CHEM 3311
Exam 3 ANSWER KEY
April 15, 2014 Time: 2 Hours
Please sign the Honor Pledge.
I pledge that
“On my honor, as a University of Colorado-Boulder student, I have neither given nor received unauthorized
assistance on this work.”
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If you change an answer, erase the undesired mark thoroughly. Mark only the best answer to each question.

Use the back of the exam pages as scratch paper. There are 6 exam pages (with 25 questions), a cover page, and two
blank pages (scratch paper). When you are instructed to begin the exam, please check that you have all pages.
Good luck!

Please return the completed scantron sheet and this cover page to the exam proctors. You may take the exam
and scratch paper with you.

Partial Periodic Table Recitation Section # Day of the Week Time of the Day TA
lli ;‘L 0113 Monday 12:00 - 12:50 PM Cindy White
H He 0115 Monday 1:00 - 1:50 PM Cindy White
24 3A 4A SA 6A A . -
3|4 5 16 7 18 9 [0 0123 Tuesday 12:00 - 12:50 PM Cindy White
Li | Be B|C|NJO|F|Ne 0125 Tuesday 1:00 - 1:50 PM Cindy White
1 (12 13 14 (15 (16 (17 _ (18 0127 Tuesday 4:00 - 4:50 PM Cindy White
Na | Mg Al | Si P S Cl | Ar
0213 Monday 12:00 - 12:50 PM Zbenyi, “Jensen” Hu
3%1_ 0215 Monday 1:00 - 1:50 PM Zhenyi, “Jensen™ Hu
55 0223 Tuesday 12:00 - 12:50 PM Tim Rochelle
1 0225 Tuesday 1:00 - 1:50 PM Tim Rochelle
— 0227 Tuesday 4:00 — 4:50 PM Tim Rochelle
Table of Acidities
Acid pK., Value Acid pK., Value
HI —-10.1 H,O 15.7
HCl -39 Alcohols 16-18
H;0" -1.7 HC=CH 26
CH;COOH 4.7 NH; 36
NH," 9.3 H,C=CH, 45
Phenol 10 CH,4 60
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1) Select the compound that is mest soluble in water.

(0] (0]
(A) \/\O/\/ (B) /\/\OH (C) MOH (D) WOH

Correct Answer: C

2) Select the compound with the highest boiling point.

A AN oy (B) Y\OH © AN\ @ VAN

Correct Answer: A
3) Select the solvent in which the fluoride ion is a stronger nucleophile than the iodide ion.

(A) acetic acid (B) acetone (C) methanol (D) water

4) Select all the statements that correctly describe thiols and thiolate ions.

(I) C,HsSH is a weaker acid than C,HsOH.
(I) NaSC,H; is prepared by reacting C,HsSH with NaOC,Hs.

(III) Thiolate ions are good nucleophiles.

(A) Iand II (B) Iand III (C) I and I (D) L 11, and IIT

5) How would you classify the reaction shown below?

Br
/k Nal, I equivalent
Y\ —
F
(A) S\2 (B) E2 (C) SNI/EL (D) S\2/E2
6) What is the major product when the compound
Br
F

is reacted with one equivalent of Nal in acetone?

(A) (28,55)-2-bromo-5-iodohexane (B)  (2S,5R)-2-bromo-5-iodohexane

(C) (28,55)-2-fluoro-5-iodohexane (D) (2S,5R)-2-fluoro-5-iodohexane
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7) Select the compound that reacts fastest with NaSCH; in DMSO (dimethyl sulfoxide).

(A) sec-butyl bromide (B) 3-(bromomethyl)-3-methylpentane
(C) 1-bromo-2-methylbutane (D) 1-bromopentane

8) Select the stronger base and the better nucleophile for the pair shown below:

CH,O" [in CH;0H] or (CH,);CO" [in (CH,);COH]

Stronger Base Better Nucleophile
(A) (CH3);CO” CH,O0
(B) (CH;);CO” (CH;);CO"
©) CH,O” CH,O”
(D) CH,O” (CH;);,CO~

9) What is/are the major mechanistic pathway/s when the alkyl halide shown below is heated with EtOH?

(A)  S\2 (B) E2 (C) S\I/EL (D) S\2/E2

10) Select the alkyl halide that produces a single alkene product when reacted with NaOEt in EtOH.

A) (B) (C) ) Br
K o o T OK

Br
Correct Answer: B

11) What is the major product when the alkyl halide shown below is reacted with KO#-Bu in +~-BuOH?

Ph

Br

(A) (E)-2-methyl-1-phenyl-1-butene (B) (Z)-2-methyl-1-phenyl-1-butene
(C) (E)-2-phenyl-2-pentene (D)  (2)-2-phenyl-2-pentene
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12) Predict the major product of the reaction shown below. Note: Proton transfer reactions are 10° times faster than
nucleophilic substitution reactions.

1 equivalent of NaOCH3
> ?

Br

) /\/Y ® NN © O\ (D) O
HS HS H "
OCH, ’

CHj

Qnm

Correct Answer: C

13) Select the more stable chair conformation of the compound shown below.

N

Cl

Cl
(”) ®) ©) M ©)

Cl

Cl

Correct Answer: C

14) Predict the relative rates of reactions of the stereoisomers shown below with NaOEt in EtOH.

\\‘\\\C |

I cl z
Stereoisomer I Q/ and Q Stereoisomer 11

(A) Stereoisomer I reacts faster than stereoisomer II.
(B) Stereoisomer II reacts faster than stereoisomer 1.
(C) Both stereoisomers react at the same rate.

(D) Neither stereoisomer reacts under these conditions.

15) Select ALL the statements that correctly describe the mechanistic pathways involved in nucleophilic substitution
and elimination reactions of alkyl halides.
() The mechanisms for Sy2 and E2 reactions are concerted processes.

(II) The mechanisms for Sy1 and E1 reactions involve carbocation formation in the slow, rate-determining step.

(III)  E2 reactions with anti stereochemistry have lower activation energies than syn stereochemistry.

(A) Iand II (B) 1and III (C) 1l and II (D) L, 11, and III
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16) Draw all the constitutional isomers of CsH;,. How many of these isomers would produce only one
monobrominated compound when reacted with Br, in the presence of heat or light?

(A) none B) 1 ©) 2 (D) 3

17) Which reagents would you use to synthesize cyclopentyl cyanide from cyclopentane?

(A) NaCN in DMSO

(B) Aqueous HCN

(C) HBr, followed by NaCN in DMSO

(D) Br; in the presence of heat or light, followed by NaCN in DMSO

18) Which reagent(s) would you use to convert (CH;);C-Cl to (CH;3),CH-CH,I? The reagents provided are:

(I) Nal in acetone

(I) NaOCH; in CH;0H
(II1) HBr

(IV) HBr and ROOR/light
(V) HI

Note: Reagents are NOT necessarily listed in the sequence in which reactions are carried out to accomplish this
synthesis.

(A) 1 (B) L II, and IV (C) Iland V (D) L 11, and III

19) What is the stereochemical outcome of the reaction shown?
0 ICH,Znl
| > 7
CH,Cl,

(A) Diastereomers, equal amounts (B) Enantiomers, equal amounts

(C) Diastereomers, unequal amounts (D) Enantiomers, unequal amounts

20) Which reaction or sequence of reactions would produce good yields of (CH;);C-O-CH;?

(I) Reaction of CH3Br with KOC(CH3); in (CH3);C-OH
(IT) Reaction of (CH3);C-Br with KOCHj3 in CH;0H
(IIT) Reaction of 2-methylpropene with Hg(OAc), in CH;0H, followed by reaction with NaBH4 and NaOH

(A) Tand II (B) I and III (C) I and III (D) I, 11, and III
21) Consider the reactions of (i) cis-4-tert-butylcyclohexylchloride and (ii) trans-4-tert-butylcyclohexylchloride with
NaSCHj;. What is the stereochemical relationship between the products in these reactions?

(A) Diastereomers, equal amounts (B) Enantiomers, equal amounts

(C) Diastereomers, unequal amounts (D) Enantiomers, unequal amounts
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22) What is the stereochemical relationship between the products when (£)-3,4-dimethyl-2-pentene is treated with
(1) BoHg in THF, and (2) H,0,; in aqueous NaOH?

(A) Diastereomers, equal amounts (B) Enantiomers, equal amounts

(C) Diastereomers, unequal amounts (D) Enantiomers, unequal amounts

23) What is the stereochemical outcome when (Z)-3,4-dimethyl-3-hexene is reacted with H, on Pd/C in acetic acid?

(A) Diastereomers, equal amounts (B) Diastereomers, unequal amounts

(C) Enantiomers, equal amounts (D) Meso compound

24) What gas is released when CH3;CH,MgBr is added to D,O?

(A)  CDsCD; (B)  CH,CD;
(C)  CH;CHD, (D) CH;CH,D

25) Predict the major substitution product in the reaction shown.

CH30H 2

e :

heat

1
(A) )\/ () © /)\/ (0) )\/\
OCH3

5 OCH3
OCH3 OCH3

Correct Answer: C



