Inorganic Chemistry with Doc M. Element team name:

Fall SemeStera 2009 [ My isotope partner and I worked together.
Day 23. Organotransition Metal [ I worked alone on this assignment.
Chemistry II: Reactions Your Name(s):

1. Classify the following reactions by their type. The choices are:

1. Ligand dissociation/substitution. 4. Nucleophilic displacement
2. Oxidative addition 5. Insertion (alkyl migration)
3. Reductive elimination (opposite of #2) 6. Retro-insertion (opposite of #5)
0
0)
- (]: ~ - I-IH _
Mn(CO)s +CH2CH=CHzCl ——» OC;MIn—C\’ y + C
C™ ¢ c=c"
" g e=C )
<= <
Fe + PPh3 —» Fe
7\ NcH 7/ \ \PPh3
ox 3 S
[
PPh PPh
Ph3P—Rh£C| 3 + CHgl ——» Phs P—Rh£C| 3
~ —
Ph P Ph P |
|
j j
CO/ 0 A cO
oc—Mn=—cZ —=» oc—MnZCH, +CO
e
o} 3 o]
0)
CH C
3 0
| >.cC A Oc ]
OC—Fe—CcClI > Fe—:Solv + CH.CI
c— | c— | 3
0) C 0) C
0] o) :Solv = :Solvent

Day 23 Organometallic Chemistry II. Organometallic Reactions 1



Q 2
|

? cO_H
_ rRe=— +ZH _ /\
Og/RIe c\C H —» Og/Re—C\ + CO
0 8 > ——C\H 0 8

3. Predict the products of the following reactions. Start by sketching the reactants. Also sketch the products. In
each case, state the reaction type that you are using (See list in previous problem.) Count electrons to justify
your answer. Sketch structures as you go.

(a) trans-Ir(CO)(C1)(PPhs)2 + Ho ——

®) (CsH5)Mn(CO)3 + AsPhg —— CO +

© (CsH5)Fe(CO)2CH2CH3 —— CH2CHq +

(d) K[Mn(CO)s5] + (C5H5)Fe(CO)2Br ——

(e) cis-Re(CH3)(PEt3)(CO)4 + 13CO —

) PhCH2Mn(CO); —— CO +

) V(CO)g + NO —— CO +

Day 23 Organometallic Chemistry II. Organometallic Reactions 2



(h) cis-Ru(SiMe3)(H)(CO)4 ——

@ 2 K[(C5H5)Mo(CO)3] * SnClsPhy — 2KCI +

5. (14 points) Cog(CO)g is used to form a 16-e catalyst HCo(CO)3 that can convert alkenes (CHyCHR) plus CO
and Hy into aldehydes. Study the catalytic cycle below which proceeds by some of the simple reaction types
that we have studied. Answer the questions that follow.
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(I) The reaction in Step #2 would be described as:

A. Ligand dissociation/substitution D. Nucleophilic Displacement
B. Oxidative addition E. Insertion (alkyl migration)
C. Reductive elimination F. Retro-insertion

(IT) The REVERSE reaction in Step #4 would be described as:

A. Ligand dissociation/substitution D. Nucleophilic Displacement
B. Oxidative addition E. Insertion (alkyl migration)
C. Reductive elimination F. Retro-insertion

(ITT) The reaction Step #5 would be described as:

A. Ligand dissociation/substitution D. Nucleophilic Displacement
B. Oxidative addition E. Insertion (alkyl migration)
C. Reductive elimination F. Retro-insertion

(IV) What is the organic product produced in Step #6?

A. CH;CHRCHO D. RCH,CH,CH,OH
B. RCH,CH,CHO E. RCH,CH,C(0O)C(O)CH,CH,R
C.H, F. HCHO

(V) Assume R = H for this question. Suppose a competing reaction also takes place in Step 3 in which H, is
oxidatively added to Co(CO)3CH,CH3R instead of CO addition as shown in the figure. We would expect to
see traces of:

A. methane D. ethane
B. methanol E. ethanol
C. methanal F. ethanal

(VI) If we wanted to use this process to make n-heptanal, we should use:

A. n-hexane D. n-heptane
B. 1-hexene E. 1-heptene
C. 2-hexene F. 2-heptene

(VIT) Assume R = H for this question. Use a series of simple steps to show how traces of butane and pentanal
are also possible from this catalytic cycle.
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Review for the ACS Standardized Final Exam

1. Which of these involves reductive elimination

(a) Rh(CI)(PPh3)3 + CH3I > frans-Rh(Cl)(PPh3)3(CH3)(I)

(b) NH4[Re(CO)5] + CH3I > Re(CO)5CH3 + NH4l

(¢) (C5Hs)Fe(CO),CHoCH3 - CO + (C5Hs)Fe(CO)(H)(n-CHaCHp)
(d) (Cs5H5)Mn(CO)3 + PPh3 > CO + (C5H5)Mn(CO))(PPh3)

(e) NH4[Ni(CH3)(CO)3] + HI > CHy4+ NH4[Ni(CO)31]

2. Which of these compounds would be most likely to undergo nucleophilic substitution?
(a) Ir(CO)CI)(PPh3)y

(b) Re(CO)s™
() (CsH5)Fe(CO)3"

(d) (CsHs)oFe
(e) Cr(CO)g

3. The following reaction can be classified as

c”/ SCH

(a) oxidative addition

(b) nucleophilic displacement
(c) insertion (alkyl migration)
(d) substitution

(e) reductive elimination

Answers: E, B, C
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Answers Worksheet Two

1. First Row:

carbonyl, pi-allyl

carbonyl, carbene

pi-benzene (or pi-arene), carbonyl

Row 2:

pi-cyclopentadienyl, carbonyl, alkene

pi-cyclopentadienyl, carbonyl, metal-metal bond

carbonyl, diene

Row 3:

pi-cyclopentadienyl, carbonyl, alkyl

pi-cyclopentadienyl, carbonyl, nitrosyl, hydride

carbonyl, phosphine, chloro

Row 4:

pi-cyclopentadienyl, carbonyl, acyl

pi-cyclopentadienyl, carbonyl, sigma-cyclopentadienyl

carbonyl, carbyne

2.4,5,2,6,1,1

3.

(a) oxidative addition of non-polar molecule gives trans-Ir(CO)(Cl)(PPh3)2(H)2 (hydrides go cis)

(b) substitution of CO ligand by triphenylarsine: (C5H5)Mn(CO)2 (AsPh3)

(c) retro-1-2-insertion (beta-hydrogen elimination) (C5H5)Fe(CO)2(H)

(d) nucleophilic substitution (double displacement) forms Fe-Mn bond in this case: (C5H5)Fe(C0O)2Mn(CO)5 +
KBr

(e) alkyl migration converts a regular CO into an acyl CO: cis-Re(COCHS3)(PEt3)(C0)3(13CO)

(f) PhCH2Mn(CO)4 (Tough one! The benzyl group goes from sigma-bonded 1le donor to a 3e pi-allyl type in
which one double bond from the C6H6 is used to form the allyl

(g) V(CO)5(NO) NO is linear. 3e and the complex is octahedral, 18e!

(h) Reductively eliminates HSiMe3 and the identity of the Ru products are uncertain -- thermal conditions are
hard on organometallic compounds

(1) Ph2Sn[(C5H5)Mo(CO)3]2 Note: the chlorides groups on SnPh2Cl12 were replaced by (C5H5)Mo(CO)3*- via

nucleophilic substitution
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