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Outline and References

Outline:
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- Metal vinylidene generation
- Reaction types
- Vinylidenes as intermediates in catalytic reactions (anti-Markovnikov additions, reconstitutive addtions)

- Allenylidenes as intermediates in catalytic reactions (propargylic substitution reactions)
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Nomenclature

What are vinylidenes and allenylidenes?

R R R
[M]:< [M]=6+:6-< [M]=6+=6- o
R R R
Metal Metal Metal
Alkylidene Vinylidene Allenylidene

(Grubbs)

“"’='=é'i=<:

Metal
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Can think of all of these species as carbenes attached to metals:

R R
[M]:< ) [M—~—: <
R R

Generation of Metal Vinylidenes

First isolation of a metal vinylidene species: King, R. B.; Saran, M. S. J. Chem. Soc. Chem. Commun. 1972, 1053.
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cl PPh CN (Drawings are not meant to
oc—Mo —3> imply coordination geometry;
oc” | \ N Benzene Phsp—M°=’=< no crystal structure was given.)
C?\lc reflux PhsP' CN

Other methods of generating metal vinylidene complexes (See Bruneau, C.; Dixneuf, P. H. Acc. Chem. Res. 1999, 32, 311):

Deprotonation of vinylmetal halide by strong base:
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Photochemical mediated oxidative addition to vinyl chlorides followed by elimination:
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Generation of Metal Vinylidenes

Deoxygenation of acyl metal:
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Deprotonation of metal carbyne:
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Reactions of metal alkynes with electrophiles:

S =
Ph, | RX R
P Fe———R —_— thl

</P|5h2 P /Fe_‘=<
PPh, R’

- The above stoichiometric methods of vinylidene generation do not seem amenable to catalysis.

Generation of Metal Vinylidenes and Allenylidenes

- One way of generating metal vinylidene is ideal for extending to catalysis:

R H
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- Different catalyst complexes will proceed through different pathways.

- Top path: Wakatsuki, Y.; Koga, N.; Yamasaki, H.; Morokuma, K. J. Am. Chem. Soc. 1994, 116, 8105. (calculations)
- Bottom path: Rios, I.; Tenorio, M. J.; Puerta, M. C.; Valerga, P. J. Am. Chem. Soc. 1997, 119, 6529. (calculations)

- Limited reports of vinylidene generation from other alkynes (iodo-, trialkylsilyl-, and alkylthio-); terminal alkynes are typical.

- Placement of leaving group in propargylic position of the terminal alkyne will convert a vinylidene to an allenylidene.
R
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M= Ru X = halide,
OAc, OH, etc.

Selegue, J. P. Organometallics 1982, 1, 217.



Metallacyclopentene Formation vs. Metal Vinylidene Formation

Recall from Ernie's lit talk...
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R// + /\/R > R ~_R T RMR

20 mol % NH,PF;

via:

a: (I:p _l + ;
Ru
R\@/\R' and S\_?/\

R
But ruthenium catalysts can also make vinylidenes with terminal alkynes...
@I .
via:
P:s':;au,m cp _l +
/ o, ! P
R// + /\/OH (10 mol %) o R/\n/\/ Phapfftu— —\R

20 mol % NH,PFg 0 PhgP

- Precatalysts are the key! In general, precatalysts with phosphines will generate metal vinylidenes, while precatalysts
with less coordinating ligands will undergo metal cycloaddition reactions.

+ This is simply because phosphine precatalysts will have fewer open coordination sites to bind w-systems.

Three Fundamental Reaction Types with Metal Vinylidenes

Type 1: Nucleophilic addition to C(a)
Can think of this as an
equilibrating mixture

Analogy: ketenes
Nu

H H Nu Nu
[M]=-=< + NuH —>» [|‘v|] = M H o
\ R 0=-=< + NuH >
R R R
H H R
. HH
reactive stable
alkenyl metal carbene
metal (Fischer carbene)
Type 2: Insertion of vinylidene into metal-alkynyl bond
= H R Analogy: CO insertion (kind of)
R — M [M]—C=0 0
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R
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Type 3: [2+2] addition reactions
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Type 3 Vinylidene Reactions: Polymerization of Terminal Alkynes
Landon, S. J.; Shulman, P. M.; Geoffroy, G. L. J. Am. Chem. Soc. 1985, 107, 6739.

Generating tungsten-alkyne complexes:

Worked well for Me———Me
Ph—=——o>Ph
hv R
W(CO)e hexane
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R———R —_
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- First report of a metal vinylidene being involved in a catalytic reaction.

- Unsurprisingly, these vinylidenes have been exploited as polymerization catalysts and metathesis catalysts.
(See Bruneau, C.; Dixneuf, P. H. Acc. Chem. Res. 1999, 32, 311.)

Type 2 Initiated Reactions: Dimerization of Terminal Alkynes

Review: Yi, C. S.; Liu, N. Synlett 1999, 281.
Can acheive selectivity with catalyst, R variations, etc.
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Anti-Markovnikov Addition to Terminal Alkynes: Carbamates

Mahe, R.; Dixneuf, P. H. Tetrahedron Lett. 1986, 27, 6333.
Mahe, R.; Sasaki, Y.; Bruneau, C.; Dixneuf, P. H. J. Org. Chem. 1989, 54, 1518.

R .
2 mol % N o \) Catalyst:
Ph—=—H + CO, + HNEt, catalyst 2 \ﬂ/ = Q
CH3CN, 125 °C, (o} |
20 h .Ru_
67% yield MesP" L, "Cl
82:16 Z:E
- Works for phenylacetylene, 1-hexyne
- Dialyklamine can be cyclic or acyclic aliphatic substituents
- Regioselectivity very high, geometrical purity consistently ~4:1 NuH: o
- Avoids the use of phosgene derivatives to make carbamates HQJLNR2
+
vinylidene ( + nucleophilic Nu m reductive Nu Ph
_ formation —l attack >=,r elimination V—/
Ph———"H [Ru]—
[RLII] H
H
- From where does E/Z selectivity 2
arise? Not quite sure. Perhaps
at nuc. attack, but maybe there's Nu m +
an equilibration to thermodynamically
more stable metal species.
[Ru]
Anti-Markovnikov Addition to Terminal Alkynes: Enol Esters
(0} .
. o catalyst catalysts:
R————-H —— !
R OH R o Ru3(CO)4,

N

Markovnikov addition

Doucet, H.; Martin-Vaca, B.; Bruneau, C.; Dixneuf, P. H. J. Org. Chem. 1995, 60, 7247.

0 (1 mol %)

R
L O
Anti-Markovnikov addition

(2) enol ester
35-98% yield

Toluene, 40-80 °C
3-24h

R OH

Why does this work where all others fail??

Ph ph \(
\ RCOzH

Ru(cod)(cot) + PR3
RuCly(arene)(PR3)
[Ru(PPh3)(CO),(HCO,)],

- Yields generally good (>70%)
- Broad substrate scope

- Remarkably selective
(Z enol ester >90% of all esters)

- dppb ligand was crucial for
selectivity

- Believed to be active catalyst
- No reports of trying this catalyst for carbamates

- Paper proposes vinylidene, but this really
doesn't account for failure of other catalysts



Anti-Markovnikov Addition to Terminal Alkynes: Enol Esters

Picquet, M.; Bruneau, C.; Dixneuf, P. H. Chem. Commun. 1997, 1201.

RN
o Ph P - Convenient synthesis

R, of enals

(1 mol %)
OH _— -
Toluene, 70-100 °C Ry o
3-32h

H

heat Z "o
> R, )vPh
Ry OH

If 1 is an intermediate in the anti-Markovnikov addition, then one would expect
allenylidene generation pretty quickly.

H

R

R,\\"% +
OH
(o]
/f\OJI\Ph
R4
R, OH

R 521/= '=[F‘Ul—| ' R3'= '
1 —_— -=-=[Ru]
OH Ry
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Ruthenium-Catalyzed Reconstitutive Condensation of Allylic Alcohols and Terminal Alkynes

Initial report: Trost, B. M.; Dyker, G.; Kulawiec, R. J. J. Am. Chem. Soc. 1990, 112, 7809.

=4

|
PhgP' Ru,
Ph,yP

Z 10 mol %
/\(\’)9// + /\/OH (10 mol %) o /\(\/)ﬁ]/\/

20 mol % NH,PFg

\

100°C,1h 0
52% yield
. e - Yields 44-79%
Original Mechanistic Proposal:
- Can get mixtures
_| + of a,p- and B,y-
[Ru] unsaturations

(o}
H\M k\
l isomerization

R s .
R\j\/\ _‘}/:)Ru} :/E:[R”]—'

reductive vinylidene
elimination generation

- Atom economical

nucleophilic

addition
metalla-

Claisen R —I *
_>=[Ru1
s

AN



Ruthenium-Catalyzed Reconstitutive Condensation of Allylic Alcohols and Terminal Alkynes

Mechanistic Studies: Trost, B. M.; Kulawiec, R. J. J. Am. Chem. Soc. 1992, 114, 5579.

Vinylidene generation:

= I

Ph—=— D + ©| m» Ph—=——0>D + PhsPRu

- Ph
PhsP-Ru Ph.P
3T el CH3;OH 56% d, y Y
Ph,P | !

Complex 1,0% d

- Absence of deuterium in vinylidene is consistent with direct rearrangement followed by rapid proton exchange
(agrees with calculations: Silvestre, J.; Hoffmann, R. Helv. Chim. Acta 1985, 68, 1461.

- Acetylide complex via direct deprotonation of alkyne cannot be ruled out.
- Main point: vinylidene formation is slow compared to reaction with allyl alcohol.
_l + : —l +
I Ph ide migrati |
PhyP Ru concerted 1,2 hydride migration o PhsPrRu.
- LA Ph
PhgP' / Ph;P ﬁ/
H H
0% d

- Addition of excess PPh; slows reaction rate.
Addition of allyl alcohol requires phosphine
- Bidentate phosphines (dppe, dppb) shut down reaction. dissociation, followed by olefin coordination
and nucleophilic attack.
- MeOH adds slowly to Complex 1; EtOH or i-PrOH don't add at all.

Ruthenium-Catalyzed Reconstitutive Condensation of Allylic Alcohols and Terminal Alkynes

A puzzling result: ?
PhoP' Ru,
PhyP
/\(\’)// + /\(OH (10 mol %) _ /\(\’)/\n)\%
® 20 mol % NH,PF ° o
100°C,1h
63% yield
How to rationalize?? (no isomerization)
+
R —l tall Q 0
metalla- \
_>=[RU] Clalsen _>_[Ru] R'=H R — R\)l\/\
o \ — X
= — reductive elimination
R' product

R'z#zH 1L |somer|zat|on

o

_>—[Ru] . . R\)%
0 \L R
g

- Crotyl alcohol unreactive, so could not completely verify this idea.
- Agreed with all deuteration studies. 8 (Ru) + 5 (Cp) + 2x1 (Ru-C) + 2 (PPhjy) + -1 (charge)

- w-allyl species not surprising, considering electron counting. = 16 e species



Applications of the Ruthenium-Catalyzed Reconstitutive Condensation

Synthesis of furans: Trost, B. M.; Flygare, J. A. J. Org. Chem. 1994, 59, 1078.

Os catalyst, NMO R'

OH y
= R + /\r Ru catalyst /\H]\/ then acid
1 I .
(o)
¢ dihydroxylation /

\

Synthesis of rosefuran: R=Ac
10 mol %
= OH CpRu(Ph;P),CI 0s0;, NMO
Kt /\r 20 mol % NH,PFg /\HJ\/\‘/ +BuOH/H,0, rt
OR neat, 100 °C then TsOH, rt

69% 83% q\A\
o =
+
\ /
13%

Rosefuran: 54%

R=H
Ru cat

+
Pph3—| 1. LiOH, H,0/MeOH

o__ Ri{'PPhs 2. DMSO, 160 °C
7

catalyst
death

Y

Applications of the Ruthenium-Catalyzed Reconstitutive Condensation

Steriod side chain functionalization: Trost, B. M.; Kulawiec, R. J.; Hammes, A. Tetrahedron Lett. 1993, 34, 587.

%
%,

Ph,P, CBr,

CH,Cl, O °C
86%

commercially - .

available
4\/0"'
i 10 mol %
Bl CPRuU(PPhy),Cl
L)
-78°Ctort 20 mol % NH4PFg
¥ _
8% neat, 100 °C
RhCl;-3H,0 1. Lrlt?;léonFnHF
2. conc HCI
THEH:0 100 °C, 69%
68%

Steroid side chain of ganoderic
acids (angiotensin converting
enzyme inhibitors)




Attempts at Asymmetric Ruthenium-Catalyzed Reconstitutive Addition

Nishibayashi, Y.; Takei, I.; Hidai, M. Organometallics 1997, 16, 3091.

Ph H_l * PFs

A7 Me H Tr ¢\r°H
C Ph——= o
P —pl,"Ru' PPh3 3 d\cph |I —_— PhW
Fe Ph, ‘ol NH,PFg Fe P ==——TRu toluene
@ MeOH @ Ph, PPh, 90°C,2h o

1 2 10 mol % 1
7:3:1 mix of diastereomers | 20 mol % NH4PFg

10% yield, 25% ee

stoich 2 (as mix .
of diastereomers) 55% yleld, 21% ee

stoich 2

(recrystallized) 40% yield, 65% ee

LN &,
A 15 mol % In(OTf)3 - ™ OEt
o

OH Toluene, 90 °C o o
45% yield, 30% ee

- Matched/mismatched situation observed by testing enantiopure allylic alcohol.

Cyclization of Dienylalykynes via Vinylidene Intermediates

Merlic, C. A.; Pauly, M. E. J. Am. Chem. Soc. 1996, 118, 11319.

= Catalyst:
= 4 mol % cat _®_<
| 5-14 mol % NH,PF |
= > /) Ru
S / CH,Cl,, reflux, 10 h o Ph,P’ (I_';|~CI
89% yield
I I NMe ° Enol ethers, enoates,
/ and allylic alcohols
S O also poorly tolerated.
74% vyield 86% yield 57% yield
18% yield
Mechanistic proposal: —— T
H(D) (DH PPhy Bk PPh,
4 .=Ru- polar !
[Ru] \_cymene cyclization cymene
| —_— Cl _ —_—
~ R R
R R
+ +
(DH  PPhy —| (DH | PPhy (DH
_Ru< ~Ru- reductive
oV e shift oM™ elimination
_—
R R R
R

10



Allylsilane and Allylstannane Additions to Alkynes: Potential Vinylidene Intermediates

Fernandez-Rivas, C.; Mendez, M.; Echavarren, A. M. J. Am. Chem. Soc. 2000, 122, 1221.

|
PhsP' Ru,
= PhgP'
PhO,S (5 mol %) PhO,S

PhO.S . 10 mol % NH,PF,  PhO:S
NYy” TsiMe, MeOH, reflux, 17 h

92% yield

- Reaction also proceeds in 94% yield using 5 mol % PtCl,.

Is a vinylidene involved? A peculiar result...

|
SiMe, PhyP) Ru, SiMe;
zZ PhyP' P
MeO,C. (50 mol %) MeO,C
MeO,C N"Nsnpu. 100 mol % NH,PF; MeO,C Z
3 MeOH, reflux, 17 h
79% yield
Recall polarity of carbons on a metal vinylidene: - If vinylidene was reactive intermediate, then
allylsilane would attack against polarization.
R
H————R 8+ &- - Therefore, electrophlic activation of alkyne is
| [M]=- much more likely to be productive intermediate.
[M] H - This is still an unanswered question, however.

Vinylidene Intermediates as Applications to Enediyne Chemistry

- Enediyne motif present in several natural products // [
that have anticancer properties. Bergman
(Calicheamicins, esperamicin, dynemicin A, etc.) | _—

~200 °C
- Enediyne subunit proposed to be source of the % .

activity via cycloaromatization to generate diradicals
that induce DNA cleavage J. Am. Chem. Soc. 1972, 94, 660.

- Acyclic enynes, however, require elevated temperatures
to cyclize (Bergman reaction)

= Myers
- Allene-enyne cyclizes at a much lower temperatures ——
(Myers reaction) | =z ~40 °C
z

J. Am. Chem. Soc. 1989, 111, 8057.

Wang, Y.; Finn, M. G. J. Am. Chem. Soc. 1995, 117, 8045.

(CHD: 1,4-cyclohexadiene)

cozl\;|+

A _CO,M |
e
// 2 MesP'Ru, Cp | CO,Me
Me,P MesP-Ru__ CHyCN/CHD
GIREN
NH,PFg MesP 'y (3:1) .
—_—
A MeOH, rt FZ 100 °C
50-70%

- Vinylidene can be generated in situ as well.




Vinylidene Intermediates as Applications to Enediyne Chemistry

Wang, Y.; Finn, M. G. J. Am. Chem. Soc. 1995, 117, 8045.

Me3P Ru
Me3P
H
I R
//\_/

MeO,C

MeO,C

cozl\;|+

Me;P- Ru
MesP" ?

Cp _|+

Me;P- Ru
M63P
g\Ej diradical closure
C02Me

Cp —|+

! o
MeaP-’Ru
e T

[ ]
Me;P- Hu
Me;P’ r

Me02c

CO,Me

Vinylidene Intermediates as Applications to Enediyne Chemistry

Catalytic example: Ohe, K.; Kojima, M.; Yonehara, K.; Uemura, S. Angew. Chem., Int. Ed. Engl. 1996, 35, 1823.

JPath B

= RO ol Rh(i-Pr3P),Cl
5 mol % Rh(i-Pr
/ 3r)2
| Et;N _ Ay
S Benzene, 50 °C
20 h
N 58% yield
P n-Hexyl W -pr
|  _IRn] [Rh] ;
= H :
*,,_pr Path A + :
H :
. :
[Rh] “n-Pr |
. :
[Rh] n-Pr '

o
[Rh]

- Reaction doesn't proceed with CpRu(PPh3),Cl
- Cannot distinguish between Paths A or B

- Deuteration studies suggest vinylidene formation

n-Hexyl

FZ
| + A co,Et
AS

5 mol % Rh cat.

Et;N, PhH, 50 °C

CO,Et

=
WPY * Z n-Pr
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Ruthenium-Catalyzed Cyclization-Reconstitutive Addition of Propargylic Alcohols with Allylic Alcohols

Trost, B. M.; Flygare, J. A. J. Am. Chem. Soc. 1992, 114, 5476.

]
OH PhyP1 Ru,
php © o
OH 10 mol %
X+ /Y D _, o N
20 mol % NH,PF
OH 100°C,1h 71% yield
Proposed Mechanism:
OH
\
¥ uH N "
+ 1+
= | o | } cp
-=-=Ru- =——Ru-PPh
PhsP1-Ru Ru-PPh, o
PhyP NuH PPh; Nu 3
H,0 H
W
Nu
0
+
+

+ co | Ce ,PPh3_|
P Ru-PPh;,

i PPhy ,

-
q ) \ O
Nu o N “ o J Nu H

Application of the Ru-Catalyzed Tandem Cyclization-Reconstitutive Addition

Synthesis of the spiroketal subunit of calyculin: Trost, B. M.; Flygare, J. A. Tetrahedron Lett. 1994, 35, 4059.

OH O

MeO/WLN/v\é)

NMe, OH H /

CALYCULIN A

- Isolation: Kato, Y., et al.
J. Am. Chem. Soc. 1986, 108, 2780.

- nM inhibitor of 2 of the 4 major protein serine/
threonine phosphatases

- cytotoxic against various strains of leukemia

cells HO,,‘.
- First synthesis: Evans, D. A.; Gage, J. R.; :>
Leighton, J. L. J. Am. Chem. Soc. 1992, 114, 9434. o (o)

R-pantolactone

13



Application of the Ru-Catalyzed Tandem Cyclization-Reconstitutive Addition

Forward synthesis:

1. DIBAL
HO,". 2. vinylMgBr
3. TsOH, acetone
0” Yo 72%
+0, 1. DIBAL
‘- 2. Li acetylide
[0} _—
AT o o 92%

1. PDC HO, 1. O3, then NaBH,
2. TFA y 2. TsOH, acetone
68% XN N0 90%
10 mol %
CpRu(PPh,),ClI

20 mol % NH4PFg

100 °C, 66%

1. SAD
WAL
o,
t-Bu N" s 3 Hgo, I, :
\/ _ o OH  cei, 70°C 0—"
> Ny PivO
H © 67% o H
OPiv
separable, o o o
interconvertible §
with EtsN o—
Propargylic Substitution Reactions via Ruthenium Allenylidenes
Nishibayashi, Y.; Wakiji, I.; Hidai, M. J. Am. Chem. Soc. 2000, 122, 11019.
CpY, cp*
Ru=Ru
Mes”T s
cl
R, Z
/ R ROH (5 mol %) R, &
R, > R + H,0
OH (5 equiv in DCE 10 mol % 2
Ry, R, = aryl, alkyl or as solvent) NH,BF, OR
v ’ 60°C,1h 43-92% yield

HN
N
NO. o

64% yield

72% yield

=
=
S
56% yield 53% yield

- Stoichiometric generation of allenylidene suggests involvement as reaction intermediate:

Ru, catalyst
_—
NH;BF,
rt,1h

Cp*—l +

Cp*\

/7
Ru—Ru
2N Tol, FZ
MeSI/ ||\SMe _FEtoH _ Z
Cl | 60 °C Tol
I OEt
TO|JLTO|

14



Propargylic Substitution Reactions via Ruthenium Allenylidenes

Proposed mechanism for propargylic substitution:

[Rul—[Ru]
a c

NH,BF,, ﬁ/
o

I
R, FZ
R, F H
OH Ru—mg 1Y H,0
- I
R'/ ¢l | \/
Ao
OR
o
+
. [Fliu}—[RUI_l o
[Ru]—I[Ru] —l cl “ ” o+
ca | or J\ "o
H—— NS J]Q*
R‘ R Rl
+
[Ru]—[Ru] B
O

R'

A on
H

ROH

Propargylic Substitution Reactions via Ruthenium Allenylidenes

The Nicholas reaction (Nicholas, K. M. Acc. Chem. Res. 1987, 20, 207):

o)
Ry o oSiR
+ 1. s
f— OH 4 coycO)y Rs—X PP
3 = 3 R2 - —
N > R—=
Rz 2.H | 2.[0] 3 R
Co0,(CO)g Ry 2

Drawbacks: multistep, stoichiometric in cobalt

Nishibayashi, Y.; Wakiji, I.; Ishii, Y.; Uemura, S.; Hidai, M. J. Am. Chem. Soc. 2001, 123, 3393.

Cp"\R R/Cp"

u—=Ru
727N

MeS|/ |\SMe

R H // (o) ¢ R H // - Limited to monosubstituted
)j\ o propargyl alcohols
+ (5 mol %) + H,0 - Cannot tolerate alkyl subs.
OH (3 equiv in DCE - > . Enantioen_riched propargylic
. or as solvent) 10 mol % alcohol gives racemic prdt
R = aryl, cinnamyl NH,4BF, o
reflux, 1 h

55-88% vyield

Highly regioselective with unsymmetrical nucleophiles: Other nucleophiles:

p, Z e ph_Z e Z o
+ + o o P“\(
OSiMeg
0 0 0 0 ).z

60°C,4h: 93:7 60°C,4h: 97:3

rt,12h: 99:1

15



Propargylic Substitution Reactions via Ruthenium Allenylidenes

Extension of reaction to electron-rich arenes: Nishibayashi, Y.; Yoshikawa, M.; Inada, Y.; Hidai, M.; Uemura, S.
J. Am. Chem. Soc. 2002, 124, 11846.

Cp*\

Ru—=Ru

/- ~
MeS|/ I\\SMe
Cl

RV c H
OH " Arene (o mol™ R\‘// RO - Limited to monosubstituted

1 i - ropargyl alcohols
0 equiv 10 mol % Ar propargy
R = aryl, cinnamyl, NH,BF,
cyclohexyl DCE,60°C,1h
Z Z
Ph z Ph 7 Z Z
Ph z 22
Ph ph. F
) 7
— _ P 7 “NR
NMe, NMe R
50% yield 48% yield R =H, 68% yield 86% yield R =H, 67% yield
R = Me, 85% yield R = Me, 94% yield
Ph _ Ph // Ph é Ph é
/
MeO NHAc MeO OMe

) @

N

H O

OMe OMe
52% yield 52% yield 38% vyield 87% vyield

Propargylic Substitution Reactions via Ruthenium Allenylidenes

Propargylation with non-terminal alkynes catalyzed by ruthenium complexes:
Sulfides: Inada, Y.; Nishibayashi, Y.; Hidai, M.; Uemura, S. J. Am. Chem. Soc. 2002, 124, 15172.
Arenes: Nishibayashi, Y.; Inada, Y.; Yoshikawa, M.; Hidai, M.; Uemura, S. Angew. Chem. Int. Ed. 2003, 42, 1495.

R, R
Ry ~ 5 mol % Cat. A R, .= °
AN L b LN W S
X X .~ DCE,60°C,1h 2
Cp ,Cp OH (5 equiv) SR
Ru—Ru
2N R3= 70-96% yield
MeS|/ [Sswme Ph, n-Bu, £Bu, H (!) °Y
cl ci
_ Ph
Ph
(o} Ph =z
1/-\3'(:)Tf Ph / + @/ 5 mol % Cat. A
Ak DCE, 60 °C, 1h + MO
OH . 7 0 2
(5 equiv) _
+
RN /Cp—l oTf 88% yield
Ru—Ru
MeS/i/\l\\SMe
Ccl  OH Allenylidene intermediate with this catalyst unlikely:
2
* * +
Catalyst A Ccp{ /Cp_l BF
Ju=Ru ) ph. F
mes“] || Ssme %» W/
c . S
I n-BuSH ~N
J\ 60°C,6h
Ph” "H
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Rutheinum-Catalyzed Cycloadditions via Ruthenium Allenylidenes

Naphthopyrans/benzopyrans: Nishibayashi, Y.; Inada, Y.; Hidai, M.; Uemura, S. J. Am. Chem. Soc. 2002, 124, 7900.

Cp*\ /Cp*
MeS|/ |\SMe
cl cl
R OH
R/ L (5 mol %)
+ H,0
OH R, 10 mol %
. R NH,BF,
R = aryl, cinnamyl 3 60°C,1h "Cycloaddition"
(5 equiv) [Ru]
50-97% yleld ” H
Structural motifs:
Ph
R X Ph X
0 MeO (o) 0
C C R,N
OMe

2-naphthol derivatives Dialkylaminophenols

Dimethoxyphenols

/ BF4 e
Ru=—Ru
2 [RN
MeS|/ ||\SMe -Stoichiometric reaction implies
Cl ” 60°C,1h OO allenylidene intermediate

quantitative

Rutheinum-Catalyzed Cycloadditions via Ruthenium Allenylidenes

cp\ /CP*
MeS|/ |\SMe Ph ph. F A~
_ OH ¢ c N
Ph =z (5 mol %) (o] °
\/ . _ , O TsOH

OH 10 mol %
NH,BF,
60°C,1h

formed in small wrong regioisomer

amounts

- Reaction doesn't go through propargyl ether intermediate followedby Claisen

+
[Ru] [Ru] —l

+
+
[Ru] (0} —l
Il OH O Claisen
Y rearrangement
I N O - ‘
Jj\ nucleophilic Ph O

H attack (" based on high
electrophilicity of C(a)")

[Ru] N 1

i
1| HO. R
tautomerization : O [Ru] | o O
> - 5 O
H nucleophilic O
Ph attack Ph

- C(1) of naphthol might attack C(y) directly

Mechanistic hypothesis:

Ph

[e]




Rutheinum-Catalyzed Cycloadditions via Ruthenium Allenylidenes

Extension to dicarbonyl compounds: Nishibayashi, Y.; Yoshikawa, M.; Inada, Y.; Hidai, M.; Uemura, S. J. Org. Chem. ASAP

Cp'{ /Cp*
Ru=Ru
L~
MES|/ |\\SMe
Cl ¢ R

R/ L ° 0 (5 mol %) X
) 0 + H0

OH 10 mol %

Y

R = aryl, cinnamyl 60°C,1h
(5 equiv)

83-99% yield

- Limited in scoped wrt nucleophile.

Ph Ph
N X
(o) o 0 (o)

(o}
98% yield 83% yield
97% yield
[l
ph. F Ph Ph
o 0 ph. _FZ Ph
OMe not
s x °
. fo) 0 . .
2|¢_l%ky|te|d or 44% yield . I‘ntﬁt"t?edlat‘ek
(acyg Ir(i‘t svoreks ers (cyclic diesters 54% yield might be a sin

o ork) don't work)

Ruthenium-Catalyzed Carbon-Carbon Bond Formation via an Allenylidene-Ene Reaction

Nishibayashi, Y.; Inada, Y.; Hidai, M.; Uemura, S. J. Am. Chem. Soc. 2003, 125, 6060.
Cp{ /Cp*
Ru—=Ru
MeS/|/ |\\SMe

Cl ci
R, =z (5 mol %)
+ R, -

- + H20
OH (20 equiv) 10 mol %
R | NH,BF, Ry R,
=ar = °
1 y R, = Ar DCE,60°C,1h 13-67% yield
cp\ /Cp‘
Ru—=Ru
RS“T | Nsr
OH c c | | | |
(5 mol %) J
A >
/\)\ 10 mol % +
(0] NH,BF,
DCE, 60 °C, 1 h o (o]
syn anti
R time yield syn : anti
Me 4 h 74% 3.7:1
n-Pr 5h 84% 71:1
i-Pr 20 h 74% 19:1
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An Attempt at Chiral Propargylic Substitution Reactions

Nishibayashi, Y.; Onodera, G.; Inada, Y.; Hidai, M.; Uemura, S. Organometallics 2003, 22, 873.

Cp* Cp*
CP*\ R/ o/ Va
[Cp*RuCl(u-Cl)l; + 2R*SH ——>» \—Ru— + _—Ru
sV /v =S - \ =S
SR SR
R cl R R e
Cl cl

appeared to be only
reactive complex

[0}
HO // //
R*SH. sH
5 mol % catalyst :
. o 10 mol % NH,BF,
SO N 00 CC
41% yield
35% ee
[Rul*
- Chiral centers on catalyst pretty far from reactive center, I-I 0
so modest results not too surprising. ” /_\ )I\
1-NapJLH
Dimerization of Tin Hydrides By Ruthenium-Allenylidene Catalysts
Maddock, S. M.; Finn, M. G. Angew. Chem. Int. Ed. 2001, 40, 2138.
3 mol % Proposed Mechanism:
catalyst R3Sn—SnR;
R;SnH —————————> + (o] Cp
s CH,CN, EtCN i Ph T _T_h
or CH,Cl, H, Me3P“'?u='='=< - Meap‘..lu_<_ "
Me;P Ar Me;P
For most catalysts, >96% conversion obtained
in 10 minutes
R;SnH
- PMe,
Catalyst: Cp
\ Ru
Me;P? 1 RySnH
R3Sn
@ AN
Cp Ph Ph
Me.P' A +1 + | _
3! Me, P“ Ru\ H Me3P“‘_R”\— H
Ar s Ar
RaSN, H H SnR;
Ry, R,, or R; must be a directly . \ L
attached alkynyl substituent H R3Sn

\ ol Ph
RySnH MegP™ u—=—-H
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Conclusions

- Generation of metal vinylidenes and allenylidenes via terminal alkynes is rather facile.
- However, reactions involving these species are quite limited.
- Field is simply relatively unexplored.
- Most systems could just be unreactive or limited in versatility.
- Catalyst complexes need to be generated prior to reactions, which might discourage/slow investigations
- Doesn't seem particularly amenable to asymmetric catalysis.

- Most likely scenario is that the area is just very young. General allenylidene synthesis was first reported in 1982, not
really implicated as a catalytic intermediate for another 10 years.

- Consequently, vinylidenes and allenylidenes remain an open area of catalytic research.
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