Exam T Organic Cpem II (CHEM 442) Spring 16 4/20W Dr. Hahn MWF Ipm Form A Exam#

Sign Name ! Chn~ Print Name
(3 pts name above print &'ﬁgn, 3 pt scantron name) (100 pts, 11 pages + periodic table + scaniron sheet)

Please show work on all questions for partial credit even on questions which do not specify. Please write
legibly. IfI cannot read your answer, I cannot grade your answer. (use back of exam for scratch paper — If
you want me to grade something not in the space for the answer, clearly specify in writing. Telling me during
the exam where to find the answer does not qualify because I will just vaguely remember someone telling me
something during the exam not which one of 200 students told me what to grade on what page.) Circle
answer on this form for backup to the scantron. There is no partial credii for showing work in the
multiple choice. In all questions on all parts of this exam, R is not equal to hydrogen but is an alkyl.
Assume standard workup in all reactions even if workup is not explicitly shown. C_O l v~

Please READ and FOLLOW directions. This is a TIMED EXAM. (ex: don’t give me 5 structures if I only
ask for one or you will lose points on this exam by RUNNING OUT OF TIME)

I Multiple Choice (3 pts each, 27 pts) Choose the one best statement in each question.
1. In IUPAC nomenclature the higher priority functional group name shows up most of the time as a
suffix. If something higher priority is in the name, then the functional group pame would be written as a
prefix Choose the best statement.
(a) Aldehyde as a suffix is —al, as a prefix is formyl.
(b) Alcohol as a suffix is ~ol, as a prefix is hydroxy -

(c) Ketone as a suffix is —one, as a prefix is oxo.

@Aﬂ of the above are correct.

(e) All of the above are incormrect.

2. Choose the following reactions which will give aldehyde or ketone products.

(o reg,
» P>c=<i hot KM=nO,

H
(c) R—CHr~0—H KiCrO7

(d) All of the above give aldehyde, or ketone products.
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3. If you start with a ketone or aldehyde, and you reduce it using a reducing agent like LiAlHz and then
work up the product,(é)-l
@E—({P —H > R-C-H
51
(b) ng-’H > R~——§H
(©) R—-g*H > R_—% —0—H

(d) (a) and (b) are correct

(e) (a), (b) and (c) are correct.

4. To an a, B unsaturated aldehyde or ketone CHs—g —CH=CH-—CH3
B—O R
(@) RMgX and RLiadds 1,2 to give ~CHs— C~—CH=CH—CHj3

(b) LiCu Ry adds 1,4 to give CHs— E—MCHz‘iCHs

(c) Al statements above are true.

(d) All statements above are false.
5. By “Nucleophilic Addition” choose the best reaction.

(2) CHs—g —H + (F*H > CH— 6?——(}(:}13

CH3 .
(b) CHz——g—f-H +LiAlH: > CH;K&S\-—]?

O—H
(€) CH—C—H +NaC=N > CH—C—C=N

@®

(d)/A(b) and (c) are correct.

(e) All except (@) are correct.
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6. Choose the following reactions which will give carboxylic acid products.
H

~—O—H PCC
(2) R«g—o

| > Ci 7
hot KMnQ;4
o

(© R—CHrO-H_KiCrOy,

(d) All of the above give carboxylic acid products.

(e) / Only (b) and (c) give carboxylic acid products

7. The reaction of R——g—-R’ with the following results in which of the products shown. Circle the
Ietter of the correct reactions.

@Lw o> b0 0
@) g Iy
() R—C—R’ or® > R——%” —> \R—~ C\—’sz
&
() R——%—-R’ R” Mg X > RXR”

(d) Al reactions above are correct.
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8. Choose the best statement.

: :(a) . The following is a hemiacetal:

R

o
Low e okl

H

The following is a hemiketal.

(c) The followingisa aetal
O/R,
R—t- OR’ e edad

(d) All statements above are true.
9.  Choose the best statement.
(a) H—g—O"H is formic acid

(b) CH;—‘@—- G- g&CHs is acetic anhydride

{(c) ,%—O-—-—H 15 benzoic acid

0
(@ CHs-—('ll—O—gl-iszh is ethyl acetate

(e) Wl of the above are correct.
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IL Short Answers (43 pts)

A, Nomenclature: (2 pts each, 6 pts) 6 A - { /)

1. Given the structural formula shown below, give the IUPAC name of the molecule.

a.  name__ ) —( /l\[ &1 ’4%&%
CHs~CHz— CHz—n%’CHr—%ép O—H ]/1 vp {’ZJ/)\Or' . @ f\Zg
N6 ,

2 -t fovp
Y =ity

b.  neme ADMMY\%,Z (J/A/OYKCQ@

CHCHRCH 8 —C )9 Ao ;’\O ,—6—%&,—4 |
jﬁf U\ ( W{ﬂl

2. Given the following IUPAC name, draw a structural formula of the molecule (skeletal formula
acceptable, condensed structure, Lewis Dot structure acceptable, molecular formula not acceptable -
don't forget to show the hydrogens in your formula unless you are using the skeletal structure.)

4-hydroxy-heptanal
- |4

H
| { !
e G =G T o

———
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B. Reactions Part of Short Answers: -ptsperTeacton, 16 prs 1otal)
Given the following, what is the the expected organic product 7 housetodo-§-ef the following

reactions you want graded by circling the letter of the reaction. If you do not choose, I will just
grade the first N (3 piseach, 21 pts O/@ % OFF e
{
1) \ Cly—C—Clh oK
r )
b y C/l L 3 ,

CHU-H + CH CH Mg i— "

2)
0 QW—~C . p.) i
CHs—C-€H; + excess HO CH; CHs —3 T—o Cu, OV

Cis
M
a,f\-\- #] O
% @ \ .
CH; CHr¢-CH; + C=N > g =G czn/  mo_ Cl . o, == c-ly

; 7
4) CH—C—0"H K:CnOf HY
CH; — Cuy — Oy 3
? - o
CHs~CCHz CH;  HNNHy, KOH, C — Cad 0@3

6)
crBca BN —— \_ 0K j

CH

7




/\\’\f\/f_/\/ﬂ\/—/,r
9()31—15——%"OH +W) CU,} ML—O C/LﬂLC/ 3
e~
| 10) !Cf '
CHs; CH,CH; Br Na C=N > CJ’H‘lC/U—,f/jL ~C3V zgo C iﬂ’z% Caly —C~0}f-

W—\_ﬂ

1)y f - ﬁb

CH?—({ZO—H + SOCL — 6143 —U

\__‘_-_’__._.—_—-—-—'—"—M e Y

- T T ?_./[,Jr

12)0};3?\%——01 CH; CHz MgBr | ij‘? ./-c(—« Q”’/M}}

pd C
Ur;/fzb.g

e

vty B0 LiAlH, ?/H“
Gy U —( 2l
L
P8 o B i - H T
H, CHj /C\
oy~ N

16 C/]ﬁ
i 9

CHyr C—Q=~CH; + excess HoO j
2 Ou:} Ol
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C. Short Answers part of Short Answers: (21 pts)

1. Given the following acids, put in order from (most acidic - # 1) to (least acidic- # 5) (5 pts)

HCl CHgCHz"O“ CHz—CHz—"(ti) O—H TT—QHz—%—O—‘H C H—v%——O—-’H
_L \J/Ci _22__ Hji Z

CH3

fillipg the blank between (most reactive) and (least reactive) with the letter for the functional group.

R—C—CI R——%—O—R’ R——g—NHz R—%—O—g—wR R—C-0H

(2) (b) (c) (d) ©

(most reactive) O\ 7 00 e 19 C/ (least reactive) (5 pts)

(2} Put the above carboxylic acid derivative in order from worst leaving group to best leaving group

(worst leaving group) C )9 < 0( On_ (best leaving group) (5 pts)

3. Give ONE example of a carboxylic acid derivative which does NOT do the normal carboxylic acid
derivative reactions by showing the starting carboxylic acid derivaties using R groups, the reactant
and the product that you normally do not get for the other carboxylic acid derivatives. (6 pts)

(fill in the bracket with the carboxylic acid hk

- L“_,Wb + Gidcu, — )&—-cfw?/

&’(ﬁ”‘)# t vy = kf@@g{(

Organic Chemistry Il (CHEM 442) Spring 16 MWF 1pm Dr. Hahn Exam I Form A page
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PartIIT. Long Answers (30 pts) Show work where applicable for full and partial credit.

1. Show the following reaction mechanism. This is a nucleophilic addition and substitution reaction
mechanism under base catalysis. (I may not have gone over this specific mechanism but if you think
“generalized nucleophilic addition™ or “generalized nucleophilic substitution™ then you will get it) (18 pts)

a} Show the reaction mechanism for a generalized Nu (OH) under base catalysis for nucleophiiic
addition reaction mechanism (show type A reaction mechanism) (7 pts)

Ol
8% Om - = ocid
Cip, — C’ O"’” —7 Y
C pust b /

er(yﬁ )f " {lcw
e _L | il, — C—-:—ﬂf—" .
@ C‘J% 2

= ()
b) Show the reaction eralized Nu (OH) under base catalysis for nucleophilic

substitution reaction mechanism. (8 pts) O

s ot /
AN XeoJ o)
012}8@ B O\,)C} _,é‘,%—:@qu E— Il @

Cu A C"{@wl}

¢) Explain wi reactions of aldehydes and ketones do nucleophilic addition and almost ail
reactions gf carboxylic acids and carboxylic acid derivatives do nucleophilic substitution. You
should mention something about “good leaving group”. (3 pts)

Cokne failtbode hare bad | eavivg Gromps
QOWBOKg‘;Q aAc J d‘d&r: c/‘MLl(/ﬁ) }‘\A’/U(_ gg@gf

[ eavirg gvings 50 /CWLe,d— abdisdly
Ao Man oo dldldutr wlf\ Conwboio i oCod
*olovsbiyey do MU Subg {ﬂi@)
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2 Complete the following synthesis by filling in the blank. Ihave provided some hints to help you
come up with the answers. NOTE: The way I grade this is for you to fill in reasonable molecules based on
the immediate prior molecule. ie. If you fill in part A with the wrong molecule and then do the next
reaction to molecule B correctly you will get half credit for answering B correctly. If you fill in B with what
you would have gotten if you got A correctly but which cannot possibly be generated from your wrong A,

you will lo credit even if it matches what you should have gotten for B. (2 pts tal)
s ‘WWM Rea/ ~does nel

et Che blw
CHy-€Hy~CH-CHz—Cl + NaC=N > Q’% Cu, O[%‘LCML'CEM R0

A GHN 2 ‘
wh U bl | bt (NCorrad-
Rxn be Cage. O (,/ra? Friom

O
S O§ 0oy
. [ _of -
Cy Cliy, Cop C 808
B CsHio0O2
00 fod B o C=F 0k
e b
C by QLJLCvré\-‘U CH}CL;LCL@__\ ©
CH3;CHCH2CH: Cl1 +H glg?bhé@ ffl) H—g"H
’ —— X C4HgPPhs = 9
s ...‘ ,
n TNANY
T=cly Cy Cu. % TG0
s U BH;: THF ? e
Y Cé{/tb/ 7Z CsHpO
Cy
Clag Oul%u&j\m i, s did nep
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Exam Il Organic Chem II (CHEM 442) Spring 16 4/20W Dr. Hahn MWF 1pm Form B Exam#

Sign Naime .{/ O/~ : Print Name
(3 pts name above priné& sign, 3 pt scantron name) (100 pts, 10 pages + periodic table + scantron sheet)

Please show work on all questions for partial credit even on questions which do not specify. Please write
legibly. IfI cannot read your answer, I cannot grade your answer. (use back of exam for scratch paper — If
you want me to grade something not in the space for the answer, clearly specify in writing. Telling me during
the exam where to find the answer does not qualify because I will just vaguely remember someone telling me
something during the exam not which one of 200 students told me what to grade on what page.) Circle
answer on this form for backup to the scantron. There is no partial credit for showing work in the
multiple choice. In all questions on all parts of this exam, R is not equal to hydrogen but is an alkyl.
Assume standard workup in all reactions even if workup is not explicitly shown.

Please READ and FOLLOW directions. This is a TIMED EXAM. (ex: don’t give me 5 structures if I only
ask for one or you will lose points on this exam by RUNNING OUT OF TIME)

L Multiple Choice (3 pis each, 27 pts) Choose the one best statement in each question.

1. Choose the following reactions which will give carboxylic acid products.

sy H
(@l R—¢—0-H PCC

H
b) R
| H>c=c<: ot KMnO,

(c/ R—CHr—O-H K:Cr:07

(d) All of the above give carboxylic acid products.

Only (b) and (c) give carboxylic acid products

Organic Chemistry I (CEEM 442) Spring 16 MWF 1pm Dr. Hahn Exam III FormB  page 1



2. Choose the besi statement.

(a) The following is a hemiacetal:

O/R
—C_OR’
T Qeedgl

@ The following is a hemiketal.

_H
R———*(.‘(R.Q-R’
R
{c) The followingisa aetal
}:
¢

R—C—OR’ '
koksl
(d) All statements above are true.

3. If you start with a ketone or aldehyde, and you reduce it using a reducing agent like LiAlH; and then
work up the product,O/H

@} LN R—C—H
H
H
(b) R—C—H > R_-(}\(‘I‘-H
Q
() R-G—H > R_4E—0-H

(d) (a) and (b) are correct

(e) (), (b) and (c) are correct.

Organic Chemistry IT (CHEM 442) Spring16 MWF 1 pm Dr. Hehn Exam III FormB  page 2



4. Choose the following reactions which will give aldehyde or ketone products.

@R—%——O—H PCC S

(b)) R
H>c=<; hot KMnOs
—

() R—CH~O-H KiCrOr,

(d) All of the above give aldehyde, or ketone products.

5. To an o, p unsaturated aldehyde or ketone CHs—~C—CH=CH—CH;
H—G R
(2) RMgX and RLi adds 1,2 to give CHg—»CéCH=CH——CH3

(b) LiCu Rz adds 1,4 fo give CHs— _CHr(‘i—(CI-Is

1 statements above are true.

(d) All statements above are false.

6. By “Nucleophilic Addition™ choose the best reaction.

(2) cm—&a + j‘H > CHa——g——O{:Ha

113
(b) CHs—C—~H +LiAll, > CHy—C<H

& =
(¢) CHs—C—H +NaC=N > CHs C=N
- H

(d)' } and (c) are correct.

(e) All except (d) are correct.
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7. In JUPAC nomenclature the higher priority functional group name shows up most of the time as a

suffix. If something higher priority is in the name, then the functional group name would be written

as a prefix.
Choose the best statement.

(a) Aldehyde as a suffix is —al, as a prefix is formyl.

(b) Alcohol as a suffix is —ol, as a prefix is hydroxy

(c) Ketone as a suffix is —one, as a prefix is oxo.

1 of the above are correct.

(¢) All ofthe above are incorrect.

8. The reaction of R_@-—R’ with the following results in which of the products shown. Circle the

letter of the correct reactions.
R 0P o i
(&) R—CG-R’ O-H - R—CG—0—H
O o @
®R—C—R> OR” > R—L—.OR”

(@ R«%HR’ R” Mg X - R__*g_. »

{d) All reactions above are correct.

9. Choose the best statement.

(a) BH—-C—O-H isformicacid

(b) CHs-—CQ,—O—g—CHa is acetic anhydride

(c) j—O——H is benzoic acid

0O
(d) CHx~ & O—CH2CHs is ethyl acetate

I of the above are correct.

Organic Chemistry Il (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam III Form B
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1L Short Answers (43 pts)

A Nomenclature: (2 pts each, 6 pis)

1. Given the structural formula shown below, give the IUPAC name of the molecule.

a. name 2 - {ﬂ&;f,(vﬁ%k ~7 OXO GC/'é 4 b, C/f C dCM(
ﬂ ¢ e gie @c
08— &2 G-t ——-CHs Ok ég{;d g C (C/

(. b\H
O x axo
yolrorg 7
b. name e{ﬂvjﬂ !717 £ :—6 e~ 0O Q;é?_
CH3-CHy— CHr- CH;%—O—GH:—GHa ﬂ? @v\(@’mo’ are

cbat

2. Given the following IUPAC name, draw a structural formula of the molecule (skeletal formula
acceptable, condensed structure, Lewis Dot structure acceptable, molecular formula not acceptable -
don't forget to show the hydrogens in your formula unless you are using the skeletal structure.)

5-chloroPent-3-en-2-one OQ s ret &G J/i I~ E/ +So e"f‘g") Ok

@ 4/
o V.

L\
MMM Y
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B. Reactions Part of Short Answers: (2-pts-perreaction—t6-pio-total)—
Given the following, what is the the expected organic product 7 Choosetedmctof the following

reactions you want graded by circling the letter of the reaction. I you do not choose, I will just
grade the fir: N (3 pts each, 21 pis @ A .

1) : (B

L D MgBr 9 Cu "—L\_' Cuz
C
CHs CHz—%‘CHzCHg + excess HO-CH; C H’} C IJ-Z/*‘-' C\""O Cj["!}

o
o -
CH?S"CH:; + N> _lh—C—CEN mo O ,.-;H_Ju._ﬂr—élg/.
7 . \_/‘fjﬁ <

H>
CH>
Hs

5

6) o)

CH—& CH; HB-N—H -
= .
. b D _ C/L«:f}
7 (Ph); P @Se P}r‘) (‘F .__“%; Q)C éf4
G;i/ ~g — 7 ” \u 0k
CI:I-.';—%CH:}. C%\‘Q — Q\ ~
\.——«—98) C % TN

CHs;-. CH»-CH-O-H + KoCr,O7/ HF ﬁ

Organic Chemistry II (CHEM 442) Spring 16 MWF I pm Dr. Hahn Exam III FormB  page 6



gc):mwcﬂrng——o H O+ acess HOCH — By Cllp — (g-—O CL}}

- 10)

CH;—Br_ Na C=N - Cildg c=n 20 C ,qv;lr} ‘—-E ~0y

11)

CHg.CH:-—g—O——H + SOCL —3 C/Uj OML—«@ ~(1
/'\"'\—/"\/\__\

122:H3-CHz—g——Cl CHa Mg Br (-?'/{/)L
Cuy Cip—C—Cuy

19 4
CH;-CH; €Hy—- C-O—H LiATH,

b~

C 3 Cigy, Caty, G

15) &
CH;—C—O0CH; + H-N—H

Hz-€CH ? (ﬁ - L)L

&C/l@/ —0 OMZ’ |

Organic Chemistry I (CHEM 442) Spring 16 MWF 1pm Dr. Hahn Exam III FormB  page 7



C. Short Answers part of Short Answers: (21 pts)

1. Given the following acids, put in order from (most acidic - # 1) to (least acidic- # 5) (5 pts)

HCl CHs;CHzO-H CH; H’*ﬁ—'ﬁ H HrCHr(g*‘*O“‘H Hz—CHz——'Cg_-O-'H

( _;L '(1 2 /(\CH;;L \[/c1_i_

2. ()P S g ivatiskes i i st-reactive to least reactive by
filling the blank between (most reachve) and | east reactlve) W1th the letter for the functional group.

R‘%u—- N2 R—E—O———H R—g— C1 R-—»g—O—é)—R R—g—O—R’

(a) (©) @ (€)
(most reactive) C, d’] b e (A (least reactive) (5 pts)

(2) Put the above carboxylic acid derivative in order from worst leaving group to best leaving group

(worst leaving group) Q e ,lv (*( ¢ (bestleaving group) (5 pts)

3. Give ONE example of a carboxylic acid derivative which does NOT do the normal carboxylic acid
derivative reactions by showing the starting carboxylic acid derivaties using R groups, the reactant
and the product that you normally do not get for the other carboxylic acid derivatives. (6 pts)

(fill in the bracket with the carboxylic acid O

Cl‘]-}i*ﬂ@ ~ Aj#} ﬁC)l}rCNO /l/l,z®

"y oy |
i MY Lfafﬂ?‘j (L":&,/_f
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PartTII. Long Answers (30 pts) Show work where applicable for full and partial credit.
1.  Show the following reaction mechanism. This is a nucleophilic addition and substitution reaction
mechanism under base catalysis. (I may not have gone over this specific mechanism but if you think

“generalized nucleophilic addition” or “generalized nucleophilic substitution” then you will get it) (18 pis})

a) Show the reaction mechanism for a generalized Nu (OCH3") under base catalysis for nucieophilic
addition reaction mechanism (show type A reaction mechanism) (7 pts)

NP L Ok

CH: CHy=C%H OCHs™ - —_ 3 + |
CH—CH € Clby tap b gy, —HT
S 5 s
—Z y //L+ ; @ C/bl}DaQ'
C lﬂ§ C/HL“"C(—“_’;Q_'_““ C 4;

b) Show the reaction mec?]in_anism fora generalize; éu (OCHz") under base catalysis for nucleophilic
substitution reaction mechanism. (& pts)

CH, CH-G-Cli + [OCHE
Gp /i

/?\ C

C oy Gt — Cl’*j@—- g

c) Explain why almost all reactions of aldehydes and ketones do nucleophilic addition and almost all
reactions of carboxylic acids and carboxylic acid derivatives do nucleophilic substitution. You
should mention something about “good leaving group”. (3 pts)

keéﬁm/aé’dc/%@ A e vxegz/[lé, bad
leaving givey ol o b, Al Carbocy,
ool d e vptives hane W/W% |

Gvocps, G fohpe ddihgs oo AR

Organic Chemistry I (CHEM 442) Spring16 MWF 1pm Dr. Hahn Exam IfT Form B  page 9




2 Complete the following synthesis by filling in the blank. Ihave provided some hints to help you

. come up with the answers. NOTE: The way I grade this is for you to fill in reasonable molecules based on
the immediate prior molecule. i.e. If you fill in part A with the wrong molecule and then do the next
reaction to molecule B correctly you will get half credit for answering B correctly. If you fill in B with what
you would have gotten if you got A correctly but which canmot possibly be generated from your wrong A,
you will lose all credit even if it matches what you should have gotten for B. (2 pts each, 12 pts total)

sl gae= 00

0 o

J¢ > @
Chy™ < C— £ Fh
CHsCH:2 Cl '+ PhsP base 4 7/ ’

—% A CiH/PPhs

VAN
Cl)m, b RH::THF
B CsHs” - 7  C GH:0

(@ |
B2 Gl —Coe o 4 '
Chy Cho 6—cyu, Cy,

D+Y CeHi0s

CHs CHy—Cl + NaC=N > C 23 O b ~ G BO

X CsHEN
?

Cuon, Loy

Y GHsO 0)_? FV’;OV‘ 5’(‘% /{

bt~ Correll Chrred—s
Organic Chemistry IT (CHEM i .

(N wrox? 1o~
A~s e —).
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Exam III Organic Chem JI (CHEM 442) Spring 16 4/20W Dr. Hahn MWF lpm Form A Exam#

Sign Name Print Name
(3 pts name above print & sign, 3 pt scantron name) (100 pts, 11 pages + periodic table + scantron sheet)

Please show work on all questions for partial credit even on questions which do not specify. Please write
legibly. If1 cannot read your answer, I cannot grade your answer. (use back of exam for scratch paper — If
you want me to grade something not in the space for the answer, clearly specify in writing, Telling me during
the exam where to find the answer does not qualify because I will just vaguely remember someone telling me
something during the exam not which one of 200 students told me what to grade on what page.) Circle
answer on this form for backup to the seantron. There is no partial credit for showing work in the
multiple choice. In all questions on all parts of this exam, R is not equal to hydrogen but is an alkyl.
Assume standard workup in all reactions even if workup is not explicitly shown. C / P

0

Please READ and FOLLOW directions. This is 2 TEIMED EXAM. (ex: don’t give me 5 structures if I only
ask for one or you will lose points on this exam by RUNNING OUT OF TIME)

L Multiple Choice (3 pts each, 27 pts) Choose the gne best statement in each question.
1. In IUPAC nomenclature the higher priority functional group name shows up most of the time as a
suffix. If something higher priority is in the name, then the functional group name would be written as a
prefi Choose the best statement.

(a) Aldehyde as a suffix is —al, as a prefix is formyl.

(b) Alcohol as a suffix is —ol, as a prefix is hydroxy

(c) Ketone as a suffix is —one, as a prefix is oxo.

(d) All of the above are correct.

(e) All of the above are incorrect.

2. Choose the following reactions which will give aldehyde or ketone products.

(2) R_fg_o——ﬁ p_%

Y N ot kMO,

H m
(¢) R—CHr—O—H K07

(d) All of the above give aldehyde, or ketone products.

Organic Chemistry 11 (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam II Form A page 1



3. If you start with a ketone or aldehyde, and you reduce it using a reducing agent like LiAlH4 and then
work up the product,%)i
(2) R—fé) -H -2 R-C-H
H
(b) R-—g"H - R*-—-—%H
(©) R—g-"H > R__%Z-——O-—H

(d) (a) and (b) are correct

(e) (a), (b) and (c) are correct.

4. To an ¢, B unsaturated aldehyde or ketone CHs—C —CH=CH—CHs
H—-O R
(a) RMgX and RLi adds 1,2 to give CHsy— C—CH=CH—CHj3

(b) LiCu R adds 1,4 to give CHz— E—“CH{CH\—RC&

(c) All statements above are true.

(d) All statements above are false.
5. By “Nucleophilic Addition” choose the best reaction.

(a) CI—Ig,——g —H + H - CHs— g—{}cm
L

(b) CH}—EAH +LiAlHy = CH;I\—)—-H

g
(¢) CH+—C-H +NaC=N > CHsy— %mcsN
(d) (b) and (c) are correct.

(e) All except (d) are correct.
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6. Choose the following reactions which will give carboxylic acid products.

H
R——0—H PCC
(2) f% 5

(b)
P;c=<i hot KMnO
\—-—.—_?

(¢) R—CHrOH_ K20r207a
(d) Al of the above give carboxylic acid products.

(e) Only (b) and (c) give carboxylic acid products

7. The reaction of R—g—-R’ with the following results in which of the products shown. Circle the
letter of the correct reactions.

(2) R—E—R’ O R—(%H—-O——H
0
®) R——R> OR® > R—«@-—O'R”

(c) Rj—"R’ 'R” Mg X =2 R_ﬁg/R”

(d) All reactions above are correct.
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8. Choose the best statement.

(a) The following is a hemiacetal:

R

. (% .

H
(b) The following is a hemiketal.

R—C—OFR’

\

(c) The followingisa aetal

R

R
O
R——ﬁ;— O-R’
(d) All statements above are true.
9.  Choose the best siatement.
(a) H—ng—'H is formic acid

(b) CH;—@—- O g&Hs is acetic anhydride

(c) /%WO—H is benzoic acid

(d) CH}—(?“G—@H;zCHg is ethyl aceiate

(e) All of the above are correct.
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I Short Answers (43 pts)
A, Nomenclature: (2 pts each, 6 pts)
1. Given the structural formula shown below, give the TUPAC name of the molecule.

a. name

1
CH;—CHr— CHz—éLCHZ—%— é)—O’H
Hs

b. name

Q
CH:CH:CH,—& -l

2, Given the following ITUPAC name, draw a structural formula of the molecule (skeletal formula
acceptable, condensed structure, Lewis Dot structure acceptable, molecular formula not acceptable -
don't forget to show the hydrogens in your formula unless you are using the skeletal structure.)

4-hydroxy-heptanal

Organic Chemistry IT (CHEM 442) Spring 16 MWF 1pm Dr. Hahn Exam Iil Form A  page 5



B. Reactions Part of Short Answers: (2 pts per reaction, 16 pts total)
Given the following, what is the the expected organic product ? Choose to do 8 of the following
reactions you want graded by circling the letter of the reaction. If you do not choose, I will just
grade the first SEVEN (3 pts each, 21 pts)

1)

CHj—‘%‘H + CH;CH2MgX -—

2)
9]
CHg—tLCHg + excess HO CH, CH; —2

3)

0O @
CH; CHr<¢+CH: + C=N > Lo

i
4y CHz— ?—-’O/}I K2Cr20+/ HY
CHs — )

3)

0O
CH;"&“CHz CH;  HaNNH;, KOH>

6)
CH;.-E—CHs EN—H —
Ha

CHs
7 (Ph) P+ I—> H
base
o N —

CHT%’CHa

Organic Chemistry IT (CHEM 442) Spring 16 MWF I pm Dr. Hahn Exam III Form A page
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8)
CH;-CH>—-0O-H K:CrQ7/ HY
ne

)]
CHs—-%"‘O H + excess HOCH; C
- P

10)
CH; CH2CH: Br Na C=N > H0

11) -
CH+—C~O0-H + SOCk

12) cn&%—cn CH;CH; MgBr

rd

14) g
CH;CH-~C-©Q-H - LiAlH,

Yadc
Cl- Hs + H-N—CH;

H: CHs

16)

CH“%*—O%*\:——CHg + excess H,O

Organic Chemistry Il (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam III Form A

page
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C. Short Answers part of Short Answers: (21 pts)

1. Given the following acids, put in order from (most acidic - # 1) to (least acidic- # 5) (5 pts)

HCi CH;CHzO-H CHe—CHz—-'g O—-H IL::_-—QH:—-%—'O—H CHa__CH-'%—-O—H
1

!

2. (1) Put the following carboxylic acid derivatives in order from most reactive to least reactive by
filling the blank between (most reactive) and (least reactive) with the letter for the functional group.

R—C—Cl RA%—-OL*R’ R‘—g—Nﬁz R—C—0—C—R R—C—0—H
@ (b} () (d) (e)
(most reactive) (least reactive) (5 pts)

(2) Put the above carboxylic acid derivative in order from worst leaving group to best leaving group

(worst leaving group) {best leaving group) (5 pts)

3. Give ONE example of a carboxylic acid derivative which does NOT do the normal carboxylic acid
derivative reactions by showing the starting carboxylic acid derivaties using R groups, the reactant
and the product that you normally do not get for the other carboxylic acid derivatives. (6 pts)

(fill in the bracket with the carboxylic acid

Organic Chemistry [I (CHEM 442) Spring 16 MWF 1pm Dr. Hahn BExam I Form A  page 8



PartIII. Long Answers (30 pts) Show work where applicable for full and partial credit.

1. Show the following reaction mechanism. This is a nucleophilic addition and substitution reaction
mechanism under base catalysis. (I may not have gone over this specific mechanism but if you think
“generalized nucleophilic addition” or “generalized nucleophilic substitution” then you will get it) (18 pts)

a) Show the reaction mechanism for a generalized Nu (OH’) under base catalysis for nucleophilic
addition reaction mechanism (show type A reaction mechanism) (7 pts)

CHst-g —H OH =

b) Show the reaction mechanism for a generalized Nu (OH) under base catalysis for nucleophilic
substitution reaction mechanism. (8 pts)

cm—gwcn + O —

¢) Explain why almost all reactions of aldehydes and ketones do nucleophilic addition and almost all
reactions of carboxylic acids and carboxylic acid derivatives do nucleophilic substitution. You
should mention something about “good leaving group”. (3 pts)

Organic Chemistry II (CHEM 442) Spring 16 MWF 1pm Dr. Hahn Exam Il Form A page 9



2 Complete the following synthesis by filling in the blank. I have provided some hints to help you
come up with the answers. NOTE: The way I grade this is for you to fill in reasonable molecules based on
the immediate prior molecule. i.e. If you fill in part A with the wrong molecule and then do the next
reaction to molecule B correctly you will get half credit for answering B correctly. If you fill in B with what
you would have gotten if you got A correctly but which cannot possibly be generated from your wrong A,
you will lose all credit even if it matches what you should have gotten for B. {2 pts each, 12 pts total)

CH;-€H,-CH>-CH~Cl + NaC=N > H20
A CsHoN
B CsHipO:
CH;CHLoCHRCIL C1 +  PhsP base H"g’H
X C4HsPPhs
BHs: THF
Y CsHio Z CsHiO

V4

B+Z . | Cib H’Z-O O
Organic Chemistry II (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam III Form A  page 10



Exam ITI Organic Chem I (CHEM 442) Spring 16 4/20W Dr. Hahn MWF 1pm Form B Exam# (— [ ’)

Sign Name ' Print Name
(3 pts name above print & sign, 3 pt scantron name) (100 pts, 10 pages -+ periodic table + scantron sheet)

Please show work on all questions for partial credit even on questions which do not specify. Please write
legibly. If I cannot read your answer, I cannot grade your answer. (use back of exam for scratch paper — If
you want me to grade something not in the space for the answer, clearly specify in writing. Telling me during
the exam where to find the answer does not qualify because I will just vaguely remember someone telling me
something during the exam not which one of 200 students told me what to grade on what page.) Circle
answer on this form for backup to the scantron. _There is no partial credit for shewing work in the
multiple choice. In all questions on all parts of this exam, R is not equal to hydrogen but is an alkyl.
Assume standard workup in all reactions even if workup is not explicitly shown.

Please READ and FOLLOW directions. This is a TIMED EXAM. (ex: don’t give me 5 structures if I only
ask for one or you will lose points on this exam by RUNNING OUT OF TIME)

L Multiple Choice (3 pts each, 27 pts) Choose the one best statement in each question.

1. Choose the following reactions which will give carboxylic acid products.

(2) R-QE—OHH PCC

b R
H>c< B0,

{c) R—CH—0—-H K:Cr:07

(d) All of the above give carboxylic acid products.

(¢) Only (b) and (¢) give carboxylic acid products

Organic Chemistry I1 (CHEM 442) Spring16 MWF 1 pm Dr. Hahn Exam HII Form B page 1



2. Choose the best statement.

(a) The following is a hemiacetal:
}5
0
Rc'fivO»R’
H
(b) The following is a hemiketal.
Q
R— i%’
R

(c) The following isa aetal

R
Q
{d) All statements above are true.
3. M you start with a ketone or aldehyde, and you reduce it using a reducing agent like LiAlH, and then

work up the product,

@ R-C—H > R—CH
M
0 H
() R—E—H > R-_-—g“H
Q
(¢©) ReC—H > R—E—O0O-H

{d) () and (b) are correct

(e) (a), (b) and (c) are correct.

Organic Chemistry 1l (CHEM 442) Spring16 MWF 1 pm Dr. Hahn Exam IIT FormB  page 2



4. Choose the following reactions which will give aldehyde or ketone products.

(2) R—§~—O—~ H PCC 5

) R
H/c=z_<i hot KMnOs
___7

(c) R—CH>—0O—H K:Cn0; 5

(d) All of the above give aldehyde, or ketone products.

5. Toan o,  unsaturated aldehyde or ketone CHs——g~CH=CH——CH3
H—
(a) RMgX and RLi adds 1,2 to give CHs;—C—CH=CH—CHjs

(b) LiCu Rz adds 1,4 to give CHav%_CHf(izCHg

(c) All statements above are true.

(d) All statements above are false.

6. By “Nucleophilic Addition” choose the best reaction,

(a) CHy-—-g—‘H + E‘H > CH3-'g_O-CH3

H3
(b) cm_g«H +LiAIH, > CHs— C—H

O—H
(&) CH—C-H +NaC=N >  CH;—(—C=N
, _ k
(d) (b) and (c) are correct.

{e) All except (d) are correct.
Organic Chemistry Il (CHEM 442) Spring 16 MWF 1 pm Dr. Hahn Exam Il Form B  page



Organic Chemistry IT (CHEM 442) Spring 16

7. In IUPAC nomenclature the higher priority functional group name shows up most of the time as a

suffix. If something higher priority is in the name, then the functional group name would be written

as a prefix.

Choose the best statement.
(a) Aldehyde as a suffix is --al, as a prefix is formyl.
(b) Alcohol as a suffix is —ol, as a prefix is hydroxy
(c) Ketone as a suffix is —one, as a prefix is oxo.
(d) All of the above are correct.

(e) All of the above are incorrect.

8. The reaction of Rj—R’ with the following results in which of the products shown. Circle the

letter of the correct reactions.
TN o
(a) R—C—R’ O-H = R —0O—H

0 © ig
) R—C—R° OR> > R-L_OR

(c) R_»%——R’ R” Mg X = ng—R”

(d) All reactions above are correct.
9. Choose the best statement.
{(a) H—g—-{)—-H is formic acid
§ ol
(b) CH——0—&—CH; s acetic anhydride

© —O—H is benzoic acid

0
(d) CHx— &~ O —CH,CHs is ethyl acetate

(e) All of the above are correct.
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IL

A.

1.

a.

Short Answers (43 pts)
Nomenclature: (2 pts each, 6 pts)
Given the structural formula shown below, give the [IUPAC name of the molecule,

name

H*-—O-r—g——CHz-—- g~—-CH=CH«—CH2—'(£P-—CH3

b.

h 3

name

CH;-CH,—CHr CHz-%—O—GHz—GHs

2.

Given the following TUPAC name, draw a structural formula of the molecule (skeletal formula
acceptable, condensed structure, Lewis Dot structure acceptable, molecular formula not acceptable -
don't forget to show the hydrogens in your formula unless you are using the skeletal structure.)

5-chloroPent-3-en-2-one
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B. Reactions Part of Short Answers: (2 pts per reaction, 16 pts total)

Given the following, what is the the expected organic prbduct ? Choose to do 8 of the following
reactions you want graded by circling the letter of the reaction. If you do not choose, I will just

grade the first SEVEN (3 pts each, 21 pts)
1)

CHr%—‘CI‘h + CHs; Mg Br
2)

CH; CHz—(g}CHzCHg + excess HO-CHs

3)
3,8 )
CH+-C—CH; + C=N >

H,0O

1) CH: —H  KCnO/H
Ha ) 7
(CHz
Hs

3 g
CH3—C—CH; CHz  HaNNH;, KOH
D

6) 0
CH—€- CH; H-N—H ——
Ha
i
7) (PP + o
H\G/C base
o N >
CH;—-%—CHs
—
8)

CH;~. CH»-CH»-O-H + KoCr0O7/ HY
Sy

Organic Chemistry II (CHEM 442) Spring 16 MWF 1pm Dr. Hahn Exam Il FoomB  page
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9)

iy
10)
CH3—Br+ Na—C=N >

CH}--CHz—g—'OH + excess HOCH; —>

H.O

11)
CH;_CH-¢-0-H + SOCL —3

12) g
CH-CH-C—i CH; MgBr
> _CHs MgBr,
14) %
CHs-CH:€H»— C-O—H LiATH;
—

15) % :
CH; —C—O CH; + H—N—H
EH€H;

—

16)

CH;'%*—O——@—-CHs + excess CH—O-H

Organic Chemistry 11 (CHEM 442) Spring 16
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C. Short Answers part of Short Answers: (21 pts)

1. Given the following acids, put in order from (most acidic - # 1) to (least acidic- # 5) (5 pts)
o ﬁ - .
HCl CH;CHrO-H CHs 11‘}*&»—0 H THrCHz— ~(0O—H Csz ~CHr—C-0-H

1 CHs Cl

2. (1) Put the following carboxylic acid derivatives in order from most reactive to least reactive by
filling the blank between (most reactive) and (least reactive) with the letter for the functional group.

R-%~— NH: R—EWO—H ij cl R—& o8& R & o0 R
(a) (b) © (d) (e)

(most reactive) (least reactive) (5 pts)

(2) Put the above carboxylic acid derivative in order from worst leaving group to best leaving group

{worst leaving group) (best leaving group) (5 pts)

3. Give ONE example of a carboxylic acid derivative which does NOT do the normal carboxylic acid
derivative reactions by showing the starting carboxylic acid derivaties using R groups, the reactant
and the product that you normally do not get for the other carboxylic acid derivatives. (6 pts)

(fill in the bracket with the carboxylic acid
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Part I1I. Long Answers (30 pts) Show work where applicable for full and partial credit.

1. Show the following reaction mechanism. This is a nucleophilic addition and substitution reaction
mechanism under base catalysis. (I may not have gone over this specific mechanism but if you think
“generalized nucleophilic addition™ or “generalized nucleophilic substitution” then you will get it) (18 pts)

a)} Show the reaction mechanism for a generalized Nu (OCH3") under base catalysis for nucleophilic
addition reaction mechanism (show type A reaction mechanism) (7 pts)

AN
CH; CH—C—H (OCH;™ >

b) Show the reaction mechanism for a generalized Nu (OCHs") under base catalysis for nucleophilic
substitution reaction mechanism. (8 pts)

AN
CHs CHr%-’ Ci+10CHS  —

¢) Explain why almost all reactions of aldehydes and ketones do nucleophilic addition and almost all
reactions of carboxylic acids and carboxylic acid derivatives do nucleophilic substitution. You
should mention something about “good leaving group™. (3 pts)
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2 Complete the following synthesis by filling in the blank. I have provided some hints to help you
come up with the answers. NOTE: The way 1 grade this is for you to fill in reasonable molecules based on
the immediate prior molecule. i.e. If you fill in part A with the wrong molecule and then do the next
reaction to molecule B correctly you will get half credit for answering B correctly. If you fill in B with what
you would have gotten if you got A correctly but which cannot possibly be generated from your wrong A,
you will lose all credit even if it matches what you should have gotten for B. (2 pts each, 12 pts total)

CH;CH, C1 + PhsP base H—gHH_
—> A C;H4PPhs —_—

BH;: THF

B CiHs -

D+Y CeHpOn

CH; CH;—Cl + NaC=N -

X GCsHsN

Y GHsO:
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