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Question 1:

1) Draw the reaction schemes of [CpsLa] and [Me*Cp;U] with CO. Explain the origins
of the observed differences in reactivity.

2) Describe the bonding between the metals and CO in the products of these
reactions and suggest possible techniques that allow to elucidate the bonding in

these complexes.

PrL



Answer 1:

1) Draw the reaction schemes of [CpsLa] and [Me4Cp5U] with CO. Explain the origins
of the observed differences in reactivity.

v

[Cpsla] No reaction

CO

[Me4Cp3U]

v

[Me*Cp5U(CO)]

Lanthanide(lll) cannot form covalent interactions (backbonding)

Actinide(lll) can have covalent contributions (required for CO bonding)

=Pr-L



Answer 1:

2) Describe the bonding between the metals and CO in the products of these

reactions and suggest possible techniques that allow to elucidate the bonding in
these complexes.

The U—CO bonding involves a weak o-bonding interaction and a backbonding interaction

» IR spectroscopy: decrease in CO stretching compared to free CO

» X-Ray SC diffraction. Longer C—O distances compared to free CO and shorter U-C bond
Compared to U-C single bonds

=Pr-L



Question 2:

1) Indicate the two major reaction patterns in organometallic actinide chemistry

2) Draw a possible mechanism for the following catalytic reaction

7/
o, /7 1\ .CH,

Si

Th
i ‘c\Hz
™S

P8 L R'S‘H Me,SiCp",AnR "™, (5 mol %)
/ i ~ -
C;Dg/C¢Ds , 60-120 °C RS

\
-
Y

R/R" = Alkyl, Ph, Benzyl
An=Th,U

-

A\l

=Pr-L



Answer 2:

1) Indicate the two major reaction patterns in organometallic actinide chemistry

Sigma-bond metathesis

X
/é WXy 7z \SRel  _ryz \, X
\An'" —_— An . AL ————
R E g Y

Insertion Reactions:




Answer 2:

2) Draw a possible mechanism for the following catalytic reaction

L
\ CH,

“si " Tn
v ‘C\I i
™S

R" s. Me,SiCp",AnR", (5§ mol %) :
27t .

C,Dg/C¢Ds , 60-120 °C | i

R/R" = Alkyl, Ph, Benzyl
An=Th,U

ﬁ, RS £
o 2\ SR j‘
JSi_ Thees=- .

#_R's ----- H

=Pr-L



Question 3:

1) For the six complexes below assign the oxidation state of the uranium atoms
and of the N atoms. Describe what type of reaction is occurring in each case.

Si'BuMe, Si'BuMe,

N=N free 1.0975 A

Me,'BuSi Si'BuMe, Me;'BuSi,

, L
TR - N=N 1.109(7) A

N—»l:j -
N

a 2 N—-U !
) I\Il - N k/ , N ﬁ\\N%,‘Zi‘BuMez
lSl‘BuMe2 \SitBuMez éi‘BuMez
\\\\N//, = . —1. A

=Pr-L




Answer 3:

1) For the six complexes below assign the oxidation state of the uranium atoms
and of the N atoms. Describe what type of reaction is occurring in each case.

MeZtBuS| S|‘BuMe2 MegtBuS| Sl BuMe, Si'BuMe,

LR o LN )

UIII<—|||—>U'"<—N
k/l - N2 k/‘ N\\NQ; sume,  N=N bond distance: 1.109(7) A

SItBU Me, Si'BuMe, Si'BuMe,

N=N free 1.0975 A

Scott et al., JACS, 1998, 120, 32

» No change in oxidation state of the U centers

» N, binding

=Pr-L



Answer 3:

1) For the six complexes below assign the oxidation state of the uranium atoms
and of the N atoms. Describe what type of reaction is occurring in each case.

m +N2/1 bar v “‘\\\\\\\\ n,, v .
2 U"(OAn); - U™ (ArO) \I\/l//U (OAr3 N=N bond distance: 1.163(19) — 1.236(5) A
- IN2

N=N free 1.0975 A

> U(Il) to U(IV)
> N, to N,>

» N, reduction to diazenido

=Pr-L



Answer 3:

1) For the six complexes below assign the oxidation state of the uranium atoms
and of the N atoms. Describe what type of reaction is occurring in each case.

6e
N2 — D N3-

» One U(lll) to U(V)

-2e
U(lll) —— y(v) > One U(lll) to U(IV)

&
U(lll) ———— u(Iv)
-3e

SK——— 3K’

» N, reduction to nitrides

=Pr-L



Question 5:

1) Describe the catalytic mechanism of the hydroamination reaction below.

HzN )n
et /
/ Ln-CH(TMS),

=Pr-L



Answer 5:

1) Describe the catalytic mechanism of the reaction.

HgN
Catalyst )
Activation
H,C(TMS),
H
Ln— —N
/
H,oN ) ‘

Protonolysls (i)
SQ z
H
~=or a! N )
o n

b AN
K N
=Pi-L

Insertion

\

H?;j In

Hydroamination reaction
catalysed by lanthanide bis Cp
complexes



Question 6:

2) Identify the mechanism of the following lanthanide catalysed reaction

X
B

H,

> /\R

=Pr-L



Answer 6:

2) Identify the mechanism of the following lanthanide catalysed reaction

. E‘Qﬁr:

/\R
H

2
\

=Pr-L



Question 7:

1) Draw the structures of the products of the following reactions and suggest
possible reasons for different reactivity.

1\163
Me;C +3K
+ 2 (18-crown-6)
i a CMe3 CeHg -
CI\IC3
Me,C
(,Nlt:;
SiMe;
+3K
+2 (18-cr0wn-6)
CgHg -
Me;Si : § SiMe;
Ln = Ho, Er

=Pr-L -



Answer /:

1) Draw the structures of the products of the following reactions and suggest
possible reasons for different reactivity.

I\'163C CMe 3 [\'103C

Me;C +3K (\o .
3 %\ + 2 (18-crown-6) 0O 5/12 Me;C P > D|nUC|ear

& 4 . >
2 (A-1a CMe, CoHg N (Kj

" Me;C L s T CMes | 3> Ln(ll) complex of (CgHg)™!
CMe, o:0 s Vi CMe;
Me;C ,&‘ OV % y > EDG
CMe; CMe; CM¢;

SiMe;
&
Ln + 18-crown-6 > Ln(II) complex
MQS% SiMe; » Kinteracts with Cp
> EWG
Ln=Ho, Er

=Pr-L



Question 8:

1) In the two redox reactions below the oxidation state of the metal is unchanged.
Can you explain how is the substrate reduced?

5 76: \ PhaP=Se, THF _ < THF %\

-Ph,P Sm—Se—3Sm
THF y

#
X

Indicate the name of the type of reaction above and the additional product.

=Pr-L



Answer 8:

1) In the two redox reactions below the oxidation state of the metal is unchanged.
Can you explain how is the substrate reduced?

5 ; \ PhaP=Se, THF _ »&THF %\
Sm a
-Ph,P m Se—
THF” y

Sm(lll) = Sm(lll) - What is the reducing agent?

. ; ). PhsP=Se, THF _ ’&THF %\
-PhsP m—Se
THF” y G

[Cp*]- acts as 1-e reducing agent — Sterically-Induced Reduction (SIR).

=Pr-L -



]W On the exam day you need a periodic table
( and a calculator but NO phones and
NO access to internet is allowed

You can also bring a one side A4 page
with your notes

4004 éuck
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