Multistep Reactions
The [2+2+2] Cycloaddition

- important method of making six membered rings
-also, many of the other multistep processes are based on this reaction

-consider 3 H——H @ -feasible reaction
-requires 400°; many side reactions

-not synthetically useful as such

-there are several transition metal fragments which allow this type of reaction to occur at
much lower temperatures, including...
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This reaction proceeds by a combination of fundamental steps we have seen before

CO R
hv or A ¢
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(Tetrahedron Lett. 1974, 4549; J. Organomet. Chem. 1977, 139, 157,
-then J. Am. Chem. Soc. 1983, 105, 1907.)
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"CpCo" regenerated; therefore possible to be catalytic in Co 2



Possibility #2 - Alkyne insertion/reductive elimination

R R R i R R
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Co - \ = i
\ R == elimination R R
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Personal opinion - there are instances where the concerted cycloaddition mechanism is
operating
- more often, it is the insertion/elimination mechanism that is operating

Regiochemistry

-if one has R(big) R(small) , what happens?
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-simply from sterics
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-if onehas R(EDG)——R(EWG), what happens?

Rw Rw

Rw
%\Rd Co /= Rdmajor Cpy /= R 4 minor _
CpCQ R /Co _ product /CO — amount of this
FZ . Rd S kg
RwW Rw

-reason - oxidative coupling step proposed to operate under orbital control
- HOMO of complex dominates, and it is domonated by the g* of the alkene

-therefore, C-C bond formation to give metallacycle occurs at the
EWG_%ED carbon B- to the EWG

-if sterics and electronic effects compete, the steric effect overwhelm

Ph
N Ph CO,Me
NCO Me Cp CO,Me Co.
CpCo  pp° NG P{ /=
P /NN 4% P G
PhsP
Ph 3" i Ph;P BH Ph
-there is still a third alkyne to participate in 2+2+2, so often one gets further regiochemical
mixtures
-reaction becomes synthetically useful when BTMSA  Me3Si———SiMe;,

iIs used as the third alkyne, as it only reacts with itself very slowly

-particularly synthetically useful reaction when the two other alkynes are joined
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-fortunately, silyl groups are removable from arenes

SiM83 H* or H H
o e e, | — e
SiMe3 F SiMGS H

-reactions tolerate a pretty good range of substituents, such as... -CO,R, -CH,OH, -CH,OR’,
NR,, -SR', N-OR'

R )LH
-reaction may be carried out thermally or photochemically (or both) o
-reaction is often (but not always) catalytic in cobalt
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Other cyclization partners
-the 'third alkyne' does not have to be an alkyne per se -for example, it can be an alkene
-but, the reaction is now almost always stoichiometric in cobalt

1 V/4 1 equiv
= M CpCO(CO)2 CUC|2 Et3N H
,—: SiMe, A, isooctane 0°, CH;CN
SiMes SiMe, 6
Sternberg, E.D.; Vollhardt, K.P.C. J. Org. Chem. 1984, 49, 1564.




CoCp  CuCl,-Et,N
N Me wMe 4/ CpCo(CO), i 2El
hn, D, 7"\ 0°, or silica gel
m-xylene
60% 6L
Vollahrdt, K.P.C. et al J. Org. Chem. 1984, 49, 5010; Angew. Chem. Int. Ed. Engl. 1981, 20, 802.

In these cases, there must be at least one equivalent of Co ;must subsequently decomplex the Co-diene
complex. Normally, the alkene is the 'third' partner

Rhodium (I) complexes can be catalytic with alkenes. Can be neutral alkene complexes or cationic ones
- please see additinal page on Rh catalysis

-the 'third' partner can also be a nitrile

. /———H |N| CpCO(CO)2 N | N Vollhardt, K.P.C. et al Tetrahedron 1983, 39, 905.
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=y xylene, hn, D X0 J. Org. Chem. 1984, 49, 4786.
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-again, these are, in almost all circumstances, the 3rd partner in the cycloaddition

I.e.

Use in estrone synthesis

X 0 -
\ BTMSA  es°

s CpCo (CO)2 Me3Si

N

MGgSi

estrone Funk, R.L.; Vollhardt, K.P.C. J. Am. Chem. Soc. 1977, 99, 5483; 1979, 101, 215; 1980, 102, 5253.

-using the Co' / Co'" systems are not the only transition metal complexes capable of these
cycloaddition - certainly the most popular, especially in early days, but other systems hav?:‘3
been used effectively



HO

-a survey of literature, early 2000's

Rh/Rh" 20  Rh(PPh3)sCl, [RhCl(cod),]» Ir'/ir ! 2
Pd°/Pd" 15  Pd(PPhs), iV 2
Ni®/Ni" 14 Ni(cod),, (+ PPhy) Fe/Fe' 1
Co°/Co" 9  Coy(CO)s Ta'l/Ta 1
Ru/RUY 5
Mo°/Mo" 3  Mo(CO)q
© OH
O R __oH 2% (PhsP)sRNCI
I I & 86%
N EtOH, 25°,12h  HO
OMe [ OMe |
SiMes Pd(PPh3),4 | 81%

OTf  CsF, CHsCN

Many, many reviews on this
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