2019 ORG MECH: Electrophiles and Acids Midterm 100 points
NAME:

1) (3x2=6pts) Define the following terms.
Electrophile

Protic Acid

Mechanism

2) (3x2= 6pts) What are the precise chemical meanings of the following
three arrows?

77N

3) (2pts) Name two of the things you should check when critically
evaluating the curly arrows you have drawn to represent a mechanism.
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4) (14 pts) For this reaction:
a) (2+2+2pts) Label the NUCLEOPHILE, ELECTROPHILE and LEAVING
GROUP.

b) (2pts) State the name of this particular type of mechanism (which should
include letters and numbers).

¢) (2pts) If the starting material was a single enantiomer, what would you
expect the stereochemistry of the product to be?

d) (4pts) Draw the mechanism (i.e. curly arrows) for this reaction.
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5) (13pts) The following reaction is an acid catalyzed isomerization.

OH

FsC \©/‘\-// H,0 / HySO, F3C\©A\/\OH

a) (1pt) What type of isomers are the starting material and product?
b) (1pt) Identify the most acidic component in this reaction.

¢) (1pt) Acids protonate things, such as lone pairs and 7 bonds. How many =
bonds are in the starting material?

d) (1pt) How many lone pairs (non-bonding pairs of electrons) are on the
Oxygen of the starting material?

e) (1pt) Provide one reason why lone pairs are usually more easily
protonated that 7t bonds.

f) (1pt) Provide one reason why for this starting material the © bonds in the
ring are less likely to be protonated than the other (acyclic) & bond.

g) (1pt) What do you think is the energetic driving force that makes this
isomerization a favorable process?
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h) (6pts) Draw the mechanism (i.e. curly arrows) for this reaction.

OH

F3C\©/v H20 / HZSO4 FSC\@/\/\OH
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6) (23pts) The following is another acid catalyzed isomerization.

O
H-X
[?' x| 0

OR OR

a) (2pts) State a difference between a catalyst and a reagent.

b) (1pt) What is the correct functional group name for a 3 membered ring
cyclic ether?

¢) (1pt) What do you think is the energetic driving force that makes this
isomerization a favorable process?

d) (3pts) In this representation there are bonds shown in three ways: lines,
solid (black) wedges, and as dashed wedges. What geometrical
(stereochemical) aspect does each type attempt to illustrate?

e) (1pt) In the product, the methyl group and the ether linkage both have
solid wedge bonds. Provide a term that describes this geometric
(stereochemical) relationship.
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f) (5pts) This mechanism starts with the protonation of the 3 membered ring
cyclic ether Oxygen, which then generates a carbocation. In theory this
could result in formation of carbocation A or B. Draw mechanisms to show
formation of carbocations A and B from the starting material.

%, OH
OH Eé@
OR OR

(A) (B)

e) (1pt) State one reason why carbocation A is more stable that B.

f) (2pts) Carbocation A undergoes a carbocation rearrangement to produce a
more stable carbocation C. Draw the mechanism for this rearrangement.

OR
(A)

g) (1pt) Give one reason why carbocation C is more stable than A.
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h) (4pts) Draw the mechanism that converts carbocation C into the final
product.

i) (2pts) Briefly explain why in this reaction the methyl group starts off
pointing in one direction, but ends up pointing a different way in the
product.
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THE NEXT SECTION
HAS 3
MECHANISM PROBLEMS
X, Yand Z
EACH IS WORTH 18 PTS

ANSWER ANY 2

(For 2x18=36 pts)

Partial credit will be awarded for:

i) Correct atom labelling between SM and Products
i)  “Correct” Organic Chemistry
ilj)  Resonance structures and “justifications”

Indicate here which 2 you want counted:

(You can attempt the remaining question, and I will award up to 5/5 bonus
points for that effort).
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X) Draw the mechanism (i.e. curly arrows) for this reaction.

I OH H—X
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Y) Draw the mechanism (i.e. curly arrows) for this reaction.

"”l
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Z) Draw the mechanism (i.e. curly arrows) for this reaction.

I

0 0
o° o
Na@
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2019 ORG MECH: Electrophiles and Acids Midterm 100 points
NAME:_ {8 Mswan

1) (3x2=6pts) Define the following terms.
Elecrroph:/e ’PK Si\_ﬁ.\.«{\ \_\/\:'\k (2 ey L &LLIOU 3 J(\i’\".n'\.
l a \\u\kk%PkLQ _

Protic Acid .
% S\\‘;LC;Z) &(\N\k CoO (,\Lk - T N H&/ c‘g-:,'u.r'_

Mechanism

m S‘KQ \q-?} BK’Q MoV 2 Yak d\ QQLL'M:M L\«\L

Cfu\fu\\ocd O Cw wmea\ (o Thon .

2) (3x2= 6pts) What are the precise chemical meanings of the following

three arrows?

_ \\\«\L' o ( AN oA O Cw {Ja.,k‘t-:btb S N (:.2,5 Jr‘\\ﬂk
S oy i Ty loekion of  eladon duns o

< \zu{\ { Q,\.c\rk"o SARCLs Tl ode N\ e,st;Ll_).m.x“ R

Qo u‘“'w"
7N

-

\\uJ WMaA3 Moy gk L;S_T p QQLCDMM.

A

3) (2pts) Name two of the things you should check when critically
evaluating the curly arrows you have drawn to represent a mechanism.

‘ ,I:\f{\}to Shoudd Mot Ak ‘\L'L Two &’u}ff\b'\b ﬁti wve Y\*;w:ﬁ\\g) .

_ AQ"G‘J Nsdd S %cLLE\Z) Loww e H«cu ) &LG\, Yoo

.\ &AMCL\‘U\ vﬁf ld\:a e Samld wods ‘SL«L\K\;LI WAye |
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4) (14 pts) For this reaction:

a) (2+2+2pts) Label the NUCLEOPHILE, ELECTROPHILE and LEAVING
GROUP.

"Q-C\\’u\ L]’ (—“i‘ip F
5]

K

b) (2pts) State the name of this particular type of mechanism (which should
include letters and numbers).

v |

c) (2pts) If the starting material was a single enantiomer, what would you
expect the stereochemistry of the product to be?

Nlaghilo

o) Yol — T
‘LJ

i\l\ Cii E'U_.‘.\i,-\'(_e

| s B &
n QG MW Hle L\acl(\L WD enws M\ Q"‘ua\mty

d) (4pts) Draw the mechanism (i.e. curly arrows) for this reaction. l/
P\
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5) (13pts) The following reaction is an acid catalyzed isomerization.

OH
H,0 / H,S0,

F.C = F.C
3 - 3@/\/\@_1

a) (Ipt) What type of isomers are the starting material and product?
().\L@)__h} I‘:'Lk \ 5[,\}\%,_, 5
b) (1pt) Identify the most acidic component in this reaction.

( Cr F &yl £

‘." ‘L.gk-/ e L N R\u AC ."JK’C'- B >
¢) (1pt) Acids protonate things, such as lone pairs and 7 bonds. How many =
bonds are in the starting material?

|"\— T(‘ L\ J\L\ 5

d) (1pt) How many lone pairs (non-bonding pairs of electrons) are on the
Oxygen of the starting material?

{
% LQ
e) (Ipt) Provide one reason why lone pairs are usually more easily
protonated that = bonds.

L A2 Qu oS l__‘-’ 2 DO - \-, > \,\A A L\ \J’_&Q L\j:“("u Ly } (,‘-u‘l‘\k SO (“ Q -\\.‘\_,_)f ..
- s 1 , _ =
AV \abha ‘\[KC-\ U bods LW we ol w\t\ Wwolvall a ® L"-'\LLJRZ Ld "LL'.-\") ;

f) (1pt) Provide one reason why for this starting material the  bonds in the
ring are less likely to be protonated than the other (acyclic) © bond.

\\u \"m?& s o Z/Tk Qv V\'«‘JL\\L 5\';)'.&;‘{“ S SUJ_, :c:i\;.;f e H‘»«B\Q,

W S dvony  ora CANOCe\y. Al FINS N7

) (1pt) What do you think is the energetic driving force that makes this
isomerization a favorable process?
— A

o yobudion &

= "‘. L | ' .: [ . |
Ee RN cf\vCJc"N N\ A0 W N oo Mo
A N g

5--\\'3"\5'\_\

2019-Es&Acids-Midterm.docx Page 3



h) (6pts) Draw the mechanism (i.e. curly arrows) for this reaction.

H,0 / H,SO,4

F3C
G

0-S—OH

@\;;/’// W

ot
\IPQ' il F
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0) (23pts) The following is another acid catalyzed isomerization.

@)
Qr _H 0

OR OR

a) (2pts) State a difference between a catalyst and a reagent.
F\ egak L 1L U e oviedl Consumes \n &= (ea®™on (f"-ént‘/px.\.\%
A \/ L\Nor\j,\\t = ‘wu LJ) W/ €y e LL\\r\\ Y Vil LML “—“-H‘u“’h&\

b) (Ipt) What is the correct functional group name for a 3 membered ring
cyclic ether?

E Q_/ A\ cké_

¢) (Ipt) What do you think is the energetic driving force that makes this
isomerization a favorable process?

QXKQM&, LAS \‘\f\t—)] f)'!‘.‘u't:r\ (r'ﬁ\ Hu VR\O‘Q\LK)

d) (3pts) In this representation there are bonds shown in three ways: lines,
solid (black) wedges, and as dashed wedges. What geometrical
(stereochemical) aspect does each type attempt to illustrate?

- WMoy (o L( .\\V \ \A ‘\_\9 \\L\M‘ X Jn
- Moy K, Wl

P

" {UM\M‘\ ok UQY ‘H\.J \k\tal ‘\ruv:v\_.»:f"l\ JILJ Vi~ |
ML Meong %\\:" \-‘J-‘Sx 0 LTJ\'\L\ C«iuudg’ = iu..-n \t\ 3 A pasar
$ - (a \ . AN il MmuNe

e) (1pt) In the product, the methyl group and the ether linkage both have
solid wedge bonds. Provide a term that describes this geometric
(stereochemical) relationship.

@ Cor st
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f) (5pts) This mechanism starts with the protonation of the 3 membered ring
cyclic ether Oxygen, which then generates a carbocation. In theory this
could result in formation of carbocation A or B. Draw mechanisms to show
formation of carbocations A and B from the starting material.

® 8%

s [0 & \/Q
O
(B) OR. OR

e) (1pt) State one reason why carbocation A is more stable that B.

\ *\Lb‘a Ver RITEN &-3(:4. Q\w"r CL\t\\_ﬁ“\- (V\U [ J\_/\(ﬁ\ K\l'; ’\‘\*‘L‘i\ux) ‘

f) (2pts) Carbocation A undergoes a carbocation rearrangement to produce a
more stable carbocation C. Draw the mechanism for this rearrangement.

(C)

g) (Ipt) Give one reason why carbocation C is more stable than A.

&‘ SCioae Wb \3 ¥\ Ooxd -:.T-L.,x, -LL'Q*» '\\lv.ﬁ 5
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h) (4pts) Draw the mechanism that converts carbocation C into the final
product.

e

-

i) (2pts) Briefly explain why in this reaction the methyl group starts off

pointing in one direction, but ends up pointing a different way in the
product.

‘\11 s g LUC\\{;.W'\'(W\ e Wl e Voo CaAvcdon
o peofd Wocekon B Ten Ve He W dinde NS
duedion Mearmmapmet) OB, b vk et Wl e W
Roinkng awoy a8 By v delyeca® W (e \“\Qﬁu&k P
s Quning JEL \"«Lﬁ\’\ AN focwoordk (Secton .y |
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X) Draw the mechanism (i.e. curly arrows) for this reaction.

T

P
HH oH
i

H e
Oy — T
e i W
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Y) Draw the mechanism (i.e. curly arrows) for this reaction.

QL
g /)
- N f |..'
NG ( N /Y
: H=X
? _ﬁ
\l ~
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7)) Draw the mechanism (i.e. curly arrows) for this reaction.
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