Final Exam Organic Chemistry II 5/2 Tues Dr.Hahn Spring 2023 (100 pts, 8 pages) exam #

Name /Ci//i)/ (print). Form A

Please show work on all problems for partial & full credit. You will receive no credit for illegible answers.
You may lose points if you do not follow directions. This is a timed exam and must be completed in the time
given. Any incomplete portions will receive a zero. Please use the back of the exam pages as scratch paper.

Good Luck!!

L. Multiple Choice (32 pts) Choose the best statement by circling ONE letter. (If the question specifically
states select all, you should obviously select all. ) (obviously no partial credit for multiple choice). (4
pts each number)

1 Which of the following are NOT an oxidizing reagent ?

(a) Na,Cr,0,. (b) PCC. (c) K,Cr,O 9 ‘NaBH.. (e) all of the above are oxidizing reagents.

2. For the following molecule which would represent the molecular ion peak ?
SCl)+ )= v

~ .
(@) m/z = 15. &b).x‘n/z =72. (c) tallest peak in the mass spectrum at 57. (d) none of the above are true about
molecular ion Ffﬁ(s.

CH;CH,CH,CH,CH;

3. Given the following molecules, choose the one terminal alkyne.

(2). CHs--C=C--CH,CHs. @)?H--C‘:T: CH, CH,CH;.  (c). CHs--C=C--CH,

(d). CH5;CH,CH, C=C CHs. (e). none of the molecules shown are terminal alkynes.

4. Which of the following is NOT a molecule which will react via nucleophilic substitution ?
(a) ester

(b) acid halide

@étone

(d). carboxylic acid

2 /\t/ 4

5 Circle the letter of all of the following molecules which is a primary alcohol ?
fHs ), CHs o L

(a). CH;C:-OH @ ./ CH;.CH;~O-H. (c¢). CH=C—OH @,’ CHy—C~-CH,-O-H
H CH, CH,
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6 In electrophilc aromatic substitution reactions, the benzene ring with 6 hydrogens (a H at each corner of
the hexagon) substitutes a H via one of the following reactants. Circle the best statement.

(a) FeCl5, Cl, > @ JFe Cl3
(b) HNO;, H,SO, > @/NOZ

(C). SO3,H2$O4 > @/SO3H

(d). CH+Q(Cl, AICL > < CHa
O >
Iy /1

(). CHy¢-Cl, AICL > )t

(f) all of the above are correct

() Only (b), (¢), (d) and (e) are correct

((m)
Y.

7. In naming carboxylic acid derivatives, one takes the name of the root carboxylic acid (propanoic acid)

emove
@lc acid and add ylI chloride for the acid chloride. (propanoyl chloride). CH3CH2d Cl

(b) remove acid and then add anhydride. (propanoic ethanoic chlorlde) CH;CH, CaO C CH;

LU )\,2‘/} é \ /J"’L
(¢) remove ic acid add --ate and then use N="atkyl. for the alky group attached at the OR ester position (b( ethyl

propanoate) é)
CH;CH-C~-O-CH, CH; KZ
Vi 9/
(d) remove ic acid add amide and then use N-alkyl for the alkyl group attached at the NR position (N- e);i{l
propanamide) O
CH; CH, C—N-CH,
“H

(e) all of the above are correct.
(f). Of the above (a), (b), and (d) are correct.

8. According to Zaitsev’s Rule, which is the correct ordering of the stabilities for the following series of

moleculesc_f;; C) @ \] G ) Q

N

R, R H R H_ _H R_ H
C=C o= =c_ = c/ o=¢
R ™R. R’ H. H U ©HS L HY  NH
(1) (2) 3). 4) 5)

(a). most stable (1), (2), (3), (4), (5) least stable
((,)‘ most stable (1), (2), (4), (5), (3) least stable
(a). most stable (5), (2), (3), (4), (1) least stable
(a). most stable (1), (4), (2), (5), (3) least stable
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II. Short Answers (37 pts)

A. Nomenclature. (6 pts)

(a) Given the name, draw the molecule (2 pts) C, “7 -
’ i.)

o |
2-chloro-4,4-dimethyl hexan-3-one QH— —C.—

1

yd
(b). The IUPAC name for the molecule shown is
e |
)\*’/K/ 5 [ MNep
/\ B { N - ¥ ol

/

7/1(2(] b~ v wz/i//"/)ﬁ V \C

(c).  The IUPAC name for the molecule shown is

(2 pts)
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B.  Write the organic product of the following reaction. Do not balance the reaction. (circle the number of
the 10 you want graded. If you do not circle, I will just grade the first 10. (2 pts each, 20 pts)

1.  CH;CH,CH,Cl + NaO CH,CH;- > C(#l, ( Lfl (. //é 0 CUL Cuf}
/ i

2. CH3CH2 CHZ CHzBI‘ + OH- ->

C Ch Gl Oty ~C~ L

, 4 c_/Z (g, (/[ /
3. CH;0CH,CHs;. +. HBr—> Q L’;}} ‘§§ 4 _'r \1/\/—\ [ J}
2 mol

SN
4. CHx___ CH, CH; Qe C s é/l/z
c=cZ_ + HA> Cy / \
CH;CH, H. N b
b,
Er. H (U
5. CHs-C-—-C--CH;.  KOC(CHs); Sy 0= LU
:
6 CH;CH--CEC-H.  H0 T L el
A ;\\ HgSO, C/‘,,;; (A — - L/Lh;
/ B H,SO, 7 7 g
0 ’
lj;"/
) . . )
7. 7 CEC-CH,CH;. +. CH;Br Oy S c—C B M{,
(ko
5 i
./
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8. H_ O-H
C K2C1'207

N\

9 Q

CH, CH, CH,C H. LAH

10

CH; CH, Cl + Mg -

11

CH,Li Cul >

12 0O

CH, C H. +. HCN>>

-_/_"h\\

13 +

14 0
CH,.C. H. +. NH, CH; >

CH;C-Cl +. H,NCH, _

2
7
— '_//—k._,_-—\\

16

. FeCls, Cl S |
©@-ran M u

Q =
CH, & CH,. +. Phy P-—C (CH;), >

o /\/ﬂ ' S
i - e ) s Sl
/

Q/l%/, Ny CAR L\/ I3
W

.//y"/J )
.
(. ,\} - — (=N -
e T T
e C@? \C < 4 S

: N b e ,O/]
C/,’ ’”Ck——/\(/\(/%\ft
[ * E

\
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C. Short Answer: (24 pts)

K. give the IR expected peak for the molecule shown below (8 pts, 2 pts each blank)

H -C=C-CH,-0-H | o [ 0 g)/ O ~ | ( >” @
) §90-2960 & N |

For the IR, give 2 expected peak and the parts of the molecule and its movement which is expected to cause
the peak . (8. pts)

%;('F'UG -7 05¢ cm!  Caused by C—H (ﬁ;éQQ 1!\_ 6!

2 { (0 2260 e Caused by (=¢ S beeded
b5 00 W—C=c
H
2. Forthe molecule CH3CHT—%~CH-2CH3
3

(a). (b). (). (d) (e)
for proton NMR. (use the label shown above). (6 pts, 2 pts each)

(1) approximate chemical shift.—___ 4
order of peaks is: [(c, b&d, a&e or (a,e,b,d,c)] (circle one)

(2) integration areas expected (give integration number for # hydrogens) circle all correct integrations. (each
choice is defined by the { }

/—-’-‘N\-_
~.

5 e
{(@3H} or {()3H} or {[(b)&(c)4H} or ( {@ & ()6H}. or. ({(b)&(d)4H}
. ‘ . , e -

—

(3) show N values, the coupling equation and the expected coupling Circle either (Choice A) or (Choice B)(6
pts)

" Choice A T—_ Choice B
(a & e) N=2, # peaks = 3 w or (a) N=3, # peaks = 4
(b & d) N =4, # peaks = 5 (b) N=2,#peaks=3

(©QN=4,#peaks =5 ' | (¢)N =1, # peaks =2
(d) N =2, # peaks = 3

{/\ \\ (e) N=3,#peaks=4

C’ R ) ——

<b) N peaks =3 -, o | et (b & d)N deF peaks=5
()N = eaks=2 - )” U / y (c)N = 4,/»?Eeaks =5 / by
(d)N = 2/# p ks = S n heiro TN Sy

NN =3, # pe 4 - ~ LAl I
\ - ~ // e
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3. The order of reactivity of carboxylic acid derivaties is: Write A for most reactive to D for least reactive. (2

of the functional groups have about the same reactivity. (use the same letter for the 2 functional group with
nearly the same reactivity) (10 pts, 2 pts each)

0 0 Q 0. g Q
R--C--O--H R-C-Cl  R-C-O-R R--C--O-C--R.  R-C--NH,

- AY C L D

PartIII. Long Answers (28 pts) Show work where applicable.

AN
W H ) CHs
1, +  e=C >
, CH; CH,

i

7,

/
(a) Gi\/é the Reaction Mechanism for the electrophilic addition reaction: (8 pts)

' N “2 N
0. ﬁ;/ N (Y ’ b S
F— (e o )0 gy,
= // s\\ L ‘\‘-\.; S~ . ! . ; / ' ‘\\\ /Y7
/ ] RN .'; / i ’,‘/" o o 5 .
Ly NG VY f S b & “Cy
' ~N |

(b) Give the energy diagram and label your energy diagram to match your reaction mechanism that you gave

above. (4 pts) Z/
‘ [\ P -
»

A
T\l
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(a). Give the Nucleophilic Addition Mechanism on an aldehyde for the Aldol (8 pts)
P O

7,
o buse @ h
CHyCHrC-H. +. CH;CH;C-H -7 élL e B ey
-} & ; 7 i
C b Ol — &bk
%7 (JT—- \
- w P
E‘/ / TN 1
Sl ke
L7 [ L

(b) Give the Nucleophilic Substitution Mechanism for the following reaction. (8 pts)
- 6
i

>~ 2 9 |
+ < 0-C--cH, cH, . C _,
AT (.

/ Oty

CH; C Cl.
K ) ,,
[ }) 7N

Dr. Hahn Form A Page
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Final Exam Organic Chemistry II 5/2 Tues Dr. Hahn Spring 2023 (100 pts, 8 pages) exam #

Name [ CM?}/ (print). Form B

Please show work on all problems for partial & full credit. You will receive no credit for illegible answers.
You may lose points if you do not follow directions. This is a timed exam and must be completed in the time
given. Any incomplete portions will receive a zero. Please use the back of the exam pages as scratch paper.

Good Luck!!

L. Multiple Choice (32 pts) Choose the best statement by circling ONE letter. (If the question specifically
states select all, you should obviously select all. ) (obviously no partial credit for multiple choice). (4
pts each number)

1. In naming carboxylic acid derivatives, one takes the name of the root carboxylic acid (propanoic acid)

remove Q
((a)}ic acid and add yl chloride for the acid chloride. (propanoy! chloride). CH;CH,C Cl

(b) remove acid and then add anhydride. (propanoic ethanoic ch rﬁde}/{CH3CHz—k!ZO-!(SCH3
QLA o] "
(c) remove ic acid add --ate and then use N- alky! for the alky group attached at the OR ester position (N—ethyl

propanoate) !

CH;CH,C-O-CH, CH, ,
patl

(d) remove ic acid add amide and then use N-alkyl for the alkyl group attached at the NR position (N-éghyl

propanamide) ]

CH; CH, C-N—CH;

H
(e) all of the above are correct.
(f). Of the above (a), (b), and (d) are correct.

2. According to Zaltsev s Rule, which is the correct ordering of the stabilities for the following series of

molecules (0> @) > (4 - (5 \7(})

R. R H R H_ H R R, H
“C=C’ L= = iy e¥ed c=C_
R"’ R ®R W H H W H. H  H
(D) 2) 3) 4) )

(a% most stable (1), (2), (3), (4), (5) least stable
(a).}. most stable (1), (2), (4), (5), (3) least stable

. most stable (5), (2), (3), (4), (1) least stable
(a). most stable (1), (4), (2), (5), (3) least stable

3 Circle the letter of all of the following molecules which is a primary alcohol ?
CH, \\ _\ CH; .| CH

(a). CHs -C-OH (b)) CH;.€H,--OH. (o). CHrC —O-H (d). /CHs;— CwCH ~O-H
H CH, CHs
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4 Which of the following are NOT-an oxidizing reagent ?
(a) Na,Cr,0,. (b) PCC. (c) KZCr207.@NaBH4. (e) all of the above are oxidizing reagents.

5. For the following molecule which would represent the molecular ion peak ?

CH,CH,CH,CH,CH; @Z 5( ( l) + VL ( l) =17

\

(a) m/z = 15. (BS})m/z =72. (c) tallest peak in the mass spectrum at 57. (d) none of the above are true about
molecular ion peaks.

6. Given the following molecules, choose the one terminal alkyne.

(a). CH;---C=C--CH,CHs. M——CEC CH, CH,CH;. (c). CH;--C=C--CH;

(d). CH;CH,CH, C=C CHs. (e). none of the molecules shown are terminal alkynes.

7. Which of the following is NOT a molecule which will react via nucleophilic substitution ?
(a) ester

(b) acid halide

() k/’\étone

(d). carboxylic acid

8 In electrophilc aromatic substitution reactions, the benzene ring with 6 hydrogens (a H at each corner of

the hexagon) substitutes a H via one of the following reactants. Circle the best statement.
(a) FeCl;, Cl, > @/Fe CI3

(b) HNO;, H,SO, > @_,/N 02

(c). SOs,H,S0, > @/SO3H
(d). CHs-GiCl, AICL; > @U‘%Cm
(e). CHyC.Cl, AICI > c'(’) CH
€). 3 ) 3 @/ —Lhs

(f) all of the above are correct

@nly (b), (¢), (d) and (e) are correct
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II.  Short Answers (37 pts)
A. Nomenclature. (6 pts)
(a) Given the name, draw the molecule (2 pts) (/(;/,,

i \:Jr[/‘ 0

Z-3 3-dimethyl oct-4-en-1-al \ / ‘
CG? WEpETe C ~ é\’ I
| C v,

(b). The IUPAC name for the molecule shown is (2 pts)
0] | 3 . N o
o | 1~ hepten ore
NN
VOTRTS ) /%z’(
J \/ C/ V\ ( (/a\//(,’
[ - C,/é\\ ( OV JZ/‘ 2 {\L/élléxj/( — Z &/} Qﬂ Hmﬁ(/,g,
(¢).  The IUPAC name for the molecule shown is (2 pts)
o %
AR
l\ 5 1; :

} 1 L)) LL@%L

~
e

G b~ v LW\UC/ / /
z
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B.  Write the organic product of the following reaction. Do not balance the reaction. (circle the number of
the 10 you want graded. If you do not circle, I will just grade the first 10. (2 pts each, 20 pts)

Gu cH, o)
1. CHx —~—&E—CH; OH > k//‘ 77 . -~
(‘Ii{/ ',f.‘ - dehydration (elimination) // ' >/&;‘/ . _;,./;/ l\\_’/ /\
inus H,O L TN\ Cokh ( n
. L/ ) / Pl
N Cor)
\\ / [ Y A
2 CH; CH, CH,CH,OH + NaH - \—\\_\é_}_*_ o

c=¢/ + HOH > _ e
H’ “H. H* (catalyst) lx)’/ L,"’"" L\
7 ra : i
. i i’/)/
,E,/[/ \if !
b
’—"_"__,,.’—r-‘\-a/'ia’\____,_,——“. —TTTT T — I _
A o U
H. i’ " CH,CH, (1) BHyTHF )
\\ 74 (2) H,O,/OH L‘LL é'
o /C=C «_»_,/""j . - . .:_,/ . .
//, \\ L_}j/_,..--‘\fk,'—“-_ - -———.L/(jjz_(#/{’ﬁ
CH, CH, ./ :
C U// ( \:L(
T —————— , 7
g . \_’_—_hv”//_,,_,_________/
5. CHy-CSC-CH,CH;. 2Cl, Ch C(
g tan U Cla
ey N g
7] L
i e
. T ) (v
6. CHyCH,CH,—~C=C--H. NaH ___, . QY
~ f Moy i ™ w7
o Ll o Ll =G VA
/ -
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CH;~—C=C__CH; O

v @ N

T T —— ¢

CH; CH,€-Cl. DIBALH | : { — |+

s 5 "l (,U"L -
7 Ch -'
-t

//’\/*\——---—-—\\//«W—F‘\;/

9 2 TG

CH;~C CH; NaBH, v U . ol

. | gl Gl —L
CH, CH, CH, Cl +. Li. > C UL/L i Uy -
-

11 AT R
CH; CH, CH, CH, Li + H,0 > C ub, C o C l'fll. C'Uz_.' H

I .
12 O-H ; é;f .

CH3CH2—%‘:§3N. +H,0, H* > LV}» b, — {T,‘_
o C“ug e .
13. Ph;P +.c1—c%1€H3 = N (C /- Y
H base ﬂ \ ') __—{/\“U/
//\,g—\—’“\__,ﬁ,—\" _____._AQJ\,;A——-__L 7 ‘“—-7~
CH, C CH,. +. NH (CHs), > C/w}._f (" I /// 0
e | _/ s
ISCH3— -Cl +. H O CH \T ———e W - 7“"
’/ﬂlé\‘——‘—‘““”"‘“\\______._,,_4.-~-———-~«_~___—-~\\____,,.~_ o J s
@ +. HNOs, H,SO, — \”(: [
P Dr. Hahn Form B Page 5
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C. Short Answer: (24 pts)

/1§ give the IR expected peak for the molecule shown below ( 8 pts, 2 pts each blank)

0
CH; -CH,-—CH,——C-O-H

For the IR, give 2 expected peak and the parts of the molecule and its movement which is expected to cause
the peak . (8. pts)

?’\LL /]7 cml Caused by Ch CZ"C !) 6')“ C" s /{

M’f_gg{li\jcm* Caused by C=2e (¢ ‘\'v’}? /’,§~!{:§(l.

&

(09° -\ _o

2. For the molecule CH3CHrg»CH2CH3
1

(a). (b). (c). (d) (&)

for proton NMR. (use the label shown above). (6 pts, 2 pts each)

T

(1) approximate chemical shift. e

order of peaks is: [ (a,e, b,d, c) or /(c b&d a&eﬁ /(circle one)
\\"_—___._/

(2) integration areas expected (give integration number for # hydrogens) circle all correct integrations (each
choice is defined by the { }

e N S— (-—Ax\:?
7 {l(b) & (c)4 H} < {(a) & (e) 6 H} or {(a)3H} or {(e) 3 H} or ‘ub) & (d) )4 H}-

3) show N values the coupling equatlon and the expected coupling Circle either (Choice A) or (Choice B)(6
pts)

Choice A or (Choice B

\\\“//
(a) N=§, # peaks = 4 (a & e) N=2, # peaks = 3
(b) N =2, #peaks =3 (b & d) N=4,# peaks =5
(c)N=1,#peaks=2 (c) N=4,#peaks=5

(d)N=2,#peaks =3
(e) N=3,#peaks=4

3. The order of reactivity of carboxylic acid derivaties is: Write A for most reactive to D for least reactive. (2
of the functional groups have about the same reactivity. (use the same letter for the 2 functional group with
nearly the same reactivity) (10 pts, 2 pts each)

Q Q 0 0. O. 0
R-C--0-R  R-€-O-H  R-C-NH; R--E-0-C-R. R-C-Cl
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PartIIl.  Long Answers (28 pts) Show work where applicable.
G-
Bl 2 I_K
CH3

(a) Give the Reactlon Mechanlsm for the electrophilic addition reaction: (8 pts)

N~ % . L /
\L GL N = E R R
o \C“ ) -/ ~

/
N {/‘ — _— . j
. / ‘j}\ &,

9

(b) Give the energy diagram and label your energy diagram to match your reaction mechanism that you gave

above. (4 pts)
/\\//\
oo\

.

e,
%% (/’2

({ l ),\/,C:_
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\ teg,
2. (a). Give the Nucleophilic Addition Meihzls;cn an aldehyde f@r the Aldol (8 Pts)j/ﬁ/\( e‘t,

C;
s 7
CH3dH ¥, CH3b H C/L fC L+ —/9’{% C/ {2/ —
/O\/‘.\ “QMQ/
B | T o

~ | Cﬂéfcv@ 1

C,uf/’ C~ly )
_

by W A0
Ay’ o WU 7/’}/
g o Vet G\ - & f/
) 7 e

(b) Give the Nucleophilic Substitution Mechanism for the following reaction. (8 pts)

5 - (=

of 0O, 0 — \

6.8 : J 4

CHy CH,CCl. + +'0-¢- CH, —3 ( O.) 0

- , | &
. s

(ON / )

0\ ML w ' u@ |
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