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I. (16 pts.) A. (8 pts.) The mass spectrum of hydrocarbon A (molecular formula is C13H2g) shows a parent
peak and a strong fragmentation peak at lower m/z values. (See the last page for a Periodic Table
of the Elements.)
CH3;CH,CH,—C—CH,CH,CH,
CH,CH,CH,
A

1. (3 pts.) What is the m/z value for the parent peak?

2. (5pts.) Give the expected structure and the m/z value for the major positively charged fragment.

B. (8 pts.) The mass spectrum of ketone B (molecular formula is C¢H1,0) shows a parent peak and two
very strong fragmentation peaks at lower m/z values.

0
|

CH3— C—CH,CH,CH,CH3

3. (3 pts.) What is the m/z value for the parent peak?
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4. (5pts.) Give the expected structure and the m/z value for the lower molecular weight positively
charged fragment.

Il. (13 pts) Complete the following equations, giving all organic product(s). No stereochemistry required.

A. 1) BHy/THF
CH, —
2) H,0,, OH

one mole of Br,

B. CH;CH,CH=CH—CH=CH,
ccl,

CH, CH; 1) NBS/v
\ -
/CHCHZ—CHZCH—CHZCH\ 2) alcoholic KOH
CH3 CHj or

NaOEt/EtOH

D. (4 pts) Give the reactants for the following reactions.

Cl
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1. (8 pts) Give the product(s) (neglect stereochemistry) and draw a stepwise mechanism for the following
reaction (include all important resonance structures).

H3C
HsC
H3C

H,C

|

+ HBr
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IV. (42 pts) For each of the following compounds, propose a structure
in the box provided that fits the data presented.

A. (7 pts) CsH,Bro

'H NMR:
8 3.9 (2H, singlet)
d 2.7 (2H, quartet)
d 1.1 (3H, triplet)
Broadband-decoupled **C NMR:
0 202.60
o 34.09

o 33.16

S 7.93
IR: 1710cm™

B. (7 pts) C;H..0

'H NMR:

5 2.3 (2H, singlet)

d2.1 (3H, singlet)

6 1.0 (9H, singlet)
Broadband-decoupled **C NMR:

5208.38

o 56.00

& 32.30

o 30.91

S 29.77
IR: 1710 cm™

C. (7 pts) CngGO

'H NMR:
d 2.4 (2H, triplet)
6 2.1 (3H, singlet)
d 1.6 (2H, multiplet)
d 1.3 (6H, multiplet)
6 0.9 (3H, triplet)

Broadband-decoupled **C NMR:

5 209.58 S 29.77
o 44.67 d 24.80
& 32.48 o 23.35
o 30.54 5 14.80

IR: 1710 cm™




D. (7pts) C,H.CI,0

'H NMR:
d 7.4 (1H, singlet)
6 3.9 (3H, singlet)
Broadband-decoupled™*C NMR:
6 154.54
0131.94
5127.38
0126.33
& 60.75
IR: 1100 cm™

E. (7pts) CgH1a

'H NMR:

5 5.8 (2H, multiplet)

8 5.0 (4H, multiplet)

d 2.1 (4H, multiplet)

d 1.4 (4H, multiplet
Broadband-decoupled™*C NMR:

5 138.89
5 114.25
o 33.65
o 28.43

F. (7 pts) The following compound is characterized by a *H NMR spectrum that consists of only a
single peak (a singlet) having the chemical shift indicated. Some additional data are given. Write
the correct structure for the compound (either of two structures will get full credit) in the appropriate
box.

C8H1202

'H NMR:
5 1.3 (12H, singlet?
Broadband-decoupled*C NMR:
0 215.42
o 70.37
o 18.82
IR: 1750 cm™




V.

(21 pts) Circle the correct answer (think carefully).

A. How many signals are present in the broadband-decoupled **C NMR spectrum of

CH,
,1/,,/// ’)
CHa H
CH,
1) 7 2) 8 3) 10 4) 11

B. How many signals are present in the *H NMR spectrum of

CH,

H,C

1) 3 2) 4 3) 5 4) 6

C. How many signals are present in the broadband-decoupled **C NMR spectrum of

CH_CH2C(CH3)3

1) 8 2) 9 3) 11 4) 12

D. The DEPT 90 *C NMR spectrum of

_CHy_
H3C CH2 /CHB
HaC——C— CH, == CHy,—C——CHs
H c/ N H \CH
3 CH2 CH 3
~ / 2
CH;

would show how many signals?

1) 1 2) 2 3) 4 4) 5



E.

F.

The DEPT 135 **C NMR spectrum of

_CH> \CH
H3C CH2 2

H,C——C——CH,

HeC H CH, __cH,
CH;

would show how many positive and how many negative signals?

1.) 2 positive, 2 negative 3.) 4 positive, 3 negative
2.) 2 positive, 3 negative 4.) 4 positive, 5 negative

What multiplicity (splitting pattern) is observed in the *H NMR spectrum for the indicated hydrogen?

Cl Cl ||-| «—
C
/C H,
I
Cl Cl H
1.) Singlet 2.) Doublet 3.) Triplet 4.) Quartet

The natural abundance of bromine isotopes is 50.7% "°Br and 49.3% ®'Br. The molecular ion region
of the mass spectrum of compound G would be expected to show

C3HgBr>
G

One peak at m/z = 202

Two peaks at m/z = 200 and m/z = 202

Two peaks at m/z = 200 and m/z = 204

Three peaks at m/z = 200, m/z = 202, and m/z = 204

Eal N



CHARACTERISTIC PROTON CHEMICAL SHIFTS

CHARACTERISTIC INFRARED ABSORPTION FREQUENCIES

Type of proton Chemical shift 8,ppm Bond Compound type Frequezglrange,
Cyclopropan 0.2 C—H Alkanes 2850-2960
¢ ’ 1350-1470
| C—H Alkenes 3020-3080 (m)
675-1000
i RC—H
Primary ‘ i C—H Aromatic rings 3000-3100 (m)
H 675-870
H C—H Alkynes 3300
\ C=C  Alkenes 1640-1680 (v)
Secondary ~ R.C—H 1.3 C=C  Alkynes 2100-2260 (v)
Tertiary RsC—H 15 C—C Aromatic rings 1500, 1600 (v)
Vinylic C=C—H 4.6-5.9 C—O Alcohols, ethers, carboxylic acids, esters 1080-1300
Acetylenic C=C—H 2-3
Aromatic Ar—H 6-8.5 C=0  Aldehydes, ketones, carboxylic acids, esters  1690-1760
Benzylic Ar—C—H 2.2-3 _
Allylic C=C—C—H 17 O—H Monomeric alcohols, phenols 3610-3640 (v)
Fluorid H—C—F 4-45
Crl\]l(c))';lid(eez H—C—Cl 3.4 Hydrogen-bonded alcohols, phenols 3200-3600 (broad)
Bromid H—C—Br 25-4
|oré)ir§és e H—C—| 2.4 Carboxylic acids 2500-3000 (broad)
Alcohols H—C—OH 34-4 N—H Amines 3300-3500 (m)
Ethers H—C—OR 33-4 C—N Amines 1180-1360
Esters RCOO—C—H 3.7-4.1 C=N Nitriles 2210-2260 (V)
Esters H—C—COOR 229 —NO; Nitro compounds 1515-1560
Acids H—C—COOH 2-2.6 1345-1385
Carbonyl H—C—C=0 2-2.7 _
compounds *All bands strong unless marked: m, moderate; v, variable.
H
\
. _ 1A . .. 8A
ﬁ;ddergi’(;'l'i‘i: R 19'51(; 1 Abbreviated Periodic Table 1)
— - 1 2
Phenolic Ar0—H 4-12 H 22A fls_\ 14A i? (13? I;\ 4H;0
Enolic C=C—O—H 15-17 108 -
Carboxylic ~ RCOO—H 10.5-12 o N el ]e N
H 6.94| 9.01 10.8] 12.0 | 14.0 [ 16.0 [ 19.0 | 20.2
| 11 12 3B 4B 5B 6B 7B —* 18 28 13 14 | 15 16 | 17 1AB
i r
Amino RN—H 1-5 2’;‘?0 Z'Z?S ’ ) ) ° ! ’ ? o zﬁ,lo 25,1 31P.o 325,1 3?5 39.9
DEPT90 CH Kla|a| BV ]|a]lm|e|a|N|laln|alsla||s]|x
DEPT 135 CH CH3 pOSitiVG signal 39.1) 40.1] 45.0[47.9]509]52.0(54.9 558 589 |58.7[635]654]69.7[7060749]79.0 7991838
CH, negative signal
3°>2°>1° Alkane C
C-0 and C-Hal
|
c=C
I
C=C
|
Aromatic C
C=O in acids' _
esters, amides -
C=0 in aldehydes NI
and ketones
! I | ! [ ! | L | 1 | L i ! ! I ] 1 | ! ]_.
200 180 160 140 120 100 80 60 40 20 0

Chemical shifts for “C in various kinds of compounds.
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