Spring 2014, Chem 3A Dr. Pete Marsden

Chemistry 3A — Exam #2

Student Name: {

Student ID Number: \
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TA or Section:

Point' Breakdown (105> A'\W%Q\

Problem 1 \3.H /20

Problem 2 _OLD:)_”G
Problem 3 i@/S
0% /8
\L.\ /16
Problem 4 5.4 /18
%85 /16

Probem5 _1-\O /13
Problem 6 ﬁq’_ /22
Problem 7 L. /16

[ Total 10%.9 150 5\‘6&&@&/ 22.5

Check that you have 11 pages.

You will have 140 minutes for this exam.

REMEMBER: | am not trying to trick you. If a question looks like it
might be super easy, then it probably is. Also, do not leave anything
blank. If you are not sure how to get to the end of a question, at least

try and start it.
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1. The Basics. (20 pts)

1. A. Fill in the blanks. (6 pts) (C\ass averagg .S/ (o)

"Hammond's Postulate states that the hrans,rfhm  state
of an endothermic reaction will resemble the products.”

"The kinetic product will come from the reaction pathway with
the lowest transition state energy."

1. B. Select whether these statements are true (T) or false (F). (6 pts) "‘\ ?)/ (.Q

The major product in a radical reaction will always be the T /®
thermodynamic product

Enantiomeric transition states have the same energy as @/ E
each other.

Hyperconjugation has a larger stabilizing effect on radicals T /®
than it does on carbocations.

1. C. Circle the best Sy1 electrophile below. (2 pts) e,

\
\

oTf

1. D. Draw the best Sy2 electrophile with a tosylate (OTs) leaving / %5} (?)
group. (3 pts) '

\’\5(\/-‘ )k

1. E. Draw the orbital interaction responsible for inversion of stereo-
chemistry in an Sy2 reaction. (3 pts)

. ok m(ga ork i bictue
-
EN R

o oK
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2. Predict the products of the following reactions. Be sure to show all
possible constitutional as well as stereoisomers. Remember that
conformational isomers are considered identical molecules. Any repeat
answers will cancel out a correct answer. (16 pts)

©
? cN
OTs San 2 Z ;{)?Jc o
\/% DMSO \/\7 + OTs
Lot Zpt
/|\/ * Q g\/ 4 \\:K/ + HI
. 9 &
-
e N
S St
hv
IOAh |
¥ + HBr
&
VS P\ \S ?t
mono-brominated products
]‘i [5* X0y
t Br 2 (.2 v
7, + HBr
Ual-1g

R —_—
H2N\/><k/8r DMSO
L 3

2.\ /4

5.2/

29/

product(s) resulting from concerted mechanism
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3. A. Calculate the overall reaction energy for the transformation below using
the BDE table at the bottom of the page. Only take formation of B into
account in your calculations. Show your work. (5 pts)

t-Bu
N Br He/5
t-Bu t-Bu
hv
/k/k + Br-Br + + HBr
NS
t-Bu t-Bu
Br
_

t-Bu

Show work:

Do - Formed
[ &b - PalylictH] - [rer - P allylic o]

[45490) - 190+ D)

~ Reaction . kcal
L 361 -Lisol Energy - -15 mol
Lt foe wolK 2 ©ts
\ %j ANSUWERNA

Important Bond Dissociation Energies (rounded)

Bond BDE (kcal/mol) Bond BDE (kcal/mol)
Br-Br 45 3¢ allylic C-H 90
H-Br 90 3° allylic C-Br 60
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3. B. Draw the mechanism for the following reaction. Specifically show
the initiation step as well as each relevant propagation step. Do

NOT SHOW any termination steps. (8 pts)
0. P
t-Bu
S~ Br
t-Bu hy t-Bu
)\/k + Br-Br 'V + + HBr
X t-Bu B t-Bu
r
@ = t-Bu
Be - R —> 2 B R a o l.’lE’-i
UN
Sy TDHU
/\-//K\\ i%bb" — A ° ¥ YR ?gv_?
tHwW
Eﬂ B | r@ A\
1t e
Db o A esoana ]
rad 1 road 2
Bu 4D\,
S et —> )<i’g 3 opee POV
“
rz’j? 4Bu ®
*%b\ Bu
%@;\ B —> BfM\ +600 PP
“ f%) B 2
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3. C. Below is the transition state leading to product A. Use curved lines to
indicate any steric interactions between the approaching Br, molecule

and the radical intermediate. (3 pts)
B

P transition state
leading to A

20L/% B

3. D. Draw the transition state leading to product B. Use curved lines to
indicate any steric interactions between the approaching Br, molecule

and the radical intermediate. (5 pts)
_ ok

& L\?’CS %“0'(' ‘P‘\(/

2.1/5

Be

1w S Ceasonabl

transmon state S¥AIC

= >< leadingto B 1 iRARCTIN.

¢ -
g -

—~~.
¥

L i

3. E. Complete the reaction coordinate diagram below. The intermediate

radical compound has been labeled "rad I'" and the starting material has

) been labeled "S.M.". (3 pts)

VR

o\ o si
% Bry
‘Br

rad I
Bry A .
HBr E_ + HBr + Br
S5

3. F. Will compound A or B be the major product? Explain using 15 or
fewer words. (5 pts)

& Yl T does ot W s Mt aachms
W/ 4Ry Qm)PS M Avansitim ettt

Sowwk\m SRUST ST NRMGTEE 5 14
NoNSTHAT™N S .
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4. Statins are molecules commonly isolated from mushrooms. They have
been shown to have cholesterol lowering properties.

Pravastatin

(0 9, 4. A. How many stereocenters does Pravastatin contain? (2 pts) 8

/%’ 4. B. Locate each alcohol functional group on Pravastatin. Label those

stereocenters as R or S on the molecule above. (6 pts) 2ok e\

4. C. Add wedges and dashes to the molecule below to show the
enantiomer of Pravastatin. (3 points) g\jb Sov-all cov feck.

HO; OH A ot or ends Q:XC\
) % W webocd

6

Enantiomer of Pravastatin
HO

4. D. Below is a synthetic scheme that leads to Pravastatin. Fill in what
is missing in the box. (3 pts)

Q cl /\(U\ o R
0\ /\rU\O{\ h oy Sn2, J o
\o- ' + Cl
/ D/ = HO
ﬂ( H Pravastatin

4. E. Add electron-pushing arrows to the reagents above to show the
formation of products. (4 pts)

Page 7 of 11



Spring 2014, Chem 3A Dr. Pete Marsden

4. F. Predict the 6 mono-substituted products of the reaction below. Be
sure to show all possible constitutional isomers as well as stereo-
isomers. Repeat answers will cancel out correct answers. Add
appropriate groups and pi bonds to the templates in the box. (8 pts)

R R

Tso@/ | (o@/ 8

1 EtOH
heat

4. G. Draw an arrow-pushing mechanism for the following reaction. Be
sure to clearly show formation of each product. (8 pts)

R, R iR

EtOH P W
’LV&‘ heat + TSOH

v \
“ne

@ 2\\4@«\1 Erb comlane 2 ,é'%’
R Za 0%
*%TS ,\ STt ¥ Aonance. C _ } &E)«
A ok t& n & cyt
? - v d/Lo YA
! v HoEt
oA Z«?t &X Page 8 of 11
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5. A. The conjugate bases of carboxylic acids (carboxylates) are decent
leaving groups. Predict the products of the Sy2 reaction below.
Assume both cyanide groups attack the same molecule. Draw
both of the organic products. A template has been provided. (5 pts)

Yo )

(o]
Lovastatin CN

NC 2 ok
SOSENN =

Chemical Formula : C24H27N203

V)

Chemical Formula: C24H3605 /Tu.\? Z -V \

Chemical Formula : CsHgOg™

5. B. Provide an electron pushing mechanism for the following equilibrium.
Please indicate any stereodetermining steps. Show the formation of

all products. (8 PIS) iy 1t step is the leaving group leaves)

polar protic HO S HO
solvent % %
heat

2p¢
| 6 Q 2aArRQ
! mw " w Lo
Wo /5 Hom \or oM.
® o Ho (%, Rq S
DA . ) e
Y@ N N \(’o 0 sﬁﬁ)(
Fk \)R é aﬂaC\LS
aﬂac‘(/S N
7
venonavlk
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Frontier Molecular Orbital Theory - The Reckoning

6. Frontier Molecular Orbital Theory (FMO Theory) states that the HOMO
- of the nucleophile interacts with the LUMO of the electrophile. (22 pts)

6. A. Circle the HOMO of ®SMe. The orbitals below are not in order.

6CH  oxCS  o*CH oCS 19t

6. B. Circle the LUMO of Me-ClI. The orbitals below are not in order.
t
oCH o+CH nb Cl sccl ¥

6. C. Based on FMO theory, predict the products of the reaction between
OsMe and MeCl.

MeSMeggl e MO M Y Q(?\
2t 9%

6. D. Add electron-pushing arrows to the above reactants to clearly show
| the formation of your predicted products.

J

6. F. Circle the appropriate description of the below molecules. "Nuc" (2
for the nucleophile and "Elec" for the electrophile.

Z?Jc ean~ S.C. . )*
& _NH, Ne
(R T
OH T oR ppt

@or Elec Nuc or
\ \pL

6. G. Predict the product of the above reaction based on FMO theory.

I

6. H. Predict the product of the following reaction based on FMO theory. 1

o) ©Go pH c, st

(6. E. Label the stereocenters of the following molecules as Ror S. (4 rolra )

1
>

—/
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7. A. Predict the major mono-substitution product of the reaction below.
Add the appropriate groups to the template provided. (3 pts)

7. B. In the space below the molecules, draw an electron- -pushing
mechanism that shows formation of the products. (8 pts)

H

\_)‘O \.|/
T 5 3

HsC

+ NH3 +1°

2.3]%

7. C. Propose a diastereomer of compound Q that can undergo two

intramolecular substitutions. (5 pts) S ov A
=7 "
&AQSW 22
1 T %(2 NH; 219

yo & 0
\ %/f“ double 5

L + 2 NH2
substitution
oH ;

product
LG4 NU\CQOF\«JM ¢ oY

MU e tveaws to
2aCW ox\n.

diastereomer of Q
You are incredible and have finished. Have a lovely night!
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