Initials: 1

Name:

Chem 633: Advanced Organic Chemistry
Midterm 2

Please answer the following questions clearly and concisely.
Write your answers in the space provided.
Write your initials on each page you want graded.

There are 15 total pages to this exam. Please be sure your copy has 15 pages before
you begin.

Molecular models are allowed.

Calculators are unnecessary and prohibited.

Problem Points
1 110
2 110
3 _____ o
4 _ /20
5 22
6 /28

TOTAL /100
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1. (10 points) Please state whether the following groups are homotopic, enantiotopic or
diastereotopic. (No explanation necessary)

OLi

(a) Faces of this enolate:

(c) Faces of this olefin:

(b) Faces of this olefin:

O ’
r%N Me
(d) Faces of this enamine: N~ Me

N
(e) Faces of this enamine:
/k
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2. (10 points) Please draw a reasonable arrow-pushing mechanism for the following
transformation (Grossman, p. 329).

0/> 2 mol% (Ph3P),PdCl, EtO Oj

~ 8 mol% PPhs
N > N
CO, Ef3N, EtOH
Br

(@)
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3. (10 points) Please draw a reasonable arrow-pushing mechanism for the following
transformation (Rawal, V. H.; Newton, R. C.; Krishnamurthy, V. J. Org. Chem. 1990, 55,

5181).

cat. AIBN

N\J Y
= o PhH, reflux

JS]\ BusSnH H CO,Me
>N
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4. (20 points) Please consider the rearrangement of (—)-chlorismate to prephanate in
answering the following questions (Andrews, P. R.; Smith, G. D.; Young, I. G.
Biochemistry 1973, 12, 3492).

‘OZC¥ ~0,C
0] B O
x> - co
OH OH
(=)-chlorismate prephenate

(a) Is this reaction endothermic or exothermic? (No explanation necessary)

(b) Do you expect the transition state of this reaction to be early or late? (No explanation
necessary)

(c) Explain how one can experimentally determine AH* and AS* of this process. Include
all equations and graphs that are necessary for analyzing the data.

(d) The experimentally determined entropy of this rearrangement is given below.
Provide an explanation of the magnitude and sign of entropy.
AS*=-12.9 0.4 e.u.
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5. (22 points) As a model for highly regioselective epoxide-opening cascades that form
ladder polyethers, Byers and Jamison examined the cyclization of epoxide 1 (Byers, J.
A.; Jamison, T. F. J. Am. Chem. Soc. 2009, 131, 6383).

H H _H H
(io;'/ : 0 _Me 0 OH
(o) > + £
e v CIX BN
© H 20 °C © H H OH © H

1 2:3=11:1 2 3

(a) Please draw clear 3-dimensional representations of the lowest energy conformations
of 2 and 3.

(b) The researchers compared the rates of this reaction in H-O vs. DO and found that
knoo/kpzo = 1.33. What does this suggest about the mechanism of this reaction?
(Answer in less than 20 words.)
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(5 — continued)

(c) Jamison proposes that two pathways lead to products 2 and 3, of which the pathway
via intermediate A is unselective and the pathway via intermediate B is highly

selective.
H H
Me H (0] H : 0 _Me
H
HO H H (0] 0 . L o)
! ! n k " 2
2 ‘*‘ Keq ’ Keq 2
+ Hzo 5 OH +2 Hzo
' ' A o B k n k n
k,' ~ k o >> 3

@

e i W\

H H
HO 0 e OH
H% HMH
Me H e
H © oH
3 3

Derive rate laws for the formation of 2 and 3. You may assume that the equilibrium
between 1, A and B is fast. Use the constants depicted in the scheme above.
Express your rate laws in terms of [1] and [H20].
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(5 — continued)

(d) This reaction could also be performed in DMSO with a large excess of D,O relative
to epoxide 1. Under these conditions, the following data was collected. In these
graphs, kz is the overall observed rate constant for the formation of 2, and k3 is the
overall observed rate constant for the formation of 3.
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[D20] (M)
In the formation of 2, what is the kinetic order in [D-O]?

In the formation of 3, what is the kinetic order in [D-O]?
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(5 — continued)

(e) Please show that the linear behavior in the following graph is consistent with the rate
laws you derived for Jamison’s proposed mechanism.
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6. (28 points) Deprez and Sanford have recently reported the careful mechanistic study
of the palladium-catalyzed C—H arylation reaction (Deprez, N. R.; Sanford, M. S. J. Am.
Chem. Soc. 2009, 131, 11234).

(a) The originally proposed mechanism for this reaction is shown below.
A

| N N
Me N H
Ph Me
2 X—Pd" 1
Pd ki
ks k-9 H-X
SN S
| N N
e AN
Me \Pdl\7 Pd”
\Ph
[PhiIMes]BF,
B ko A
ko
Mesl [PhIMes]BF,

Please write a “one plus” catalytic rate expression for this catalytic cycle. You may use
generic observable constants for each of the terms in the rate law (C4, Co, etc.).

(b) Assuming that the second step (A — B) is rate-limiting and all subsequent steps to
regenerate Pd are rapid and irreversible, write a simplified “one plus” catalytic rate
expression. Use the rate constants depicted in the catalytic cycle above, and assume
that any steps prior to the rate-limiting step are rapid and reversible compared with the
rate-limiting step. Express your rate law in terms of [1], [I"], and [Pd]cta:
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(6 — continued)

(c) The authors wondered if this reaction proceeds via a radical intermediate. Please
propose 2 experiments to test for the existence of such an intermediate.
g

potential radical
intermediate

(d) Using initial rate experiments, the following correlations between rate and the
concentrations of I", Pd, and 1 have been determined. Please state the rate
dependence (first order, second order, etc.) on each of these species.

0.00012

0.00010

y = 0.0006x - 9E-06
0.00008 R? = 0.9872

0.00006

0.00004

A[2]/At (M/min)

0.00002

0.00000
0.000 0.050 0.100 0.150 0.200

(™7 (m)




Initials:

(6d — continued)
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(6 — continued)

(e) Based on these results and the observation that 7 was the catalyst resting state and
8 was the iodine resting state, Sanford proposed a new mechanism for this reaction
(shown below). Write a rate law for this transformation. You may assume any steps
prior to the rate-limiting (or turnover limiting) step are rapid and reversible compared
with the rate-limiting step and that subsequent steps to regenerate 3 are rapid and
irreversible. Express your rate law in terms of 7, 8, and 1 (the observable species).

ke X
+1 +
[Mes—I—Ph]X — Mes—,—N’_ )

@ -1 Ph
ke (®)
ki
-2 equiv
= i L 8 ko Ph Ac\
=N — Spdl! dl\/ Pd”
SPdl] Tk > - Mesl NFE
Aeo ) " +2 equiv ® Turnover Limiting Step
2 equiv 2
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L/Pd” Pd”
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(6 — continued)

(f) The authors also performed a Hammett study with substituted iodonium reagents in

lace of I"'. What does the following data tell you?
y
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(6 — continued)

15

(9) In a final set of experiments, the authors performed isotope effect experiments. Why
are the isotope effects different in these two experiments? (Answer in less than 20

words.)
Experiment 1
Me
5 mol% Pd(OAc), | N H/D
2 equiv. [Mes—I-Ph]BF, N/ D
AcOH, 80 °C Ph D
D
ky/kp=2.5+0.2

5 mol% Pd(OAc)»

-

AcOH, 80 °C

2 equiv. [Mes—I-Ph]BF, |

M M
°H | xr "D
H = D
+ ON
H Ph D
H D



