CHEM 633: Advanced Organic Chem: Physical
Problem Set 6 ANSWER KEY
Due on 10/20/09

For the following problems, please use Excel {or another graphing programj, when necessary. Please
submit your graphs with your problem set.

1. One proposed mechanistic sequence for the Baylis-Hillman reaction is shown below {e.g., J. Org.
Chem. 2003, 68, 692). This reaction has recently been studied using the initial rates method (Org. Lett,
2005, 7, 147). You may assume that no observable intermediates accumulate during the course of the
reaction.
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0.084 0.0012 0.17 0.00019 0.083 0.00028
0.169 0.0022 0.25 0.00037 0.20 0.00087
0.252 0.0045 0.33 0.00064 0.42 0.0020
0.337 0.0058 0.41 0.0011 0.63 0.0027
0.57 0.0021 0.84 0.004
0.83 0.004

(a) Derive a rate expression for this sequence, using the steady-state approximation where
appropriate.
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(b} Show that the steady-state approximation and the pre-equilibrium approximation (for saturation

kinetics) are equivalent when k.4 is large comparegﬁl\ivith .
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(¢) Evaluate the plausibility of this mechanistic sequence on the basis of the initial rate data provided
(obtained with A = NOzCgH,CHO). Show all graphs necessary to support your analysis. If
necessary, propose an alternative mechanistic sequence that accounts for the kinetic data.
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2. Consider two possible mechanistic sequences for an acid-catalyzed aldol reaction, (i) and (ii).
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(a) Derive a rate expression for sequence (i), using the steady state approximation where approprlate
Your final equation should only contain terms that are experimentally quantifiable (i.e., A, H"). You
may assume that the initial carbonyl protonation is a fast equilibrium and that the overall reaction is
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(b) Derive a rate expression for sequence (i), using the steady state approximation where appropriate.
Your final equation should only contain terms that are experimentally quantifiable. You may assume
that the initial carbonyl protonatlon |s a fast equilibrium and that the overall reaction is irreversible.
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(c) Show that the two sequences are kinetically distinguishable when the final step (i.e.,, C~C bond
formation) is rate-limiting.
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(d) Show that the two sequences are kinetically indistinguishable when the last step Iis rapid compared
with the initial steps.
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3. Please find a proposed mechanism is a recent article (look in JACS, Org Lett, or ACIE). Please do not
choose a catalytic reaction. Derive a rate expression for the proposed mechanism and suggest kinetic
experiments to identify the rate-determining step. Please attach the paper to your problem set.
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4. The reaction of thioacids with azides to form amides has been studied under basic conditions. This
reaction is thought to proceed through intermediate 1. Decomposition of 1 is thought to be rapid under all
conditions, and no intermediates could be detected by spectroscopic methods.
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(a) Please propose two arrow-pushing mechanisms for the formation of intermediate 1.

o Stpuise o
o 8) O
P T W SN S =K
e 5/ __.3 Q S \“(o — @,' \U
0o @)‘ L Jo 55 (ZQ,\)/
AN N AN e N\,
JN e& ¢ ”Y’ \P({

() Conomttd

e, f"\) 9 -
o) N : > M\
2209 N GVe " N
e PN St € @--J\\j‘“ ‘ l\{/ 7 4 N/
: ~



(b) On the basis of the experimental data provided, evaluate the plausibility of each of your proposed
mechanisms when X is an electron-withdrawing group.
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(c) Provide a qualitative reaction coordinate diagram for the formation of 1 when X = 3,4-NOs and X =
p-COMe. Plot both reactions on the same diagram and clearly indicate the relative energies of all
intermediates and ftransition structures. You may assume that the starting materials are
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(d) Provide an explanation for the non-linearity of the Hammett piot. 5
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5. Is there a linear free energy relationship between enantioselectivity and the size of the substituent (R)
in the following aziridination reaction (ACIE 1998, 37, 3392)? Please propose an explanation for why or

why not.
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