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SECTION AND/OR TA IF YOU ARE TN THE LABORATORY COURSE:

STUDENT ID:

*  You will have 2 hours in which to work.

o

* BE NEAT! Non-legible structure drawings will not be graded.

* All pages of the exam must be turned in.

* No calculators

* Molecular models may be used
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2 30
3 30
4 24
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7 21
8 29
9 21
Total 200




1. (30 points — each part is 6 points) Predict the major products formed in the reactions below. For
cach reaction identify the type of mechanism: Sy2, Sy1, E1, E2, radical halogenation, or Brensted
acid/base. Write NR if you think there will be no reaction. Be careful to indicate the stereochemistry of

the products.
Product(s) Mechanism
: Type
a. r
'~ Br .
Fank il . .
oy \ + Br; h—",. i 4 (Y md‘ca" _
hawﬁ@aWh-
+ HBr~
b.

SN

| N +CH3I/_&“-——>
=

A=

hv
O+12——-:-

NR

c.
CH;O0-Na* + HBr ——— =

CHaOM 4+ NaQr

Acd/
QR axk
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2. (14 points — 7 points each part) Which reaction in the following pairs of reactions would you expect to
go faster? It is possible that both reactions have the same rate. Give brief, 2 sentence, explanations for
your answers 1n the box provided.
a.

Explanation: Swd tealhgws anc |
\ nd
2M < pr +2MNa+“OHLO)-/\OH + Na* Br- b\M&Q@W\ﬂAA o 2 ordQr

or H,O Ror = y o E—A Rr] Y'.mf‘l
TM~gr +4MNatOH —=—> ~py + Na*Br- Axn ) ,ﬁtzﬂﬁzﬂ =4 b
SamL ok Qxn = Cle)fym) = 4
| ReaChons w1l havwe b Same (@dk|

b, Faste -

Explanation:

0.0 ,fs\ N laauy
Q’ ,,S\ + Nat N5 —“—PQ/N,?,_'_ CFSSO3 Na+ o% _CFS \\0»%00(3’ /\6

0" CF, be courne VY
% V\){ajlc. baic

OCH X ,,§\ N - Nat
O’ 3.4 Nat~Ng Q/ 3 + CH3O Na ~OCHa i QS""‘D“S bouie
o O. $0OF \tav\f\samwf‘

3. (16 points — 4 points each part)
a. Circle the weakest base in the following series.

NHz (H.S H-0

b. Circle the strongest nucleophile in a polar protic solvent:

¢. Circle the alkene with the most negative heat of combustion:

Q%Cfc

d. Circle the strongest acid of the following molecules:

Ht H H, M
O— -

Page 3 of 10




4. (24 points} Fill in the boxes in the following reactions: Note that only the organic products have been

drawn.
a.

O+

Ceo

ha/

alkyl halide

== o

\Yald\iy

alkyl halide

P..—
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5. (22 points) Consider the alkene below:

H

a. (15 points) Draw and label a molecular orbital diagram for formation of both the sigma and pi bond of
the double bond in the above alkene. Include pictures of the orbitals you use to make the bond and
pictures of the molecular orbitals formed. Label the HOMO and 1.UMO.

h

&

C-

\
o O aRoond 1 & orloival ‘ Cere

7 e }?Mk\oo«dig onlo AL L O
/,/ ~ \\

~
L grbiead T b g
?%g/?‘orb;wi SopE B or o

- g@ t orby e
N S Go

N
\ \ﬁ'_'l’_,/ ;T bOr\&LIJ\:\ oo Vil %—% HOW D
/ .

\@’U’ bomb\\ﬂ,\o r“io\'\’tvo ce’;@'o

b. (7 points) When one shines the correct wavelength of light on a solution of this alkene, an
isomerization reaction occurs. Draw the product of this reaction in the box below. Explain briefly (2

sentences) why this product is more stable than the starting alkene? (An isomerization reaction is one in
which an isomer of the starting material is formed).

H}J £eans 1 mewe S bl fram cis-

pubshhuledd  alkent becanar ha

) reswhsHhied  alkine G

dolbliyed Ly Skuc takrachs,
behytin Yha WMo o B qaupy
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6. (23 points) The following alkyl chloride gives one major alkene product when allowed to react with
sodium ethoxide

un(3
: CH4CH,OH _
+ CH3CH,0- Na* —3+—23m + NaCl

TEFIREss

a. (8 points) Draw a mechanism for this reaction using arrows to indicate the flow of electrons.
Y JSa &
-
—i ;
', + Na (L
: - ‘J(;'\O'.' Cu 2-CN 3

b. (8 points) The reaction gives a different major alkene product when heated in ethanol alone. Draw the
mechanism for this reaction using arrows to indicate the flow of electrons.

5 CH3CHLOH 5 + HCl

\lT ["‘d-ﬂcl;iz_cﬂ_g
v _H

— G
or H%%U/( LCH;
20 -

RRY!
I
Lt

o
{11

LW}
3]

c. (7 points) Explain why each reaction gives a different major alkene product. Draw chair cyclohexane
structures as part of your explanation.

The B/ mMachon ‘71‘41&(4 e most Sabtle MJ, S O
L e meuw Subhhid clbcto_

Tha E) recthdnr b U Wher H T J—Lwh& beecp

Wil S Craan CONdon fochion \%H Ok é’kws)
Wma‘JOL poducet g Yhe 4 Co

al K
Lass SabShhefed Pageé(';%jl\’()b‘



7. (50 points) Consider the reaction shown below, which yields two products.

~ H,O
! Br \\w OH + | 4+ HBR

a. (13 points) Draw mechanisms for each reaction using arrows to indicate the flow of electrons.

Mechanism to form:

. c(H ) HE M
\?\OH \%L d P Jé' H \:é\\%: Ny

J

\,%L RS T

Mechanism to form:

\j\/ \';fL/\%r "’Hz\% "’"”:;\3/ H—LgO@Br@

s

b. (8 points) Write a rate expression that describes the rate of formation of each product. Label each
reaction bimolecular or unimolecular.

Rate expression to form: et on 0 220uday Rate expressionto form:  (_(avad€e cand an

\}O |

: \j\/
Rkt O r’oj}oa: k E\'}gf] Dok=d %\lj - Jz[\_\%%
t X
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¢. (16 points) Draw a reaction coordinate diagram for each reaction. Label the axes, starting materials,
products, AG®, AG*, intermediates, and transition states. Do not draw the structure of the transition state.

Reaction Coordinate Diagram to form:

\“;LOH

Reaction Coordinate Diagram to form;

i

i+ 113 @&Er:

TXA coofd .

{Xn Ccodo-,
d. (8 points) Each reaction is a multistep reaction. Choose one step of either reaction and use drawings

LY Baw-lospui~on O
Md‘ - gk dr"b\: h‘}d
d\‘ ¢~ B0
",
= .

. Bas N one puir 81 O
,},C:\BC?TB\}#'O 3 (-1 bon o BeA o - Q"’*o\b"‘—h—o‘gf}""‘
e. (5 points) You decide to do the reaction 1n acetone, Usi It ol water as a reagent. Lo d
Will this change in solvent affect the rate of formation of products? Explain your answer.

\Q’V"' N ek /() ,%mmmm (4 prp et WL A o S LowA
At Carbo Calion AMAmtUiinde & Br™  aat Al L podd %M\m}t%,
Ln ohC solwnt, The Framas' i on Shedt Aatw o e L\\\-trm.x_m. 2R
(rwy W 'O in N pYtan -
e b Sl SiodnWied oy SOV R on {n pv&h
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8. (21 points; 7 points each part) -
a. Circle the alkyl radical below that is the most stable. Briefly explain your answer.

QQQ

H“]Plﬂwr\swécuhw\ whiin- “M C-H a (~C Lo
WvJMA— C-v ¢ - bunds K
%wut, “—W

T T i phon e 30 aieas-
Comprntd o pecondecn A [° petcced

b. Circle the carbocation that is the most stable. Briefly explain your answer.

SHeNe!

Psdrth v e gaomt o2 for pseotechs @b

¢. Circle the carbanion, shown below, that is the most stable. Briefly explain your answer,

Hypn tonju ot o, AOU net  Staliyc Codreirioms

Botn binding o anh’br e 1 @

oliledo Aave AR SO s B %ﬁ
o nd MSML:SOJ}'\OAM(} ﬂ
J

, 1

N @abanion J\ oy ?
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