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Introduction

B Olefin-Olefin Metathesis vs. Carbonyl-Olefin Metathesis

_...-Pathway b
I\lll_;_‘éI:'Hz ‘-'Pathwaya
C=C: m=c ~C: pathway b G M
<C4 =Cs mﬁ <C4_Cs ; < <C —C, <(|L ' !-1'3 .
. i C=C . w v Cross Metathesis
,Pr/©\,_Pr - M\ v/ Ring-Closing Metathesis
N N, N< Mes~ Nz N~Mes
Mex Mes™ "' "~“Mes cl
s ln, '‘Ru— . _ . .
FaC™ Ngwe Mo\ o Sl Ru=\_ cr= |“ v/ Ring-Opening Metathesis
PCy3 Me
M)SFM \(M v ROMP and ADMET
Schrock (1990) Grubbs (1999) Hoveyda (2000)

I ? [ 0
N O R R + )J\

H Irreversible

B |ack of General Strategy
Hoveyda, A. H.; Zhugralin, A. R. Nature, 2007, 450, 243-251 Grubbs, R. H. et al. Org. Lett. 1999, 1, 6, 953-956
Schrock, R. R. et al. J. Am. Chem. Soc. 1990, 112, 10, 3875-3886 Hoveyda, A. H. et al. J. Am. Chem. Soc. 2000, 122, 34, 8168-8179
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Strategies Developed Earlier

B Paterno-Biichi Reaction B Pyrolysis

Me
Me Me (0) hv Me

[ = 9
Ph Ph Me

R Ph
& O hv "o Mew e Ph  Me
| - )j\ —
R R4 R4

3

R RJ Rs 300 C I
71% )J\

oxetane

Jones, G. et al. J. Chem. Soc., Chem. Commun. 1973, 374-375.

B Acid Catalyzed Fragmentation B Electron Transfer
H
Ph Me
N [Rh(CO),Cl] Ar
o ol G S L.
O = O 35C 3 hours |t—t>
H quantitatively ArAr Me':\/le electron acceptor Ar= 4-MeOCgH,

Adames, G. et al. J. Chem. Soc., Chem. Commun. 1972, 491-492 el

Shima, K. et al. Bull. Chem. Soc. Jpn. 1989, 62, 96-101
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Kutateladze, A. G. et al. J. Org. Chem. 2011, 76, 5, 1319-1332 Griesbeck, A. G. et al. Photochem. Photobiol. Sci. 2006, 5, 51-55.



Strategies Developed Earlier

B Transition Metal Reagent

metal alkylidene Q\/O(CHz)gph
;OJ\/O(CHz)sPh

(1eq) -
: ’\/O(CH2)3Ph

20 'C, 30 min +
86%

o/\/\Ph
Me
. . 84%
B Polymerization

VVC|6 or WOC|4
or WOCI, with AICl3

Me

4

Fu, G. C.; Grubbs, R. H. 3. Am. Chem. Soc. 1993, 115, 9, 3800-3801

Me

: |v|e>ze N Me
P FsC wMaL JeMe
[ O\
: 7/ Ph
' @)
Am
Me” BF, M=Mo or W
>‘—OBn

86%

Ph

8

B Only Conjugated Monomers
B Step-Growth Polymerization
B No “Back-Biting-Reaction”

Jossifov, C.; Schopov, I. Makromol. Chem. 1991, 192, 863-866



Titanium Reagent

B Tebbe Reagent (4 eq)

< A M R R

>=0 /T'\ ,‘“\ )= )=
wE O == 0\

@ [Tebbe reagent] U U—-'—l:i--Cp

1 ] m cp

BnO

or

(0)

Tebbe, 41%
Nicolaou, K. C. et al. J. Am. Chem. Soc. 1996, 118, 6, 1565-1566
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R1 =(CH2)3CH(OMe)2
R2=(CH2)3OTBS

B Takai—Utimoto Condition

TiCly, Zn &
PbCl,, RCHBr,
- |
TMEDA, THF, 65C '7‘7_ 0
OBn
"G H 2

B O ‘, \n/
Bno\m n O 4

CHzBrz. 80‘%), 53
MeCHBry: 75%, >95:5

Z
Me
R Y07 R J\
! 2 RO R,

CH,Br,: 70%, 1:1
MeCHBr: 70%, >95:5

/\/ﬁl O/\Q
of T RO Me 7’\0“‘H o/

Me

78%, >95:5 82%, >95:5

lyer, K.; Rainier, J. D. J. Am. Chem. Soc. 2007, 129, 42, 12604—12605



Applications

OTBS
N TiCly, Zn
0., OPMB  PbCl,, MeCHBr,
0 Y TMEDA
Me” “OBOM
yZ

Bryostatin 1

R
o]
BnO Schrock cat. (1.0 e% BnO —_—
0 ethylene balloon
benzene
NBoc

——
()
[Mo]=CH,

Keck, G. E.; Poudel, Y. B.; Cummins, T. J.; Rudra, A. Cocel, J. A. J. Am. Chem. Soc. 2011, 133, 4, 744-747

wO

MeO,C Ny
i (+)-lycopladine B, R=H
NBoc (-)-huperzine Q e & Renc

Hong, B.; Li, H.; Wu, J.; Zhang, J.; Lei, X. Angew. Chem. Int. Ed. 2015, 54, 1011 —1015



Organocatalytic COM

B Bicyclic Hydrazine

L% NH
N -2HCI

OBn OBn H OBn OBn
~ (10 mol%)
ot - N o)
Ph™ =0 DCE, 75°C Ph
95% H
OBn OBn

-~
Ph™ 0 \

8 «2 HCI
NH
H3O*CI- / \ HgO*Cl-
cata!yst
CI- CI-
N-H — N—-H {{ ~

+
N = 3N ON= —08n
X Erz @212 o H 0Bn
Ph \
OBn OBn \\ / Ph 15
9 0

>

OBn Bn
HH H
1 fil+ S OBn I}I . OBn
exo N S Nt 14
adduct cl- z I~
Ph H Ph
""""""""" ogr
l}<: H OBn
OBn n) OBn OBn
42 SN ,_H OBn Ph
AN 9 NF ] ——— _0

3 cr
(Z)12 epi13  Ph (Z)-11

not observed

B Chain Polymerization

Z:EijH
N®

\y © Ph Me
Ph Me ./ BF, 0
— 3 Ph
18h M/ =40 n

temp (°C) DP M, theo (kDa) M, exp (kDa) b yield (%)

60 46 5.2 6.1 1.5 25
70 50 52 6.6 1.3 23
80 35 5.2 4.6 1.3 27
90 25 5.2 34 1.3 29
100 29 5.2 3.9 1.3 18

Lambert, T. H. et al. J. Am. Chem. Soc. 2012, 134, 45, 18581-18584
Lamber, T. H. et al. Angew. Chem. Int. Ed. 2022, 134, e202203344



Time Line of Carbonyl-Olefin Metathesis

Corinna S. Schindler

Corinna S. Schindler

FeCl, TfOH
(5 mol%) (5 mol%) —
25 ES e
Zhiping Li Corinna S. Schindler
Ph O
thof FeCI3 (20 mol%), DCE Z_—_> M<D X::M' ] ----------- [AICI][SbFe]
TM s l}l X Active catalyst
Ts
2017 2019 2021
>
2016 2018 2020

Corinna S. Schindler

Detailed Mechanistic Investigation
Me ’FBC|3
Mern O ‘Ph —

CO,Et

James J. Devery:

Solution behavior of catalyst

’
0
e,

T
m—

Paul M. Zimmerman and James J.
Devery:

Combination of theoretical model
and experimental evidence of the
solution behavior

10



Outline

B Ring-Closing COM



FeCl, Catalyzed Ring-Closing COM

B Reaction Model

FeCI3 (5 mol%)| g, Fe Ar COOR Ar POOR
)H/\/W/ _— b
COOR
B Substrate Scope Group
coo
o A Et OOEt COOE
CO,Et D S OMe
S e Oy
PH Me CO,Et 99% 99%

87%

97% 85% 76% 77% COOEt
‘\‘OOE‘ -
Ph
Ph O Me O F
0

o Ph NHPh O‘ 99% 80% 99% reflux
7\

o0 Ph

PMB PMB

66% 57%
93% 87% +
’ ’ CO,Me CO,Me

1:2, 99% yield

v/ Low catalyst loading and high yield + Tolerate both electron rich and poor Ar

Only aromatic ketone Mainly five-membered ring
Ludwig, J. R.; Zimmerman, P. M.; Gianino, J. B.; Schindler, C. S. Nature, 2016 533, 374-379



Initial Mechanism Study

B Alkene Evaluation

Alkene Yield
Me
)’2%( 99%
Me
Ph
oy 49%
Me
Ph
Yy 60%
H
H
Y 49%
Ph
Cl
Me
){\/@ 62%
F
)(\/Q/ 70%

B Mechanistic Probes

0 : o
CO,Et Ph :
: Ph
FeCly Co,et : n OH fec
(5 mol%) ' ells
EEE— ' > OH
NS . 5 mol%
NuH up to 98% : X ( °) 879,
. (o]

NuH = MeOH, i-PrOH, AcOH, benzoic acid

B Concerted yet Asynchronous Cyclization

(]

H (kcal mol-)

Reaction pathway and enthalpic profile:

, 4.3 kcal mol™!
1 v 3.8 kcal mol™!

0.0 kcal mol™! Reaction coordinate

Through the ZStruct Method 13



Detailed Mechanism Investigation

B Evaluation of Lewis Acids

chiorination metathesis alkylation
LAl Y
Lewis acid (LA) Ph
CO,Et . CO,Et CO,Et CO.Et
Zﬁ/ (1.0 equiv) 25/ /'1"5/ . é/COzEt , Fn Ve
Me-, dichloromethane | Me~, Me‘; “Me
|,\lf1 24 h, rt hlf'l cry
e
13 ° 14 15 16 17
initial calculations:
ring-closing: 1.4 kcal mol™
ring-opening: -0.6 kcal mol
AlCl3 > FeCly > GaCly > InCl; > SnCl, > ZnCl,
15 16 16 16 17 )
66% 50% metathesis 71% metathesis 78% metathesis 0 no reaction
CO,Et Me
CO,Et Me
47% alkylation (17)
24% metathesis (16)
LA (10 mol%):  no reaction* 99% me!a{heSJs 55% metathesis* 27% metathesis* 82% metathesis*

B Rate Order Determination

M (X mol %)
Ph N c CO,Et
CO,Et Me DPCE3
X = 10, 20

Rate order of FeCl; = 1.1£0.2
Substrate: Zere Order

B KIE and RDS

o]
CO,Et
Ph
FeCl; Ph
(20 mol %)
xR
DCE, 50 C
Ph
R = CH3 or CD3

sp?—>sp3

Ludwig, L. R.; Phan, S.; McAtee, C. C.; Zimmerman, P. M.; Devery, J. J.; Schindler, C. S. J. Am. Chem. Soc. 2017, 139, 31, 10832-10842

kH/kD = 0.65+0.07



Oxetane Formation

B ZStruct Method Description

&, O
c= s
G o= COEt Cei% =l ot
Me, 5 — LT
C=C . X Me' ' -
B Concerted yet Asynchronous ué combinatorial wl
19 31
: : O active atoms ~ 800 combinations
B Electrons Delocalization s e |
state search
B Consistent with the W-H Rules CiFe,_PneosE Clifey  PhCOE]
\\‘~‘
Me' /> reactive M’a-" N
Me { intermediate e H
22 optimization 32
product of lowest Ex
combinatorial search
Fe-Substrate Complex:
Ph
ChFe\S_s CO,E
Me, . =
. J 5
Me 2@
olefin HOMO (33) polarization of HOMO (34) syggg::i';‘fjag‘)’(;;e‘;°(§5) C-C bond formed (36) C-O bond formed (37)
bond lengths:
Ca—Cy: 2.81A 2.51A 2.09 A 1.66 A
C.—Oq: 3.11A 2.90 A 2,69 A
Ludwig, L. R.; Phan, S.; McAtee, C. C.; Zimmerman, P. M.; Devery, J

229 A
J.; Schindler, C. S. J. Am. Chem. Soc.

reaction coordinate
157 A

1.55 A
2017, 139, 31, 10832-10842



Oxetane Fragmentation

B Substrate-Dependent Fashion B Intramolecular Trapping Experiments

Alkene Result

o] FeCls Ph OH
WMG No stationary points on PES Ph X R (5 mol%) )OL
—eee
! Concerted Ri DCE, 24 h ¥ R; Ry
e OH r.t.
Ph
A .
)€\|M/e Stepwise Substrates Yield Conv.
Ph Me 87% 100%
~N Stepwise )ﬁ‘%r i
H Me
H Ph 35% 78%
}&r Stepwise )&( ’ ’

Ph N

Cl
Ph 0 o
}(\/@ Stepwise bﬁ.\r 16% 81%
Me

Me Me

)ﬁ\/©/ Stepwise )(\/@ 29% 86%
N NS

F -

K\/@ Stepwise Complex Mixture of Products

Me
}&r Stepwise

H Schindler, C. S. et al. 3. Am. Chem. Soc. 2017, 139, 31, 10832-10842



Interrupted COM

TfOH
(5 mol%)
» —
\
benzeone X 4
80 C
B Mechanism "
H, ©® —_— H\ Me
I va
\¥/
Ph¥s—Me \K
RJ' H
67 68
%—-Me
R1
56 oxygen atom
transfer w
TfOH \_/, =
="
60
A i
Me R! Friedel-Crafts elimination -
71 protonation
H
isomerization | ®
—— ’/ \H
R’ - R? R1\M
O O dehydration e
‘7_/ 69
skipped ,
d 72
diene 73 ene M0

Schindler, C. S. et al. Science, 2018, 361, 1363—1369
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Interrupted COM

M in situ Isomerization

Me_ Ph

O TfOH O
(5 mol%) Q
W ST Ao | —=
benzene
80 C

B Selected Examples

Me Me Me Me Me Me
Me Me MeO Me
71% 85% 78%
Me Me
Me Me Me Me
L BL Q CO,Et
CO,Et Mo Q S
X
O Me Me
59% N 92% 57%
0

Me. Me Me Me Me Me

S Me
49% / y/ 66%



Synthesis of Tetrahydropyridine

B Additive B Formation of Side-product }\
FeCl; (20 mol%)
Ph FeCl3 (20 mol%) Ph TMSO  %—py,
Ph O ~ AL Phol S
N oty Z & ﬁA f f 0.
» o,
N DCE, 0 °C,12h DCE,0°C,24h l}l + ?-
T 91% 90% Ts °
d.r. =4:1
FeClz ( mol% ) Additive Yield B Mechanism
50 none ND [Fel pp
R /O o
F Fe]
20 XS 11% [ ©
FeCl, Ph 5
20 NX"NsiMe,ph 13% Z_{_ 2 }
N i Ri—
20 \/\TBS <5% PhJ + [Fe].. phJ \
3 X o >
R
20 Ph/\/\TES <5% TMSO k Ph
X Phe., &
D il )
20 PR > TMS 10% N
Ts 9

Ma, L.; Li, W.; Xi, H.; Bai, X.; Ma, E.; Yan, X,; Li, Z. Angew. Chem. Int. Ed. 2016, 55, 10410 —10413



Synthesis of Tetrahydropyridine

FeC|3

PhJ)\

Ph\)\: (X mol%) th2=>
DCM rt. N

R

X mol% R Yield Conv.

20 Ts 19% 19%

30 Ts 24% 24%

40 Ts 53% 91%

50 Ts 72% 100%

50 CITs 96% 100%

50 FTs 99% 100%

30 FTs 96% 100%

20 FTs 90% 100%

5 FTs 80% 100%

Schindler, C. S. et al. ACS Catal. 2018, 8, 3, 2006-2011

A Competitive Binding Sites for FeCl,:

Energy: [Fe]
Me Ph competition between Me Phj?©
., Lewis basic sit o,
Mej\\/\N ., _-Ph ewis basic sites Me)\\\/\N .., -Ph
— é;o. é;O
E /©/ ‘b \‘[Fe] for R = CF3 /@/ \E)
3| = R
x a b
= / ) ‘/‘<
R=CF; 28 . productive for catalysis
) N preferred for R = CF5
R=CH; m—
2.9 e
I - .
Reaction Coordinate
Ph—
Ph Ph N, 2a
Ts
Ts< Ph Tsh Ph Ph
N N FeCl;
O + —_— +
L, E e
0°C,1h Ph
Me”™ Me Me” “Me ’ N 2b
FTs
1a 1b Ph
(eq) 1b (eq) 2a 2b
0 1 - 83%
0.3 1 49% 76%
1 1 56% 53%
1 0 66% -



Catalyst Behavior of FeCl;

* B Titration observed by IR and absorbance

MCl; (5 mol%) i , ©
z(\/ﬁr DCE (0.025 M), 0°C Ph” %/ ME'B'ME o FeCl o _I
.Fe cr
15, (1 equiv) M = Fe or Ga 3 " JLM 0,, 3 "FEC|(3 -y) y
B 25y FeCl e Me Me Me (o]
Clp% 3 R1 R2 R‘IJLRZ 1
o ol : - +X
o o)
.* © . _ .
T R ©GaCls, 0.5 eq 3 B Crystal Structure (with [FeCl,]- Counter-ion)
E L ]
0 . . FeClz, 0.5eq 3 o
~ 104 »
Ph H
GaCl, \c|).’ ?J\g o
s. T Felll =~ —]
1A H
FeCls Rl
0 v ' . H” "Ph
0 1000 2000 3000 24
Time (<)}
B Final Mechani X i X
|na eC anlsm Me  Me PI Me Me Me Me )
FeCl; 3 Yy 43 Me_Me |C!
R 1 Me ; Me M% C|J A
. . .0

ﬁ/\/Q?,Me “:fcw;'l:é;c,
Rt Cl

(o]
+ " ’HM Me?&\/Y “Ph
,FeCl; ¢ Mo AM& ‘| Mo R
pnmary 0" B Me secondary 29 \
cycfe A o Me? | ‘.'0 Me cycle H
Me Me - ,H M , M
7 Me Me e | | "\. Me e —IC|_ h
3 cl }‘&Me Me J;
| reversible aggregation 28 ‘ Me! (o) \ﬁ"’
Me Me Me 0., | .0
CI3Fe.. e
# .. Me C|/Fe\0
v I N
Ph~™ Ph/ c| Me N o 21
<l-
5 R 30 R

Devery, J. J. et al. J. Am. Chem. Soc. 2019, 141, 30, 11870-11880



Further Research

0]
FeCls
Ph X Me S » + )O]\
= Me Me (5 mOIA)) Ph —_— Me Me
DCE, 0°C

Ac
0 FTs
FeCls 0
—_———
\/\r (50 mol%) [ NFTs H
DCE,0C N *
Ph Be
3Ac + FeCl;Ac <—= [FeCl,Ac,]CI AG=9.8 kcal/mol
(active) (inactive)
3Be + FeCl;Be ~—= [FeCl,Be,ICl AG=5.8 kcal/mol

W Better stabilize the charge on the Fe center

B Distribution of charge across the four aromatic rings

Malakar, T.; Hanson, C. S.; Devery, J. J.; Zimmerman, P. M. ACS Catal. 2021, 11, 8, 4381-4394



Aliphatic Ketones

AH (kcal/mol) O,Fem3 O,Fem3 B Absence of [FeCl,] by Raman Spectra and EPR
CO,Et CO,Et
o-FeCly Me Ph B IR Result
)I\
of
c CI ol
1615 cm! F'e’C' 1642 cm™ _F ’C'
-33.9 -35.4 -36.3
Me Me
Me Ph FeCly
Me -~ (10 mol%) bh more Lewis acidic not actived enough
DCE, 24 h, rt.
Me 74% yield
Second Order for FeClj ] Se|eCt Examp|e
B Possible Intermediate i C NC
3 O
Me
Me Me Me Me Me
[ — -+
o e fle cl 72% 93% g
Fel ’Fe‘CI Fl 64%
Cd td . e~
Meo| cl ” Cl
Ph Me ionization Me|| Me Me
Me D Me Ph
AN N Me Ph
Me Me [FeCly] 34% 38% 60%

homo-dimer

Schindler, C. S. et al. J. Am. Chem. Soc. 2019, 141, 4, 1690-1700



Aliphatic Ketones

m— monomer (n=1)

= homo-dimer (n=2)

\ . 2
v l :
— h
s =3
E

N — 3.2
2.8

‘i\ f {
glog

o {
\
!

T

H (kcal/mol)

b, *  1—

QPN ’ T
{ ; 7 1837

0.0

Reaction Coordinate

24
Schindler, C. S. et al. J. Am. Chem. Soc. 2019, 141, 4, 1690-1700



Formation of Six-Membered Ring

B Tetrahydropyridine

Os_Ph FeClz (30 mol%) Ph 2
Tme —2= o 13
Bn” NN ° 84 °C, 24 h Bn” "N
"Ts Me 89% yiled "Ts
| Cyclohexenes
A|C|3 (10 mol%)
AngF6 (10 mol%)
DCE, rt.
90% yield
99% conversion
_AICl,
_ Q _+
Me
0]
|
- Me Me -

Lewis acidity

M My T
X
8 Super-
electrophiles
\ 2nd order
Activation O
through P X )
association M ~ -
X
/ ’
2M—X = mmmeeemememeeeee
AN
X
<N
M M
"\x -~
5

Medium-sized rings

\ Ar
[AICL][SbFg] O/
Active catalyst \Fi'
Stronger lewis acid

Five-membered rings

Active catalyst

ClyFe”

10 (R = alkyl)
Five-membered rings

Ar
&
R

FeCl,

Active catalyst

—

Degree of association

Schindler, C. S. et al. Org. Lett. 2020, 22, 7, 2844—-2848
Schindler, C. S. et al. Nat Catal, 2020, 3, 787-796



Mechanistic Investigations

B Monitored by NMR analysis

cl Cl Cl Cl
AICl,
HO AgSbFg
—»
d,-DCE

44

Cl

Cl

Yield (%)

100

80

60

40

@)

43

20 --

AICI,
AngF6

dy- DCE

Ubs

O Aryl ketone (43)

(COM) = 3.951 x 1072

.......
o—0

@® Carbonyl-ene product (44)
O Carbonyl-olefin metathesis (29)

e ;__0___‘)‘_1‘

Y o0 o

300

—r———a—

Time (min)

500

700

Yield (%)

k,.(COM) = 5.807 x 107

----- 3 O Aryl ketone (43)
' ) @ Carbonyl—olefin metathesis (29)
© Carbonyl-ene product (44)

Time (min)

v/ Fast Equilibrium Between 43 and 44

26

Schindler, C. S. et al. Nat Catal, 2020, 3, 787—796



Mechanistic Investigations

B Kinetic Isotope Effect

0 cl cl
: C
AICI,

e
| d4-DCE
D,C~ “CD, Me Me

kulkp = 2.09 + 0.07

B Proposed Mechanism

Q Cl Cl
Cl
Fast Equilibrium
— m— HO
Cl
Me Me

— % [Al]
[AI]" H, !
Ar, 6\ / Ar Me
— Me | ——>
L - oxetane

H (kcal mol™)

48 (TS-)

46 + IP ,/Q

6.0
Carbonyl-ene

Ar
48 (TS-I)

TSI i"{_
11.3
P — . o
10.6
TS 49 (TS-1I)
o 47+IP
58
Oxetane
(A H-. :
¢ - - ﬂ.-""
versus - W‘_ 45 + IP
A H ——
0.0
49 (TS-1) Substrate

-
-

Reaction coordinate

Schindler, C. S. et al. Nat Catal, 2020, 3, 787—-796



Tuning Lewis Acidity by Ligand

| Unpublished!

Me
X _Me

FeCl; (10 mol%)
Ligand (10 mol%)

AgSbFg (20 mol%)

o

2+

3+

B Relative Lewis AC|d|ty 91%
- Fe
o [Fel
NS )Y\/\r AN >
O Z 0 N_O
Me Me Tioe , N
N\Fe /N
Ph"bn cr Ph
LA wave number (cm™")
none 1681
1 1644 B 2+
| N
2 1015 o\’/(j\ro
N 0 P
FeCl 1558 | | \ N
3 N—r/! _~N | |
3 1497 Increasing Lewis Acidity Ph Fe Ph N—L —N
FeCl; dimer 1494 | | Ph
3 - 4
4 1471

[FeCl,][SbFg] 1463 Y




Further Development

M in situ Isomerization

0
Me Me
Me cat. (10 mol%
AN ( o) -
Me  Me () O
A B
LA yield of A yield of B
2 8% 0%
3 45% 21%
FeCl; dimer 9% 67%
4 15% 84%
[FeClL,][SbF] 0% 85%
B Seven Membered Ring
0 ; 2
| A H GaCI3 (2 moI%) - — R
R AgSbF (6 mol%) R'_\ L[ Ph= PG RPh
X X 6 gz T
dppp (2 mol%) X :
X=0 or CH,
~—~ BI’ _— o —
o) o) 0 I i
r Br Me Me

79% 72% 79% 90%



Outline

B Other-Type COM



Cross COM

B Catalyst and Additive

0]
)
Ph 'H Me
12
entry species
1° A
2° B
3dj,r_’ C
4°° D
5¢ E
6° F
7" F
g G

13

Lewis acid (10 mol %)
additive (X mol %)

Me dichloromethane PH
25°C,3h
14
Lewis acid additive X mol %
FeCl, - -
- AgBF, 30
FeCl, AgBF, 10
FeCl, AgBF, 30
FeCl, AgF 10
FeCl, AgF 30
FeF; - -
BE,-Et,0O - -

v Exceeded 12 (5:1)

v E-Selectivity

/o:a(

Me

15
yield 14 (%)

19
0
20
51
4
9
0
28

B Regio-Selectivity

R R
SRS
Me Me
Ar Me Ar Me
trans-8 cis-8
] I 1T B
Me Me

jog N e G

Ar R Ar R
trans-9 cis-9
R Me
» ¢ + R + )' '(
Ar Ar R Ar Me
(E)-11 (2)-11 10

exclusive product

31

Schindler, C. S. et al. Org. Lett. 2020, 22, 8, 3155-3160



Ring-Opening COM

Me
GaCl (10 mol%) M
_G o — 5 XPh
DCE 24 h

47%
m Ring Strain A Q\ Q Q
Me
Me Me
14 15 12 16 17 18
RSE? 54.5 29.7 5.0 1.7 6.3 7.4
reactivity® 0% - 47% 18% 0% 0%

Nee

30%

M
/?L(v)/\/@e
N
Me 3

25% 31% 32%

Schindler, C. S. etal. Org. Lett. 2018, 20, 16, 4954-4958




Transannular COM

B Effect of Lewis Acid B Configuration of Olefin

14 (R = OAc)
15 (R = OH)

0]

OAc

R” ™ oH 0°C, DCE
41%
A carbonyl-ene B carbonyl-olefin metathesis C tetrahydrofuran AcO
16 (R = OAc) 17 (R = OAc) 19 (R = OAc)
18 (R = OH)
. . ) i i FeCl3 (10 mol%)
Lewis acid mol% R yield A (%) vyield B (%) yield C (%)
t, DCE
FeCl, 10 OH - 75 - 1(:min 41%
TiCls 10 OAc - - 43 ’
Me,AICI2 100 OAc 85 - -
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Mechanism
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Other Catalyst

B Carbocation
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Nguyen, T. V. et al. Chem. Sci., 2018, 9, 5145-5151

neat, 90°C
B Gallium-Catalyst

CO,Et

0
cat. (5 mol%)
=z 1,4-CHD (10 eq
MeOoC HFIP MeO,C
80°C, 5h
— -+
-Pro -Pr
-
i-PrT ,
-Pr
Gadl '
a0
[SbF¢]
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Latest Results
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Latest Results

B Hammett Study

o FeCls Ph
ph)‘\[(ff/@/R _ [omem COEL
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Summary

B Mechanism

Concerted vs. Carbocation
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Perspective

Lewis acid catalyst
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Perspective

B Brgnsted Acid B Visible-Light-Mediated Approach
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Overall Reference

Ring-Opening Ring-Closing

Carbonyl-Olefin
R2 Metathesis
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B Unpublished results partly come from Overcoming Limitations in Carbonyl-Olefin
Metathesis Through Novel Catalytic Approaches by Ashlee J. Davis, University of

Michigan (https://dx.doi.org/10.7302/4785)



