UCTGUE Cycloisomerization and cyclization reactions t%

» Transition-metal-free cycloisomerization and cyclization reactions

o cycloisomerization o cyclization

. D - (D
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UCTGUE Cycloisomerization and cyclization reactions

» Transition-metal-catalyzed cyclization reactions:
Intramolecular version of cross-coupling reactions

. co o
@(\/ . B(OH)2  Pd(PPh;), (5 mol%) \
Br /7 \ K,CO,, dioxane, 100 °C N
NH, S H ()
| 67%

T

PdBr =~
N Pd—@

NH, N

0
mBr - deBr - deBr — ©\/\§—Q
N N N N  PdBr
H H H H

Org. Lett. 2009, 11, 4608
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UCTGUE Cycloisomerization and cyclization reactions
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» Transition-metal-catalyzed cyclization reactions:
Intramolecular version of cross-coupling reactions

| CO,Et EtO,C
/
. (HO),B Pd(OAc), (5 mol%) O’
PPh;, Cs,CO5, DMF, 70 °C Q
Br Br
80%

CO,Et

o -, -olr
PdBr Pd

Tetrahedron Lett. 2011, 52, 4051
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UCTGUE Cycloisomerization and cyclization reactions
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» Fischer carbene complexes
* Reactivity of Fischer carbene complexes (C=Cr(CO). = C=0)

o Reaction with alkynes — D6tz reaction

OH OH
\)ML(CO)E’ _ R oxidative R
X~"“ome * R—R demetalation
R R
(CO),Cr OMe OMe
_ 0 _
11 R
S|
lfM(Co)s R
| OMe B
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UCTGUE Cycloisomerization and cyclization reactions t%

» Metallacycles Mi}

* Metallacyclobutanes Mi>

Preparation
O eparatio RPN + R-N\. Ccross metathesis _ R/\/R + =

+ CpyZrCl, —— CpyZr
A < e

BrMg
BrMg
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UCTGUE Cycloisomerization and cyclization reactions t%

» Metallacycles M;>

* Metallacyclopentanes I\D

o Preparation

Cu CpoMol, —— oCp, OTf + [Fe(co)i> — [ Fe(co),

N\ _oxidative coupling_ Mi:'

M\// “reductive coupling

C * = * o /C\CFZ
P ClzTa—Ik * — Cp*Cl;Ta (CO)sFe  +F,C=CF, ——  (CO)Fe
- - 2
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UCTGUE Cycloisomerization and cyclization reactions

n
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» Metallacycles

* Metallacyclopentadienes N|£\>

o Preparation R

R
R
M/ R oxidative coupling_ Mo
\ R reductive coupling =
/ R

R

e Other metallacycles
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UCTGUE Cycloisomerization and cyclization reactions SN
> Metallacycles R
* Metallacyclopentadienes — Fagan-Nugent reaction D’R
R
R

R
CpoZr + R—R —— szz%:[
R

CpoZr Cplr ~

Cli
Me

Me

Acc. Chem. Res. 1994, 27, 124

n : CpoZr
/ BulLi Y . H - g> - szzl'—k
Me
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UCTGUE Cycloisomerization and cyclization reactions

» Metallacycles

* Metallacyclopentadienes — Fagan-Nugent reaction

R
R
Cpzr + R——R —— CpZZrij
R
R

R R
. _ R
— —— -~
R
R R
R—
R1——R! )
R—
R
R R
-~
CpaZr, _ Cpﬂrij)
R1
R! R

M7
o~
R
o Examples of prepared
zirconacyclopentadienes
Bpin _ TMS
Bpin (o)
CpZZrij Cp22r§:( :l
Bpin (0
Bpin TMS
Bpin Ph
~ ~ S
CpyZr, __ CpxZr, __ :l
S
Bpin Ph
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UCTGUE Cycloisomerization and cyclization reactions S Y
> Metallacycles R

* Metallacyclopentadienes — Fagan-Nugent reaction D’R
o Synthesis of heterocycles R R

R R R R
R R
CpoZr : CpoZr : E _ E :
R’ R R R’ R
R EX, R
R R
R R
R R
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era Cycloisomerization and cyclization reactions S Y
> Metallacycles R
* Metallacyclopentadienes — Fagan-Nugent reaction Rh Ph M~ R
. . o=S _ Bpin R =
o Direct synthesis of heterocycles R
Ph =
Ph Te _
95% Bpin
62%
SOCI, TeCl,(bipy)
R R L Ph
R | =~ S,Cl S
- 2 CpyZr, _ 2”2 . s _] N-n-Bu
I R R
R’ Ph
R’ 64%
PhPCl, “\H2SiCl;
Me Me
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UCTGUE Cycloisomerization and cyclization reactions

» Metallacycles

* Metallacyclopentadienes — Fagan-Nugent reaction _ O Et
O:/\N_qph Et -
— N-Et

o Synthesis of heterocycles by iodination — lithiation pathway

89% Et
PhCONH, szoft
Cul/ L EtNH PdOOA /L
Cs,CO; 2 Pd(OAc),
t-BuOL.i
L R R oh Ph
t-BuLl RUZSLE MegSicly A\
ZGCz — 2, AL > - SiMe,
R1 R Me
R nBuL| R Me

Ph,CN,

%wc'z 95%

- o Et

Et jf:N-N=(Ph Et)i:Al-Mes*
= Ph

Et Et
Et 48%

93%

o For review see: Acc. Chem. Res. 2015, 48, 935
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UCTGUE Cycloisomerization and cyclization reactions

» Metallacycles

* Metallacyclopentadienes — Fagan-Nugent reaction

o Synthesis of substituted 1H-phospholes

szerIZ
NBuLi
Z X T
Bpin = A Bpin THF, -78°C tort
Ph Ph  Ph Ph. Ph
, PhPCI /Z—S\
Li 2
||| - Ph—gl/___L_\S—Ph Ph /P\ Ph
Ph e Ph

Russ. Chem. Bull. 2020, 69, 1185

Bpin
-
-~ ZGC2
Bpin
87%

1. Li

Ph .-
| ="~
Ph

M7
)
R

Bpin
PhPCl, =
THF, rt </ n

Bpin

75%

Angew. Chem. Int. Ed. 2014, 53, 4587

Ph

o. _CI Ph
U N ﬂ\
Ph Ph

Ph Ph
“ipr e
PhPh - J

(0

Jou

69%

Dalton Trans. 2018, 47, 11521
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UCTGUE Cycloisomerization and cyclization reactions

» Metallacycles

 Pauson-Khand reaction

* Intermolecular variant  Intramolecular variant
. O o R B
Il O St : + co oACOk
0 OO
Z Ph Co,(CO). (1.5 i Ph
z W, 0,(CO)s (1.5 equiv) i,
©/ * [:N NMO, toluene, rt Ph N
o) H o
67%
Tetrahedron Lett. 2017, 58, 4519
t-Bu //

O DCM then NMO

t-Bu
| t-Bu

70% Org. Lett. 2001, 3, 2607

C0,(CO)g t-Bu O 7 ©
(@)

Pfechodné kovy v organické syntéze



UCT PRAGUE

Cycloisomerization and cyclization reactions

» Metallacycles

 Pauson-Khand reaction

o Proposed mechanism for Pauson-Khand reaction

\S_J/ Co(CO) L-* “ L N\

(OC)3Co—Co(CO)3 \

(OC)sCo c 1 1
I
Co CcO
8 7( I:‘)13 o M
R ) =2CO0 5
— # 7 Co(con
R CO(CO)3
3 Mechanistic Steps
6 1: Alkyne Insertion, — 2 CO 2
2:—1CO
R, 3: Alkene Coordination
4: Alkene Insertion, + 1 CO R
R, :'CO(CO)g 5: CO Insertion 1
6, 7: Loss of [Co,(CO)g)] R,
Co(CO 8. Insertion of CO Co(CO)s
0o(CO); 7
/0y Co(CO0),
R3 et
(0
5 R1 R1 3

R
R, ;'Co(CO)g : \éCO(CO)a

CO(C 0)3 “___/
4

R; R
3
https://en.wikipedia.org/wiki/Pauson%E2%80%93Khand_reaction
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UCTGUE Cycloisomerization and cyclization reactions

» Metallacycles

* Pauson-Khand type reactions

o Ruthenium catalyzed [2+2+1] carbocyclization v Proposed mechanism

R1 /\/
X
(@)
| x/\:é: Rh b\
v"  General reaction scheme R
R1

X\W CO, Rh-cat. _ 0 ) 1
“N\R X R R
) /\//

R 7

X Rh X >Rh
\/\\\R

ok

o For review see: Acc. Chem. Res. 2015, 48, 935
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UCTGUE Cycloisomerization and cyclization reactions t%

> Metallacycles R
* Pauson-Khand type reactions M~ R
o~
o Ruthenium catalyzed [2+2+1] carbocyclization R R
Rh(l)-cat. Me
E10:6 ~~ CO(1atm) _  EtO,C o
EtO.C Me  {sluene, 110 °C
2 N EtO,C
Rh(l)-cat. Et RhCI(PPh;),(CO) (5 mol%) 90%
Et02C><}Et CO (1 atm) _ EtO,C o AgOTf (10 mol%)
EtO.C xylene, 130 °C RhCI(PPh3),(CO) (5 mol%) 0%
2 N EtO,C
RhCI(CO),], 90%
[RhCI( )2l2 907 RhCl(dppe)(CO) (5 mol%) 82%
[RhCl(cod),], 84% AgOTf (10 mol%)
J. Organomet. Chem. 2001, 624, 73 RhCI(dppe)(CO) (5 m0|°/o) 58%

Organometallics 1998, 17, 3642
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UCTGUE Cycloisomerization and cyclization reactions

» Metallacycles

* Pauson-Khand type reactions

o Ruthenium catalyzed [2+2+1] carbocyclization

o
Me W\ _ [RhCI(CO),], (5 mol%) " O Ph
_~Ph CO (1 atm) R emo
Me N Bu,0, 130 °C M
92%
o
Et0,C W\ _ [RhCI(CO),], (5 mol%) E(O CO CO,Et
~~CO,Et CO (1 atm) 2 o
Et0.C X Bu,0, 130 °C Et0,C
52%

J. Organometal. Chem. 2001, 624, 73
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UCTGUE Cycloisomerization and cyclization reactions t%

> Metallacycles R
* Pauson-Khand type reactions M~ R
o~
o Ruthenium catalyzed [2+2+1] carbocyclization R R
MeO.C 7 [RhCI(CO),], (5 mol%)
eV, Y MeO,C
0O < Mo(CO)e (125 mol%) 2 )&TMS CO (1 atm) o MeO,C (o)
MeO,C dmso/toluene MeO.C = toluene
T™S 2 CO;Me Tys
68%
45%
Ph
= [RhCI(CO),], (5 mol%) (o)
EtO,C Ph CO (1 atm)
~  EtO,C
EtO,C \. toluene
N\ EtO,C
7%

Org. Lett. 2002, 4, 1931; Org. Lett. 2002, 4, 1755
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UCTGUE Cycloisomerization and cyclization reactions 4
> Metallacycles R
* [2+2+2]-cyclotrimerization reactions JM\/\>7R
o Reaction scheme R - ) - R 5
R x R R R R
I o
R R R
R A ! R

R
o Intermediates en route to substituted benzenes
R R
R /\R R R R
-~ -~
o IR O B S G S
R R
R / R R

R

R
M R R
-~ \
— || M or or L M_ ——
_ 71 7 / R R
R
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UCTGUE Cycloisomerization and cyclization reactions

» Metallacycles

* [2+2+2]-cyclotrimerization reactions

o Regioselectivity in homotrimerization

A\ I R
e
y/ R R
R// R
o Regioselectivity in heterotrimerization
1
R' \\ R
2
||| R M. ©\ + isomers
R3 R?

Z
R3
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UCTGUE Cycloisomerization and cyclization reactions t%

> Metallacycles R
* [2+2+2]-cyclotrimerization reactions M \ R
\
o A solution to regioselectivity issue — Wakatsuki-Yamazaki model I

e !l\ /Ii

o A solution to regioselectivity issue — Solvent controled regioselectivity

/'_\S
@ o @ Ph Ph
eO Br, OMf i , Ph
Ph Ph

Zn, Znl,
99% Ph

DCM: 86:14
MeCN 4:96 Eur. J. Org. Chem. 2008, 2293
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UCTGUE Cycloisomerization and cyclization reactions t%

> Metallacycles R
* [2+2+2]-cyclotrimerization reactions M~ R
o~
R
o A solution to regioselectivity issue — Intramolecular reaction R
R \\~ i-PrO R ~Cp*
Cp*RuCl(cod) (56 mol%) |IFr'Q . =Ru_
| | >~ B R _ i-PrO, / Cl
HO DCE, rt o — $ N\
B(0i-Pr), — O
V4 ‘ ‘
n-Bu
(0]
n-Bu Rh( (cat) i-PrQ n-Bu H,0, n-Bu
~ MVK B NaOH  AcO
AcO THFH,0, 50 °c  © THF, rt AcO
n-Bu n-Bu i n-Bu
then acetylation then acetylation

J. Am. Chem. Soc. 2004, 126, 3712; J. Am. Chem. Soc. 2005, 127, 9625
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et peacE Cycloisomerization and cyclization reactions oy
> Metallacycles R
* [2+2+2]-cyclotrimerization reactions JM\/\>7R
o~
o Unusual substrates R R
Me
— OH
/——Me . 0] [Rh(cod),]BF 4 (5 mol%)
e IIO>=° rac-BINAP (5 mol %)
— DCE, 40 °C Me
55%
~ Me,
0~ ®
0 /6>=0---Rh Org. Lett. 2009, 11, 1337
Me
Me
. H NH,
/——Me . N [Rh(cod),]BF, (3 mol%)
e E()):O rac-BINAP (3 mol%)
— THF, 60 °C Me
67% J. Org. Chem. 2011, 76, 4686
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era Cycloisomerization and cyclization reactions S Y
» Metallacycles R

* [2+2+2]-cyclotrimerization reactions JM\/\>7R
o Unusual substrates R L

Me

/?I\/CO Et + %2  MnBr(CO)s (5 mol%) Ph\CECOzEt
2 i )
neat, 80 °C oh
i OH ] 85‘%
Me

Mn

Q*COZEt

. Ph i

Org. Lett. 2008, 10, 3009
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