandem Reactions



Pd-Catalysed

Pd,(dba)3*HCCl3 (2.5 mol%)

MeOC./ PhsP (5 mol%) MeO,C MeO,C
MeO,C Acd(Smol%)  _ Me0,c7\ * MeOC X
\ toulene, RT
a b
Optically Active Acids Yield Raa}go ee
S (-)-binaphthoic 61% 3:1 33%
(+)-3S-methyl-2R-(n|trome_thyl)75-oxo- 59% 351 5-10%
3S-cyclopentaneacetic acid
(-)-2pyrrolidone-5S-carboxylic acid 82% 31 9%
S (-)-2methoxy-2-tr|fluoromethyl- 50% 31 8%
phenylacetic acid
(+)-camphorcaraboxylic acid 64% 3.2:1 2-5%

Trost, B. M.; Lee, D. C.; Rise, F., Tetrahedron Lett. 1989, 30 (6), 651-654.




Pd-Catalysed

Pd,(dba)3eHCCl3 (3 mol%) PhO.S
2

PhO2S — Ligand (6 mol%)
PhOzS><_7\_( AcOH (10 mol%) PhO,S
o » R
= benzene, RT

HN. M 0 <0
O % PPh,
A B
R Ligand ee
(CH,)30,C(CH,),CO,H A 50%
(CH,),CO,H A 42%
A 24%
(CH,),C0O,CH,CHj,4

B (60 °C) 33%
CO,H A 47%

Trost, B. M.; Czeskis, B. A., Tetrahedron Lett. 1994, 35 (2), 211-214.




Pd-Catalysed

— Pd,(dba)3eHCCl; (2.25 mol%

—= )
PhSO,N TRAP (8.3 mol%) PhSOLN
PhSO,N
\_\\_> AcOH (2.7 eq.) . 2 ~ + 2 P
R
a b R

toulene, RT, 24 h

R= SiMes

68 % yield

a:b 1:3.5
AraP 95% ee

CpFe— —FeCp

PAr, (R R)-(S,S)-(p-CF3CgHy)-trap

 However the chemoselectivity and substrate scope of this reaction

remained very limited.
* The chiral phosphine ligand also reduces the rate of cyclisation.

* Yields 24-80 % (typically 70%), ee 34-95 (typically 65)

Goeke, A.; Sawamura, M.; Kuwano, R.; Ito, Y., Angew. Chem. Int. Ed. Engl. 1996, 35 (6), 662-663.



Pd-Catalysed

CO,Me
——CO,Me Pd(CF3CO,), (5 mol%) P 2
;T (R)-Segphos (10 mol%)

0] - o /
\ benzene, 100 °C, 37 h "

99% yield, 99% ee

o)
.0
O PPh,
o PPh,
g
0

(R)-Segphos

Catalyst, ligand and solvent were all optimised but only with a
single substrate

Hatano, M.; Terada, M.; Mikami, K., Angew. Chem. Int. Ed. 2001, 40 (1), 249-253.




Pd-Catalysed

Pd(OCOCFs), or (MeCN),Pd(BF ),
[+ ) l
: JE Dzo
[ H-Pd —=— D- Pd]

0 \/ active species \

ITI

Hatano, M.; Terada, M.; Mikami, K., Angew. Chem. Int. Ed. 2001, 40 (1), 249-253.




Pd-Catalysed

Intermediates in non-polar solvents eg. benzene

Hatano, M.; Terada, M.; Mikami, K., Angew. Chem. Int. Ed. 2001, 40 (1), 249-253.



Pd-Catalysed

[(MeCN)S‘tpg](Bﬂ)z (3 mol%) CO,Me

_ (@S)-3 (10 mol%) _

/=, COMe HCOOH (1 eq.)

TsN R - TsN ' /
\_\gi DMSO, 100 °C, 3 h R2 R

R'=H, R?>=Me 99% yield, 93% ee
R'=Me, R>=H 90% yield, 66% ee

(aS)-3

™

Hatano, M.; Mikami, K., Org. Biomol. Chem. 2003, 1 (22), 3871-3873.




Pd-Catalysed

[(MeCN),Pd](BF.), (5 mol%)

CO-Me (aS)-3 (10 mol%)
%J J| HCOOH (0.5 eq.)
n T .
DMSO, 100 °C, 1 h

N
Ts

% Yields (%oee)

Substrate
a b

Q 90(96) 9(-)

s

@ 71(84) 29(35)

6(95) 93(95)

25(92) 70(91)

@ >95(84) 0(-)

Hatano, M.; Mikami, K., Org. Biomol. Chem. 2003, 1 (22), 3871-3873.



Pd-Catalysed

[(MeCN),Pd](BF ), (5 mol%)

O CO;Me (@S)-3 (10 mol%) P CO,M
« J| HCOOH (1 eq.) \ 4 e
\ DMSO, 100 °C, 1 h N

Ts Ts
>99% yield, 93% ee

\

Hatano, M.; Mikami, K., Org. Biomol. Chem. 2003, 1 (22), 3871-3873.




Pd-Catalysed

1,7-Enynes

R [(MeCN)4Pd](BF ), (5 mol%)

= (S)-BINAP (10 mol%)
HCOOH (1 eq.) N
N/w/\ -

DMSO, 100 °C, 1-3 h
Ts

R = CO,Me, H 99% yield, 99% ee OO
PPh,

(S)-BINAP
ook
R [(MeCN)4Pd](BF ), (5 mol%)

= (S)-BINAP (10 mol%)
HCOOH (1 eq.)
#‘?@ DMSO, 100 °C, 1-3 h
0

R =CO,Me 99% yield, 99% ee
R=H 99% yield, 98% ee

Hatano, M.; Mikami, K., J. Am. Chem. Soc. 2003, 125 (16), 4704-4705.




Pd-Catalysed

L [(MeCN)4Pd](BF4), (5 mol%) i
/—==C0Me ()3 5xylyl-segphos (10 mol%)

0 > O  )—Ph
\ Ph DMSO, 100 °C, 3 h —

22% yield, 76% ee

CO,Me

T P

j~COxMe Meozcs/ y
0 -1Ph O/IC [Pd]

[Pd] H COsMe
<§§L002Me {\

© -~ "'Ph H CO,Me - [Pd]
- “~[Pd] Ph

Mikami, K.; Hatano, M., Proc. Natl. Acad. Sci. USA 2004, 101 (16), 5767-5769.




Rh-Catalysed

— [{RhCl(cod),)},] (10 mol%)
o (S)-BINAP (12 mol%)
\ AgSbF5 (10 mol%) O@f/\
CICH,CH,CI, RT, 5 min SN R2

81-99% yield, >99% ee

\

R'= Ar, Me, n-Bu
R? = H, Me, Et

0 [{RhCI(cod),)},] (10 mol%)
>%R1 (R) or (S)-BINAP (12 mol%) Q
Bn—N AgSbF 5 (10 mol%) éﬁ/\
* / R2

A CICH,CH,CI. RT, 5 min

R2 88-96% yield, >99% ee

R'=Ph, Me, n-CsH1
R? = H, Me, Et, OMe, OBn, OAc

\

o
1
z

Cao, P;; Zhang, X., Angew. Chem. Int. Ed. 2000, 39 (22), 4104-4106.
Lei, A.; He, M.; Wu, S.; Zhang, X., Angew. Chem. Int. Ed. 2002, 114 (18), 3607-3610.
Lei, A.; Waldkirch, J. P;; He, M.; Zhang, X., Angew. Chem. Int. Ed. 2002, 41 (23), 4526-4529.




Rh-Catalysed

/7N 0
— i
o R R Bn—N
=
Bn_N&i/\ \;
* 2
R R2
@)
1 — R
= RAM & Bn—N N I/P
Bn—N \P \,,,Rh
= R2 \ *

Cao, P.; Zhang, X., Angew. Chem. Int. Ed. 2000, 39 (22), 4104-4106.
Lei, A.; He, M.; Wu, S.; Zhang, X., Angew. Chem. Int. Ed. 2002, 114 (18), 3607-3610.
Lei, A.; Waldkirch, J. P.; He, M.; Zhang, X., Angew. Chem. Int. Ed. 2002, 41 (23), 4526-4529.




Rh-Catalysed

— R'  (M)-TETRAPHOS-Rh/(R)-DABN 1
—— R
O (5 mol%) P
TFOH (10 mol%)
N\ - @) P
CICH,CH,CI, RT - 5 °C * R?
RZ

~91% yield, 91-99% ee

(M)-TETRAPHOS-Rh/(R)-DABN P/Rh\N

Mikami, K.; Kataoka, S.; Aikawa, K., Org. Lett. 2005, 7 (26), 5777-5780.




Rh-Catalysed

Examples in Natural Product Synthesis

[{RhCl(cod),)}] (5 mol%)

(R)-BINAP (11 mol%) H
AgSbFs5 (20 mol%)
J{ f\/OH - A o)
CICH,CH,CI, RT, < 10 min
0”0 2z 0™ g

99% yield, >99% ee

\

N
et
N (+)-pilocarpine
0o
Lei, A.; He, M.; Zhang, X., J. Am. Chem. Soc. 2002, 124 (28), 8198-8199. @

Horne, D. A.; Fugmann, B.; Yakushijin, K.; Buchi, G., J. Org. Chem. 1993, 58 (1), 62-64.




Rh-Catalysed

Examples in Natural Product Synthesis

ketyl radical (0]
HO cyclization
/etherification
OH OH 0 .
S
-)-platensimycin
O
cycloisomerisation
>
HO ||
O [{RhCl(cod),)},] (5 mol%) o
(S)-BINAP (11 mol%)
AgSbF5 (20 mol%)
CICH,CH,CI, RT, 1.5h
_ o\
HO I e CO,Me
CO,Me .
91% yield, >95% ee @
Nicolaou, K. C.; Edmonds, D. J,; Li, A,; Tria, G. S., Angew. Chem. Int. Ed. 2007, 46 (21), 3942-

3945.




Rh-Catalysed

Kinetic Resolution

[{RhCl(cod),)},] (2.5 mol%)
Ligand (5 mol%)

P
I /@/OH AgSbF5 (20 mol%) _ J
02 CICH,CH,CI, 15 °C, 2 min y
o)
SM P
(S)-BINAP
~ (2R 3SMP . (2R 5S)SM
l /(\ro"' >09% ee >09% ee
9 ) (R)-BINAP _ (2S.3RyP . (25 5R)-SM
syn-(£) . >99% ee >99% ee
I on OBINAP  _ r3sp  ,  (25,55-sM
f\r >99% ee >99% ee
o~
anti-(+) (R)-BINAP (28, 3R)-P (2R, 5R)-SM
>99% ee >99% ee

Lei, A.; He, M.; Zhang, X., J. Am. Chem. Soc. 2003, 125 (38), 11472-11473.




Ir-Catalysed

Toluene, 80 °C

EtO,C —
: Cat. (4 mol%) Et020>@/\
Et0,C \ > EtO,C

[IrCI(CO)4], CO 2d 5%
[IrCI(CO)], N, 20 h 59%
[IrCl(cod)], CO 12 h 51%
[IrCl(cod)], N, 6h 0%

[IrCl(cod)], (10 mol%)

o (R)-Tol-BINAP (20 mol%) __
o-TsN/ R AgOTf (24 mol%) _ o-TsN *
CO (1 atm) *
dioxane, reflux, 7 h R
R = 4-CIPh

71% yield, 74% ee

Chatani, N.; Inoue, H.; Morimoto, T.; Muto, T.; Murai, S., J. Org. Chem. 2001, 66 (12), 4433-4436.
Shibata, T.; Kobayashi, Y.; Maekawa, S.; Toshida, N.; Takagi, K., Tetrahedron 2005, 61 (38), 9018-

9024.




Ir-Catalysed

@
Ir H H
H ~ f» 1,2-hydrogen /§<Ir N'r
>% migration @/
1 Z > Z\( <> Z\(
R R R
[2+2 = i =
-  » Z e — z

R R

Shibata, T.; Kobayashi, Y.; Maekawa, S.; Toshida, N.; Takagi, K., Tetrahedron 2005, 61 (38), 9018- a
9024.




Au-Catalysed

__ AuCI((R)-binap) (5 mol%)

/Tph 0, /
TsN AgOTf (7 mol%) . TsN Ph
\_\>7 DCM, RT *

95 yield, 22% ee

[Au(L)T

® . H
) L*)Au Au(L*)

/TR : Z R +H* -~ "R
TsN — = TsN —> TsN
\_\>7 4 n - Au(LM* .

*

Lee, S. I.; Kim, S. M.; Kim, S. Y.; Chung, Y. K., Synlett 2006, (14), 2256,2260.




OVERVIEW

Cycloisomerisation of Enynes:

Pd, Ru, Rh, Ir, Pt, Au, Hg, Ti, Cr, Fe, Co, Ni, Cu, Ag, Ga, In

1) Enyne Rearrangements

2) Enyne Tandem Reactions



Ru-Catalysed (substrate control)

H
- // [CPRuU(MeCN)3]PFg (10 mol%)
R+
NV\/A acetone, RT, 7 h
o]

84%

R =H, Me
R R
g
CpRuL,, ~
K AN

RuC =

-

Trost, B. M.; Toste, F. D.; Shen, H., J. Am. Chem. Soc. 2000, 122 (10), 2379-2380.
Trost, B. M.; Shen, H. C., Org. Lett. 2000, 2 (16), 2523-2525.
Trost, B. M.; Shen, H. C., Angew. Chem. Int. Ed. 2001, 40 (12), 2313-2316.

RuCp




Rh-Catalysed

Formal [4+2] cycloaddition

——R
o [Rh((L*)(CH,Cl>),]SbFg
\ (6 mol%) o
> o)
\ DCM/EtOAc 6:1, 55 °C, 4-10 h
H
L* = (S,S)-Me-MeDuphos

R =H, 85% yield, 95% ee
R = Me, 76% yield, 88% ee

Gilbertson, S. R.; Hoge, G. S.; Genov, D. G., J. Org. Chem. 1998, 63 (26), 10077-10080.




Rh-Catalysed

Formal [2+2+2] cycloaddition

a) 1,4-Diene-ynes

I 1
/—R [Rh(cod),]BF 4 (10 mol%) R ,
z \_/<_( (S)-Tol-BINAP (10 mol%) i <:©<R
- CICH,CH,CI, 60 °C *
Z R R2 Time/h Yield ee
NTs BnOCH, Me 48 83% 88%
NTs H Me 6 83% 93%
NTs H Ph 6 72% 91%
C(CO,Bn), H Me 48 76% 93%

Shibata, T.; Tahara, Y.-k., J. Am. Chem. Soc. 2006, 128 (36), 11766-11767.




Rh-Catalysed
Formal [2+2+2] cycloaddition

a) 1,4-Diene-ynes

CICH,CH,CI, 60 °C

—— R [Rh(cod),]BF4 (10 mol%)
Z \_/<_// (S)-Tol-BINAP (10 mol%) Zqij

z R? Time/h Yield ee
NTs BnOCH, 12 91% 99%
NTs H 12 79% 99%
C(CO,Bn), H 6 80% 90%
O Ph 48 55% 92%
o) Ph(CH.,)5 6 64% 94%

Shibata, T.; Tahara, Y.-k., J. Am. Chem. Soc. 2006, 128 (36), 11766-11767. @




Rh-Catalysed

Formal [2+2+2] cycloaddition

a) 1,4-Diene-ynes

R1
/—=—R! = olefin R R?2 T 2
z M z M insertion # M Z(:@i R
\_/<_// z R2# H ’
* M
R2 R2
| v
1 1 1
I R2 R R? R?
. Y 1,3 -H shift
Z <L Z . \ - Z ! N H
M * M
H

Shibata, T.; Tahara, Y.-k., . Am. Chem. Soc. 2006, 128 (36), 11766-11767. @




Rh-Catalysed

Formal [2+2+2] cycloaddition

a) 1,4-Diene-ynes

—=—ph [Rh(cod),]BF 4 (10 mol%) Ph Ph
0 (S)-Tol-BINAP (10 mol%) =
» O * + O *|
CICH,CH,CI, 60 °C *
51%, 98% ee 30%, >99% ee
Ar
—=——Ar [Rh(cod),]BF, (10 mol%) P

0] (S)-Tol-BINAP (10 mol%) g *
\_/<_/< CICH,CH,CI, RT
Ar = 1-naphthyl
82% yield, 97% ee

Shibata, T.; Tahara, Y.-k.; Tamura, K.; Endo, K., J. Am. Chem. Soc. 2008, 130 (11), 3451-3457.




Rh-Catalysed

Formal [2+2+2] cycloaddition

a) 1,5-Diene-ynes

Y [Rh(cod),]BF4 (10 mol%)

TsN (S)-Tol-BINAP (10 mol%)
\—-/<_L . TsN + TsN

CICH,CH,CI, RT, 12 h 32
achiral 11 99% ee
89% yield

—— [Rh(cod),]BF 4 (10 mol%)
TN (S)-Tol-BINAP (10 mol%) Ar
> TIsN +  TsN
Ar

CICH,CH,CI, 40 °C, 12 h
i 0,
Ar achiral 113 99% ee
78% yield

Shibata, T.; Tahara, Y.-k.; Tamura, K.; Endo, K., J. Am. Chem. Soc. 2008, 130 (11), 3451-3457.




Rh-Catalysed

Formal [2+2+2] cycloaddition

a) 1,6-Diene-ynes

S [Rh(cod),]BF 4 (10 mol%)
TsN (S)-Tol-BINAP (10 mol%)
~ IsN + TsN
/ CICH,CH,CI, RT, 24 h 3

Ar = 2-PhCgH,
13:1
78% yield

Shibata, T.; Tahara, Y.-k.; Tamura, K.; Endo, K., J. Am. Chem. Soc. 2008, 130 (11), 3451-3457.




Rh-Catalysed

Formal [2+2+2] cycloaddition
1) p-hydride H
elimination
R2 _— > 7 R2
2) -ML,
m

1
R R2 R1
olefin % ML R,
insertion 7z " . 7 %)
into (a) . mMLn 5
/ y

1
™ (b) \ R /R only for

i 1) p-hydride -
olefin ML p-hydr m=0
insertion Z mA" R2 elimination )

* 2) -ML,, R
R’ R

~ ML,
* *R2 * R2

Shibata, T.; Tahara, Y.-k.; Tamura, K.; Endo, K., J. Am. Chem. Soc. 2008, 130 (11), 3451-3457.




Rh-Catalysed

Formal [2+2+2] cycloaddition

TSN/\/K [Rh(cod),]BF4 (5 mol%)

(R)-Hg-BINAP (5 mol%)

A
CICH,CH,CI, 80 °C, 3 h
)\/NTS

\j

4% ee

99% yield
1:2.4

ng [Rh(cod),]BF 4 (10 mol%)

(R)-Hg-BINAP (10 mol%)

S .
S CICH,CH,CI, RT, 16 h
/\/NTS
89% yield, 98% ee
Tanaka, K.; Nishida, G.; Sagae, H.; Hirano, M., Synlett 2007, (09), 1426,1430. @

Sagae, H.; Noguchi, K.; Hirano, M.; Tanaka, K., Chem. Commun. 2008, (32), 3804-3806.




Rh-Catalysed

Formal [2+2+2] cycloaddition

TSN/\/
[Rh(cod),]BF4 (10 mol%)
| (S)-BINAP (10 mol%)
Ph >
R CICH,CH,CI, 60 °C, 2 h

65% vyield, 99% ee

Shibata, T.; Otomo, M.; Endo, K., Synlett 2010, (8), 1235,1238.




Rh-Catalysed

Hydrosilylation/Cyclisation

[Rh(cod),]SbFg (5 mol%)
_ (R)-biphemp (5 mol%)

MeO,C — HSIEt,
MeO,C -
o2 \ CICH,CH,CI, 70 °C, 1.5 h

[Rh(cod),]SbFg (5 mol%)
= (R)-SDP (6 mol%)
TsN HSIR;3
AN CICH,CH,CI, 70 °C, 2 h

MeOzC = SIEt3
Me0,C~ \_—k

81% yield, 98% de, 92% ee

i
TsN(:]i\S'Rs

R = Et, 60% yield, 98% ee

Chakrapani, H.; Liu, C.; Widenhoefer, R. A., Org. Lett. 2003, 5 (2), 157-159.
Fan, B.-M.; Xie, J.-H.; Li, S.; Wang, L.-X.; Zhou, Q.-L., Angew. Chem. Int. Ed. 2007, 46 (8), 1275-

1Bty

O PPh,
l PPh,

(R)-biphemp

(R)-SDP




Rh-Catalysed

Hydrosilylation/Cyclisation

P @/ MeO,C —
MeO2C SIR3 \
HSIR3
MeO,C ZSiRg //\< T _siRy
Rh
MeO,C SR

P—Rh—H MeO,C —
k | MeO,C
P
SIR3
MeO,C |
MeOQC

Chakrapani, H.; Liu, C.; Widenhoefer, R. A., Org. Lett. 2003, 5 (2), 157-159.
Fan, B.-M.; Xie, J.-H.; Li, S.; Wang, L.-X.; Zhou, Q.-L., Angew. Chem. Int. Ed. 2007, 46 (8), 1275-
1277.




Rh-Catalysed

Hydroboration/Cyclisation

_ [Rh(cod),]SbFg (5 mol%)
MeO,C _ O (S)-BINAP (5 mol%) MeO,C Z “B(pin)
MeO,C *  HB > MeO,C
o) CICH,CH,CI, 30 °C, 4 h *

\

71% yield, 85% ee

H202/NaOH . MeOzC o
MGOZC

78% yield,
15:1 dr, 88% ee

[Rh(cod),]SbFg (5 mol%)
(S)-BINAP (5 mol%)

megzg T HB(cat) MeOZC><:6\B(Cat)
e
2 \ CICH,CH,CI, 30°C, 4h | MeOC .
|
\©\ MeO,C
CFs _ Meo,c

Pd(OAc), (5 mol%) . i
Acetone/H,0 65% yield, 88% ee

65°C,10h

Kinder, R. E.; Widenhoefer, R. A., Org. Lett. 2006, 8 (10), 1967-1969.




Rh-Catalysed

Tandem addition of boronic acids

MeO,C _
MeO,C [Rh(OH)((R)-BINAP)], (2.5 mol%)  MeO,C Z>Ph
\ *  PhB(OH), T MeO,C .
dioxane, RT, 14 h |
OMe 60% yield, 97% ee
Rh'PhL, -Rh'OMe PhL,,
/—Ph
MeO,C RHIL MeO,C Z “Ph
MeO,C \ S > MeO,C Rh'L,
OMe
L OMe _ L _

Miura, T.; Shimada, M.; Murakami, M., J. Am. Chem. Soc. 2005, 127 (4), 1094-1095.




Rh-Catalysed

Tandem addition of boronic acids

[{Rh(C,H,4)Cl,] (2.5 mol%)
(R)-BINAP (10 mol%)

MeO,C _
+  PhB(OH), -~
Me0,C 1.4-dioxane, 100 °C, 2 h

l Rh'PhL,,

MeO,C
MeO,C

Miura, T.; Sasaki, T.; Nakazawa, H.; Murakami, M., J. Am. Chem. Soc. 2005, 127 (5), 1390-1391.

/AI’

Rh'L,

Ph
N\

E (0]
60% yield, 89% ee

[ -Rh'OMe PhL,,

Ar ]
N\
~—Rh'L,
OMe
E @)

17%




Rh-Catalysed

Reductive cyclisation

[Rh(cod),]OTf (3-5mol%)

1
N Chiral Ligand (3-5 mol%) x R
Z>—— R H, (1 atm) 3\12
> Z 2
L\ ) CICH,CH,Cl or DCM H"'//R
R RT,2-3h

g cl O !
‘ PPh, MeO ‘ PPh, h2
O PPh, MeO PPh, O

O N OO Ph,P

(R)-BINAP (R)-Cl, MeO-BINAP (R)-phanephos

OBn 0 0 Q
= = P 5 Z o
TsN BnN 0 » 0
8 H H H | /
(R)-BINAP (R)-Cl,MeO-BINAP (R)-phanephos (R)-phanephos (R)-BINAP
69% yield, 94% ee 82% yield, 98% ee 73% yield, 91% ee 73% yield, 94% ee 72% yield, 96% ee

Jang, H.-Y.; Krische, M. J., J. Am. Chem. Soc. 2004, 126 (25), 7875-7880.
Jang, H.-Y,; Hughes, F. W.; Gong, H.; Zhang, J.; Brodbelt, J. S.; Krische, M. J., J. Am. Chem. Soc.
2005, 127 (17), 6174-6175.




Pt-Catalysed

Trapping platinumcarbene intermediates

isomerisation

products
-+
-

z H
SR
H

OR'

a |R'OH

CloPty
R
g

OR'

7 N\
H
S
H
OR'
a |R'OH
PtCl,
il PtCl,
5-exo-dig Z/ _> 6-endo-dig . H
b
\—\R R
H H
b: ROH
Y
p— H —
Z R
=R z
H H OR'

Méndez, M.; Munoz, M. P.; Echavarren, A. M., J. Am. Chem. Soc. 2000, 122 (46), 11549-11550. @
Nevado, C.; Cardenas, D. J.; Echavarren, A. M., Chem. Eur. J. 2003, 9 (11), 2627-2635.




Pt-Catalysed

Trapping platinumcarbene intermediates

PtCl, (5 mol%)

o L* (15 mol%)
MeO,C — AgSbFg (12.5 mol%) M6020><I
>~ MeO,C L__Ph
M 2 B
e0:C \ 1,4-dioxane/H,O (6:1) g
Ph 60 °C, 96 h OH

94% yield, 85% ee

P-Ph  L*=(R)-Ph-binepine

Charruault, L.; Michelet, V.; Taras, R.; Gladiali, S.; Genet, J.-P., Chem. Commun. 2004, (7), 850-
851.




Au-Catalysed

Trapping goldcarbene intermediates

(1)
I:)\AuCI
o AUC

_ OCl Tol, (1.6 mol%)
PhO,S ——Ph PhO,S = “Ph
PhO,S AgSbF (2 mol%) PhO,S™ \—,

OMe

MeOH, RT, 7 days
52% yield, 94% ee

Munoz, M. P.; Adrio, J.; Carretero, J. C.; Echavarren, A. M., Organometallics 2005, 24 (6), 1293- @
1300.




Au-Catalysed (substrate control)

Enantioselective Cyclopentenone Synthesis

OPiv
- PhsPAUSbFg (5 mol%) O
/\( - _
MeCN, -20 °C, 12 h 2 Me
88% ee 84% yield, 82% ee
oo OPiv
o) iv @ :
Ifi Me A €
o) t-Bu
t-Bu
/~~O
\g\ ﬁ _— O’@ =
-"Me m
LAU™ H AuL
\ - _ ¢/
Ho __AuL
%
O H
3
i t-Bu ] @
Shi, X.; Gorin, D. J.; Toste, F. D., J. Am. Chem. Soc. 2005, 127 (16), 5802-5803.

Faza, O. N.; Lopez, C. S.; Alvarez, R.; de Lera, A. R., J. Am. Chem. Soc. 2006, 128 (7), 2434-2437.




Ag-Catalysed

Intramolecular Carbostannylation

L SnBuj

PhO,S - [(AgOTH),((R)-Tol-BINAP)] PhO,S >
0,
PhO,S \ (5 mol%) ~  PhO,S
Toluene, 50 °C, 30 min
SnBuj
74% yield, 78% ee
IO~
—= ] A@ Bu;SnOTf SnBus
z [AgoTfL)] (L) 9\ SnBu3 f _ BusSnOTH_ /
—_— ———— > TsN
N\ .

SnBuj

Porcel, S.; Echavarren, A. M., Angew. Chem. Int. Ed. 2007, 46 (15), 2672-2676.




CONCLUSIONS

 There is great potential for the use of chiral ligands to affect asymmetric
induction in cycloisomerisation and tandem addition/cycloisomerisation
reactions.

e In particular, chiral diphosphine ligands have in the past proved effective.

 However, the substrate scope and general applicability of most current
asymmetric catalysis systems remains low.

* There is therefore still great need to develop new protocols in the area of
asymmetric cycloisomerisation reactions.



