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. ) (?K to use "Ph'" anywhere on this exam where appropriate.
xceeding the specified word limit on an answer will result in a point deduction for that answer,

(15) For the reactions shown below, write the (i.e., one) major organic product in the corresponding box. Do not

include any mechanism details. If n i i i
3 0 reaction occurs, write "NR" int: l
e A NR" in the product box. Hint: Organic products

" CH,
CHy Hy Mt
N (a) i
‘ CH;, (\}:; B
/ CH 5
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6 ] 2. HOOH, HOr
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L CH, RE
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f(d) L 1o}
J 2 (CHy)S \
7
CH cvs
3 4\/
[ Bry, v \ :
J(C —_— SN _H
\ ] C~CH3
! (CH3),C H,CH; Clew), Br 2
; A\ 2. (3) Reaction of phenol (PhOH) with an excess OH ol
{ 0 of Br, and FeBr; produces a molecule qf Excess Bry Br Y, By
& molecular formula C¢H3;Br;O. Complete this FeBry 1
reaction by writing the product in the box. S
BY
cl
. 3. (2) Complete this reaction by writing the missing reactant(s) Cl 2
. Benzene 2
A above and/or below the arrow: >
- HlC(S
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Br CH,
4. (8) Write a mechanism showing the formation HBr b
of both products: : i .
-Br CH;
/.,Hv - ’ CH;, Br

pfvv’

_ Alkene A fr Product B Product C
- (X, -
CHz2
{CH3g \
\ CH
- 3

I S

g CHz
CHs > cHz

QBY"

\ S. (1) In the blank write 'Y' (for yes), 'N' (for no) or 'I' (for irrelevant): In question 4 the formation of product B obeys
t Markovnikov's rule:
6. (1) In the space write one letter: 'S' (for syn), 'A" (for anti), 'B' (for both), or N' (for neither): The stereochemistry of
£\
the reaction of alkene A with HBr is... B
7. (3) The addition of HBr to alkene A can produce other products besides /\
products B and C shown above. In the box write another very reasonable
v % product for this reaction. 'Y
Questions 8-10 refer to this reaction:
oH o 0
ph—c=cH °%HS0 Ph/\/OH o /‘K o ”‘/Y 2 J]\
Ph H Ph CH,
Molecule D Molecule E Molecule F Molecule G Molecule H

»1_ 8. (2) Write a letter (E-H) in the blank: The major product of this reaction is molecule H ;
y7 9. (2) Write one letter (D-H) in each blank: Molecule F and molecule H are a set of tautomers.

10. (10) Write a mechanism for the formation of the product molecule you selected in question 8.

H o H 0¥
J\OHZ ot "O H\}J :

' — Q= — = > _\'__.
ol Fh~+c'—‘0”1’)’fm C=CHa — fm C=CHz Ph Ve CH3
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CHy O
A musk is a substance added to perfumes and other products to impart a musky odor. Musk i CH,
ketone has been used for.this purpose for more than a century, but is now being phased out ’
because thg molecule bioaccumulates (becomes more highly concentrated in organisms
higher up in the food chain). The commercial synthesis of musk ketone, first devised ~(CHiC CHs
around 1880, is shown below. NO,

Musk ketone (Molecule I)

CH,y CH; CH: O
(CH1)CCl i 2
il Question 14 . aq. HONO, Musk
AICH e ; aq. H,S04 ketone
CHy (CHy),C CH, (CH;):C CH,
Molecule J Molecule K Molecule L

11. (2) Complete this sentence by writing one word in the blank: The term describing the /rglationship of the methyl

co dicectors META 2 posrrfon ré!

groups in molecule J is

12. (2) Complete this statement by writing no more than three words in the blank. Be very specific. The name of the
reaction that coverts molecule J into molecule K is called Fried el (ra 1 Hlikylah o

@zomp]ete this sentence by adding no more than twenty words. Be very specific. The conversion of molecule J
ifito molecule K as shown above is unusual/unpredicted in that....

Friedel Kralfl Alkytane
M s L - & ”Fm’“‘@“{ nuekeophine rine M doed
(o &
Sy arenivm ton stakilized: puh! new qrovp wer

meta oy oM o€ oo/ pAdA-

14. (2) Write the names or structures of the reactant(s) necessary to transform molecule K into molecule L as shown

above. Q
x//]/. e /\C!
~ICl3
15. (10) The mechanism for conversion of molecule L into must ketone is the same as OCH; OCH;

for the nitration of anisole shown here. Write the mechanism for the following

reaction. If any structures have resonance, write only the most significant ag. HONO, NO,
resonance contributor. Label the rate-determining step(s) by writing 'rds' above aq. H:SO
the reaction arrow(s). Label any arenium ions by writing ‘arenium ion' below the
arenium ion structure.
0
= 4 ey R 0
Mechanism: g— g pone =2 N-on — i
4] ) l(\)
OCH, {
‘| ocs - (gs\mam : ,
ﬁtu//\g RS MO02 e )‘, g}fakﬂﬁ “W
WK T 0\
\N MO VW
d l H \ N ¢ ‘
Z ' O -
> 2 2 &\(\(}\( L O N
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16. (2) In the blank rank the musk ketone synthesis reactions by writing one molecule letter (I-L) in each blank.
Fastest K into L > j into K > L into \ Slowest

17:(3) What musk ketone isomer is produced if a molecule M (an isomer of molecule J) is subjected to the same
rgacm_)n s_equence as shown on page 3? Write the product in the box below. Assume a tert-butyl group has more
directing influence than a methy! group. Note this product will be an isomer of musk ketone.

CH, CH?

\\( ’] l cl
\\\\ /\’ 1. (CH:CC, AIC] \ (d,(cm ; C{

‘QQ f\/ t 2. Question 14 ‘
o M3

\ 3. aq. HONO,,
{\, ag. H>SO4 = 3

CH - ND 2 {b [

3 X%

«L e o Ly
Molecule M Musk ketone isomer O cw

Questions 18-20 concern autoxidation, a free radical chain reaction in which a molecule e 0. =

reacts with molecular oxygen (from air) to form a hydroperoxide, as shown in this e

example: o 5 OOH

18. (2) In the box write the best structure for O,. Show all electrons. e ’C o 8 } Z.

19. (12) (a) In the space below write the mechanism for the sample autoxidation reaction. Write just one mechanism
step in each mechanism step box. One or more of these boxes might be left blank.

(b) In the I/P/T column boxes, write 'I" if the mechanism step is a radical chain initiation step, P if it is a
propagation step, or "T" for a termination step. Write N' if the step is none of these.

(c) In the radical fate column boxes, write the name of the three common radical fate illustrated by the

O\ corresponding mechanism step. Write 'not a fate' if the mechanism step is not a radical fate as described in
X lecture.
Mechanism step (part a I/P/T (part b) Radical fate (part c)
== . = arom
Siep 1 <‘>h\/;‘v[)o- o <l> r to0-0- | |
\, O+ 5 rransfer
s = rao (& /
Step 2: LN o - - D 1% v
e o’ /\ (0] 0 (70
o P4 ) £ (//I ¥
F W aorm
Step 3: F O"O'/v l:‘\'-/é/-o— s an %
/ 0 ) £0-0" P Wﬂ'/.{f{/
=y 200 GO
: = ~NON ¥ :
Step 4: Ooo. H 1 d bou o /-
Q: Wourd ry amws for ST B pe U pugascore=| |5

o musct Y w gHack W/ ornes mo/ece ?
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20. (3) Are all of the common radical fates illustrated in question 19? If yes, write ‘all shown above’ in the blank. If one
or more fates are not included in the question 19 mechanism, write the name of one of these fates in the blank
below. Illustrate the_fate you've named by using any molecule(s) shown in your question 19 mechanism. Do not go
beyond one mechanism step. Include all curved arrows. If the fate can occur more than one way write only the most

likely pathway. T"/U 2\
Name of radical fate: —ﬁ,‘rr)‘} /A bﬂ](‘/ O\dO\ :
g == o—© :

N

#@) /—< .o-0" 1

3
N / \O/ 0/\\\6

e VU \
0

ad e
21 (3) Usiflg no more than fifteen words, write a concise yet precise definition of antioxidant. ) e
preeent oxwea 707 of & rmolecdlE TNl SET L
reacte 08447 sp ecre) Ik
yadicall  pydroryl radical  preen?’ 54

oxidahrt da moge

22. (5) Olive oil is thought to have many health benefits, including antioxidant properties. It does this when olive oil's
polyunsaturated fatty acids react with molecular oxygen to form a hydroperoxide, very much like the sample
autoxidation reaction shown above. Circle the carbon atom of a-linolenic acid (structure shown below; one
antioxidant component of olive oil) where a hydroperoxide is most likely to be formed. If more than one site of

reaction is likely, circle just one.

I1lustration:

23. (4) Complete this sentence by writing no more than six words total in the two blanks: When released into the
atmosphere, a small amount of a chlorofluorocarbon such as Freon-12 can destroy many molecules of

0207 € because the chemical reaction involved is a

,(L\ rodical _charn meact)
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