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I Introduction

Alkyne Metathesis Alkene Metathesis
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I Introduction

Shape-persistent molecular architectures

(a) Moore, J. S., et al. J. Am. Chem. Soc. 2020, 142, 6493; (b) Moore, J. S., et al. J. Am. Chem. Soc. 2018, 140, 5825; S
(c) Moore, J. S., etal. J. Am. Chem. Soc. 2016, 138, 13814.



Introduction

Alkene metathesis? or Alkyne metathesis!
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(a) Langemann, K., et al. J. Org. Chem. 1996, 61, 3942; (b) Langemann, K., et al. Synthesis. 1997, 1997, 792; 6 94% E:Z =3:97
(c) Furstner, A., et al. Angew. Chem. Int. Ed. 2013, 52, 355; (d) Furstner, A., et al. Chem. Commun. 2002, 18, 2182.




I Introduction

Representative Homogeneous 4
Alkyne Metathesis Catalysts

N}Bu
Bu Mo™"NN
Mo(CO)q NN
p-CI-PhOH NG \ _/CHLCI,
Ar O2N
First homogeneous First molybdenum \ _ NO, /
catalyst alkylidyne catalyst First multidentate complex
Mortreux
1974
Schrock Furstner Furstner
1981 2010 2023
First well-defined alkyne First silanolate First air- st
metathesis catalyst molybdenum catalyst A
4 Ar ) Pyl Lo

Bu Ph3SiO, ||| «OSiPh Ph~%{
3 1, 1] o 3 —Si \

Mo...... o)
tBuOm.\l,J_otBu PthiO/ : N \SJQ
o N s.Ph
BuO N— Ph

Zhang, W., et al. Trends Chem. 2022, 4, 540.




I Introduction

----------------------------------------
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Flexible coordination
number

Reactions of alkylidynes with alkynes

N
Rl
R | R
\%\R' LM | N\ —R
X—ML,, R LM
metallatetrahedrane X O
R'=H | -HX
L=CO
R R R'
|‘| + R — e LI\/I—| _— || R————R
X—ML, Nk X—ML,
X
metallacyclobutadiene
Rl
R , R N R’ R——R'
R R<— | » polymers
L . XM >
R mxL,R 2N
. R’ J
8

Jia, G., etal. J. Am. Chem. Soc. 2022, 144, 12546.
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2. Development of Molybdenum and Tungsten Alkylidyne Catalysts

2.1. Monodentate Ligand (First and Second Generation)



I Initial Exploration and Limitation

Mortreux 1974

R
Mo(CO)g
7\ p-CI-PhOH 7\ — e Harsh conditions
=S5 > = \ / + =S5 e Poor functional group tolerance
— 140 °C — . :
e Unclear underlying mechanism
R
Schrock 1981
Bu
Q O The remarkable Lewis acidity of W
BUOM. I of Q O made this complex incompatible with
Buc ANTOBu substrates containing heteroatoms
» O O 4 — such as nitrogen heterocycles, divalent
80 °C |\ . ) sulfur, and carbonyl-containing
— substrates, like ketones and aldehydes

10
(a) Mortreux, A., et al. Chem. Commun. 1974, 4, 786; (b) Brizius, G., et al. J. Am. Chem. Soc. 2000, 122, 12435; (c) Wengrovius, J.H., et al. J. Am. Chem. Soc. 1981, 103, 3932.



I First Generation Catalyst with Amido Ligand

Flrstner 1999

S

N

r
1 2

An important modification by Moore in 2004

m\\\N P I ‘\\\N
N—MO\ N—Mo’
CH,CI,, toluene N N

N—Mg CH5CH,CHCI, N—Mog
Y > N N
toluene N N
1 Q\ W ZQ\ 4 Q\

11
(a) Furstner, A., et al. J. Am. Chem. Soc. 1999, 121, 9453; (b) Moore, J. S., et al. J. Am. Chem. Soc. 2004, 126, 329.



I First Generation Catalyst with Amido Ligand

‘Bu
/
g «N
Mo 1/CH,Cl, sh hi d
/" N _tBy + CH,Cl, oCl; shows a much improve
AP functional group tolerance
Ar

Ar = 3,5-dimethylphenyl

O O
N 0”7 —==—  1/CHCl, X 0 ||
_ > = 1/CH,CI,
N/ o toluene, 80 °C N/ © ' R \ / — »> R O = O R
0 : o
o 88% o : toluene, 80 °C
O O

: S

1/CH,Cl, 5 L
o 58% 59% 46% 68% 76% 0%

toluene, 80 °C < >

84% =

12
(a) Furstner, A., et al. J. Am. Chem. Soc. 1999, 121, 9453; (b) Furstner, A., et al. Chem.-Eur. J. 2001, 7, 5299; (c) Furstner, A., et al. Org. Lett. 2001, 3, 221.
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tBU\ »“‘N
N—M OH OH .
N e Fmen | Jleor| Ztfive Species
3 P ) A4 P
FsC cr, Ph RO” Ngq
Ar = 3,5- dlmethylphenyl O, - -
OH
CF,
4 + (10 mol%)

R C R =" e v
rt, 1 mmHg = R R ® nghgr act|V|ty

e The first metathesis

1,2,4-trichlorobenzene .
example for thiophene-

S
R= —CN —CF; —CHO —OCH; —N(CHz),  Ar= 4@ containing compounds
58% 68% 70% 90% 87% 69%
13

(a) Moore, J. S., etal. J. Am. Chem. Soc. 2004, 126, 329; (b) Moore, J. S., et al. Chem. Commun. 2003, 7, 832; (c) Moore, J. S., et al. J. Am. Chem. Soc. 2018, 140, 5825.



I Catalyst with Alkoxy Ligand

L Ar Ar R R

|‘| + R——R —— lel—l - |‘| + Ar—=——-R'
: n \ —

i X—ML, )R X—ML,,

: metallacyclobutadiene
Mes (MCBD)

3
o : @) O
F :
3C O 5 O O 3 (2 mol%) w _ 0
o : - R =H, 88%
7, M =W (inactive) : toluene, rt K ) ’
8, M = Mo (active) \ / —

7 will form stable
metallacyclobutadiene

(MCBD) 0 0
07 N——R 8 (2mol%) o) | | R = Me, 99%
0 — R - 0 R=H,97%
NS toluene, rt
14

Tamm, M., et al. Angew. Chem. Int. Ed. 2012, 51, 13019.



I Catalyst with Alkoxy Ligand

2 R——R » R——R + R——R
(R' = Me, Et)
Y= [
//4 |‘| . CII:S 5 Ar Ar /H R
SN\ 3 ||+ R=H =— Al = || + A——=—n
FsC © O—éCF;,, : X—ML, " \R X—ML,
7,M=W CFj X
8 M =Mo metallacyclobutadiene
5 (MCBD)
-HX
Ar In order to inhibit the
deprotonation process,
Ln,\,l ' less basic ligands
R should be used

deprotiometallacycles

15

Tamm, M., et al. Angew. Chem. Int. Ed. 2012, 51, 13019.



I Catalyst with Alkoxy Ligand

The most active alkene

Push-Pull effect Mesomeric structures and feature of

electron | i the imidazolin-2-iminato ligands
: withdraw |
Ph : electron Mes 5 t tBu

release J<CF3
| Pl B 7 =7 \f j/
/M__....mo CF,4 _» W </ S </ <—>
K Y
AT O CF; :
: 5 N< CFj3 : 20,21 donors 20,41 donors

------------------------------------------------

‘8 .
: _ CFs : electron
; M= Mo, W withdraw
M Vs ;Bu 1 CF
es
7< J<CF3 NN Bu || J< 3
" Mo i mo CF \Ié oo e
Bru,, ‘\Br F,C : F.C W 3 N\ N / \
/W\B > 0 ~By CF3
O r 78% FaC CF3 >
K/O CF 70% ~ CF;
7 (inactive) 3 Bu 9 (active)

16 examples
low catalyst loading (1 mol%)

(a) Tamm, M., et al. Angew. Chem. Int. Ed. 2007, 46, 8890; (b) Tamm, M., et al. Chem. Eur. J. 2010, 16, 8868; 16

(c) Schrock, R. R., et al. Angew. Chem. Int. Ed. 2003, 42, 4555; (d) Tamm, M., et al, Org. Biomol. Chem. 2007, 5, 523.



Ph Ph Ph
Bru,, ||| #+Br  Ph3SiOK, toluene  Ph;SiO,, ||| «OSiPh; Et0 Ph3SiO, ||| +OSiPh;
/"V!O“ ..... B - > /'Mc; — ) MG,
Br” : O 79% Ph,SiO \OSiPh3 °  Ph,si0” “OEt,
o\) K. 12
/ . ~o o— M
[ Ph \
c o ) Ph3SiOu, ||| «OSiPhs
/'I\/!ci‘ .......
Ph3SiOu, | wOSiPh3| 1 10-phenanthroline BhaSIO=
/MO\ — N
Ph3S|O OEt2 MnC|2, 80 OC 13
12
air-sensitive _ air-stable for hours

(a) Furstner, A., et al. J. Am. Chem. Soc. 2009, 131, 27, 9468; (b) Furstner, A., et al. J. Am. Chem. Soc. 2010, 132, 11045.

Commercially available
17



I Beneficial Effect of 5A Molecular Sieves

// \\ . 12 (2 mol%), MS 5 A (2 mg/umol butyne) //—\\ o —

— > —
\:/ toluene, rt \ /
= In the presence of yield [%]
powdered MSSA 1ﬂD-..IIIIIIIIII | |
80 4
Pretreat the catalyst with MS5 A, &0
@® which was removed prior to the cesscssessce 2 g
addition of the substrate 0 | R
1“
Y
20 4 .l‘
A In the absence of W
powdered MS 5 A oud | | | |
0 10 20 30 40 50

Remove 2-butyne from the mixture by absorption into the pores

Furstner, A., et al. J. Am. Chem. Soc. 2010, 132, 11045.

B0
time [min]



I Second Generation Catalyst with Silanol Ligand

LN
S A0
L3 —
= —
. Y
50

fhgk &

Ph
Ph3SiO.,, ||| «OSiPhs 12 (2 mol%), MS 5 A Remarkable functional
‘Mo, R——— » R——R
Ph3SiO/ ”"QEtz toluene, rt group tolerance
12
MeQO MeS MeOOC
R = g@ : : §—< >—CF3 %-QNHZ
99 % 97 % 98 % 93 %
—N S § §
§_<\:/) g_@ _\—OTS _\—COOMe
90 % 88 % 92 % 89 %

g—(—\)7 §OCHO §—©7N02
OH
NR NR NR

Furstner, A., et al. J. Am. Chem. Soc. 2010, 132, 11045.

19



I Second Generation Catalyst with Silanol Ligand jﬁgk &

R R' :

W_/ |
| | i Strong o-donor, ..M . o(0-Si) 1(M-0) weak
: il "% 11Tl

LM—X : weak tr-donor RO

x R )
metallacyclobutadiene (M-0) E

(MCBD) : ! sp*-LP(O)

: Weak o-donor, Ay

: L3
& il
H a
cycoaddto/ Xycoreverson @
5 '
R 3 : \\ 5(0-Si) 7(M-O) weak
—R'

|+ R I + R—=—r': Strong m-donor ro’/
K XL, 5 v X g
M-O
Favored by Favored by a imin 7(M-0) weak
more Lewis less Lewis ] _
acidic metal acidic metal The —Mo linkage is floppy and hence easy to

etch and bend, which gently tunes its donor ability.

20
Neese, F., et al. ACS Catal. 2021, 11, 9086.
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2. Development of Molybdenum and Tungsten Alkylidyne Catalysts

2.2. Multidentate Ligand (Third and Fourth Generation)

21



I Drawbacks of the Monodentate Ligand
——3Small Alkyne Polymerization

R R /R' R'

L I‘I | FR—=R — L"'.M“_l\ - |‘| 4 R—=—R

M‘L A E\L R' ""M‘L

\\ :

open sites for metallaclt//lc(I:oBb[t)Jtadiene
substrate binding ( )
R——FR'

The most common side reaction
of monodentate ligands is to R———~FR

promote the polymerization of
small molecules of alkynes.

» polymers

22
Zhang, W., et al. Angew. Chem. Int. Ed. 2011, 50, 8478.



I Third Generation Catalysts

Et -
oo A,
Bu\N—-Mo"“‘ Sar
Ar/ \N—tBU
«

Ar = 3,5-dimethylphenyl

B
.
t Ny
Bu N—-Mo'“‘\ \Ar
Ar/ \N—tBu
4 \
Ar

Ar = 3,5-dimethylphenyl

Multidentate Catalyst System:
(1) stronger complexation;

Qa

.......................................
..................................................................................................

OH

NHO

O,N
2 14

NO,

Multi

Mono Multi

Sy S T

(2) spatial blocking of binding site inhibits the undesired alkyne polymerization.

Zhang, W., et al. Angew. Chem. Int. Ed. 2011, 50, 3435.

23



Third Generation Catalysts

Et
/tBu

t «N
BU\N___I\lﬂlo““ \Ar . N\f
Ar/ \N —tBU
4 \
Ar O2N 14

Ar = 3,5-dimethylphenyl

NO,

NO,

The N-Mo coordination would
lower the catalyst activity by
increasing the electron density
on the Mo center

24

(a) Zhang, W., et al. Adv. Synth. Catal. 2012, 354, 2073; (b) Zhang, W., et al. Adv. Synth. Catal. 2013, 355, 885; (c) Schrock, R. R., Chem. Rev. 2002, 102, 145.




I Third Generation Catalysts

Et oy HO
/tBU
HO
tBU ~ | | .«““\N N N—
N—Mo Ar
Ar/ \N—tBu
O5N

N T 14

Ar = 3,5-dimethylphenyl NO>

4+14 4+15 4+16
</ \,‘ — : / \ — \ / 20% 79% 90%

N= N== N
| \/ — - [ >=V | 74% 84% 92%

S S S
OHC / \ — » OHC Q — O CHO 71% 80% 96%
O5N / \ — » O,N Q — O NO, 55% 43% 86%
25

(a) Zhang, W., et al. Adv. Synth. Catal. 2012, 354, 2073; (b) Zhang, W., et al. Adv. Synth. Catal. 2013, 355, 885.



I Third Generation Catalysts

-
Et

t “\\N
G
Ar/
4 A

-
kAr = 3,5-dimethylphenyl

CCl,, 70 °C

Dry catalyst

Zhang, W., et al. Nat Commun. 2021, 12, 1136.

Open-to-air

>

100

Vlll-d in paraffin
Benchtop storage

0 5 10 15 20 25 30 35
Time (d)

Stored in paraffin wax
26



First Trial with Silanol Ligand

OH

Ph,Si”” HO

Et - PH Ho 2lI H “SiPh, - Et -

| N/ Y PhySi siph, OH Ph,Si” 18 and 19 have
t o 8 .
PUISn—ng™ A, I g//S'th or conformationally

Al N=Bu o / flexible ligands
4 \ | A
Ar R 18 19

12 4+18 4+19

OH 69% 81% 84% . .
O AL Chelating ligands

Il provides a higher

B \'MO" i 1
) PhsSiO™, 2 0SiPhs  resistance toward
34% 81% 76% Ph3S|O OEt2

12 protic groups

N

HO(H,C),——== » HO(H,C);—==—(CH,);0H 0%  69% 72%

27
Furstner, A., et al. Chem.-Eur. J. 2016, 22, 8494.



I Fourth Generation— “Canopy Catalysts”

Ph

/_Ph
HO—Si Ar
Ph
Il o-g;™"
~Si
P O MO
=Si @) c1
Ar
=Ph
t Il Ph
I?uO";MONOtBu >
BuO 95%

21, Ar = p-MeOCgH,
22 Ar = Mes

Only sp?-hybridized C atoms reduces the
degrees of conformational freedom.

Preorganized structure shows a cyclic array of
hydrogen bonds between =Si—OH units.

28
(a) Furstner, A., et al. Angew. Chem. Int. Ed. 2019, 58, 15690; (b) Furstner, A., et al. J. Am. Chem. Soc. 2020, 142, 11279.



I Fourth Generation— “Canopy Catalysts”

Mes

OH

/ _
' HO%GQUW)

H,0 (10 equiv)
= -~
9h
OH
Ph
FZ . . The functional group
HO (20 equiv)| Ph3SiOa, ||| «OSiPh | _
Ph.SIOH ’ "MG H,0 (10 equiv) oh.SIOH tolerance of 22 is
[ -« : [
° less than 5 min PhySi0”” 'OEt, | |ess than 5 min 3 deemed remarkable,
12 including various

----------------------------------------------------------------------------------------------------------------------------------------------------------------- free —OH groups and

_ 22 (5 mol%), MS 5 A 7/ \ several other protic
— N\ OMe > MeO —  \ OMe  sites
toluene, rt, 98% —_— :

24 (84 ppm H,0 or 5300 ppm EtOH) 25

29
(a) Furstner, A., et al. Angew. Chem. Int. Ed. 2019, 58, 15690; (b) Furstner, A., et al. J. Am. Chem. Soc. 2020, 142, 11279.



I New Air-Stable Alkylidyne Catalysts

Ph
\ Lo el ok
Ph\SI B On |\/| Ph\SI —Si
BuO’ pyrldlne \S'
}—
\
98% ph tquene N— Ph
29 Py
3. 7 g scale

d(Mo,-N,) = 5.38 A

Furstner, A., et al. J. Am. Chem. Soc. 2023, 145, 26993.



I New Air-Stable Alkylidyne Catalysts

Mes
Ph
P \,Ph . |253 K; after 8 mo in air |
Ph Y. | I/O-Si
PhA /O—Mo
=S; N\
O\ I |
Jie I ! "y |
N Ph I — i B | U | NN S i S
29-Py 98 96 94 92 90 88 ;He(lgpr;\)s.q 82 80 78 7.6 74

Only trace impurities caused by hydrolysis

‘ \N _ _
-—-I\l/ll)iY Ph3SIO”’""'I\|/I “““\\OS|Ph3
OQ. R
N Ph,Si0” N

//
R/N\/
4
R =2, 4, 6-trimethylphenyl
30
~1h =7d
31

(a) Furstner, A., et al. J. Am. Chem. Soc. 2023, 145, 26993; (b) Buchmeiser, M. R., et al. Eur. J. Inorg. Chem. 2023, 26, 649



I Rational Design of the Catalysts

e

X3M_\

Rl

metallacyclobutadiene
(MCBD)

cycoaddto/ Xycoreverson
R

<

X3 MX3

Appropriate ligands can regulate the
Lewis acidity of the metal center, allowing
both processes to proceed smoothly

| —— "‘R;'E

forming  metathesis or

w(VvI) stable forming labile
MCcBD _ MCBD unreactive

metathesis or

Mo(vi)  forming labile .
MCBD unreactive

Ph,SiOH (16.6) | (CF5),CHOH (17.9)

i CF3CH20H tBuOH HNGPT),
|| I | .
10 7 3 5 9 4 36.0 pKa
OH
CF3)3COH PhOH HNPh;
(16.8) (18.0) (25.0)

pKa values (in DMSO) of selected ROH and amines,
and general reactivity of M(=CR)X; (M = Mo, W) with
the alkyne EtC=CEt at ambient temperature.

32

(a) Furstner, A., et al. J. Am. Chem. Soc. 2022, 143, 15538; (b) Jia, G., et al. J. Am. Chem. Soc. 2022, 144, 12546; (c) Neese, F., et al. ACS Catal. 2021, 11, 9086.



A fl’ﬁp

I Intermediate of Alkyne Metathesis Catalysts @ RS,

Ph
3-hexyne (5 equiv) ‘
“Lh _ Lo A
o . .
Ph3SIO | \OSIPh -40°C to rt Ph3SiO (|)S p?%lp}h Ocaicar (-90°C): 248.8 ppm
OSiPh,
12 26
Even at =90 °C, the two tautomers of the metallacycle are not frozen ———T1T——T1T——T1—
out, which indicates an extremely low barrier for interconversion. | 260 250 240 230
trigonal-bipyramidal C
§ Et
| N/ _M<>> PhSToLE A © i
3-hexyne (5 equiv) | B / 35 ‘MO\ 3 3-hexyne If
A . ' A ———
|\|/|L R PhsSIOm aEt - PhaSIO” Bt o Mosieh, |
N A’ \ . |
Phs Ph3SiO : Ph,Si0” 3
PhySi0” L. F9h~:*' 3212 OsiPh, £t 322 OsiPh;,
12 square-pyramidal square-pyramidal 26
tautomers A tautomers B
33

Furstner, A., et al. J. Am. Chem. Soc. 2021, 143, 5643.



Mes Et
Ph Et Ph
| Ph O~s|"Ph
Ph O—I\/io/ !
3-hexyne (5 equiv) \

- . =Ph
o O
Q Q -40°C to rt *Ph

R, ga/ Ph \_B/ “pn
2 BI ook P T=-gl-P
Ph ollvg ™ > Ph . 0-Md=
\ 7/ a
Ph<X’ Jo o Ph~57 o R
=Ph - = \ =Ph

tautomers B
tautomers A

Furstner, A., et al. J. Am. Chem. Soc. 2021, 143, 5643.

Ca/Ca’-atoms of tautomer A or

B are inequivalent.

V V

236 234

The rigidity of the ligand
framework prevents the
Isomerization of the
metallacyclobutadiene A
and B from occurring

34




I An Unprecedented Mechanism

\dorotaton

R R
\o--h N ’

Si
Ph  0—Md. eq.| ===
\ /s y
Ph\Si ~o
\ ax. =<

Q | ro—
SN\ Rs3

RC — ORc

' c/ic L trigonal-bipyramidal trigonal-bipyramidal)
R
Ry Rz \ 1 "B
— |Ph /o LPh
Ph  0-MGEL Ph o-Nig_
\ 7
Ph<; \O Ph\SI \

=Ph =Ph
(5% Q o
@ @ 35

square-pyramidal

tautomers B

Furstner, A., et al. J. Am. Chem. Soc. 2021, 143, 5643.



Furstner, A., et al. J. Am. Chem. Soc. 2021, 143, 5643.



\Si—Ph metallacyclobutadiene
\
Ph

: 1.Ph
=E/O—Si
M

\/O metallatetrahedrane

Furstner, A., et al. J. Am. Chem. Soc. 2021, 143, 5643.
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3. Application
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(Z-selective) alkene metathesis catalyst

>
Ph
Ph3SiOu,_ ||| «OSiPhs
.M o
PhsSi0”” \OSiPh3
K
N0 to— 11 (5 mol%)
’
88%
AcO

34

Furstner, A., et al. Angew. Chem., Int. Ed. 2012, 51, 6929.

H, (1 atm), Lindlar catalyst,
quinoline (cat.), 84%

Alkyne metathesis
catalysts are rigorously
selective in that they
leave double bonds of
all sorts untouched.

>

AcO

Neurymenolide A
39



Total Synthesis of Casbane Diterpenes

Hydroxy-Directed
OTBS trans-Hydrometalation OH OH

BusSn
(1) HF, 84 %
OTES *
12 (10 mol%), / @) [Cgui;(;:j]n - . o "Stille" ) .

87%

83%, E:Z > 20:1 93%

o
\\\\\‘“ O O

37 38 39
Dihydrocineromycin B

Hydroxy-directed

A catalytic trans-

Ph3SiO,,, ||| «OSiPh; hydrostannation allows
Ph33io/Md""~oEt2 for a nL_meer of casbane
12 derivatives to be
synthesized

40

(a) Furstner, A., et al. Angew. Chem., Int. Ed. 2015, 54, 6241; (b) Furstner, A., et al. Angew. Chem., Int. Ed. 2021, 60, 5316.



Total Synthesis of Amphidinolide F

OH

[(CoH4)PtCl,1, (0.2 mol%)
y

22 (10 mol%),
73%

XX

®
W
W

\‘““‘w

.
\\\\““

hydrolysis

97%

Amphidinolide F g6 @

Polysubstituted diyne 40 have three free hydroxyl-group. “Canopy Catalyst” 22 successfully
gave the ring closure product 41, while catalyst 12 fail to accomplish this process.
41

OH o

W

o
\\““\‘

(a) Furstner, A., et al. Angew. Chem., Int. Ed. 2013, 52, 9534; (b) Furstner, A., et al. Chem.-Eur. J. 2015, 21, 2398.



Grubbs catalyst only
gave 10-20% of the
monocyclized compound
50 and 1-2% of 51

Furstner, A., et al. J. Am. Chem. Soc. 2023, 145, 21197.

22 (20 mol%),
MS 5A, toluene, 60 °C
91%

OBoc

= BocHN

NHBoc

(-) Njaoamine C




I Mobius Tris((ethynyl)[5]helicene) Macrocycle jﬁﬁk

Et AN
'Bu
/
tB U | o N r /

- - 4 (10 mol%), Ph3SiOH (60 mol%)
N \N—tBU N — MS 5 A, CHCls, 60 °C, 84%
4 \
Ar P
Ar = 3,5-dimethylphenyl
55 -
W
s
O
A
& Ny - | i 6\
@ @ /%
o @ QGJ@ \
(: .,'&"6/ é * o ‘9‘\;'9 ‘
o %“"‘af;c ¢
¥ S o 88
Consider acetylene as an extension Anisotropic Current
of the benzene ring plane Induced Ddensity (ACID)

43

Moore, J. S., et al. 3. Am. Chem. Soc. 2020, 142, 6493.



I Dynamic Covalent Chemistry (DCC)

4 (5 mol%), Ph3SiOH (15 mol%)

=z | -
MS 5 A, 99%
/oY N

57 | |

Et

/BU
tBU\ | |« “‘N\ - . . .
/N-—MO\ Ar The ability of DCC reactions to proceed via thermodynamic
Ar N=BU control ultimately allowing for error correction and
4 ‘Ar convergence toward thermodynamically stable products

Ar = 3,5-dimethylphenyl
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I Synthesis of Cycloparaphenyleneacetylene

Tt /tBu MeQ OMe
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Ar = 3,5-dimethylphenyl
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I Rectangular Prism
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Ar = 3,5-dimethylphenyl
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I Content

4. Summary and Outlook
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I Summary

||| ““\\“‘O
. O—Mo
\N/Bu \O
tBU\ M({“ \Ar N~ N02

N N="BU /oh,cl, e The current inability to
AT O2N perform reactions in water or
First molybdenum NO, other protic media and the still
alkylidyne catalyst First multidentate complex largely missing compatibility

with strongly acidic groups.
e Compared with alkyne
metathesis, metathesis
reactions of alkylidynes with
2010 2023 heterotriple bonded species

are less known and worth more

First silanolate First air-stable catalyst _
molybdenum catalyst A exploration.
Ar Py, ||| \'Ph
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I Outlook

R R' R'
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X—ML, T N X—ML,

X
metallacyclobutadiene

.......................................................................... (MBI e

R

I+ == - m . R—— r only several
X—ML. X—ML. examples
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Tt Bu Bu K(?Ph

t Il Il ‘ PhsSiOu, ||| «OSiPhs
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BUO ArO Yo Ph3SiO \OSiPh3

Ar = 2,6-i-PrC6H3 R = C(CF3)M€2




I Outlook

R
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Ar Ar
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i _ M
Ph;SI0” NOSiPh, PhsSi0” Nosiph,

Furstner, A., et al. Angew. Chem., Int. Ed. 2015, 54, 12814.

——N

the triple bond of
aryl diazonium salts

metathesis reactions

of alkylidynes with N, (or
N,-complexes) are highly
attractive
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