Baran Lab Group Meeting Cycloisomerization in Synthesis Johan Hygum Dam

Useful articles: Operating mechanisms:
Fairlamb, ACIEE, 2004, 1048. i — —_
Aubert et al., Chem. Rev., 2002, 813. i — CQM
Fletcher et al., J. Chem. Soc., Perkin 1, 2000, 1657.
Furstner et al., Chem. Eur. J., 2004, 4556. E =
Kozmin et al. Adv. Synth. Catal., 2006, 2271. C/_..SL Q&r_ff —— G{:IW
Lloyd-Jones, OBC, 2003, 215. | X E
Toste et al., Nature, 2007, 395.
Ojima et al., Chem Rev., 1996, 635.
Trost et al., Acc. Chem. Res., 1990, 34. 5 e —
Trost et al., Chem. Rev., 2001, 2067.

Trost et al., Synlett, 1998, 1.

- A) The Metallocyclopentene Pathway
! - B- elimination
: - Reductive elimination
- Electrophilic cleavage
- B) The m-Allylmetal Pathway
V- C) The Vinylmetal Pathway
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General mechanisms for enynes: . 1. Metallopentene -> B-elimination

- Major and fastest pathway.

boo- Reguires a vacant coordination site on the metal and
: cis relationsship to eliminated proton.

M —
\ - Generates 1,3- or 1,4-diene from enyne:
Lo Six metals usually applied: Pd, Ru, Rh, Co, Ir & Ti.
_ .

- Pd: 1,3-diene formed when allylic oxygen present and
1,4-diene formed when homoallylic oxygen present.

_\I'-*.fl : Steric congestion favors 1,3-dienes.
\*\f_,/ - Interesting switch:
=

1.3-elimination

! o e _OM
. . | &/\,‘DM& AN
oxidative i

— couplin !
CQMJ upling

2. reductive 2 % (PhyP)oPd(OAC); [

elimination ; |
: PhH, B0 °C [
3. electrophilic | !
— cleavage ; / Z
— 1 I .
E I — R ')
| R OMe Me
2 !
£ 5 R = OPMB 8%
Aubert et al., Chem. Rev., 2002, 813. Trost et al., JACS, 1985, 1781; 1991, 636 & 1994, 4255.
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- Cobalt mediated a number of distinct cyclizations:
Pauson-Khand, Intramolecular Nicholas reaction and

cyclotrimerization.

- Enynes react with Co to form five-membered rings
regardless of the length of the tether: This can be

stopped by a quarternary carbon next to ene:

E

=
— CoCp
E = R CpCo(CO), E x
. N _
E (M \ xylenes, hv, A i
R
36-T7% E -
E = CO,Me A CoCp
R=SiMe,, Ph, Bu; n=1-3 )
n-1
Fh

= pn CpCo(CO),
R —_——
xylenes, hv, A
T0% =

R=0Bn

Fletcher et al., Perkin 1, 2000, 1657.
Aubert et al., TetlLett., 1996, 7353 & Chem. Eur. J., 2001, 3517.

Cobalt can also mediate a Conia ene-type reaction:

0 O OH O
OMe =-"“0Me
A X
00
5% CpCo(CO)s

benzene, hv, A
93 %

Stammler et al., Synlett, 1994, 92.

Metallopentene -> Reductive-elimination

When B-elimination is retarded reductive elimination
becomes possible.

The intermediate bicyclic cyclobutene of the formal
[2+2] can be isolated, where thermal opening of
cyclobutene isn’t possible.

Usually mediated by Pd, Pt or Ru.
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TCPCTFE TMSO

T™SO (E' =CH, CF3) I
R DMAD, P(O-0-tol),,
DCE
\\* 53-86% E
E

E = CO;Me R=H Me;n=1,2,6
E' E'
M (TCPC)
E” “pd E

EWG on the alkyne favors metahesis along with
severe steric congestion.

Trost & Trost, JACS, 1991, 1850.

Ruthenium carbene complexes are well known to
mediate similiar reactions eg. olefin metathesis.

3. Metallopentene -> Electrophilic cleavage

Occurs when no vacant coordination sites are
present on the metal hence no B-elimination.

Competes with reductive elimination with one or two
electrophiles.

Typically mediated by metals such as Ti, Co and Zr.

Cycloisomerization in Synthesis

The Pauson-Khand reaction

— CGE{ CO]E

\

{mo Y

Coo(CO)g

(Jn

Khand, Pauson et al., Perkin 1, 1973, 977.

(

(

o]

Johan Hygum Dam

Co(CO);
Co(CO)3

Co(CO)s
\

Co(CO),
®

- Reaction with different electrophiles: The
metallopentene can react directly with electrophiles

or be transmetalleted.

— _ph CITi(OPr); (0.1equiv)

\ EtMgBr (0.2 equiv)
EtoZn (1 equiv)

L Ph
GiTi{GrPr}z

Negishi et al., JACS, 1998, 5345.

—

Ph

= "Znyp
Zny

21 -

|
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Ph
H*, 91% =
Ph
tg, 61% =
21 - |
Ph
-
o -
80% Q@ 2Ny

The two metal-carbon bonds can be differentiated
with carbon electrophiles depending on the
metallocycle:

R

OH

R M=2Zr -
(m 1. R'CHO
M ——

2. H;0" o
M=Ti A~ R

OH

Hill et al., Organometallics, 1993, 2911. Urabe et al., JOC, 1996, 6756.

Negishi et al., TetLett, 1994, 695.

The m-Allylmetal Pathway

- Cyclization of enedienes generates a 1r-allylic
complex with typically Fe or Pd.

- Pd can in addition react by preforming the Tr-allyl
complex when a suitable leaving group is in the
allylic position - known from the Tsuji-Trost reaction.

Direct cyclization: ——

=,
-~
- x&
\\;_H_
|
F ||_H

reductive
oxidative
ﬁ-elimination\ cyclization

elimination
FE

Aﬁ

o—

Takacs et al., TetLett., 1990, 2865; TetlLett., 1993, 6219 & JOC; 1994, 6928.
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Cyclization after preformed allylmetal-complex: - The cyclized intermediate can be intercepted or
allowed to B-eliminate.

= :
CI/ H-Pd* Ci/\ - Starting from tin-hydride the tin can be placed on the
= = ' “other” branch

B-elim. o
: /= 1.3 equiv n-BusSnH
Pd* X X
,f : \j\ 5% Pd(OAc),, toluene SnBug
41-83%
J BuaSn-Pd-H(D)

7S Pd' & | y~HD)

:L 2 C\/ | X  Pd—SnBu; — ~ HO)
! Pd SnBus
The Vinylmetal Pathway | \\
- Addition of R-M-species across an alkyne leads to a X = NTs, CHz(OR)2, CHs(COsEL)s
vinylmetal intermediate capable of reacting with the

alkene. :

- M being Pd, Ru(enyne metathesis) and R being H,
SnR’3 or BR’2. |

. Trost et al., JACS, 1994, 4268, TetLett., 1989, 651.
- The vinylmetal can be genereated from a carbon- !

halogen bond(Heck reaction) Lautens et al., JOC, 2000, 671.
' Onozawa et al., Organometallics, 1997, 5389.

H I
= R- / izal ! . .
R=M Q cyclization @ ! Mori et al., Organometallics, 2001, 1907.
—;;, :
N M

R= H, Sr‘I.FI';], Bﬁlz ...... M= Pd_ HUI Rh
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. Gold(l) by another mechanism?

— / |
£ /—==1%ChLPd(PPhy), ~g-N 5 .
x 1 ! : a7 u* o e HI‘.’._I:!;

= \ benzene' rt, 1h —N\) : r .‘_..;]. ‘Rigans - LA 1

\ : P . H " ; - P .-" "‘-_‘ (=]

N SnBus, S \ HOS

ELI-JSI"I—B‘ j E Hydrogen shift { \1
N ! / \
.Hr : jt:.u:- ) 5-f:l:: 1

= E I::‘h L- .\,_,-’ - Hr.".:lf"!i - - Ph ot -- -Hf-d":-
WY S fes 1
Pd'Sn L AL L Ny

MesSi 5
Bu,Sn

Do Supported by deuterium-labelling and alkyl-shift.
M. Luzung, J.P. Markham, F.D. Toste, JACS, 2004, 10858.

”l 1.5 equiv
@\ Me»SiSnBus

N

10%Pd(OH)/C i

Ph” “Ph H }\ |
66% Ph |
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Application to synthesis:

EE Ts Pd,(dba);*CHCl,, PPh;, E
N PhH, AcOH, 80 °C, 40%. E
I <

Pd,(dba);*CHCl3, PPhs,
PhH, AcOH, 50 °C, 77%.

OTBS

OCH;
PhO,S —

PhO,S

Pd,(dba);*CHCI;, SbPh;, CH30.
PhH, AcOH, 50 °C, 77 %. /

PhO,S
2° s0,Ph

Trost et al., Synlett, 1998, 1.
Trost et al., JACS, 1993, 9421.

OTBS

NTs

Total Synthesis of Platensimycin

K.C. Nicolaou, A. Li, E.J. Edmonds, ACIEE, 2006, 7086
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Asymmetric Total Syntheses of Platensimycin
K.C. Nicolaou, E.J. Edmonds, A. Li, G.S. Tria, ACIEE, 2007, 3942

O OTMS o 0 o
a) TMSOTS, [

Et;N I == ¢y IBX E:JJ_{Rn[mdeI]zl ) ) (CH2OH) g) LioH
b) nBuL, d) aq HCI {S)binap [ PETS n) EDC+HCI
MeOC(O)CN . HS
b e 2 - %, 1l 5 =
[ “Totes 'Il:l “oTes l\l oH u:r;JI CO,Me Q’J\Q ~COo,Me 5 p
"
CO;Me CO;Me S 12
7 8 9 10 11
i) fiv, nBuLSnH
.,-fiu i
A I}TFA k) Smiy 1.3 H-shift
AT (\ﬁh}’
o HO )— al
0 - M)
2 r (3
| L
= . (—H1: (—}platensimiycin 14 -
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Total Synthesis of (+/-)-Salviasperanol
E M. Simmons, R. Sarpong, Org. Lett, 2006, 2883.

OMe
1. n-BuLi, DMF 1. Hy, PLO,
OMe 2 PhaPCHC'D,E'I 2. LiOH: Hzﬂ'
(53% over 2 sles:s:- ( 54"%- over 2 steps)
Pathway A
10 1. LiTMP, TMEDA
" OCN 2 1. Praton
2. K,CO,, Ty 0‘
OMa 2 Alkne
(COCI),, DMF J\AK = = somartzation
OMe
then AICI, 13 -
- —_— ] Me
0 OH (84% yield) (49% over 2 steps) r 16 I

1. LIOH-H,0

Ma
2. DIBAL-H
3. Ms;0, Et;N OMe
(64% over 3 stepsil
Pathway B

Me
9
8

GaClsz, 50 °C “G
165 — = _—
. //\ 20 mol% GaCls, [53]
C :
OMe

PhH, 4A MS, N £ H
OMe

40°C, 24 h g 20 5 H 2 22

OMe
.Q e
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Synthesis of (+/-)-Epiglobulol

Y. Oonishi, A.Taniuchi, M. Mori, Y. Sato, Tet.Lett, 2006, 5617.

BT Rh-dppe
E Ly H T
Cascada Cyclization

5b (E=CO:Me) O 44%

E = COOMe
Rh 7

' i Ho. | H
Hydroacylation —
11 steps
8h —— =

~ S H
7b f

A

(+/-)-Epiglobulol
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Total Synthesis of (-)-Laurebiphenyl
B.K. Corkey, F. D. Toste, JACS, 2007, 2764.

g) Pd(OAcC),,PPh3, NEt3,
e) TBSOTf, NEt; HCOOH, DMF, 96%.

a) i) (COCl),, DMF h) CF3C(O)OOH, BF3*Et,0,

ii) LDA, EtOAC, 59% || P210%A ELO AcOH 1t 1 O DCM, -10 °C, 48%.
COOH p) NaH, 5-iodo-1-pentyne, 51% 9 96%, 95% ee 0.0
\@ (91% cat. recovered)
I c¢) NaH, Mel, 80%

d )NaOH, 42%

i) LAH

j)K2C03, Mel

k) DMP, NaHCOg4
n) ‘BuLi, 0.5 eq. CuCN, (81% - 3 steps)

tetramethylquinone, 51% 1) TSNHNH,, 73%

OH
0) NaH, EtSH, DMF, m)NaH, 0 _dichloro_ OMe o
A £ 150 °C, 70% OMe benzene 160 °C, ~
O ' 2 min, then Br,, 68%.

Br I

HO

O

o f

A"

o .;]--.p'mr_ t-Bu
Ar =

b4 I

% -OMe
T PAc "'-Jif;[‘t—ﬁu

(R)-DTEM-Segphos
((R-DTBM-Segphos)Pd(OTi;) A
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Total Synthesis of (-)-Pseudolaric Acid B
B.M. Trost, J. Waser, A. Meyer, JACS, 2007, 14556.

O (@] OTBS
&» )\/\/l i) Schlosser-wittig OTBDPS
O : olefination
62 % m i) TMS-deprotection
™S 58%, 53% E

— 3 steps

HO OH
VT 84% OVA/OTBDPS 11 mol% 23 mol%
+ -
[ +, SbF . iPF6
Mechanism: 6 CH3CN§?_|

Rh CH3CN' ‘NCCH3;

— _ 7 M CoD
. M —
E \ C]:\&;;} . 88% | 48%, 15% conjugated diene

@ /OTB DPS
e +M

0 @)

A )

OTBDPS
/

TBSO
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Total Synthesis of the Picrotoxane Sesquiterpenes
B.M. Trost, M.J. krische, JACS, 1999, 6131 & 6183.

6 stens HJ\ . 10 mol% Pd(OAc),
(R)-Carvone  >3'®PS _ 1epMsO” N Br TBDMSO

o—>
S 10 mol% dbpp, 0 Br
- 1
TBDMSO 10 mol% dpba, R
DCE, reflux, 21 h, TBDMSO—
7449 70 %

Picrotin

COOH
@[ (dpba) . -
PPh, Picrotoxinin

Corianin
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