CHEMISTRY 112A FALL 2016

FINAL ExAM

DECEMBER 14,2016

NAME- WRITE BIG

A

n

STUDENT ID:

SECTION AND/OR GSI IF YOU ARE IN THE LABORATORY COURSE:

w

* You will have 3 hours in which to work.
¢ BE NEAT! Non-legible structure drawings will not be graded.

* Only answers in the answer boxes will be graded — you can write
in other places, but we only grade the answers in the boxes.

* All pages of the exam must be turned in.
* No calculators
* No stencils

* Molecular models may be used
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Problem (MZ::ii::]tzm)
1 25
2 18
3 16
4 18
5 20
6 26
7 24
8 16
9 18
10 26
11 22
12 30
13 21
14 20
Total 300




1. (25 points) For each reaction, draw the major organic products, including all stereoisomers. Write

NR if you think there will be no reaction.

a.
ot H,S0 ., )
. \/\OH '2_1) 5 ~Q
H
e}
b.
\
N /{\»\ /@
1 eq HBr N\ / ¥ iy
¢ Z =
< ¥ <75 Rr
N "y,
(
C.
¢
OH /ﬁ) W\ \ %
: T
NaHCOg, I, o ~e=/"'
*’ 1 = - - ] 1 ,
— (NaHCOj is a base) /"//é M= n p
Molecular formula of product(s) is: CoH;510,
d.
1. BHa-THF
H,‘ 2. H, 0y, NaO;
L) /
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OH (7 5
1. Hg(OAc), jo < b

2. NaBH, N /_.«,\4 ‘ /Il
O _" oD R T [ R o
: = =

2. (18 points) Circle the reaction in the following pairs of reactions that you would expect to go faster. It
is possible that both reactions have the same rate. It is possible that one of the reactions shown in each
pair does not occur at a measurable rate. You may disregard any other products besides the ones pictured

that may form under the reaction conditions. Give brief explanations in the boxes provided.
a.

Explanation Fire ’
Secwnth addahon g4 MR r ik

‘ A o olmet
> L <stBr 2 Br reopdn &b le &~ oskignr{o‘ e
7. )\ﬁ\(‘g"))v“\f
R
Br e Ol &\’%J)"e& h"/\-«n )X‘\{

Br Bl b A ‘é MO O/ e sh,bw\«:)c«.,‘-\(y\
all stereoisomers | Lha A on Ay C\,, \ ociedg

b.

Explanation

H : H
) Heim () =
\ ?M gj oaldnahe F"@/\éc Thert Qm.eJ
ﬁ\ﬂ/: g S I B2 2N huzed phalic Fhan

I 7
(Ny Mel N p e et 7 tadls

rtvormar by b Logi~
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AON+ OHd —m O
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3. (16 points) Identify the followin

isomers, identical, or different mole
a.
b.

Explanation
Sy = Reath (a

N eadhpn st g«,\%/v\ Co oL Ly T

V\\M/Qauﬁf‘%b(, o Oy o At cauvnH
enlfp L o pOlamp L
becomne b G Laigan A camie O
o 0L W doum W~ peuodal fzpl,

Qo M PoAAL d o L

cules.

D -
Mote cndan

Droatrsty m L

CONAA h~hro~od
SomASS
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g pairs of molecules as enantiomers, diastereomers, constitutional



4. (18 points) For each of the following molecules state whe
or antiaromatic. Explain your answers briefl
you identify.

a.

N/S\N
\ /

ther the molecule is aromatic, non-aromatic,
y and indicate which lone pairs are part of any aromaticity

ot (/é U0 Rt C SYRAA~

Aymohe — 1o Te™ ey ehoe, “";‘j;&? xd
Unk 2OrL @onn oh QU 1 M

Ao mah c CTTe™ , (9 clic, CONJu (ki
/oﬂmmaw»

OnL | Ioas— F,;u.}\ /'(("NA. AP i M‘\\_ﬂ)&ﬂ’a‘

W obmah & gy bt

./

/

wa()(\'\&h\g -not OV\.Q/(/VB,_
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5.(20 points) Consider the molecule drawn below:
a. Circle the two most basic atoms.

0L

Br‘ CI}_){ @H @

©

b. Explain your choice. S

N1IUAL PUAA to ta A0 AR Hiag —pDinuhon Ldould S rupt

mmwk‘u'\»\j - Qo "oty b aaqy s
- \ : ~ / d nok con Jug N
T L o~ OF I vk Ming '

g .)mg\:r\fw”go\hof\ W ol o Ut A brgie o 33
NZ&]\_}S ’ (ol DW PM*“" Cé o dron G ‘h% bm &

i L — pondk o Moo oNLE ~CahOn U Sk Liped
NY LOMPOW\ Nok pe o Sv MOUNAMNLEL. =D IMeS baat ¢

¢. Determine the hybridization of the atom and the orbital of the lone pair for each of the numbered
nitrogens below.

—

N 2
N/
B N1 3
' i NH
>=NH
H,N
Nitrogen Hybridization of N Orbital of lone pair
1 set B
4 Se* Sp*
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6. (26 points) Consider the two molecules below:
A B

The site of protonation of molecule A is nitrog
a. Draw the protonated form of each molecule.

Molecule A Molecule B

en, while the site of protonation of molecule B is oxygen.

b. Explain way these two similar molecules are protonated on different atoms.

The A pla AL piovnnan (o S Adaay Q pvnead R L
adm e h . /fr/ 3 MF’/D/T)"Wd on N, motle culde

WOl d noF be OAO0Mah’'c.  Famabe _Joim o nodh N XA
SO QAR IA oc s OA 0

Wolewle B Agla Nor Aowe o ‘:"‘)AJ'M%C‘L‘U" T hesfor,
IO/D}O«ML\'QA ocen N N _hecaway g4 wo mie b%,‘"( Ih an
O bteamne o+ o Mn eblechincigehid alow pave oy
ML eachve.

¢. Draw resonance structures of the anion shown below.
important contributor? Explain your answer.

Which resonance structure is the most

Pt
il
N

< g S AR I

N\Ne ‘_’l
=~ i l]

Unaadt o~ posy- g AeCh0 g
OO0~
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d. The reaction shown below forms three products. The first product is given to you. Fill in the other two
products.

\((f i, \((F & I SR
N NH NS N TW —
“l 1S & T2

7. (24 points) Circle the molecule that is most stable in the following pairs. Explain your choice in the
box.

a.

Two additional products:

ba tast omge 4 Sp e 120° w Le—
I progpr ff Sprans @ 40° <% o
MOl Sable v A OAL Are tavws

bropr 41045 L chnen o 10°
—\/\«-\M\ VD\?.O

VoA BoA L caanot Ao ar
o\ Ch &(MM Ro& ROA. Geor
= @35\~¢,«a/uc__ QA CAWVMHD B
rUnrde mo- o s
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8. (16 points) The following reactions would not occur as written. i. What product would actually be
made? ii. Why was the desired product not formed? iii. How could you change either the substrate or

reaction conditions to give the desired products in as few steps as possible?

o) @)
Bro) O
Br racemic

How could substrate or reaction be
changed to give desired product in
as few steps as possible?

a.

\Why was desired product not formed?

What product is actually made?
(Draw structure or NR for no (Explain in 1 sentence)

{reaction)
| \/\ Vor Rr, )ch)w

g

ST |t
gf’ﬁ/ Ma%%ﬂp\,(r A~
P @ /(rem/wﬂ—

[ - :

53 An w;f‘»obxc.m.A;,a R~
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s o

What product is actually made?  |Why was desired product not formed?jHow could substrate or reaction be
(Draw structure or NR for no (Explain in 1 sentence) changed to give desired product in
reaction) as few steps as possible?
S_,Wé b W) ’P’M\' o ca—
\ 0
PRV I A\ PAIUNA— N~
), (m d: ] A
7/& N doae | Mgdrd
\ oy
Yk 2, M'zt)z
NV g

9.(18 points) Consider the following reaction:

@O @K% @Q

1 racemlc racemlc

a. Draw the mechanism of the reaction to form product 1 using arrows to show the flow of electrons.
Illustrate the stereoselectivity of the reaction by drawing the formation of one of the two enantiomers of
the product. You do not need to show the mechanism for the formation of both enantiomers.
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b. Draw the mechanism of the reaction to form product 2 using arrows to show the flow of electrons.
Illustrate the stereoselectivity of the reaction by drawing the formation of one of the two enantiomers of
the product. You do not need to show the mechanism for the formation of both enantiomers.

N o
: N
cadil e
— 7 e

L
M € ; (\r)\ .
—_— oot . S —_— = @/

l((”

; g?r@ | g

10. (26 points) Consider the reaction below:

allC| NaOtBu

RorS| & \—/ «

a. Fill in R or S in the boxes.

b. Draw the two chair conformations of the cyclohexane ring. Identify which is more stable and explain
your choice. Include all hydrogens on the rings in your answer.
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c¢. Draw the mechanism for this reaction, using arrows to illustrate the flow of electrons.

d. Based on your answer to part b and ¢, draw the major product of the reaction. Explain your answer.

He (L rd fo Lre amh’ for X

kb to pe Apet There & Onby
o Y oL Wb b QL pn OIS Shas e
\ confo\reah0n . DeppONAhON 1

Mo M Lado Yo hm's (J"DCUMC'A

11. (22 points) Consider the reaction shown below in which an aziridine (3-membered ring with
nitrogen) reacts with an allylic Grignard reagent:

- /\/MgBr —
/\<ILR z /Y\/\
BrMg NR

a. Draw a mechanism with arrows for this reaction.

&

P N
/N /

Y it SR

C:’Pﬂc r
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b. Assume the Grignard reagent is ionic and the allyl anion reacts with the aziridine. Draw the molecular
orbitals of the allyl anion at the correct relative energy levels. Label i. the HOMO and LUMO, ii. all
nodes, iii. bonding, antibonding, and non bonding orbitals, and iv. fill the orbitals with electrons.

e prnhbardun g LV 42%0,

j_.. woﬂ«bor\r/b\\r\g HUMO

T bonding
O nods~

c. Sketch the orbitals that initially interact when the allyl anion reacts with the aziridine. Clearly show
the interaction between the orbitals in your drawing. Label each orbital and identify it as a LUMO or
HOMO.

O Qj\rﬂ;ngbmd/m%% N-C band
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12. (30 points) Consider the two reactions shown below.

A Br H20 > D{OH + D + HBr
."IIH I',H
: Br s\H H,0 HO, ~~H

)#\ +/\ + HBr

a. Write the mechanism for Reaction A, using arrows to show the flow of electrons. Show formation of
both products.

.M o
| o D@j‘éh = D C‘?/”R-v Z

—~h
4
e =
n Mvo/ﬂ l>~-—C>M
e

b. Which reaction to you expect to be faster, Reaction A or Reaction B? Explain your answer.
R w L bt %MW\ De b duwhlnl-dgid /&4&_
g,mmlﬁ*’/‘*d NN, sp2darvocah(a pigtrn \20° ampla
LJJLA\“( £ \O/W GOO ﬂ/ﬂ‘xﬁn <’03 UomM‘SW)vQﬁ\mb
becomni 1095 o oo 60° Hammon Pojhm
St Thot T8 Lodks LAt A Tl Ao —

L AD o ~_ S (hdot Saval o) 'l aU-OWL\
0 0 2 \.c_ ,%E =0 \%@L 7~

c. Do you expect the ratio of alcohol to alkene product to be the same for both reactions? Explain your
answer.

No more alfirt wil be fortd oo £xn R,
ALknto are | rotofle tn LD tcomsce <F’%‘
NW IZOO ﬂ/ﬂgcio/ (/\)hlLQ D prLgn? %0 M%
k2 Lo e Sabte ~— D bicawid Wﬂ( fwd/(,g.

C/O 9%) b P re~ /ij\—

~,
/‘
s
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d. Draw a reaction energy diagram that illustrates your answers to parts a-c. Include both reactions on
your diagram. Draw structures of starting materials, intermediates, and all products in your diagram.

[hn PRDESCSS

13. (21 points) Consider the reaction shown below.

H
HO
| H,0
DX e AOX

mixture of stereocisomers
a. Draw a mechanism for the reaction using arrows to show the flow of electrons. You do not need to
indicate stereochemistry. A mixture of stereoisomers is formed.

Page 15 of 17



b. What other products would you expect? Can you predict which would be the major product? Explain
your answer.

14. (20 points) Synthesize the following molecules from the indicated starting material and any other
reagents.
a.

O OH
from
Ph

oh
G/ S, Y 8= g A e R
o 4
(Y o @F
0 0”
)(g(\)&()""‘) &) N L—%/ X ,,,,,
. i
—— ) Ve
P
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b. All of the carbons in your product should come from the indicated starting material.

(@]
Br
O)K/\/O o O/\/
. <
Rr i
T e s

//.7 \ \)L\‘N'—< Q
WOTS o el il il

Eji/\/cj
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