CHEM3900 Name:
Practice EXAM #1 Summer 2023 200 pts
10:00 am

A- Multiple Choice.

Circle the correct answer to the following questions (100 pts = 10 pts/each). Lect. 1 — Worksheet 2
HaC,,

1) Which of the following structures has no conjugation?

A &
B) B) WWW
C)

D)
E) None of the above ’ {6 W Q/O
o [ B sl (I

2) Of the following structures, which is meta substituted? HW 15.1
A) A only COH

B) B only SOzH
e o
D) A and B only

E) B and C only

3) Monobromination of toluene glves which compound(s)’P HW 16.1
A) A only
B) B only
C) C only
D) All of the above TFeBr,
E) None of the above
A
4) Rank the compounds below in order of increasing reactivity to electrophilic substitution: HW16.8

A) phenol, benzene, chlorobenzene, benzoic acid
B) benzene, chlorobenzene, phenol, benzoic acid
C) benzoic acid, chlorobenzene, benzene, phenol
D) benzene, chlorbenzene, benzoic acid, phenol

E) benzoic acid, chlorobenzene, phenol, benzene

5) The major product(s) in the nitration (HNO3) of bromobenzene is/are? Lect. 4 — Worksheet 2
A) A only

B) B only

C) A and B only o

D) A and C only @ :’\;03 ©/ @\
E)A,Band C 2=+a

A


https://www.indiamart.com/proddetail/coal-tar-8352318788.html
https://en.wikipedia.org/wiki/Crocin
https://www.sciencedaily.com/releases/2017/07/170713153023.htm
https://tw.appledaily.com/new/realtime/20120929/144812/

6) Indoles are often biologically active. One of the most famous is di-indole methane (DIM) due its

anti-cancer activity. How many = electrons does DIM have? o OCt 2~ Worksheet 3

A)2 o> _‘
B) 6 A9 PP
C)10 ] N
D) 14 ) N
0 QYT’ $)
| |

N N

H pm H
7) Predict the monoalkalation product(s) you would expect to obtain from the following reaction.
A) A only HW 16.49b
B) B only 3

C) A and B only

CH
HO Br HO Br HO Br
R ytes T X
E) A, Band C A|C|3 H3C CH3
A B C

8) What carbonyl compound gives the following alcohol on reduction with LiAIH4 and H30*?
A) A only Lect. 5 — Worksheet 4

%) B onl o) o) 0
only 1. LiAIH,
C) C only OCH, H OH CHZOH
D) All of the above 2. H3;0+
A B Cc

E) None of the above

9) Which reaction(s) would not go to completion using the reagent NaBH4/ H3O*? HW 17.7
A) A only

@) O OH
B)Aand B I I 2 |
C)BandC A) CH3CCH,CH,COH — CH3CHCH,CH,CH,0H
D)A,Band C
E) None of the above 0 0 OH

| ?

B) CH3CCH,CHyCOCH3 ——  CH3CHCH,CH,CHyOH

8 "
?
C) CH3CCH CH,COCH3 ——  CH3CHCHoCH,COCH3

10) What products would you expect from the dehydration of the following alcohol and which is the
major product (in bold)? Lect. 6 — Worksheet 3
A) A, B and C only

HaC CH(CH3) HsC CH,CHj,
B) A, B, Cand D e “ Ne—y"
C)A,B,CandD CH; OH H H/ \CH H3C/ \CH3
D)A, B, C and D || POCI; A ’ B
E)A,B,CandD nyc—c—cCc—C—cCH;, —  »
‘ | pyridine H CH,CH, H CH(CHa),
H CH, H C——=C C——=C
H CH(CHg) H3C CHg

D



B - Short answer. Correctly answer the following questions. PLEASE SHOW YOUR WORK. (100
pts).

11a) What are the IUPAC names for the following compounds? (12 pts) HW 15.18
F
CH CH COyH
g 2 . NO,
CHCH,CH,CHCHj4
©/ Br
NO,
11b) Draw an orbital picture of furan to show how the molecule is aromatic. (10 pts) HW 15.9

\

12) Anthracene has four resonance structures, one of which is shown. What are the other three?
(15 pts) HW 15.25

/135



13) What is the major monosubstitution product from the Friedel-Crafts reaction of:  Lect. 4 - Worksheet 1
Benzene with 1—chloro-2-methylpropane in the presence of AICI3? (12 pts)
Please show the mechanism (with arrows pushing).

14) Propose a syntheses to carry out the following conversion. Assume ortho and para isomers can be separated

(i.e. don’t worry about the ortho product). (18 pts) new/related
CH,

CO0OH

NH,

para-amino benzoic acid (PABA)
a naturally occurring active ingredient used in some suncreens

/130


https://www.pinterest.com/pin/362891682444895270/
https://www.udecor.com/Tropical-Beach.html

15) Draw resonance structures for the intermediates from the reaction of an electrophile (E*) being
attached from the “Para” position of nitrobenzene and circle the least stable intermediate. (12 pts)
Lect. 4 — Worksheet 3

NO,
16) What are the IUPAC names for the following alcohols (6 pts). HW 17.37
OH OH
4 |
H-__ "H CH3CH(|2HCH2CH3
HO CH,CH,CH3

17) A highly useful and general method for the synthesis of alcohols is the addition of Grignard reagents to carbonyl
compounds. Show what Grignard reagent and what carbonyl compound you would start with to prepare these alcohols.

(8 pts) New/related
OH
’ Sat
OH
b) I
PhCH,— C — CH;
I
CHs
(Ph = Phenyl)

18) In the commercial synthesis of (S)-ibuprofen (Advil®) what reagent(s
the following reaction and what intermediate would you generate’?; W
(9 pts) =

would you use to carry out

‘% Lect. 6 — Worksheet 2
e )4

nmum ~—"

(S)-ibuprofen (Advil®)


https://www.advil.ca/product/advil-tablets
http://holistic-medicine.com/7-things-relieve-hip-knee-pain-without-medication/
https://www.hippocraticpost.com/innovation/otc-lipid-ibuprofen-first-line-treatment-joint-pain/
https://www.walmart.com/ip/Advil-Pain-Reliever-Fever-Reducer-Ibuprofen-Coated-Tablets-200-mg-100-Ct/893360
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Chem 3900 _ _ _ _ _
Handout 2 Table 16.1 Orientation of Nitration in
Lecture 4 :
Chap 16 Substituted Benzenes
Y Y
HNO3
— 3 -
H2S04, 25 °C NO2
Product (%) Product (%)
Ortho Meta Para Ortho Meta Para
Meta-directing deactivators Ortho- and para-directing deactivators
+

~N(CHs)3 2 87 11 —F 13 1 86
—NO, 7 91 2 —ClI 35 1 64
—COyH 2l 76 2 —Br 43 1 o6
—CN 17 81 2 =l 45 1 54
—CO,CH3 28 66 6 Ortho- and para-directing activators
—COCH4 26 72 2 —CHs 63 3 34
—CHO 19 72 9 —OH 50 0 50

—~NHCOCH; 19 2 79

Y

NOTE: below are potential substituents (Y) on a ring

A
- Benzene

0] 0
Il . —CH3

| . .
—NO, —S0O3H —COH —CH —Br: —F: (alkyl)  —0OCHs —NH,

b . . .
—NRy —C=N [ 0 —T: —C: —H R — T
CCHg —COCH; —RNHCCH;

Meta-directing Ortho- and Ortho- and

deactivators para-directing para-directing
deactivators activators



CHAPTER 16
CHEMI
STRY OF BENZENE: ELECTROPHILIC AROMATIC suBsSTITUTION

SUMMARY OF REACTIONS

1. Electrophilic aromatic substitution
(a) Fluorination (Section 16-2)

2 BF4
F:N‘\/\N:-CHzcn
B

(F-TEDA-BF4)

(b) Bromination (Section 16-1)

Br
i By R ©/ + HBr

(c) Chlorination (Section 16-2)

cl ,
‘ “CloFe0l3 ©/ + HCl ;f
N

(d) Iodination (Section 16-2)

i *
Lo + 1, Luclz, + HI

SO T SRS

"‘Yﬂ TR B0
i.uﬂ.L 3] l@ nﬁbl:} a4







SUMMARY ¢

1. NaBHg or Liall, H\' H
TR e

/ ’ }
2.Hzo+ C 5 Y .
REEny :
Primary alcohol :
* 1.NaBHj or LiAlH, 'R< /H o
2. H30* a5 C ziodenlaTook
£ R DORE ke
Secondary alcohol



~ CHAPTER 17 ALCOHOLS AND PHENOLS

Tertiary alcohol

10



SCRATCH PAPER
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SCRATCH PAPER
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Chart Key:

13

helium
elerr_lem name 2
. Alkali Metals atomic number H
. bol e
Alkaline Earth Metals symbo 4002607
Transition Metals stamic weight boron carbon nitlogen | oxygen Tiucrine =]
Other Metals ] oo 5 6 7 8 9 10
Non-metals solid liquid gas synth B C N 8] F Ne
10.811 12.0107 14. 00674 15.55054 18.9584 201757
Noble Gases C Br HE‘ T alumiinum silicon phos phorus sulfur chiorine argon
Lanthanoids c 13 14 15 16 17 18
& Actinoids Al | Si | P | S | CI | Ar
26981538 | 2B.0BES | 30.573TE 32.065 35.453 35,5984
SCMdILm titanium vanadium | chromium | manganese inon cobalt micke! COppEr ZING gallium GErMENIEm SrSEMIC Selenium bromine krypton
21 22 23 24 25 26 27 28 29 30 KL | 32 33 34 35 36
Sc Ti Vi Cr Mn | Fe | Co | Ni | Cu | Zn | Ga | Ge | As | Se | Br | Kr
44 95881 47.867 50.9415 51.9961 54 93805 56,845 589332 586534 62.545 55409 65.722 T2.64 T74.9215 T8.96 T75.904 83.738
witrium ZINConium nichium | mohfbdenum| technetivm | ruthenium rhedium pallzdium sifver cadmium indium tin antimony | tellunum iodine HENON
39 40 4 42 43 44 45 46 47 43 49 50 L] 52 53 54
Y Zr | Nb (Mo | Tc | Ru | Rh | Pd AB%Z Cd | In | Sn | Sb | Te I Xe
88.590585 91.225 5290638 95.94 [58] 101.07 102 9055 106.42 107. 112411 114.818 118.710 121.760 127.60 126.9045 131.253
Jutetium hafnium tantalum tungsten rhenium QMM indium platinum gold METCUry thallium ead bismuth polonium Fsiatine radon
7 72 73 T4 Th 76 T 78 9 80 81 82 83 B4 85 86
Lu | Hf | Ta | W | Re | Os Ir Pt | Au Hg‘a Tl Pb | Bi | Po | At | Rn
174.967 178.43 180.59478 183.84 186.207 190.23 182,217 185078 | 196.96655 | 200 204.3533 207.2 208.59804 [205] [210] [223)
[zwrencium [ruthedordum|  dubnivm | seaborgium [ bohrium hassium | meftnerum | GamSE0m | reentgenilim | Copernicium
103 104 105 106 107 108 109 110 111 112
Lr | Rf | Db S% Bh | Hs | Mt | Ds | R Cn
[262] [261] [263] [T [270] [265] [2TE] [281] [2E [2E35]
[Tanihanum | cenum | pesecdymium] necdymium | promethium | samariem | europium | gadolinium | terbiom | dysprosiom | holmiom erbium thulium | yiterbium
57 58 59 60 61 62 63 64 G5 66 67 68 69 70
La | Ce | Pr | Nd |Pm | Sm | Eu | Gd | Tb D! Ho | Er | Tm | Yb
138.9055 140.116 | 140.90765 | 144.24 [145] 150.26 151.964 157.25 1585253 162. 164,930 167.258 168.534 173.04



http://www.had2know.com/academics/molar-mass-calculator.html

