CHEM 633: Advanced Organic Chem: Physical
Problem Set 5 Answer Key
Due on 10/13/09

For the following problems, please use Excel (or another graphing program), when necessary. Please

submit your graphs with your problem set.

1. Please draw the most stable conformation of each of the following molecules.
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o Please draw reaction coordinate diagrams, which illustrate the following scenarios. If more than one
reaction coordinate is possible, please draw all possibilities.
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3. Consider the following theoretical reaction coordinate diagrams, describing the transformation of
starting material A into product C via intermediate B. For each reaction coordinate diagram, please
answer the following questions:
(1) Is there a possibility that intermediate B may be observable using standard spectroscopic methods,
such as NMR spectroscopy?
(2) If there is the possibility that B may be observable, what is the maximum possible energy difference
between A and B to allow observation of B by NMR spectroscopy? Please explain your reasoning.
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3. The temperature-dependent rates of rearrangement of allyl vinyt ether (eq 1) was studied in the gas
phase.
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a. Based on your prior knowledge, provide a depiction of the transition structure for this transformation.

b. Draw a reaction coordinate diagram for this transformation, clearly labeling all intermediates and
transition states.

c. Determine AH* and AS* from the data (in kcal/mo! and eu, respectively).

d. Compare the value of AS* for this transformation with those of reactions reported in the chemical
literature that proceed by related mechanisms, and explain whether your proposed transition structure is
consistent with the experimentally measured value of Ast.

(o) e ¥
,/,;'O\ { 4

om(.M/{'é?CI)

o

'

(b) A o

| =

o

A CObTANna ke

() See atla ched  Excd dat b & 9 roga. .
Plot4.ed RM(E%;&@ vs Yt
Y= = 29490« = 1.9926

e ('»""“ u"-\!'ﬂ;m“"%‘,..,.ws\)

) o CAIee T
AH?& w &QQ{'; Mr%f’"f
AS’T = =G A



[ AN ook
c) C;) o :'7 Yare| JQG{J/(L“Q“CJ o dor (o TS,
. fo © ey

Sy (Goar A7 Scfw 7 (cht.__zv\k el .
g Pﬂ/u' C,chju’q, (sl bond UVQM1&j z oo fl'iaJ'zﬁ(ﬂ
hot ~ 0CC W 5
% 4 ASF (o) Rof e ean b
naed CopE 2,8 we oWV A Chraron. Rpa. POOA, B3\
JRCS Qe 8o, g1
('\/\/\ Y\AW - I my g GRET v 7y
% ?/{ — \\ -.%‘kg gﬁﬂw ‘} f”x(‘*" V""'ﬁ\. ? %33 g,,_(f JJ ) s p}"‘“”

st (roapatadakion



4. The thermal rearrangement of an allyl arenesulfenate (eq 1) and the rate of racemization of the
corresponding sulfoxide (eq 2) has been studied.
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Determine AH* and AS* for each process in kcal/mol and eu, respectively.

The rearrangement reaches equilibrium at 99% conversion at 25 °C. Determine AG®.

Calculate AGQ%:c for each process.

Draw a reaction coordinate diagram (with Gibbs free energy as the y-axis) for these processes
that is consistent with the data and included accurate depictions of the key intermediates and
transition structures.
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5. The thermal rearrangement of a cinnamyl arenesulfenate (eq 1} has been studied. No intermediates
could be observed by NMR spectroscopy. Note that some experiments were run in duplicate.
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a. Determine AH? and AS* for each process in kcal/mol and eu, respectively, and compare these
vatues to those in gquestions 3 and 4.
b. Please propose 2 arrow-pushing mechanisms for this transformation. On the basis of the
calculated activation parameters, evaluate the plausibility of each of your proposed mechanisms.
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Supporting Information for #3

Temp (K) k(s™) k (s-1) 1/T kh/KKk,T Rin(kh/Kk,T
469.10 2.875x 107 0.002875000 | 0.002131742 | 2.94228E-16 | -70.80911298
469,40 3,021 x10° | 0.003021000 | 0.002130379 | 3.08972E-16 | -70.71229908
473.70 3838 x 10° | 0.003838000 | 0.002111041 | 3.88967E-16 | -70.25641483
427.70 0.120x 10° | 0.000120000 | 0.002338087 | 1.34695E-17 | -76.91527905
456.70 1166 x10° | 0.001166000 | 0.002189621 | 1.22568E-16 | -72.54296797
451,60 0.788x 10° | 0.000788000 | 0.002214349 | 8.3769E-17| -73.29656862
440.20 0.341x 10~ 0.000341000 | 0.002271695 | 3.71891E-17 | -74.90442356
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Supporting Information for Problem 4
Rearrangement

Temp (K)  Kear X 10" (8° k (s-1)

b 1/T kh/KkpT Rin(kh/Kk,T)
279.05 10.8 0.001080000 | 0.003583587 | 1.85803E-16 | -71.71925293
284.55 20.2 0.002020000 | 0.003514321 | 3.40803E-16 | -70.51814838
292.25 48.4 0.004840000 | 0.003421728 | 7.95063E-16 | -68.84085752
297,25 92.3 0.009230000 | 0.003364172 | 1.4907E-15

-67.59626835




Rearrangement
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Supporting Infoermation for Problem #35

Temp (K) Krearr (877) k (s-1) 1/71 kh/Kik,T RIn(kh/Kk,T)
312.15 8.2%10° 0.000008200 | 0,003203588 | 1.26113E-18 | -81.60474949
312.15 83x10° 0.000008300 | 0.003203588 | 1.27651E-18 | -81.5807492
337.75 27%x107 0.000270000 | 0.00296077 | 3.83777E-17 | -74.84212747
348.65 T0x10° 0.001000000 | 0.002868206 | 1.37696E-16 | -72.3125374
348,65 91 %10 0.000910000 | 0.002868206 | 1.25303E-16 | -72.49927254
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