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1. Select the major product(s) expected from the following nucleophilic aromatic

substitution by an addition/elimination reaction.

NO, NO, NO, NO>
1. on
—_—
2. W
cl OH cl OH
Cl Cl OH OH

1 2 3

(A)lonly (B)2only (C)3only (D)land2 (E)l1and3 (F)2and3

2. Select the order that has the following phenols correctly arranged with respect to

OH OH oH
CHjy /N\ O; E

increasing acidity.

1 2 3
1 2 3 1 3 2 2 1 3
increasing increasing increasing
A —»> B ——» () ——>
acidity acidity acidity
2 3 1 3 2 1 3 1 2
increasing increasing increasing
) —» () ——» (F) ——»
acidity acidity acidity
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3. Select the correct number of valence electrons for the following metal complex.
Br

PhsP——Pd——PPh,

(A) 14 (B) 15 (C) 16 (D) 17 (E) 18 (F) 20

4. Choose the correct intermediate formed by a ligand insertion step from the

intermediate shown.

PPh
e 8 ligand insertion
Ph3P—Rh\ 9 -
| co
co
PP /\/\
Ph3P—Rh—PPh3 PhsP—Rh—CO PhsP——Rh——PPh;
co CO co

(B) (€)

° (A)
K/\ Ph3p\/ﬁ /O\/ﬁ

Ph3P——Rh——PPh; Ph3P—Rh—CO PhsP——Rh——PPh,

co CO co

(D) (E) (F)
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5. Select the major product of the following ring-closing metathesis reaction.

PCy3
| \\\C|

m"|-_ﬁ\

PCy3 Ph

> ?
(=HC=CH, )

s
\é el of
@

(©)
g @o
6. Using the curved arrow formalism, show all the bond making and bond breaking

steps of the following reaction sequence. For full credit, draw out all important

intermediates.

OH
OH

1 NaOH, CO,
%
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7. Select the order that has the following phenols correctly arranged with respect to
increasing acidity.

OH
OH OH
f “NO, i “CH,
NO,
1 2 3
1 2 3 1 3 2 2 1 3
increasing increasing increasing
A ——» B ——» () ——>
acidity acidity acidity
2 3 1 3 2 1 3 1 2
increasing increasing increasing
) —» € — > () ——>»
acidity acidity acidity

8. Choose the correct oxidation state of rhodium in the following compound.

H o)
C|//// |
"Rh—<
PhsP” |
PPh; CHs
(A) -2 (B) -1 <o (D) +1 (E) +2 (F) +3

9. Choose the term that best describes the following mechanistic step in the Heck
reaction.

Br

Br PhsP——Pd——PPh;

+ Pd(PPh3); —— Ej mechanistic step
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(A) Oxidative addition (C) Ligand association (E) Ligand insertion
(B) Reductive elimination (D) Ligand dissociation (F) Ligand deinsertion

10. Select the major product(s) of the following metathesis reaction.

PR

Rh=——

CI/ |
OH PR3
/\/\/\/E/\/\/\/Y ?
0 excess
1 2
G W(OH
3 4 (0]

(A)lonly (B)2only (C)4only (D)land4 (E)2and3 (F)allofthem

11. Draw the intermediate that results from the following ligand insertion step.

R
Ph3p/////, \\\\\H ligand insertion
Rh’ > 9
Phap?” | WH

Cl

12. Predict and draw the major product of the following Suzuki reaction.

B(OH),

— Pd(PPh3)s
+ |/ \ > ?
Br K2003
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13. Using the curved arrow formalism, show all the bond making and bond breaking
steps of the following reaction sequence. For full credit, draw out all important
intermediates.

OH OH (0]

1. NaOH, CO, OH

2. Hs0

14. Choose the correct number of valence electrons rhodium has in the following
compound.

PPh,
Cl—Rh—PPh;

(A) 14 (B) 15 (C) 16 (D) 17 (E)18 (F) 19

15. Choose the term that best describes the following mechanistic step in a process
known as catalytic hydroformylation shown below.

PhsP,  (PPhs

(Rh$ i
CcoO H
R/\ > /\)L catalytic hyfroformylation
co, Hz R H
R
PhsPr,  WPPhs

PhsPy, | wPPhs

- Rh
Rh -
7 > co” \/\
CcO H R

mechanistic step

(A) Oxidative addition (C) Ligand association (E) Ligand insertion

(B) Reductive elimination (D) Ligand dissociation (F) Ligand deinsertion
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16. Select the major product of the following Heck reaction.

Br
Pd(OAc), o
—_— {
* /\/ BusN
Br
©/\i/\/©/ m
\
(A) (B) (C)
\ Br
©/\/\ ©i/\/
(D) (E)

17. Choose the order that has the following phenols correctly arranged with respect to
increasing acidity.

OH OH OH
OMe Cl NO,
1 2 3

(see next page for answer choices)
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1 2 3 1 3 2 2 1 3
increasing increasing increasing

A ——» B ——» () ——>
acidity acidity acidity
2 3 1 3 2 1 3 1 2
increasing increasing increasing

®) —» E —» (F) ——>»
acidity acidity acidity

18. Which of the three compounds is the most acidic?

: OH : _CO,H : OH
(A) (B) (€)

19. Here are three possible syntheses of phenylpropylether. Which ones would work?
: Br O\/\

: Br O\/\
ii HO\/\ > >

(C)iiorii  (D)iorii  (E)ioriioriii

(A) i only (B) iii only
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20. Organometallic reactions can be classified into fundamental reaction types. Classify
the following reaction.

Br

PhsP—Pd—FPPh; - = PhsP——Pd——PPh;
Br
(A) Ligand association (D) Reductive elimination
(B) Ligand insertion (E) Oxidative addition

(C) Ligand dissociation

21. What is the electron count for the following transition metal complex?
H

PhsP—Ru—PPh,
C
Il
o

(A) 14 (B) 15 (C) 16 (D) 17 (E) 18

22. Use your knowledge of organometallic chemistry to propose a synthesis of the
compound shown below. Your carbon starting materials may include 1, 2-
dibromobenzene and any other carbon containing compounds of four carbons or less.

F

Br

Y
Y
/

Br \
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