Sp2002 Final Organic Il 200pts (Weighted as 300)

NAME:

To not have your graded script placed outside my office please check this boxE

Good luck (“I believe in you, you can do it”, etc.) and please read the
questions!

1) ldentify the class of compounds each of the following molecules

belongs to (22.5pts).
@
R—O—H R-O-R  R-0-0-R  _C-o-O-y
Q Q S ? €
R-C~H R-C-R R-C~c1 R-C~0-C-r
Q 0
R-C~0-H R-C-0R R=N=C=0 PPh;

NH R._R
=<
o 0 R—NH,
o) -/

2) Circle the molecule which is most acidic (1.5pts)
3) Double circle the molecule which contains aromatic rings (1.5pts)
4) Underline the molecule which has the most ring strain (1.5pts)

5) Put a cross through the molecule that contains the shortest carbon-
nitrogen bond (1.5pts)
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6) Provide one term for each reaction which describes each transformation

(e.g. oxidation, electrophilic addition, elimination, etc) (16pts)

(@)

(b)

(©)

(d)

(€)

(f)

@

(h)

KMnO, H*
—_—
CH,OH COH
o) OH
NaBH,
RJJ—R — R+R
H

g

OH

O  HS-CH,CH,-SH —

H H @—— S_ .S
>
H™ H
o) v o o)
rR—Alc —2= rR——on
NO,
HNO, ©/
—_—
o) o OH
r—lgp 25 R+R
OH
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7) The following reactions are named after their inventors — provide a
product that could be formed by each of these reactions (9pts).
(a) Friedel Crafts Alkylation

(b) Birch Reduction

(c) Wittig Reaction

(d) Sandmeyer Reaction
(e) Hoffman Elimination
() Hoffman Rearrangement

8) Choose one example of an electrophilic aromatic substitution of benzene,
and show mechanistically (i.e. curly arrows) how the use of a Lewis acid
helps promote the reaction (7pts).
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9) Give two characteristic properties of aromatic compounds (4pts).

10) State whether each of the following Molecular orbitals are overall
bonding, antibonding or non-bonding (4.5pts).

11) Aniline (Ph-NH,) reacts with nitrous acid (HONO) to form a diazonium
salt. Draw a Lewis structure (with lone pairs) for nitrous acid.

During the reaction, Nitrous acid undergoes acid catalyzed dehydration to
produce the nitrosonium cation (NO™). Draw the mechanism for this
transformation, and show that the nitrosonium cation is resonance
stabilized. (2+4pts)

HONO H*

H,0 N=O+
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12) Indicate which of the following molecules are aromatic, non-aromatic or
anti-aromatic. (Assume all the molecules are planar). (12pts)

O C O O

G O o O

13) Pick one of the above aromatic molecules, and use the polygon rule to
demonstrate its aromaticity. (8pts)
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14) Give the products in six of the following reactions, paying attention to

regio/stereochemistry where applicable. (18pts)

1) NaOH
OH
2) CH;CH,I

\J

O . heat
@ NC/_/

mcpba HBr

\J

Excess HI
/\O/\O/\/ -
CHj
CO, HCI
CuCl, AICl5
NO,
1) Zn, HCI
2) Na, NH;
CHj;
Br,, FeBrs -
OH
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15) The below heterocycle is 67 Hlickel aromatic.

What is a heterocycle? (1pt)

Explain why there are 6 = electrons (3.5pts).

Would you expect this compound to more or less activated than benzene
towards electrophilic aromatic substitution reactions? (1.5pts)

When nitration of the above heterocycle is attempted using a mixture of
nitric and sulfuric acids, the reaction is much slower and more difficult than
might be initially expected. What is the problem with this reaction? (4pts).
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16) Give reagents and conditions to accomplish five of the following
transformations. (15pts)

SOH
CO,H CO,CH3
@] @] OH O

O
I
@
\J
/
O
I
o

Ph Ph Ph Ph
HsC H -
H5C Ph
O 3
HO H
OzN\©\ 02N
CN
@)
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17) Circle the stronger base in the following sets. (6pts)

H, 9

I
/C\
(a) F3C_N CH3
H H

/C\
FSC_N CH3

Hy

/C\
H3C_N CF3
H

o o O O

/WN

18) Circle the stronger acid in the following sets. (8pts)

o)
I
(a) HsC—C—-OH  CH3CH,—OH
O o)
I I
(b) H-C—OH  Cl,C—C—OH
CO,H CO,H
(©)
CF;
CO,H CO,H
(d)
NC
CN
Sp02org2final
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9
BryC—C—OH

CO,H

NH,
CO,H
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19) Explain what a Protecting Group is, and provide an example of one and
the group it protects (4pts).

20) Name five of the following compounds in IUPAC form (14pts).
O O O o)
H)k/\ AOM MCI

F

21) Fill in the blanks for two of the following reactions. (6pts)
1) LiAlHg; H,0

(a) g
@:O 2) H, gas, Ni catalyst

O

I
(b) CHsCH,—NH, excess H3C—C—CI‘

O

I excess CH,;0H, H o"
(€©)  HyC—C—CH, 3 3
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22) Fill in the blanks for three of the following reactions. (9pts)

@ 1) HNOg, H,SO, 1) NaNO,, HCI ,
a —_— p B ———————— !
2) Zn, HCI 2) CuCl, HCl
o
&-OH Q
C\
SocCl, N 2 H
(b) — . - — .
O N-CHs
HSCJJ\CHZ HsC— —CH, CO,H
? ?
(C) ———— e ———
0 o)
NH, chj\NH H3CJ\NH

? ?
(d) > >
cl
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23) Give the mechanism for two of the below conversions (16pts)

(@)

(b)

()

O O
OH NaOH
—— O
OH
O O
1) excess CH3Br

NH,
—_—
2) Ag,0, H,0, heat

@)
JJ\ CH3CH2NH2 NCH2CH3
Ph Ph

.

H,50, Ph— ~Ph
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*Bonus question* (up to 4 points)
My website has 8 images of Eric Cartman. For one point each, describe up
to 4 similarities between Eric Cartman and your Organic Il experiences.
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Sp2002 Final Organic I1 200pts (Weighted as 300)

name:  ERQC WY HERO

To not have your graded script placed outside my office please check this box

Good luck (“I believe in you, you can do it”, etc.) and please read the
questions!

1) Identify the class of compounds each of the following molecules
belongs to (22.5pts).

0
R—O—H R-0-R  R-0-0-R  _C.g-O-y
C\\Lo\\o\ Rbher ’o“n g ?Qm'cquc;é
O o o ¢ §
R-C~4 R-C-R R-C~ci1 R-C-0-C-R

aw Ml\‘t aGd Ck&b'r\i.g o&h&%&e

P~ \\\\ " _."If e —
[ RC-oH\ RC-or RN fQ;O | (PPhs) \)
\ E&g'“ 3\“‘_ 0\.(; (( l%f 'jﬁle%tL[l * Y x\ELw‘\‘ml /.
R / - T
—NH R_R
X
—& O ©O R—NH
e) \_/ ?
‘\
\G-er« ‘“Ré&};\ OMAR

2) Circle the molecule which is most acidic (1.5pts) v~
3) Double circle the molecule contains aromatic rings (1.5pts) ~
4) Underline the molecule which has the most ring strain (1.5pts) <

5) Put a cross through the molecule that contains the shortest carbon- ~
nitrogen bond (1.5pts)
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6) Provide one term for each reaction which describes each transformation
(e.g. oxidation, electrophilic addition, elimination, etc) (16pts)

KMnO, H*
—p
@ oxiubion
CH,OH CO,H
O OH LY kbop\\"ui
(b) R I R N88|14 R—’—R Ceducbion / al_it.'m\
H

H OH
H,SO,
" @ L b
(d) HO- — ‘
Na\h\f\)\\.“t. A‘\]Mﬁku g\,\L&hHC\\G'\
F OH

O HS-CHCHySH  ,—

e H-lH S s Condimelion
H><H
@] (@) ..
M rlg s R—LoH N-M.M;\D\\‘,“_‘L ACJ\ ClskhuBun
NO 2
© @ HNOg @’ T Moo /Bledaghi
AJ\WA‘“
%Lﬁiﬂhn{\\u-\
i H,0 OH |
(h) R_U_R e R+R N"‘L M}A{iﬁ“ /Hj{lk‘i\la-’\
OH
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7) The following reactions are named after their inventors — provide a
product that could be formed by each of these reactions (9pts).

(a) Friedel Crafts Alkylation

el
0

(b) Birch Reduction

(c) Wittig Reaction

(d) Sandmeyer Reaction
L
@
(e) Hoffman Elimination
U
(f) Hoffman Rearrangement
Oy CH~H

8) Choose one example of an electrophilic aromatic substitution of benzene,
and show mechanistically (i.e. curly arrows) how the use of a Lewis acid

ﬂ helps promote the reactton (7pts). / 1;' . N o <
- Wi -
Q80 _nFe ey - %r-%é -%8 = Or” : = T,
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9) Give two characteristic properties of aromatic compounds (4pts).
) ﬁ'\na -Ddufcjm})mtr »3 Cs s quanall t\uﬁa
- Sl -
& S,-,_l,,st{'mﬁbﬂ QQC‘L&-\B\\
- Rores
..(h—(\f'l\ ﬂ— l\[&tm»
10) State whether each of the following Molecular orbitals are overall
bonding, antibonding or non-bonding (4.5pts).

O FHEEE ok

(b) W ankd -\aonl;\(

(C) ol Sl bl A Ngf\- Lu\nl,.né

11) Aniline (Ph-NH,) reacts with nitrous acid (HONO) to form a diazonium
salt. Draw a Lewis structure (with lone pairs) for nitrous acid.
H— G —N=0o

During the reaction, Nitrous acid undergoes acid catalyzed dehydration to
produce the nitrosonium cation (NO"). Draw the mechanism for this
transformation, and show that the nitrosonium cation is resonance
stabilized. (2+4pts)
HONO H*
N
/

H
G-t“w -‘. W - HLQ = . [),_ -
et [@ NZQ. &> NP

HZO N=0O+
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12) Indicate which of the following molecules are aromatic, non-aromatic or
anti-aromatic. (Assume all the molecules are planar). (12pts)

O C O O

13) Pick one of the above aromatic molecules, and use the polygon rule to
demonstrate its aromaticity. (8pts)

Clowd

7R\ o & o9
Q ;% gt bodey el
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14) Give the products in six of the following reactions, paying attention to
regio/stereochemistry where applicable. (18pts)

2) CH,CHol
o) __CN heat R R ICV
0 W '
N
Ph‘C:C mcpba A N‘H HBr B ' Q'H
PH l I
ge H
177
_giis s 4 R
Excess HI = -
AN NN - g
CH3 (,”"_5
{
CO, HCI N Ol (2 o)
CuCl, AlCI;
L0
N H
NO2 -
1) Zn, HCI (~"= © ) 4 MHL

- l [
2) Na, NH; i\"“' :

CHs (M
Br,, FeBrs _ \

OH
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15) The below heterocycle is 6n Hiickel aromatic.

@N

What is a heterocycle? (1pt)
A fu’\a %«U\k (ortouns C\'{""‘S d‘hj ‘B"m LQJL‘“

Explain why there are 6 © electrons (3.5pts).

Vbl bods ST beds > ki

m \J\' A“}Sw\ ak)!“\ﬁ N:e SQL \\\Q\:»ﬁ‘c\iav@ . \»{'-tt‘ Lon
O o T T i §

Would you expect this compound to more or less activated than benzene
towards electrophilic aromatic substitution reactions? (1.5pts)

\QSS achctad ) W, QD‘QC‘:‘DNG&‘\\R Nxb'c&\s (&a‘i\\pl\la) :
When nitration of the above heterocycle is attempted using a mixture of

nitric and sulfuric acids, the reaction is much slower and more difficult than
might be initially expected. What is the problem with this reaction? (4pts).

<M Y “Vodkwsibin te N
@ = [ 1
N4 Credin  wan Were
| " “\ doadivelon  Yowods

E.AS.
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16) Give reagents and conditions to accomplish five of the following

transformations. (15pts)

CHAOM 1

CO,H

@ O3, SO SO4H
A\»Mfs -
CO,CH,
)" Lo, K°
S | \/CE)OK
: ” XN
WNhyo" H
B
@_,) CN

@\COZCH3 ;

Ph Ph
HyC———Ph
HO H

OzN\Oﬁ(\
0O

O\COzCFg,

?\r\ﬂg)%( ; H;,()’=

D G CHu g

Dyo*

CFoH, KT
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17) Circle the stronger base in the following sets. (6pts)

H, O
P o G
(a) F3C—N" "CH; F3C—N" "CHj
H

4
o e O (O

(c)

/\/\NH MNH MN

18) Circle the stronger acid in the following sets. (8pts)

e

/ m &

(a) | HsC—C—OH ) CH3sCH,—OH  H,c—C—H
L

o SN 9
H-C-0H {CKC~C-0oH Br,C—C—OH

CO,H f‘éc/);H\\ CO,H
CF3

e
F NH,
CO,H COH CO,H
©
CN

(b)

NC
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19) Explain what a Protecting Group is, and provide an example of one and
the group it protects (4pts).

\ ?‘M&mﬁ ¥R - M""m’“'“‘n o (eadhe @n&m\ iy =
ol ko o Wb it W AWK Tead eoke # i e
lc: onwaJt l\l‘q WL{-‘\’% 4RI koo\.(,.l(. 'L'. ')d@ 0-’\%1;\{\ g’\k\)m&
%WQ.' m
O ! O o
‘3 ﬂ/}"s\—\'{ r\k‘i’ad@& Qs W) IXH

20) Name five of the following compounds in [IUPAC form (14pts).

O o O ) .
g 3 LL&O "\ U\\Oﬂ‘-\ﬁ
HE R 1)']\0’!]\/\‘, .,/E\)‘J\m i
= it bubonore dharor
i O NH, O N abhoi Nnikho\ -
0”0 HO™ ' S i I Y ’
S\“&m-(a@.rkoﬂj«. G armnc (2,B) hexens '
U(.;\L \Q(kO‘\Q. Q(;(L

21) Fill in the blanks for two of the following reactions. (6pts)

1) LiAIHg; H,0
a - -
w @:0 2) H, gas, Ni catalyst D OH

O
1 ~
) excess H;C—C—Cl .
(b) CH3CHy—NH, = CHT\(HL"“A}"‘C‘ tH}
o H
@ Bk excess CH;OH, H30"
3C—C—-Ch;s =
Wyo, oYh
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22) Fill in the blanks for three of the following reactions. (9pts) C
WM

t |
1) HNO=. H,SO | 1) NaNO,, HCI
2) Zn, HCI \~L  2)cuCl, HCI

%_oH 2 0

T WICAN &,

SOCI -~ H
Bl M

0 N-CHj
. : AT,
H3C’J'LCH2 o T HSCJ'LCHz M»’\Uq-,\—t CO,H
2 }\DQL'
(c) _
i 1
O
\ H NH HsC— ~NH
NH2 (\l ,-rL(.l 3C ClL,A‘IQB 3
o O~ 0 —
Cl
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23) Give the mechanism for two of the below conversions (16pts)

O Ml-/.. \ _H "J‘O _
O -.L. - -0 ) __Ej:
" l,a &_:.
NaOH \\/—lm ¥ 1
(a) o S, 0 i
OH
0 0 l

1) excess CH3Br

NH,
(b) ‘ .
2) Ag,0, H,0, heat

CH3;CH5NH
@ o L, SHeCHNR
Ph Ph -
H,S0,
/\ i
2 - | | —_

e I
N ~ P . ® -
i R_/
N
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