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Introduction

> 1942, Cottle, 1t synthesis !

| 0---[M]
ol > MgBr, : )\)
> [> OH | Homoenolate

Cl EtMgBr, FeCl;

ot

B-keto radical

J. Am. Chem. Soc. 1942, 64, 434, | Ry A

» Acid/Base-Mediated Ring Opening !

A"O” 1N HCI /\)]\ e -
Ph Me dloxaneIH20 e

50°C,40 h

60% 40% |
J. Am. Chem. Soc. 1966, 88, 3347. :
|

Me : e \

H
K,CO K .
D—OH —>2 3 Me/\n/ 2CO3 M /WO I H\O+
e

o] : |
3 | i A,
» Electrophilic Halogenation : Acid/Base mediated
I L ring opening

0 !
AvOH —»NBS )j\/\ :
R R Br | A Ho ot
| ~ NN
EWG

J. Am. Chem. Soc. 1968, 90, 1830. : Donor-acceptor

cyclopropanols
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Metal Homoenolates

» Ring opening of Donor-Acceptor Cyclopropyl alcohols

» [-Keto Esters to y-Keto Esters ! > Retro-aldol ring-opening reaction
: 0]
. 0]
o o ZnEt, (5 eq.) 0 | SmCl, (4-6 eq.)
)J\/U\ CHala (Seq) y )WOMe ; BuOH (1.0 eq.)
Me OMe  DCM,rt,81% € I | Me” THF, 0 °C Vo , rMe
t Z 94%
B“OZCO//_ Me 'Bu0,C <|)

l .

[ ' |
Zn JZn_ ! -
0" —= 070 —>Me)1\/\/ome : OS'“C' oSmcl osmcl
| |
O
Me)\/kOMe Me OMe ZnEt | -
L = ., Me
! o™y
. : , : u02C u02C

| oSmél

J. Org. Chem. 2005, 70, 1497.

o)
EtOZC ZnEtz, CH2|2 > CO.Et o
Me Me DCM, rt. 50% CO,Et 2 |
o MeCuCNLi Et0,C
é ) R
e 'BuOOLi "Hex=3 - Me "Hex
Me  O[Cul]

Org. Leit. 2005, 7, 1327. ¢ Angew. Chem. Int. Ed. 2013, 52, 5333.



Metal Homoenolates

» 2000, Pd-catalyzed ring-opening

»Domino type Process

HO, Pd(OAc), (10 mol%) (o) | R R Pd(OAc), (10 mol%) R R R R
R1'*<L Pyr. or DMSO (2eq.) R2 HOKS/W Pyr. 0, or Cu(OAc), _ | O R' o R'
1 —_—
) 4A nﬂ.s. R | Tol. 80 °C A A
Tol. 80 °C, O, | “R? “R2 “R2
: to 90%
PdX, S-Hydride : up to 90%
elimination I J. Org. Chem. 2005, 70, 5636.
0----Pdx | | . ;
XPd” . p-carbon elimination ) »Heck ty pe ary lation
R > i |
R? R2 ; ! Pd(PPh), (20 mol%)
. mol%
_______________________________________________________ | TBAF (3 eq.) MeO,C
o o] : TBSO THF, 68% o
)H‘/\/OTIPS O)H(\/OTIPS I tBu C02MG tBu
Me :
| Synlett, 1996, 533.
93% 59% |
; Me Me Ph_ _Ph
Org. Leit. 2000, 2, 147. ” P d(OAG), (10 moi% e e
LM | 0 Phl (2 eq.), AgOAc (2 eq.) - Me o)
o
“°;;<L Pd(dba), (5 mol%) ez N72 THF, 60 °C, 51% 5 N|72
R N
2 MeCN,50°C, 20 h RAKW | Me Me wd Me
48 - 82% .
| Tetrahedron. 2018, 74, 1078.
Synlett, 2000, 629. Luo GroupgMeeting (CCME@PKU) 5



Metal Homoenolates

(0]
. . . /
» Ring opening and protodemetalation Q
Me =
> Pt-catalyzed =
RO (o} [Pt(C2H,4)Cl2]2 (5 mol%) -~
[PY(CH,)Clal; (5 mol%) Me o DCM, r.t., 69%
Et,O M
R = Et (85%), R= H (82%)
MeOOC MeOOC
R=EtorH
H
0, tallics, 1996, 15, 3902.
. FEAROMERQEtEs, 120, J. Am. Chem. Soc. 2018, 140, 2062. B
» Mg-catalyzed » Pd-catalyzed
Mg(OMe) o)
[>"I,O:| (10-fold by wezight) > Me, H}\ HC_Z- o o
1 R hexanes, 40 °C, 45 min ‘ R? (j“‘” é,Me Me
iy R _Pdic 10% HOI
R" = chiral alky! up to 86% yield o H,, 80% oo THF, 77% o
o o :
-------------------------------------------------------- we L we | o
Me Me
Me
Ph B \ Synthesis, 2008, 3171.
TBSO \
TBSO Tl?
830, 6% 839% This process is reversible an lies toward

the side of the Ti cyclopropoxide.

Chem. Commun. 2018, 54, 2800 J. Chem. 2006, 84, 1208.
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Metal Homoenolates

> B-Functionalization with C(sp3)-X Electrophiles

> Allylation !
L IS &)
(o) . =
0---[2n] : A < )\)
I><O;I'MS ZnCl, | )l\) Br "PrOJJ\/ | Me/q Me
o'Pr Pro 93% ; Bn Bn
| Zn alkoxide Zn homoenolate
J. Am. Chem. Soc. 1987, 109, 8056. | l l
| o[V 0--[Cu
i CH,(2Znl) /\ Allyl-B i I Me ‘ i Me)\H
+ _R2 2\£nl); R * yl-br .
R1JH/ TaE o1 12| TN e R»\V e Bn Bn
OTs THF, r.t. [IZnO R ] CuCN-2LiCl R?2 | Cu alkoxide Cu homoenolate
inversion retention 53 - 87% : Me Br
° 2
o) o |
Me 1) CHy(Znl),, 25 °C o Me | o Me Me o _
4 - M =
TsO' H 2) allyl bror.nlde z ! MG)H/ )v Me)k( ¢C
NC CuCNe2LiCl NC VA .
-30 0 25 °C 53% | Bn Bn
>98% e.e. >98% e.e. | 80% 82%
Chem. Lett. 2007, 36, 164. l Angew. Chem., Int. Ed. 2012, 51, 9517.
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Metal Homoenolates

> B-Functionalization with C(sp3)-X Electrophiles

» Pd-Catalyzed

OH
K

+

Pd,(dba); (5 mol%
X-phos (10 mol%)

CSch3 (2 eq)
Tol. 80 °C, 93%

A
x_ J
Oxidative Pd
X A exchange

Pd(0)

Reductive
0 elimination
Ar
Bn)j\/ d )J\/\

(o)
Bn

Org. Lett. 2014,

) (0]
> Me\©\ Hj\sn

Ph
r

OH
HX
0\
Ph/x Pld/\Ar
L
p-elimination

Pld/\Ar

L

16, 5854.

f

OH (0]
K o
Pd(dba), (5 mol%)
+ X-phos (10 mol%)
>
"Bu Tol. r.t., 76%
OCO,Me —
=z "Bu

Chem. Commun. 2019, 55, 4523.

- »Ni-Catalyzed

HO><]
Ph NiCl,(phen) (10 mol%)
NEt; (2 eq.)

ZnCl, (2 eq.)
DMF, 120 °C, 85%

o)

>)J\/
Ph C

y

0
A,

+
0]
N
(o]
o [Ni']
F;[Ni"] T

) 0
7 O  .NPhth- [Ni"] P N
n. L Teo, @~ pn Nill
0~ ey X Cy
o

Org. Lett. 2019, 21, 8805.
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Metal Homoenolates

> B-Functionalization with C(sp?)—-X and C(sp)-X Electrophiles

CIZn----|O

OMe

Me
> 99% e.e. PdCI,[P(o-Tol);], -~
. THF, 68% \/\

B"O\/\/ Br > 99% e.e.
Me
Org. Lett. 2004, 6, 2845.
» C-Acylation
ZnEt,
Pd(PPh3),
)j\/\ THF, 78%
slow addition
”Pr Et
N3 npr |O
PSS
(o)
(+)-M217 )

T » C-Arylated (TMS-protected)

oTMS Pd(OAc),

o
_PPh;, TBAF
"MeCN, 80°C
15 min, 90%
i) HMDS, TMSI OTMS

Pyr. DCM
II) CH2|2, ZnEtz
DCM, r.t.

Pd(OAc),, Phi
PPh,, TBAF

o
o
Me
SR @
15m|n 57%

Org. Lett. 2011, 13, 110.
> B-Alkynylation

OH o
P Br———"Bu -~
Me ZnEty, CuCNe2Licl ~ Me R
Bn  THF, rt. 75% Bn

Org. Lett. 2013, 15,1780, 6, Group Meeting }CCME@PKU) Org. Lett. 2015, 17, 3854,



Metal Homoenolates

» [B-Functionalization with Heteroatom—-X Electrophiles

> lodination
ZnX |

ZnEt,; (4 eq.) o o
o o CHyl; (4 eq.) . I .
)j\/u\ > OR' | —2—> OR
R or! TMSCI, DCM, 0°C R R
o] o
icrlz(zm)2 \
o) o)
o/ \‘o OR! OR!
/{>/Ik —>» R X —>» R
1 o o
R OR ~ZnX ~ZnX

Tetrahedron, 2008, 64, 8045.
» Amination o)

MeCN, 50 °C

/\ MeO OH
Bzo-N O NR,
\__/ X — Cu"' R

O
Org. Lett. 2015, 17, 2190. Luo Group Meeting (CCME@PKU) | 10

0 >/~
m CuBr (0.1 eq) n
N 0----Cu BzO—Cu'!
o0



Metal Homoenolates

» [B-Functionalization with 1 Electrophiles

» Carbonyl Derivatives

i) Ti catalyst (0.1 eq)
MeCN, r.t., 7d

Ph i) pTSA, PhH

0]
OEt (
Ph
80%, 65% e.e.

Synlett, 2003, 390.

» Olefins ---- Formal [3+2]-cycloaddition

CO,Et o
I CuBreSMe, )\ _CO,Et
D<OTMS . ZnCl, | Me
OEt Me Et0, HMPA
MOMO 72% Me
Ve MOMO

J. Org. Chem. 1990, 55, 4235.

M CH,l,, ZnEt,
—>
Me OMe

t
oBu\/OH

)J\/WOMG ~———
Me

o
85%, > 20:1 d.r.

Org. Lett. 2001, 3, 4169.

................................ —9
OH (o)
o ZnEtz
”“ CuCN-2LiCI .~
ci, THF, r.t., 68% \ OBn
iBu OBn Bu

J. Org. Chem. 2017, 82, 4379.

Luo Group Meeting (CCME@PKU) 1"



Metal Homoenolates

» [B-Functionalization with 1 Electrophiles
» Olefins ---- Formal [3+2]-cycloaddition

(S;-RuCI(PPhy), 0—IRul 0 0
0
HO (5 mol%) ”)\) “)‘j \
()
e ¢ \/»<] In(OTf)3 (5 mol%) l —_ |
u N THF, reflux, 76% \ | i, R
i [Ru]
"Bu R R [Ru]
[ e e e e e e e e e e e e e e e e e e e e e —9
Q L
‘o1 —0
H Rul—
- [Rul
OH RuCI(PPh3)2 | ~ /‘;
'<] (5 mol%) . R [Ru] R
=" In(OT#); (5 mol%) 40% 3
3 OBn |
/C)B N THF, reflux 0 Bno 5 L\R ]
n -—
BnO [Ru] _[Ru]

|
|

45%

Luo Grgidllerzc203 6CC8)6098<U) 12



Metal Homoenolates

» [B-Functionalization with 1 Electrophiles

f

» Alkynes

Bn OH
A Pd(PPh3)4 (10 mol%) (o)

PtBU3‘HBF4 (20 mOIOA))
> X
+ Tol. 100 °C, 96% Ph Bn

Ph—=——FPh Ph

———Ph

\)(i\ Ph———
Ph/\l BHY Pd(0) &
Ph
Pd" Bn Ph
PN
Ph (0]

| :

Pd" Q I
Ph/\( ~0” “Bn ! P%_?
Ph

Ph
Adv. Synth. Catal. 2018, 360, 3171.

» Difunctionalization

Bu

| | Pd(PPh3), (10 mol%) ‘Bu \ o
HO NEt; (2.0 eq.) .
DMF, 100 °C, 72%
o o]
ub

S

P Pd(0)
Bu
Pd"

o HO
Org. Lett. 2018, 20, 7266. 13



Metal Homoenolates

» [B-Functionalization with 1 Electrophiles

» Alkynes
Ph OH Col, (10 mol%) CoBr, (10 mol%)
dppe (10 mol%) By dppe (10 mol%) )(?\/
Bu Zn (0.5 eq.) OH Zn (0.5 eq.)
- | >< + Z >
8% DABCO (1.5 eq.) Ph Bu/ DABCO (1.5 eq.) Ph /\ Bu
Bu MeCN, 80 °C, 83% DMSO, 80 °C, 91% Bu
[Co]
o/
CoX — >
( Ph
R O—[Co'] base
R' l
DMSO
base*HX
R2
h R!
\ [Col 0--[Co]
o \\ ., «—— I
MeCN | R R
R
Chem. Sci. 2018, 9, 6928.
.— .................................................................... _.
» Arenes B OMe 7
|
Me N ﬁCp

Me z Bn
Me [CP*RhCl,], (4 mol%) ~ _OMe / \/\n/
X, .OMe HO._ __Bn  CsOAc (25 mol%) . N~ ’\H 0
N K Cu(OAc),*2H,0 (2.1 eq.) /\n/Bn “OAc

MeOH, r.t., 75%
o) Outer-sphere CMD

ACS Catal. 2016, 6, 647. Luo Group Meeting (CCME@PKU) Rate-determining Step

J. Org. Chem. 2019, 84, 11150. 14



Metal Homoenolates

» B-Functionalization of Cyclopropyl Alcohols with Nucleophiles

O---[M] @Nu

Ko e WAS e I,

well explored R new reactivity R'
Metal homoenolate

.— .................................................................... _.
» Pd-Catalyzed Spirolactonization » Synthesis of Cyclopropylamnies
Pd OACc)],(OTf o
"o [ (neczg):n ’ ‘:/?)]2( )2 (o e NP7~ Zn(CN), (2 eq)
>, OH BQ(2eq),CO = A . HN/\ NaxCOs2ea) g~ N/\
Ph™ Ph DCE, 50 °C, 89% Ph Ph Bn on 0 14dioxane, 110 °C L_o
99% o,
T d.r. = 20:1
| OH —pdl ]
--1Pd" Pd" O O—[Pd"] Zn(CN), (2 eq.)
[ ] [ ] ,,_)=o A . HN/\ Na,CO; (2 eq.) . BnAI"N /\
. ., Bn OH K/O 1,4-dioxane, 110 °C K/O
Ph Ph Ph Ph d.r. > 20:1 99% d.r. =18:1

Et H \ N
[Pd(neoc)(OAc)],(OTf), O
>N

HO N
BQ, CO, DCE
r.t., 60%

)\&0 e
Bn then Morpholine

90 °C, 78%

HO

CH,(2Znl),
cl o A
THF, 0 °C
’ Bn N/\
o)

dr.=4.7:1

J. Am. Chem. Soc. 2016, 138, 10693.

Angew. Chem. Int. Ed. 2018, 57, 15209, Luo Group Meeting (CCME@PKU)  J. Am. Chem. Soc. 2017, 139, 11357. 15



(-keto Radicals

» Radical Versus Anionic Pathways

0---[M]
R17A\ - J?\/\ Jl\/
o V.S. 1
R
HO R? R R2
R2
metal

B-keto radical
homoenolate

» Homologations > Oxidative condition

» Reductive condition o FeCl; (3.0 eq.)
H

OTES 2,6-lutidine (20 mol%) &
(o) DMF, 0 °C to r.t.
0 o > 0
Zn (5.2 eq.) > then NEt; (20 eq.) 1
| > r = DCM, r.t., 76% :
C
C02M9

. Me = H
0,Me tAA/H,0 (2:1)

Me
reflux, 81%
(o] °0 Q
— —
COzme COzme ‘
COZMG

J. Org. Chem. 2003, 68, 7629.
Luo Group Meeting (CCME@PKU) Chem. - Asian J. 2013, 8, 2792. 16

J. Am. Chem. Soc. 2020, 142, 573.
OTBS

Fe(NO3)3°9H20 H
(2.8 eq.)
DMA, r.t., 57%




(-keto Radicals

> Add/tlons to Unsaturated Systems T > Minisci-type reaction

Me o (0]
AgNO; (cat.) = |
(NH,),S,0 : /ATMG"
220y : MHex N
1,4-cyclohexadiene | OH |
85% H : + MnO, (1.1 eq.) No _—
: > o]
OTBS TBSO I ~CN TFAIMeCN, rt.
74% PPN
Chem. Lett. 2004, 33, 942, : oN ° "Hex Me
ZcN o ) | H

Ph  _OH QﬁﬂSﬁéﬁSﬁ’ on )H on : Eur. J. Org. Chem. 2016, 26.
Pt oh Pyr. DMF | » Cross-coupling reaction

)\ 62% .
oTBS CN | NiCl,*glyme (20 mol%)

Chem. Lett. 2006, 35, 18. : Ho7A [Mes-Acr-Me]CIO, (10 mol%
Ph OH I PMB dtbpy (25 mol%) ©
. + collidine (3.0 eq. )

AgNO; (20 mol%) | Ac DCE, r.t. bolue LEDs
Na28208 (3 0 eq. ) . 70%

| DMSO:H,0 (1: 1) Lf Br

o

o +[X

H 70 °C, 76%
ANF |

O\)fkf @@9 : dﬁ_) |

Bho_lVeet |

17



[-keto Radicals

» C-C Bond Formation via Hypervalent lodine Reagents

( o )
o)
(o) \
R S,05 (2.0 eq.) j\/ ! \.
\ Naz 2Ug (2.U eq.
H07A |
PH * T —1ps AcOH/H,0 (1:1) > Ph X Tgs
50 °C, 78% TBS
\_ Ph J
Org. Lett. 2015, 17, 4798.
@ ¢ ¢ mmmm i s e s s s s b e 8 S s R e 8 S R @ M S s § Em S f § M s 6 e s Em s
» Peroxide and Epoxide Formation
o)
HO "Hex Mn(ll), O, o
VO(acac),, 02> OH PhH, r.t. - )k(\
Cy EtOH, 68% O/ HO then KOH aq. Me o MHex
cy Me 85%
Tetrahedron Lett. 1999, 40, 4045. Synthesis, 2001, 10, 1453.
OH 0-0 oy Et;SiH (3.6 eq.) 0-0
‘ Co(acac), (5 mol%) M TfOH (1.1 eq.) M
14 > 14 > 14
0,, EtOH, r.t. DCM, - 78°C
OTBDPS 90% OTBDPS 66% OTBDPS
d.r. = 83:17

Tetrahedron Lett. 2016, 57, 5286.
Luo Group Meeting (CCME@PKU)
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[-keto Radicals

» Fluorinated Functional Groups

AgF, (2.0 eq.) o F
Ph (o] - )’I\/\
HO Ph DCE, -15°C tor.t. Ph Ph
93%

Eur. J. Org. Chem. 2017, 5872.

Cu(MeCN),4BF,4 (10 mol%) o
Bn / \ Togni reagent (1.5 eq.) - )J\/
HO MeOH, r.t., 87% Bn (."F3
BH7A
HO CuSCF; (10 mol%) o
SCF3 bpy (20 mol%) - )J\/
DMSO, r.t. Bn SCF
2.0 eq

CF; Meﬂ Me Meﬂ
|/ Me
\
d “Me 95% 0%

Togni reagent

Cul (10 mol%)
phen (20 mol%) fo) R2

17A
R R

HO K,CO; (2.0 eq.) JJ\) s
+ 4 R
Br. R} MeCN, 80 °C R K
x FF
F F
4.0 eq.

Org. Lett. 2015, 17, 6074.

» Proposed Mechanism
Re
0----Cu'"

T~

RF CU
il H07A 7A
Cuyl ——» or
.RF
CU"O7A

w/

0 °Rr

Org. Lett. 2015, 17, 2186.

19



Acid-Mediated Ring Opening

> Ring Opening with Brensted Acid 1 »Ring Opening with Lewis Acid
o) | > Via Cation-Allyl Isomerization
o R1J]\/ R 0S0,Me MgBr, (1.5 eq.)

TSA (3.0 eq. K >
R1J]\/ _Rz P (3.0eq) 66 - 78% | Et,0, r.t. )\/Bf

DCM, r.t. + : .
r o | R=Alk, Bn,Ph  MgCl,, AICl,, and TiCl,. 62 -95%

R = Ar JJ\/ :
e T i
16 - 24%
R

R' = Me, "Pr, Ph

Tetrahedron, 2006, 62, 7762. i [Bng ,

R_ _OSO,Me > )\
MOMO  Me MOMO Me K 2

/@\

| Synlett, 2002, 443.

" Ph

| ><

. o hv \)L

; CIl ——> cli

I N/|/ DCE Ph

Chem. - Asian J. 2008, 3, 1549. : N 65% 27%

P j

® o]
(] e e S )
" Me PR o Me 1 L [>=-pn ) )—Ph

Synlett, 2008, 1412. Tetrahedron Lett. 2004, 45, 3321.

OH

20



Acid-Mediated Ring Opening

» Formation of 4 Membered Ring via Intramolecular Cyclization
» Pinacol-type Rearrangement

o BF;°OEt, OH pTSA o] i H_+_BF; |
N (20 mol%) (10 mol%) N ne,. HiZ_ BF;3 ’
A hkiaddil] e el Bu_ O HO
THF, r.t.  Ph Bu ~ cHcl, . OH — =
Ph "Bu 80% OH r.t. 94% Ph' "Bu Bh H Ph H
cis : trans cis : trans nBu
17:1 1:17 - =

J. Am. Chem. Soc. 2009, 131, 6516.
SelectFluor (1.5 eq.)

R
* \ 0
R X HO HPO,(OR*), (2.5 mol%) | N (\)\/0 HPO,(OR*)
I _ NazPO, (1.25 eq.) - = HO S\/ (10 ?nol°/ )2
0
PhF/hexane (1:1) + N—SAr —>o
X -20°C, 72 h X "y Q N e

- 969 (0]
R = H, Alk, EDG, EWG fzo:?%’r_ 88% e.es. o
X=CH, 0 up to 97:3 e.r.
Angew. Chem. Int. Ed. 2013, 52, 9266. Angew. Chem. Int. Ed. 2019, 58, 12491.
» Vinylogous Mukaiyama condensation
TMSO 0 0
OMe 0
TiCl, (1.3 eq.)
Me + 4 Me
Meo)\/ Br DCM, - 78 OC> Me ", Br
, 8% OMe .
Pr iPr Pr
10:3 d.r. cyathin A3 cyathin B,

Angs. Crem 1z B4 2609 455334 21



Acid-Mediated Ring Opening

» Formation of 4 Membered Ring via Intramolecular Cyclization
» Gold-catalyzed ring expansions

R2 [P'?(::sscsgldspllf‘um [Auf 2
. / 5 -5 mol% P \ / R
R 0{ DCM, rt. R'0 {

R!'=H, TMS, TBS 61 - 98%
2 - (E)-olefin only

RE=H,Alk An X 1 4m. Chem. Soc. 2005, 127, 9708.

OH L*AuCl 2.5 mol%) OH < P 0
I>S‘/ NaBARF (5 mol%) [>S( |

& DCE, - 30 °C g"[A“] ? ‘IR > iR

I | [Au'] Y

B - 61 -99%

J. Am. Chem. Soc. 2009, 131, 9178. 84 -04% e.e.

HO,,, PhsPAuCI (3.0 mol%) H Z AuCl Et02C OFt
Me AgBF4 (3.0 mol%) _ e \<' \ Eto,c— S “bomrL > EOC !
Me™ “ DCM, r.t., 87% Me™ \ e EtO,C OEt 80% _
o HO ) )
4 >95:5d.r. ¢
Me — . -
Me" [AU']\\
Et0,C N e .
[Au] Et0,C"" o8t
N\ J 2 H
j 22

Org. Lett. 2008, 10, 4315. - Angew, Chem. Int. Ed. 2006, 45, 5452. N



Acid-Mediated Ring Opening

» Formation of 4-5 Membered Ring via Intramolecular Cyclization
» Ru-catalyzed ring expansions

_ . _ o
R C-C bond
HO 4\// insertion
_--[Ru] |
[Rul "R R
(2>—RuCI(PPh,) - - g0
(5 mol%) " [ RsSi o
vo. In(OTf)5 (5 mol%) HOY SiR3-| »0\\ Y%
THF, reflux [Ru]
I 87 - 98%
up to > 20:1 Z:E
ROC
[Ru] ﬂ
Ho\ N7
- 68 - 88%
>20:1 Z.E
J. Am. Chem. Soc. 2008, 130, 17258.
> Base-Mediated Ring Opening
o o)

i) HF-Py
ii) NaOH, 90 °C

z 91% o

e ,
Me Lup 8rouweetu%ﬁg:yu;’@g&t}‘9e Me 23




Metal-catalyzed C-C Insertions

> VCP isomerization
B OTBS ]

NiCl,(PPh); (5 mol%) OTBS ) oTBS
Zn (10 mol%) - N /;\,\N. E«\‘ yZ
\ Tol. reflux, 71% Il Ni
| PPh, | [Ni]
| PPh; i
Synlett, 1994, 941.
o)
R'  [Rh(CO),Cl], (5 mol%) T » Four-component [5+1+2+1]
. CDCl3, 40 °C |
'
<\ | | then 1% HCI/EtOH : o
R2 — | | Rueoxcn,
R'! = CO,Me, Alk, alkenyl, Ar, TMS R R : + ‘ (5 mol%)
R2 = H, Alk 65 - 93% | H CO, Tol./decane R
: 60 °C
J. Am. Chem. Soc. 1998, 120, 10976. | OMe T OH
X/ o) [Rh(CO),Cll, (5 mol%) S\ H | _
o . AgSbFg (10 - 20 mol%) . : o}
H | AN DCE/TFE O | 0
R 40 - 80 °C o : \__r 0
OMe 54 - 95% | / R
o >20:1 d.r. : X~ oH MeO
| K/OMe OH
| o ; — .
R ! J. Am. Chem. Soc. 2005, 127, 2836.

J. Am. Chem. Soc. 2010, 132, 2535¢ 24



Metal-catalyzed C-C Insertions

» Rh-catalyzed T » Pd-catalyzed
R | Ar—X PdCl,(PPh;), (3.0 mol%) o
[Rh(cod)Cl], [ : + DIPEA (3.0 eq.)
. . Nz (2_5 m°|%) I HO R1 Et4NC| (1.0 eq.) > Ar R1
—_— o
\m RZJJ\C02R3 1,4-dioxane : A A g DMA, 120 °C RO |
R 80 °C Me U\ | i R2
R2” “CO,R3 R up to 83%
R! | }
Pd"l .\H Pd'1_ .y I 0t
\ o\ ; o [Pd"]
N | ‘OQAr Hd\i N \/\Ar

. I~ CAr |
TBSO N : /q\ R’ )Q(V\m Xﬁ R!
Me | JIQ | R? R? RY

Rh!
R2 CO2 R3V
R. E. carbene

= formation
| Ar” N k[Pd"]
H OTBS Rh! _ Path A H
| Rh!! Jl\ : /' /\Rz
N R2” NCO,R3 |
R30,c~ "R? H 2 : H R3
' [Pd"]
elimination : ~Ri H
| I R3 /\Rz
B TBSO 1] 2 3
SO N gg\ R | R Ar y R
. 2 "BH
R2—Rh" +——_  Rhl : Path B\, j VO 4 j
migratory J|\ I ) —H
R302C insertion R2 C02 R3 ~
R3
d [Pd"]

Angew. Chem. Int. Ed. 2016, 55, 15401Group Meeting (CCME@PKU) Org. Lett. 2005, 7, 5845. 25



Donor-Acceptor Chemistry

» Ring Opening Rearrangements o InBr; (10 mol%) OH
. RNH, (1.2 eq.) > BnG 74 |
BnO" DCM, 40 °C BnG N
MeO,C /
Me Me R

Me

/ £.CO,Me WCO,Me
L\ ome Pyr.@5moi%) //-\E\\OMe . [ \.ome l T
I Tol. 160°C 3 o o o
T e

. R
L 7 H0
BnO' | — > Bno" —
J. Am. Chem. Soc. 2012, 134, 5938. (

[InN]” "R

» Nucleophilic Addition to Donor-Acceptor Cyclopropanols

H i + i o
BnO Z BnO ° QJ BnO O R
BiCl; (2.5 eq.) >—Me ¥,
\\\ o > \\\ :,IO _> \\\ I,IO Me
BnO H Tol. - 40 °C to r.t. BnO R BnO
OBn i oBn [Si7 | OBn

64 - 91%

Chem, Commun. 2013, 49, 7085,
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Donor-Acceptor Chemistry

» Difunctionalizations

CO,Me NIS (1.1 eq.) I
TMSOTF (2 mol%) R0 )»—CO,Me
R20H (1.1 eq.) o - @\ com PhICI, (1.2 eq.)»@\ C|>I Cl. CO,Me
.10Bn 4 AMS, DCM 10BN vco “;e ®  bcm, 45°C \<C02Me
2 0°C to r.t. R 2 53%
BnO  OBn BnO OBn
Chem. - Eur. J. 2009, 15, 7526. Org. Lett. 2014, 16, 5804,
.— .................................................................... _.
» Cycloadditions & Formal Cycloadditions
R2
R3 R® o)
A\ | TMSOTf (1.0 eq.) R\\ d R? QTIPS me,AlCIair EtOZC\//&
s AN MeNOy, -18°C | CO.Et | S D2 RS
R4 COEt R -H, alkyl, OMe,1 % ~N 2 R DCM, -78 °C 'l
’ yl, ’ \ COzEt 3 hen HF*Pvr. R \

R!, R2 = alkyl R R the y R

R3 = H, alkyl 51 -90% up to 82%

RY=H, Me Older bottles of Me,AICI were

more effective than the news
Both EWG and EDG on the
indole were tolerated (MeO)AIMeCl
J Am. Chem. Soc. 2007. 129. 9631. Angew. Chem. Int. Ed. 2008, 47, 7068.
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Others

» Oxidative Ring Opening

,4 S n reagent /L J
R ,}l DCM r.t.

n
40 - 78%

Eur. J. Org. Chem. 2008, 4041.

PIFA, TfOH
~7 Me ’é o~ \\Ol,
Ts\l.ll _’ MeO” N\ i

MeOH, 69% ';l

H Ts

Me

Yuki Gosei Kagaku Kyokaishi, 2004, 62, 919.

.................................................................... —e
» Anion oxy-Cope Rearrangement
C 0]
o) OLi Brook anionic
rearrangement R;SiO! \L Oxy-Cope ;
SiR; + & —> _ R'
| | T R H S
. R,Si R;SiO
R,Si R SiR
SiR; SiR; s
J. Am. Chem. Soc. 1995, 117, 6400.
oznl oznl
(0] Q anionic 1IZnO
RITX A —_—
o R3 ‘1 3 ‘1 3
R1 1 1
Org. Lett. 2010, 12, 5204. Luo Group Meeting (CCME@PKU) 28



Summary

Ol'“[M]
R
Homoenolate

L

ot

keto radical

 E—

N

Acid/Base mediated

ring opening

J
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