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1. Rhodium catalyzed cycloaddition:

1.1 general synthesis of different type of VCP
1.2 VCP as 5 carbon component in the reaction
1.3 VCP as 3 carbon component in the reaction
1.4 Application in the total synthesis

2. Ruthenium and lron catalyzed cycloaddition:
2.1 Ruthenium catalyzed 5+2
2.2 Iron catalyzed 5+1 and 5+2
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Discovery of vinyl cyclopropane in the cycloaddition
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Wender; Takahashi, Witulski, J. Am. Chem. Soc. 1995,117, 4720.



vinyl cyclopropane in 5+2

Alkene instead of Alkyne as 2C.:

Coa= P J—-0

a x\b@ Cc d
_—
bl
H
MeO,C AhCIPPha)s  wec,c ‘T/ —
M DQG"‘ A additive MEUEEE}<_\F-I"‘\:—=')
1 A H
2
mol % concn’ time  yield”
entry  ROCUPPhy);  additive’ (M) (k) (%)
1 0.1 AgOTE 1.0 15 o0
2 0.1 AgOTE 1.0 17 26
3 0.1 AgOTE 04 17 a8
4 1 AgOTE 0.05 5 03
5 5 AgOTE 0.0 2 01
] 10 none 0.005 25 o1

@ Reactions were run at 110 °C in PhMe. * mol % AgOTf = mol %
RhCl(PPh:);. < Concentration of 1. 9 Isolated yield of 2. < Reaction run
on 1 g scale.

Wender; J. Am. Chem. Soc. 1998, 120, 1940-1941



vinyl cyclopropane in 5+2

Alkene instead of Alkyne as 2C.:

Vinyleyelopropane- Reaction Conditicns,
Alkene? Cycloadduct{s) Time, Isolated Yield
A" 17 h
1. 1 2 BE-33%
{see Table 1)
H
2 DM . (_]Mf "w_. B, 10h
\M \/l\_,___f 70% (94% by GC)
H
3 4
e - H
— - '-._I‘ o
T WPy e
E £y E \“"-I'\\d::f. 2%
5 G
A E “1{\# 84%
F
7 8
E E \{(_"‘: o
\ ) D% 15h
5. E 4 B e ___.-"II{ 75%
9 10
H -
Cla LD
E | x
& 7% E"‘,-lu,f; — 77%
E E f
11 12
Wender; J. Am. Chem. Soc. 1998, 120, 1940-1941



vinyl cyclopropane in 5+2

Intermolecular try:
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Wender; J. Am. Chem. Soc. 1998, 120, 10976-10977



Intermolecular try:

vinyl cyclopropane in 5+2
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J. Am. Chem. Soc. 1998, 120, 10976-10977



Intermolecular try:
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vinyl cyclopropane in 5+2
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vinyl cyclopropane in 5+2

Allene as 2C :

Bu-

nl
MED?G\C{/\!‘BU Hn(l) A MEDEC
1
entry catalyst mol % Rh solv conen®  yield®
1 RhCI(PPhs)s 1 PhCH; 0.1M 96%
2 RhC1(PPhs); 0.2 PhCHj; 1.0M 90%
3 [Rh(CORCl]n 1 DCE* 0.1M 89%

@ Concentration of 1. ? Isolated vield of 2. ¢ DCE = CICH2CH)CL.

H I.J

fBU Rh cat.E \ . ;/,\)
. By —
E H
1(91% ee) 2 (92% ee)

Paul Wender. Frank Glorius; J. Am. Chem. Soc. 1999, 121, 5348-5349




vinyl cyclopropane in 5+2

Regio- and Stereoselectivity:

CR

10 mol%% RhClFPhg)s

10 mol%: AgOTH

_—_— -

PhMe,110°C
1-1.5h

10 mol¥% RhCI(PPhy)s

10 mai% AQOTH

PhMe 110°C
Z2h

-

7 (81%)

Paul Wender.;: J. Am. Chem. Soc. 1999, 121, 10442-10443



Regio- and Stereoselectivity:

vinyl cyclopropane in 5+2

R 0.5 malt RRCIFFR4),
0.5 mal% AgOTr

—— il
Sobvent, Temg., Tima

1, 14 F=H THF, 65°C, &h
2 14k R=C0;Ma Prida, 110°C, 1h
3 14¢: B=Fh Frba, 11078, 2h

N = 1 moi% RRCHPFhsly
EJ Ec\q 1 molth AgOTH
E105C° \/é PhMe, 110°C, 10h
4,

5 mat% RECIPEh);
5 mol% AgoTi

FiiMa, 110°C, 1h

16
Gfﬁaégfﬂ
\”\/e':'ﬁh

a 18
R .
e o i, [RA(CO)Cll
, Sohlvent, Temp., Tima
MeO,C et i, HCUMeOH
DE1
i 20a: ReH 5 meolis, COCly, 30°C, 40h
7 20k Fi=Mg 0.5 mofs, CHaClg, 1.1, 300

Paul Wender.;

-
]

—

15a: B3%
156 BO%
150 Fie

E10,C" fﬁxiﬁz

17: 0%

JE8n

21a: 1%
21b: 7TA%

J. Am. Chem. Soc. 1999, 121, 10442-10443



Simple vcp as 5C:

vinyl cyclopropane in 5+2

| | 5 mol % [Rh{CO);Cl]>
o

| OTBS
OTBS R solvent, B0°C
R Ba8f
entry R solvent”  time  conv.% vyield. % product
1 CO;Me A 2h 100 93 8a
2 COMe B lh 100 95 8a
3 CO)Me C 30 min 100 85 8a
4 Ph A 4h 100 92 8h
5 Ph B 2h 100 31 8b
6 CH)OMe A 22h 56 49 8c
7 CH,OMe B 5h >05 90 8c
8§ CH,OH A 6h 80 73 8d
9 CH;OH B 5h >05 90 8d
10 GHy A 48 h 90 79 8e
11 C3Hy B 23h o1 81 Se
12 TMS A 72h 77 8t
13 TMS B 23h >905 90 8f

2 Solvents: A = DCE. B = 5% TFE in DCE. C = TFE.

Paul Wender.; J. Am. Chem. Soc. 2001, 123, 179-180



vinyl cyclopropane in 5+2

Simple vcp as 5C:

Entry VCP  Cond.? Yield Product Entry VCP Cond.®/ Yield Product
H H
Me
Me A 72h 38%
1 ﬁ’DH A 2h/ 82% 5\‘% 5 vLE_,crH B 61/ dec. Q\pﬂ
2] E 10 17 E 18
H
‘;q | Me A 72h B4% Me
2 A 1.50 76% . 6 V‘\LDTBS B 45 min/ 69% oTBS
11 E 12 19 E 20
A 3h/ 53%
3 VL\L A 8h/81% ©\DTES 7 | oras OTBS
OTBS
13 E 14 21 E 22
A 300/ 23% 5
4 A 2h 82%
VL\L B 2 dec. Q/GH 8 GLK,OH OH
OH 23 24
15 E 16 E

Paul Wender.; J. Am. Chem. Soc. 2001, 123, 179-180



vinyl cyclopropane in 5+2

. 5 mo P«
Aza vcp as 5C: [RA(CO) ,C1l, =
<| ‘:\l -g ¥+ E—=E - N-R
0.1 M, PhMe —
60°C,12.5h E E
entry R= Product vield* ]
1 Cy 3 85% (83%)
2 n-hexyl 5 95% (91%)
3 *<_< 6 (83%)
4 '3'0 7 (79%)
5 g 8 68% (61%)
1) H;NBn, Dean-Stark —
\<]_\\c:| 2)5 mol % [Rh(CO),Cl,,2,60'C \Q_Bn
- —
trans-11  PhMe, 82% I e 12

1) n-hexyla mine, Dean-Stark
A 2)5 mol % [Rh(CO),Cl,, 2, 100°C
0 - =CgHy,

13 PhMe, 74 %

g 14

Paul Wender.; J. Am. Chem. Soc. 2002, 124, 15154-15155



vinyl cyclopropane in 5+2

+
VCP as 5C: R, o [P F'hg S;I
. . bFg" (1 Yo
Asymmetric reaction o> 5 10 moPe)
A 0,01 Min DCE _ sow
3
1R=H 2R=H
3R =Me 4R =Me [{ A) BINHF‘}HH]*
7R =Me ["'r"]L 70°C,2d,005M  72%, >95%"
2 9 R =CH,OBn 10 R = CHEDBu 70°C,2d,001 M 80%, >99%"
3 11R=H 12R=H  50°C,1.5d,0.03M 73%, 52%"
H
L AWC)
sh TsN
\-”\\\”A -
H
-+ 13 14 40-60°C,8d, 001 M 90%, 96%"
.~ .
A NGANE
5 15 70°C,6d, 001 M 92%, 95%"

Paul Wender.; J. Am. Chem. Soc. 2002, 124, 15154-15155



vinyl cyclopropane in 5+2+1

Original idea of
5+2+1.;

O Rh(l
Ve ) N
TsN N TsN
S additive
1 H 2

Ts = p-CH3CgH4SO.

Table 1. Cycloaddition of 2-Vinylcyclobutanone 17

entry mol % [Rh(CO):Cl % conen (M) time (h) yield (%)?

1 5 0.01 3 o2
2 2.5 0.05 6.5 82
3 2.5 0.1 9 48
4 2.5 =0.1¢ o 81
5 5 0.5 4 39
mol % RhCl(PPhs):/
6 10 0.014 3 05
7 5 0.05 7.5 86

Paul Wender.; J. Am. Chem. Soc. 2000, 122, 7815-7816



vinyl cyclopropane in 5+2+1

Original idea of

0
5+2+1: . T j
TsN H1 0
2
Rz

1: Ry=R;=H 2: 95% A, 3h
3. Ry=H, Rx=Me 4: 78% B, 20h
5. Ry=Me, Ry=H 6: ?1'% C, 26h
8: EG“}‘-: C, 14h

Fi1 O H‘.I

E e

F‘lg HE

9: Ry=Ry=H 10a: B0 (cis) 10e: 8% C,17h
[10b: 6% (trans)]

11: Ry=H, R.=Me 12a: 77% 12b: 17% O, 20h
13: R=Me, Ry=H 14: 78% C, 26h

Paul Wender.; J. Am. Chem. Soc. 2000, 122, 7815-7816



vinyl cyclopropane in 5+2+1
VCP in 5+2+1:

S\ CO,Me
0 o— M a E 0 E
d——\ +[| — = 0 + + 11
N E E
Q

7 8

@Key: (a) CO (1 atm), [Rh(CO):Cl]; (5 mol %), 1,2-dichloroethane
(0.1M, 7), 60 °C: Hz0™.

O ey

12, R= r:n-chzccHa

Paul Wender.; J. Am. Chem. Soc. 2002, 124, 2876-2877



vinyl cyclopropane in 5+2

Mechanism insight into the reaciton:

15.2
AGaggp (15.1)
{ Afsgqy) T5(3db)
keal/mal

15

3a
CO -1.6
i{-2.2)
- ‘"th—CI
O LGl .
@hﬁ\l K‘__,,,R
co

3a b

Z-X. Yu. K. Houk .; J. Am. Chem. Soc. 2002, 126, 9154-9155



vinyl cyclopropane in 5+2

Mechanism insight into the reaciton:

C | Ir,. R ‘\\\ﬁ O c | “\\‘

Rh Eoa—— = ’
oc” | N

9 9" TS10 \ 11
2.1(10.1) 0.0 (0.0) 28(3.3) 29.7 (28.2) -16.3 (-19.2)

I+alkyne ==

Z-X.Yu. K. Houk .; J. Am. Chem. Soc. 2002, 126, 9154-9155



vinyl cyclopropane in 5+2

Mechanism insight into the reaciton:

Fast [Rh(CO)-Cl}s

f"h‘#‘}
i R

fv

Slow -



vinyl cyclopropane in 5+2

Mechanism insight into the reaciton:

Opened an Reductive | vep
i Rinocmyst ['Mim] [Bi ' tion] Product Catalyst
Coordination Metallacycle mina
cc;?pyl:;-) VCPComplex > Complex R -¢> Intermediate _¢ > %'vst -> Ganplexi
. . \ |\:\A\ plex
/\ E\Q Cl, ::h ~ -R,h OMe ~ / Rh mu
o=CA T ome Cg 'Rﬁ'AOMe >>"R-h~AOMe g )-/;A ‘“ WOM‘
i % 1" 8 ‘“
- Rxn
-2.0 Progress
l S ———
0.0 2 -
1 L - -365
§% e —— 8b
G S - ~44.2
§ -55.0
g |

Z-X. Yu. K. Houk .; J. Am. Chem. Soc. 2008, 130, 2378-2379



DFT inspired reaction:

vinyl cyclopropane in 5+2+1

H H
ME%C\d/A v o Sonditions  MeO,Cq E@
MeO,C" X MeO,C" E'
H H
1 2 (cis) 3
CO catalyst T concn t yield
entry  [atm] [mol %] [°C] solvent [M] [h] [%]
1 0 10% [Rh(CO)Cl]» 110 toluene 005 24 107
2 1 3% [Rh(CO):(Cl1]> 80 dioxane 003 5 44%
3 4 3% [Rh(CO)CI]> 80 dioxane 003 24 8
4 0.2¢ 3% [Rh(CO):CI]» 80 dioxane 003 5 704
5 02 3% [Rh(CO):Cl]» 60 dioxane 003 48 17
6 02 3% [Rh(CO):(Cl1]> 90 dioxane 0.03 5 70
7 02 3% [Rh(CO),Cl1], 100 dioxane 0.05 5 6l
8 0.2 3% [Rh(CO):Cl1]> 80 DCE 0.05 5 62¢
9 02 3% [Rh(CO):CI]» 80  toluene 005 12 14
10 02 3% [Rh(CO):Cl]> 80 dioxane 001 5 68
11 02 3% [Rh(CO)CI]> 80 dioxane 020 5 34
12 0.2 10% [Rh(CO})Cl1]> 80 dioxane 0.05 5 72
13 1 10% RhC1(PPhs): 80 dioxane 005 17 NER
14 1 10% RhC1 (PPh3); + 80 dioxane 005 18 23
10% AgOTf
15 1 3% [Rh(CO):CI]» + 80 dioxane 003 13 7
10% AgOTf

Z-X.Yu.; J. Am. Chem. Soc. 2007, 129, 10060-10061



vinyl cyclopropane in 5+2+1

DFT inspired reaction:

X A Wy e {7
g X A ANK A s

10 12 14 16 18 Ph 20
0 (8] " 8] H o " 8] t{ Q
H H S R Ph o e
11 13 15 17 19 21
T1% T8% 92% 73% a3%9 =Tl
@]
/_\H/, 5 mol % [Rh(CO)CI]5, H
¥ 0.2 atm CO + 0.8 atm N,
o ) - X +
dioxane, 0.05 M, 80 °C
H
X = C(CO:Me)s 23a (cis) 23b (trans)®
22( EIZ=31) 16% 50%
24 ( EIZ=1.3) 52% 17 %
X=NTs 26a (cis)” 26b (trans)
25( EIZ=3:1) 15% 44%
2T ( EIZ=1.3) 31% 10%

Z-X.Yu.; J. Am. Chem. Soc. 2007, 129, 10060-10061



Simple reaction

vinyl cyclopropane in 5+1

1b

5 o O

FHJV + CO conditions ? . f
Ph Ph

2k 3b

t CO yields
entry  catalyst’®  solvent® (°C) (atm) additive (2b, 3b)? (%)
1 [Rh(dppp)ISbF¢ DCE 85 0.2 4AMS 41,34

2 [Rh(CO)Cll;, DCE 8 02 4AMS NR

3 [Rh(CO)JSbFs DCE 85 0.2 4AMS  ded

4 [Rh(dppm)ISbFs DCE 8 02 4AMS NR°

5 [Rh(dppe)]lSbFs DCE 8 02 4AMS 20,15

6 [Rh(dppb)]SbFs DCE 8 0.2 4AMS 19,24

7 [Rh(dppp)ISbFs DCE 8 0.2 no 0,44

8 [Rh(dppp)ISbFs DCE 95 02 4AMS  ded

9 [Rh(dppp)ISbFs DCE 75 0.2 4AMS  NR®

10 [Rh(dppp)lSbF¢ DCE 8 1 4AMS  dec

11 [Rh(dppp)ISbFs DCE 8 0.1 4AMS 27,39
12 [Rh(dppp)IOTf DCE 85 0.2 4AMS 66,12
13 [Rh(dppp)IOTf DME 85 0.2 4AMS 16,0

14 [Rh(dppp)lOTf dioxane 85 0.2 4 AMS ded”

15 [Rh(dppp)ISbFs DCE 8 02 4AMS 0,73

Z-X. Yu. Org. Lett. 2012,14, 692-695



vinyl cyclopropane in 5+1

DFT inspired reaction:

Ed

o]

|l en
1k
%OBH

11
Bno’\v/\

1m
TESD/\V/\

in

HG’V/\

1o

HO™ v/“%

10"

-—

20

41%

68% 11%

54% 8%

Z-X. Yu. Org. Lett. 2012,14, 692-695



VCP as 3C:

Crs

wnE-vicP

N

T
TEHMWVJ“-WE 110*’13
3 B T{EE-".-'EI:I
y H
TNNK o, Ph B TsM "'f F
=1
Rl n=c
V/\J 13h H
3 B 8 (T1%)
o~
D\ ‘a Ph SEI-*E -Dq:>—/7
4 11{49%;

TsN, .Vﬂ*«v”e 111:|¢c rmq:;}—/i
4
-\-\_\_.-I""""::'

vinyl cyclopropane in 3+2

cat. Hhtl]

-

5 {E7%)

C/v/% -r:a-l:-l-:'j'ilih CB:?

VCP-ane
H
P A w
TaM ooz TsM
“W/m‘” 32 h 1
5 12 13[62%1
e
TSNHU__ S, m S Y
26 h
i 14 15[65%:1”
P 1
o T :w G
ﬁ 41 h H
T 1?:3:::%]
.rw*’f’ H " : fH
HH
19 (79%)°

L. Jiao. Z-X.Yu.; J. Am. Chem. Soc. 2008, 130, 7178-7179.



VCP as 3C:

vinyl cyclopropane in 3+2

i~ 5 mol % [Rh(CO)CI -’ H
TsN [RCOCle | o Tsmﬁ}j
\-—vf'\ toluene, 90 °C, 68 h : :
A H
20 21 (B1%) not observed
H
I~ 5 mol % [Rh(CO)LClL, y
TsM -
xv"\ toluene, 90 °C, 36 h
{75%) H
(+)}12 (+)}13
93% ee 91% ee
- H
—ad 5 mol % [Rh(CO),Cll,
u‘"““ i TEN
Y& toluene, 80 °C, 36 h
(79%) H
(+)-22 (-H13
95% ee 95% ae

L. Jiao. Z-X. Yu.; J. Am. Chem. Soc. 2008, 130, 7178-7179.



vinyl cyclopropane in 3+2
VCP as 3C:

27
’:Il:>_/ [Fﬂ"f'-:ﬂhﬂ'h X
k' Hh{cmcl * .
&
reductve complexation ,r

H elimination

L. Jiao. Z-X. Yu.; J. Am. Chem. Soc. 2008, 130, 7178-7179.



vinyl cyclopropane in 3+2

Ta?’i conditions T5$ X Tshq {Tﬁh(lj]

VCP as 3C:

1a not nhserved
ntry catalyst t (h) additive yield (2a, 2a")°

1 [Rh(CO):Cl]2 24 <b%, <b%
2 [Rh(CO)2lSbF¢° 24 <5%, <5%
3 [Rh(dppm)]SbF? 24 61%, 10%
4 [Rh(dppe)]SbF? 24 46%, 5%
5 [Rh(dppp)]SbF 24 12%, <5%
6 [Rh(dppb)]SbF? 24 <5%, <5%°
7 [Rh(BINAP)]SbF* 24 <b%, <b%"°
8 [Rh(dppf)]SbF” 24 —
9 [Rh(dppCy)ISbF¢? 24 —
10  [Rh(dppm)]SbF¢? 6 4AMS 94%, 0%

Z-X.Yu.; Org. Lett., 2010, 12, 1332-1335.



VCP as 3C:

vinyl cyclopropane in 3+2

10h

36 h

36 h

60 h

91%

T1% (79%)°

82%

56% (90%)"
dr = 19:1¢

H
TsM _
.,_h__’//
H
4a

Z-X.Yu.; Org. Lett., 2010, 12, 1332-1335.



VCP as 3C:

=] O Lh

vinyl cyclopropane in 3+2

v
I
T

s
-
|
T
o

it
=

d
9 S
R

TsN

T
11
13
15

CO;Me

TsN

ey

17

80 °

80
80 -
80 °

80

sRele)

. 5h
.23 h
.48 h

98%

829,
78%
35%9

66%

L. Jiao. Z-X.Yu.; Chem. Commun., 2010, 46, 1059 - 1061



vinyl cyclopropane in 3+2

VCP as 3C:
~F [Rh(dppp)ISbFg _
TsN - no reaction
\—q DCE, 80°C,21h
1a {96% recovered 1a)

e [Rh(dppp)]SbF
TsN ® = o reaction

\—Q DCE, 80°C.21h
1b {61% recovered 1b}

A

Rh(dppp)
. 7t H
- Rh—P
|
A \ P P D
-+
-
Rh—P
X b
o S S
B C

L. Jiao. Z-X.Yu.; Chem. Commun., 2010, 46, 1059 - 1061



VCP as 3C:

vinyl cyclopropane in 3+2

—— R [Rh(CO),ClLz (2.5 mol %) _R .‘
. AgSbFe (6 mol %) A . PPh,
\Ji L* (6.5 mol %) X | P L= PPh,
— 0.05 M in DCE SN ‘g
1 2 ' (R)-ligand B
temperature  f yield ee
entry substrate cycloadduct C] [h] [%](o! (%1
R
R
TE”\_%; TsN |
— ;:\Q
1 1a R=Me 2a 70 1 90 97
2 ib R=H 2b 50 3 90 87
3 1c R=Et 2c 70 25 90 93
4 1d R=(CH.Cl  2d 60 10 74 94
5 1e R=(CH,);0TBS 2e 70 4 63 95
6 1f R=COMe 2f 70 1 70 98
7 19 R=COMe 2g 70 1 62 99
8 1th R=Ph 2h 60 7 69 48
gld 1i R=TMS 2i 70 120 60 61
Me {brsm)
70 1 87 96

S Me
10 ”-"-”\_K NsN_ |

=

2

Z-X.Yu.; J. Am. Chem. Soc., 2012, 134 , 398-405..



vinyl cyclopropane in 3+2+1
VCP as 3C:

a) Previously reported [(3+2)+1] process by MNarasaka:

R
Et0,0 = R 4atmCO RMCOKCE o o
Et0.C 12-0CE, 160 °C, =48 h EtO,0
harsh condition (30-B0% yield)
yna-CP and low yield with byproduct{s)
b A new design based on viny| activation of the cyclopropane
R
.-"'%R [Rh] co O
X - - — X
\_%5_ mild condition [(3+2)+1]
= ref 7o 2 =
aeivaling group
1-yne-VCP
1.2-DCB = 1.2-dichlorobenzene.
Mel.C
P ' I\ MeO;C, = e
B COEt & = " MgBr _ D{:U:Et b DIBAL-H _ DC/ M0 99 HE:- MeO,C — e Licl, DMF
= CuCN — & Iy, PPhy _ NaH (88%)
BF»0Et; imidazale {F9%) -
18 (B6%) 20 (T3%, 2 slaps) # 2
Me Ibe
We0,C — M co, [RncojCl, Meozcmo g. CeCly, NaBH, MEO’-C*@-“D _h MeMgBr +Oi’j
—_— [(3+2)+1] cycloaddition E (97%) B {gsq.{,;.
(86%, dr 15:1) = 5
[+)-24 {1)-28 (t)-26 () 2?

Z-X.Yu.; Org. Lett., 2010, 12 ,2528-253



vinyl cyclopropane in 5+1/2+2+1

VCP as 3C:
.-FE R
KI’._E—H 5 mol % [Rh{CO)Cl)2 EQ__ L . X # ©
— DCE, 80 C \ N
f e
substrate concentration; 0.05 M O
1 2 3
yield (%)°
entry substrate CO pressure (atm) ¢ (h) 2 3
X =TsN
1 Ib R=EFEt 0.5 2.5 58
2 1lc R='Pr 1 4 72 9
3 1d R='Bu 1 3.5 71 26
5 If R=Cy 1 2 61 14
6 lg R=TMS 0.2 5 39 6

K = C{:CDEME)E

Z-X.Yu.; J. Am. Chem. Soc., 2011, 133, 1690-1693



vinyl cyclopropane in 5+1/2+2+1

VCP as 3C: .
X ] =0 —=R
formal [S+11[2+241] X
cycloadduct . ‘Ji
o
R ), Rh(COICI R
xaéﬁm I \R f""ﬁfﬂ*-ﬂh—m
[a] X
Rh-CO .
| [RW{COkCl2 Cl

/ Cl A
F \
R
RS ""
OL LCo i
RH? " Rh—

E i i

,}\ °
[a{a] B / cO
=L R O ~ -
B Nt — O
| Rh=-CO
D cl - X L
=

b) Control experiment,

/T M& 5 ol % [Rh(COLCIL

TsN
‘—O:D 0.2 atm GO

DCE, 80°C.1h i
5 24 6 (not observed)

Z-X.Yu.; J. Am. Chem. Soc., 2011, 133, 1690-1693



vinyl cyclopropane in 5+2

Total synthesis application:

1

|::><<

4 6
+
MeO,C OBn  —— Sl
CO,Me HO OH
5 7

Stephen F. Martin.; Org. Lett., 2005, 7, 4535-4537



vinyl cyclopropane in 5+2

o 0O
: O
Total synthesis o o OH )‘-‘j A
application: ﬁ mBull, MesSl h N
THF, 84% DMAP, NaOAc, THF || |
8 93%
9 10
O
p-TENa_, EtaN. CHs':N',-_ 0 th[E{H}-MEPY]d_ -~
then LIOH-H-0, 97% ||~|2 CHCls, 99%
| | dr=1:1, 94% ee
6 4

1. {COCI),, DMF, CH.Cl,

Pd{PPhs)s, PPhy

4+5

NaH, THF, 71% 2. LiAIH(O™Bu),, THF, —78°C
n

Bd%s

13
OBn
CHO
[Rh(CO),Clls, PhMe MeO,C
OBn 110°C, 85% MeO,C
H
3 14

Stephen F. Martin.; Org. Lett., 2005, 7, 4535-4537



vinyl cyclopropane in 5+2
Total synthesis application:

OBn OBn
CHO OTBS
MeQ.C 1. NaBH,4, THF MeQ.C
MeO,C 2. TBSCI, ImH, DMF  MeO,C
H 81% H
14 15
OBn
OMs OTBS
1. LiAIH,, THF 1. LIiBHEt;, THF
2. MsCI, Et;N, CHCI; 2. TBAF, THF
72% oms H 70%
16
OBn
OH
Ho, Pd/C MnO,, CH.Cl,
- 2 - q
82% B86%:
H
17

Stephen F. Martin.; Org. Lett., 2005, 7, 4535-4537



vinyl cyclopropane in 5+2
Ru catalyzed 5+2;

/PN 10 mol% [CPRu(CH3CN);PF¢]

s
RN 0.2 M in acetone
r.t., 2h, 82% yield

Ph
} ;
trans-VCP 6.2 : 1
Ph
; ;
1

10 mol% [CpRu(CH,CN);PFg]

A\ -
0.2 M in acetone

r.t., 2h, 78% yield

cis-VCP

i] H H
& Cleavage A Cleavage B
3 : 1

MeO,C = [CPRU(CH3CN)3PFgl
Me0,C A - Mmic)@'n +
N\ 5 acetone, r.t. MeO,C i
é R Cleavage A Cleavage B
>20 : 1

R
Me0,C._/ — [CPRU(CH;CN);PFe] Me0,C o 4 MeOC
MeO,C A - ' (1
! acetone, r.t. MeO,C MeO,C 2
“J'
B

(2)

R =CH;0TIPS

Trost.: J. Am. Chem. Soc., 2000, 122, 2379-2380



vinyl cyclopropane in 5+2
Ru catalyzed 5+2;

= [CPRuU(CH3CN);PF]
\ . . - (1)
acetone, r.t =
TBSO TBSO H

92% yield (dr 3.1:1)

PMBO, PMBQ H

E— [CPRuU(CH;CN),PFg]

-
Iiwe \ i =
TMSO acetone, r.t. _— i

70% yield (dr > 20:1)

(2)

PMBO PMBO t{
[CpRu(CH;CN);PFg] 3

(3)

T \ A
acetone, r.t. =
TMSO TMSO H

72% yield (dr > 20:1)

Trost.: J. Am. Chem. Soc., 2000, 122, 2379-2380

Trost.; Chem.Eur. J. 2005, 11, 2577.



vinyl cyclopropane in 5+2
Ru catalyzed 5+2;

E

! Cc + +

H TS12 (:p _I Ru—Cp {ICP

16.5 p A 5113 182 H TS4
T513 TSB 14.3

11.4 12.1 P
- 5

Trost. Houk ; J. Am. Chem. Soc., 2013, 135, 6588-6600



vinyl cyclopropane in 5+2
Ru catalyzed 5+2;

Ene Reaction:

&

1
F"_Cp —_—

20

[

(5+2) Cycloaddition:
+

-

_-—
;tu-(:p —_—

20-C2

Trost. Houk ; J. Am. Chem. Soc., 2013, 135, 6588-6600



vinyl cyclopropane in 5+2
Ru catalyzed 5+2;

37 4% 52.1° l ‘o 3 : :
/‘ N L J L \
105.1° ( 94.2°
g O~ H
~z _ 90.4° 40.7°
22 30.0° S 41.0° 22-C2 S
0.0 kcal/mol 7.4 kcal/mol

Trost. Houk ; J. Am. Chem. Soc., 2013, 135, 6588-6600



vinyl cyclopropane in 5+2

Ru catalyzed 5+2;

Trost. Houk ; J. Am. Chem. Soc., 2013, 135, 6588-6600



vinyl cyclopropane in 5+2

Ru catalyzed 5+2;

+
Ru-Cp
H
Efﬂ‘§"f5BA
~J
34-1 38-1
+1.6 kcal/mol 0.0 keal/mol

| i ;!
262A 2.55A

34-2 38-2
-0.6 kcal/mol 0.0 keal/mol

+
. H _|
‘ - o Ru-Cp
. HO H

212A

. M »
Ay el o
o ot E Hoéﬁm Cp

2
34-3 38-3
-2.4 keal/mol 0.0 kcal/mal

Trost. Houk ; J. Am. Chem. Soc., 2013, 135, 6588-6600

253A 262A




Ru catalyzed 5+2;

.r

Cleavage A

Rucy
<T_\-_<]
4 R
RuCp”

Cleavage B

vinyl cyclopropane in 5+2

B g oé orf’ ﬁ(lf }%
Ru~C
p — ~ u
i
Cp

43 TS44

49

Trost. Houk ; J. Am. Chem. Soc., 2013, 135, 6588-6600



vinyl cyclopropane in 5+2

Ni catalyzed 5+2: { @;ij

(0]
J—‘ﬂ © ©
5 mol% Ni/SIPr y/
- R 2
O _ . j o+ R@ - R@{ )
1
2 / 3 4

entry substrate 2:34° % yield®

1 R = Me (1a) 1:0:0 54% (2a)
2 R =Et (1h) 3:2:0 34% (2b)

27% (3b)
3 R =i-Pr(1c) 1:2:0 28% (2c)

38% (3¢)
4 R =1Bu (1d) 0:0:1 82% (4d)
5 R = TMS (1e) 0:0:1 88% (4e)

Janis Louie .; J. Am. Chem. Soc., 2005, 127, 5798-99



Fe mediated 5+1;

Fe
S Fe(CO) Fe(CO)s
=
BnO a Bn 7
BnO
n . ]ﬂ

vinyl cyclopropane in 5+2

Fe(CO);
NGDH hv h OBn
1 =>99% ee 2 > 99% ee
a0 NV A
. Fe(CO)s
h !
Fe(CO)s -~ Fe(CO), _
oenzene BnO

x 8

0
9

Taber; J. Am. Chem. Soc., 2000, 122, 6807-08



vinyl cyclopropane in 5+2
Fe catalyzed 5+2:

X
g 4.3 jron catalyst R?

Fe [Ar] 3d% 45° z || — - o
Ru? [Kr] 3d% 45° R'
Rh: [Kr] 3d® 40 mayjor minor

Ir': [Xe] 3d° 4¢° 9 Mo M- A 56%¢ 5.5:1

i Hﬁ B 70% 5.7:1
ks

lo \Nb 5 F
—— Me
AT 1 H8 A 91%° 6.7:1

/=
———— 1
E E
12 Me A 92% (R = Me)* 9.4:1
13 H% A 76% (R = COOEt)”  2.3:1
14 R A 99% (R = SiMes) 151
E E
15 s A 98% (X = H) 6.2:1
16 : ” A 98% (X = OMe) 7.3:1
17 O O A 97% (X = F) 6.6:1

A. Furstner J. Am. Chem. Soc. 2008, 130,1992-2004



(Qn

=
ML
Vi

Summary

(Qn ML,
/ X \
metallacyclohexene v ML, MLRn

( ML,

metallacyclopentene



Thanks for your attention



5%[Rh(CO,)CI], + H

0 /\ 10%AgSbFg
dl\ " _O/_é — = /O\ 5
DCE/TCE=95:5 40°C R
o 4
i [Rh] i 34
H;mn Ry f Ry A
1 3 4-7, 11
entry ynong conditions® t (h)® product(s) yield (ratio)®
1 la A 15, 1 44 82% (dr 2.0:1)
2 B 0.25,2 T1% (dr 2.0:1)
3 1b A 20, 1.5 5 76% (dr >20:1)
4 B 0.25,2 T8% (dr >20:1)
5 lc A 20, 1 6 82% (dr 3.6:1)
6 B 0.25,2 89% (dr 3.8:1)
7 1d A 4,22 7 68% (dr 19:1)
8 B* 0.25, 20 54% (dr >20:1)
9 1h Af 13,3 11 T7% (dr >20:1)
10 C 16 56% (dr >20:1)
11 D 24 095% (dr >20:1)
4 1d Me
5 FT X% le H



OH Me

JOH
-

i
(£)-27

i. TsOH
(71%)

|. CyaBH, then

HEDE'NEGH
(B5%)

k. DMP

I. CIRh{PPha)s
(73%, 2 steps)

M

Me
(t)a-agarofuran (30)






