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Introduction:

This book is intended to be
used in conjunction with a reference
book, aithough we have included
several tables for convenience. We
have attempted to rank the
accompanying probiems in order of
increasing difficuity although this a
very subjective ranking. We have
attempted to incorporate examples
with elements other than C, H, N and
Q. We have included problems
which contain I, Br, CI, F, P, S, Si,
Sn, Fe, Cr, Hg, Mo, and Rh. To this
end we have included some
standard unknowns as well as some
organometailic compounds, research
samples, natural products, and two
polymer samples. We have not
included the same information for
every problem in part because we
could not obtain the information and
also because we felt that when one
sits down to do a real world spectral
problem one does not aiways start
with the same amount of information.

Generally each problem
includes a mass spectra and/or a
high resolution mass spectra of the
parent peak (exact mass), an
infrared spectrum with the conditions
of the collection, a *H NMR spectra
and a 13C NMR spectra. For some
problems 2D NMR spectra are
given.

Eiemental analyses are
included for many of the problems.
In many cases the problems contain
redundant information to provide
experience in some of the newer
NMR techniques.

The infrared spectra were

collected on either a Mattson
Cygnus25 FT Infrared spectrometer
or a Perkin Elmer 710B Infrared
spectrometer. The method of
sample preparation is noted in each
case. Tabie | illustrates the general
spectral regions for some common
organic functional groups.

Many of the mass spectra
were obtained from the Wiley
Registry of Mass Spectral Data. The
others were collected on various
Mass Spectrometers. The exact
masses were caiculated from the
chemical formula.

All NMR spectra were
recorded on General Electric QE300
FT NMR spectrometer. The 1H
NMR spectra were obtained at 300.2
MHz. The 13C NMR spectra were
obtained at 75.49 MHz. Table Il
shows some typical TH NMR shifts
of erganic compounds. Multiplicities
of the 13C NMR peaks are given
through either off resonance
decoupled spectra or an APT
experiment.

The elemental anaiyses were
calculated from the formula with
oxygen done by difference.
Analyses for Cl and Br were
intentionally omitted since these are
readily identified by their isotopic
distribution patterns in the mass
spectrum. The reiative peak areas
for proton NMR data is provided by
either integration or the areas are
typed in. The 13C NMR broad band
spectra were collected until it was
determined that all carbons were
accounted for, although, there are
some cases of concidental overiap.
The off-resonance spectra are offset



plotted in most instances, in several
cases the results of the off-
resonance spectra have been
labeled with the broad band
decoupled spectra as q (quartet,
CH3), t {triplet, CH2), d (doublet,
CH), or s (singlet, C). The APT
(attached proton test) spectra are
offset above the broad band spectra;
a negative indicating an odd number
of hydrogens attached (CH3 or CH),
a positive peak indicating an even
number of hydrogens (CH2 or C). In
some spectra the APT results are
not plotted, but given labels, uord
(up, positive; down, negative) with
the accompanying broad band
decoupled spectrum. In general,
one can infer whether a positive
peak is a CHyp or C by the intensity;
the quaternary carbon generaily
being much less intense. The
methyi can be distinguished from the
methine by the chemical shift; the
methyl resonance usually being
upfield of the methine. Generally
any negative peaks below 60 ppm
will necessarily be methines.
Selected problems have 2-DNMR
spectra attached. We have chosen
to include only two of the many types
of 2-D NMR experiments, the homo
and hetero COSY.

Suggested Readings

Spectrometric Indentification of Organic Compounds, Sth
ed., M. Silverstein, G.C. Bassler, and T.C. Morril, John
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Problem 1
Exact Mass: na
IR: neat

1y NMR: CDCl;
13c NMR: cDCl,
Analysis: na
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Problem 2
Exact Mass:
IR: neat

lg NMR: CDClj
13c NMR: €DC1,4

na

Analysis: na
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Problem 3
Exact Mass: na
IR: neat

1y NMR: cDCl,4
13c nMr: cDCl,
Analysis: na
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Problem 4

Exact Mass:
neat

IR:

na

lg NMR: CDC1j
13¢ nMr: cpcly

Analysis: na
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Problem 5
Exact Mass: na
IR: neat

lg wMRr: cpelg
13c NMR: cDClj
Analysis: na

Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A
25, 0.20 32, 0.10 42, 5.81 51, 0.30 58, 0.10 72, 0.20
26, 1.60 36, 0.10 43,100.0 52, 0.10 59, 0.10 BS5, 0.10
27,13.0]} 37, 0.60 44, 2.50 53, 0.40 63, 0.10 86, 9.81
28, 1.80 3g, 1.10 45, 1.00 54, 0.10 67, 0.10 87, 0.60
29, 1.20 39, 6.71 46, 0.10 55, 0.60 69, 0.10 88, 0.10
30, 0.10 40, 0.90 49, 0.10 56, 0.20 70, 0.10
31, 0,20 41,13.01 50, 0.30 57, 0.20 71, 3.8¢
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Problem 6
Exact Mass: na
IR: neat

1y NMR: CDC1,4
13c NMR: cDC1,
Analysis: na

142

127

Lt 4 a1 3 2 4 4

15

| 71 _4
rar Ty rrrrT T T T rrrTirrrr T rrrri rrera
25 50 75 10 125 15

¥avelangth (um)

i

N
[

= 1 y T T T T T + T T T T
|

80 ~
50

A0 +

20 [

10

I 1 1 1 ! L - I 1 L 1 1 1 3 1

4000 3800 3200 2800 2400 2000 1800 1200



PN

l'lliill[!lIIIII]IIIll"l—lT'[—illillillil

- 3.5 3.0 2.8 2.0 1.5 1.0 0.5 0.0 PPM




Problem 7
Exact Mass: na
IR: neat

lg NMR: CDClj
13c NMR: €DCl,
Analysis: na

[EE I W T O T O I

vavalangth (um)
3 2 S a

1 i
l T L T T T i T 1 1 T T T ¥ O T

so f ﬂ ]
o N*l-

30

10

[l 1 L l 1 i 1 L ] 1 1 1 1 I}

3600 3200 2800 2400 2000 1600 1200 800
Aavanumbers




3

PPM

140

120

' 1
100

ao

—




Problem 8

Exact Mass:

IR:

neat
lg NMR: CDC1;
13c NMR: cDCl,4

Analysis: na

na
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Problem 9
Exact Mass: na
IR: neat

1y NMR: cDCl4
13c mMr: cpely
Analysis: na

Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A

15, 0.50 29, 2.00 43, 2.00 56, 2.00 70, 0.70 86, 0.70
17, 0.20 30,100.0 44, 2.00 57, 0.30 71, 0.10 87, 8.00
18, 2.00 31, 2.00 45, 3.00 58, 1.00 72, 0.20
27, 3.00 41, 4.00 46, 0.10 59, 0.20 84, 0.20
28, 4.00 42, 3.00 55, 1,00 69, 0.50 85, 0.20
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Problem 10
Exact Mass:!: na
IR: neat

ly NMR: CDCl,

13c NMR: CDClj
Analysis: na

Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A
12, 0.50 26, 8.81 40, 2.60 54, 0,60 82, 0.60 106, 0.30
13, 0.70 27,33.83 41,60.37 55, 5.40 83, 0.10 107, 1l.50
14, 1.70 28, 9.01 42, 3.50 56, 5.10 g1, 0.10 108, 0.30
15, 7.51 29,56.97 43, 0.40 57,100.0 92, 0.10 109, 1.20
l6, 0.20 29, 0.10 44, 0.10 58, 4.40 g3, 0.50 117, 0.10
17, 0.10 3o, 1.20 48, 0.1¢C 59, 0.10 94, 0.10 119, 0.10
18, 0.10 3z, 0.10 49, 0,70 71, 0.30 95, 0.40 121, 0.20
19, 0.10 36, 0.20 50, 2.30 72, 0,10 101, 0.10 125, 0.10
24, 0.10 37, 1.80 51, 2.00 79, 1.20 102, 0.10 136, 0.70
25, 0.90 38, 3.10 52, 0.70 80, 0.60 104, 0.10 138, 0.60
25, 0.20 39,20.32 53, 1.90 81, 1.10 105, 0.20
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Problem 11
Exact Mass: na
IR: neat

1§ NMR: CDC1,

13c NMR: cDCl,4
Analysis: na

Mass Spectral Data

mz m/z mz my mz miz
37 0.714 53 274 74 4.01 89 516 105 1.38 127 1.3
38 2.12 55 1.70 15 408 80 0.73 113 028 128 0.93
39 15.13 56 0.21 76 3.63 91 9218 115 21.40 129 043
40 1.31 58 056 77 2222 92 6.95 116 460 131 037
41 8.07 61 0.77 78 1t.11 a3 0.36 117 16.50 153 1.22
42 0.37 62 3.06 79 7.82 a8 0.35 118 6.17 155 0.35
47 0.30 63 8.60 80 0.41 99 0.37 119 100.00 168 8.37
49 10.70 64 1.51 85 0.33 101 1.02 120 942 169 0.87
50 9.25 65 9.24 86 0.74 102 545 121 035 170 2.74
51 20.79 66 0.70 87 145 103 14.79 125 259 171 0.20
52 3.86 73 079 88 034 104 3.66 128 0.30
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Problem 12
Exact Mass:
neat
ly NMR: CDClj
13c NMR: CDCl4
Analysis: na

IR:

Mass Spectral Data

mz
30
31
32
37
a8
38
40
41
42

0.37
9.46
0.17
0.76
1.62
9.51
1.58
9.15
9.01

na

m/z m/z n/z
43 10000 55 278 69 038
44 239 56 487 83 270
45 149 57 259 85 072
49 021 58 1456 98  4.46
50 107 59 5348 99 0.74
51 118 60 190 101 3592
52 031 61 049 102 215
53 150 62  0.28
54 023 63 021
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Problem 13

Exact Mass: na
IR: neat

'H NMR: CDCl,
13C NMR: CDCl3
Analysis: na
Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A Mass
12, 0.10 26, 0.90 32, 0.10 40, 0.60 52, 0.30 68,
13, 0.10 26, 0,10 33, 0.10 41, 5.71 53, 0.30 69,
14, 0.40 27, 5.10 33, 0.10 42, 1.70 54, 0.50 70,
15, 2.70 27, 0.10 34, 0.10 43, 1.60 55, 1.80 71,
16, 0.30 28, 9.11 34, 0.10 44, 1.30 56, 1.90 72,
17, 0!30 29, 3.10 36, 0.10 45, 0.10 57, 0.80 73,
18, 2.00 30,100.0 37, 0.40 49, 0.10 58, 1.60 74,
19, 0.i0 31, 2.30 ig, 0.80 50, 0.10 59, 0.20
25, 0.10 32, 0.30 39, 4.10 51, 0.20 60, 0.10
20 |
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Problem 14
Exact Mass: na
IR: neat

1y mMR: cpCly

13¢c NMR: CDC1,4
Analysis: na

Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A
13, 0.90 29,23.92 45, 1.60 59, 3.80 72, 1.20 93, 0.10
14, 4.70 30, 0.80 46, 0.10 60, 0.20 77, 0.10 95, 0.10
15,27.12 31, 0.80 48, 0.10 61, 0.10 78, 0.10 96, 0.10
i6, 0.70 32, 0.10 49, 0.30 62, 0.20 79, 0.10 97, 0.10
17, 0.10 36, 0.0 50, 1.40 63, 0.30 81, 0.20 98, 0.20
18, 0.60 37, 1.60 51, 1.50 64, 0.10 82, 0.20 99, 0.10
19, 0,10 38, 3.60 52, 0.40 65, 0.30 83, 0.80 100,15.71
19, 0.10 39,25.22 53, 1.70 66, 0.10 84, 0.30 101, 1.10
24, 0.10 40, 3.80 54, 0.40 67, 2.50 85,21.92 102, 0.10
25, 0.30 41,37.03 55, 2.90 68, 0.30 86, 1.20
26, 13.50 42,12.41 56, 2.10 69, 1.20 87, 0.10
0 27,24.22 43,100.0 57,37.53 70, 0.20 91, 0.10C
28, 3.60 44, 4.20 58,60.17 71, 0.40 92, 0.10
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Problem 15
Exact Mass: na
IR: neat

lg NMR: cDC1;

13¢c mMR: cDClj
Analysis: na

Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A
1, 1.10 28, 7.21 i, 8.81 49, 0.10 62, 1.00 75, 0.40
2, 0.10 28, 0.20 38, 0.10 50, 7.51 63, 2.00 75, 0.10

12, 0.30 29, 7.51 39,47.64 51, 9.51 63, 0.20 76, 0.10
13, 0.50 30, 0.20 39, 1.50 52, 5.00 64, 0.30 77, 2.00
14, 1.00 31, 0.20 40,27.72 53,16.61 65, 4.60 77, 0.20
15, 5.10 Ji, 0.10 41,67.48 54,28.73 66, 1.60 78, 0.40
16, 0.20 32, 0.30 42,17.12 55, 3.60 67,100.0 79, 2.00
24, 0.10 32, 0.10 43,51.37 55, 1.60. 68, 5.61 80, 0.30
25, 0.60 35, 0.10 44, 1.80 56, 4.10 69, 0.10 81,11.31
25, 0.10 36, 0,30 4%, 0.1¢ 57, 0.20 72, 0.10 82, 0.80
26, 6.41 37, 4.20 48, 0.10 60, 0.10 71, 0.20 83, 0.10
27,64.78 37, 0.20 49, 1.30 61, 0.690 74, 0.70
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Problem 16

Exact Mass: na

IR: neat

1y NMR: CDCl,

13¢ NMR: cDCl4

RAnalysis: 82.0% C; 6.0% H; 12.0% N
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Problem 17
Exact Mass: na
IR: nujol

1y NMR: CDCl,

13c NMR: cpCl,

Analysis: 93.3% C; 6.7% H
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Problem 18

Exact Mass: na
nujol
1 NMR: CDC1,
13c mMr: cpcl,
Analysis: B0.0% C; 6.7% H

IR:

Mass Spectral Data

m/z
32
a8
39
40
41
43
44
45
50
51
52
53
55
56
57

11.70
0.40
3.34
0.89
2.14
3.16
4.49
1.80
1.74
3.28
0.84
0.68
3.39
0.35
2.82

Transmiitance

m'z m/z m'z m'z m2 mz

62 147 79 046 96 012 115 284 141 075 168 0.44
63 461 81 174 97 204 116 026 145 015 169 0.34
64 184 82 277 98 072 117 143 147 014 171 044
65 1.98 83 1.45 99 060 120 6.70 150 068 178 0.59
87 021 83 1.33 10t 082 121 0417 151 258 177 0.70
69 211 84 025 102 190 123 093 152 11.71 178 1.29
70 055 85 1.03 103 050 125 014 153 18.98 178 0.77
70 051 86 065 104 017 126 183 154 649 180 0.43
71 169 87 100 104 038 127 281 155 1.31 181 550
73 403 88 087 105 127 128 23.00 156 0.32 182 7.79
74 147 89 422 108 051 120 025 163 1.43 183 1.21
75 2.36 90 043 109 0.12 132 1.36 164 2.27 192 o1
76 3.81 91 227 111 047 137 015 165 2234 193 0.94
77 330 92 017 113 164 139 294 166 7.89 194 1.68
78 142 95 052 114 0.37 140 045 187 215 195 172
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0.40
1.40
1.99
0.16
0.87
50.02
8.1
0.64
100.00
17.77
1.87
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Problem 19

Exact Mass: na

IR: neat

'H NMR: CDCI,

BC NMR: CDCl,

Analysis: 91.5% C; 8.5% H
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Problem 20
Exact Mass: na
IR: neat

lg nMR: cDCl,

13¢c NMR: cDClg
Analysis: na
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Problem 21

Exact

Mass: na

IR: neat
1y NMR: CDClj
13c NMR: cDClj

Analysis: 62.6% C;

11.4

% H;

12.2% N
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Problem 22

Exact Mass: na

IR: neat

1y NMR: CDC1j

13c mMR: CDClj

Analysis: 71.4% C; 9.6% H
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Problem 23

Exact Mass: na

IR: neat

1y NMR: cDClj

13c NMR: CDCl;

Analysis: 90.8% C; 9.2% H
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Problem 24a
Exact Mass: na
IR: neat

¥ NMR: CDC1,
3¢ NMR: CDC1,
Analysis: na
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Problem 24b
Exact Mass: na
IR: nujol

'H NMR: CDCl,
¢ NMR: cCDC1,
Analysis: na
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Problem 25a

Exact Mass: na

IR: neat

H NMR: CDC1,

13¢ NMR: €DC1,

Analysis: 49.2% C; 4.1% H
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Problem 25b

Exact Mass: na

IR: neat

‘X NMR: CDC1,
3¢ NMR: C€DC1,
Analysis: 49.2% C; 4.1% H

4 91 170
’ 39 65
-IIII|i]lli“:=I|I‘Ijlllll:Ihh‘lltlilllgllllj-f?[lll|Fll[||
25 S0 75 100 125 150 175 200

80 ﬂ w ﬁ ﬂ
60O

20 |

4000 I 35‘00 1 32IUD l '28I00 I 21;00 ' 2(;)00 I 18'00 I 16.00 I 1‘;00. 12.00 l 1(:;00 I 860

Frequency(cm )




7 6 5 4 3 2 PPM

J-.J - e .:l — e

L) ¥ L] I L L) L] l
120 100 80 80 40 20 PPM

i
140




Problem 26
Exact Mass: na
IR: neat

1y NMR: €DCl;

13c nMRr: cDClj
Analysis: na

Mass Spectral Data
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Problem 27
Exact Mass: na
IR: neat

1y NMR: CDC1,

13¢c mMR: cDCly
Analysis: na
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Problem 28
Exact Mass: na
IR: neat

lg nMRr: CDC1j

13c NMR: CDCl;
Analysis: na
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Problem 29
Exact Mass: na
IR: neat

1y NMR: cDC1j

13c NMR: cDCly
Analysis: na

Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A
14, 0.50 37, 2.00 42, 3.00 54,80.01 66, 2.50 78, 1.40
15, 4.70 37, 0.30 43, 0.40 55, 6.30 67,100.0 79, 6.10
25, 0.30 38, 4.80 49, 1.00 56, 0.50 68, 5.40 80, 0,90
26, 5.70 39,41.30 50, 6.40 61, 0.30 73, 0.30 81,10.80
27,28.70 39, 0.50 51, 9.50 62, 0.60 74, 0.80 82,38.00
28, 8.00 40, 5.60 52, 4.80 63, 1.60 75, 0.60 83, 2.50
29, 3.30 41,40.30 53,13.20 65, 3.40 77, 5.00
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Problem 30
Exact Mass: na
IR: neat

1y wMr: cpClg

13c NMR: cDC1;
Analysis: na
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Problem 31
Exact Mass: na
IR: neat

14 NMR: CDCljy

13c NMR: CDCl,
Analysis: na

Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A
14, 0.20 38, 0.20 49, 0.10 64, 7.61 85, 0.60 104, 0.90
15, 0.30 39,14.11 50, 8.11 65,14.71 86, 1.20 105, 2.30
16, 0.10C 40, 2.20 51,15.11 66, 1.10 87, 1.10 106, 0.30
17, 0.10 41, 1.60 51, 0.10 67, 0.10 88, 0.40 107, 2.60
18, 0.20 42, 0.30 52, 2.40 68, 0.10 89,73.39 108, 0.50
25, 0.10 42, 0.10 52, 0.20 72, 0.10 90,89.80 109, 0.20
26, 0.60 43, 1.10 53, 0.50 73, 0.60 91,100.0 118, 0.50
27, 2.10 43, 0.20 54, 0.10 74, 2.80 92,31.23 119,64.08
28, 0.50 44, 0.40 55, 0.20 75, 1.80 93, 2.20 120,62.58
29, 1.10 44, 0.20 56, 0.10 76, 1.20 94, 0.20 121, 5.71
30, 0.20 45, 1.10 57, 0.10 77, 8.11 95, 0.10 122, 0.40
31, 0.20 45, 0.30 59, 0.80 78, 2.00 97, 0.10 123, 0.10
32, 0.10 46, 0.50 59, 0.20 79, 0.90 98, 0.20
36, 0.10 46, 0.10 60, 0.30 80, 0.10 99, 0.10
37, 1.50 47, 0.10 61, 2.00 81, 0.10 101, 0.10
37, 0.10 48, 0.10 62, 6.31 83, 0.10 102, 0.50
38, 4.30 49, 0.90 63,18.02 84, 0.20 103, 1.10
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Problem 32
Exact Mass: na
IR: neat

ly NMR: CDC1,4

13c NMR: cDCly
Analysis: na

Mass Spectrat Data

mz vz mz mz m/z

30 0.74 43 14.05 55 100.00 67 0.20 81 2.55
H 1.39 44 1459 56 2433 68 0.23 82 15.01
32 0.28 45 28.80 57 6.07 69 0.41 83 3.18
34 0.02 46 1.19 58 10.63 70 0.07 84 0.25
35 0.02 47 0.28 59 0.46 71 3.98 85 4.57
36 0.30 48 0.21 60 1.73 72 1488 86 0.21
37 2.36 49 1.58 61 0.14 73 34.16 87 0.08
38 .87 50 6.03 62 0.06 74 1.30 97 0.08
g 2249 51 5.65 63 0.04 75 0.19 99 8.13
40 2.73 52 1.94 64 0.04 77 0.10 100 6.61
41 12.49 53 12.47 85 0.05 78 0.03 101 1.23
42 2.99 54 18.23 66 0.16 79 0.08 102 0.08
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Problem 33

Exact Mass: na

IR:

neat

Iy NMR: CDCljy
13¢ NMR: CDClj
Analysis: na
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Problem 34
Exact Mass: na
IR: neat

ln mMR: cpci,

13c nMr: cpci,
Analysis: na

Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A

15, 4.80 40, 4.90 57, 0.70 74, 4.50 91,61.18 108, 7.81
16, 0.30 41,10.01 58, 0,20 75, 3.60 92, 6.91 109, 0.50
17, 1.90 42, 1.10 59, 1.20 76, 2.60 93,47.34 110, 0.10
18, 5.91 43, 2.60 60, 8.51 77,61.68 94, 4.40 112, 0.10
19, 0.50 44, 0.80 61, 4.50 78,14.61 95, 0.40 115, 0.10
20, 0.10 45, 1.20 62,10.01 79,65.58 96, 0.10 117, 0.10
24, 0.10 46, 0.40 63,21.82 80, 4.40 97, 0.10 118, 0.20
25, 0.20 47, 0.40 64, 5.30 81, 0.60 98, 0.40 119, 7.11
26, 2.70 48, 0.30 65,27.83 82, 0.10 ~ 99, 0.10 120, 3.60
27,12.81 49, 2.60 66, 3.70 83, 0.10 100, 0.10 121,19.62
29, 7.91 50,18.82 67, 1.10 84, 0.30 101, 0.30 122,81.49
30, 1.00 51,30.13 68, 0.40 85, 1.16 102, 1.70 123, 7.21
31, 4.80 52, 8.31 69, 0.20 86, 1.90 103, 7.41 124, 0.50
36, 0.10 53, 9.11 70, 0.20 87, 1.60 104,12.71 125, 0.10
37, 2.30 54, 0.70 71, 0.20 88, 0.50 105,21.42

38, 5.71 55, 2.10 72, 0.30 89, 8.41 106, 3.50

39,28.73 56, 0.30 73, 1.00 90, 3.90 107,100.0
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Problem 35

Exact Mass:

IR:

Analysis: na

nujol
H NMR: CDC13
3¢ NMR: cpelsy

na

Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A
15, 0.20 42, 0.30 52, 0.20 66, 1.60 86, 0.70 104,100.0
18, 0.20 43, 1.50 53, 3.20 67, G.40 87, 0.60 105,16,92
26, 0.50 44, 0.30 53, 0.30 69, 0.20 88, 0.20 106, 1.00
27, 4.00 44, 0.10 54, 0.30 73, 0.30 89, 4.00 107,33.33
28, 2.70 45, 1.00 55, 0.70 74, 1,60 90, 1.30 108, 2.60
29, 1.90 45, 0.50 59, 0.890 75, 1.30 91,36.43 109, 0.20
31, 1.60 46, 0.50 60, 5.61 76, 1.10 92, 3.70 119, 3.60
32, 0.60 47, 0.20 60, 1.20 77,37.13 93,20.22 120, 1.00
37, 0.80 49, 0.50 61, 1.20 78,16.72 94, 1.70 121, 5.61
38, 2.20 50, 5.00 62, 3.10 79,38.63 85, 0.20 122,29.53
39,13.21 51,14.71 63, 8.11 80, 2.60 @8, 0.20 123, 2.60
40, 1.40 51, 0.50 64, 1.80 81, 0.30 101, 0.20 124, 0.20
41, 3.30 52, 4.40 65,15.21 85, 0.40 103,14.21
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Problem 36
Exact Mass: na
IR: neat

ly NMR: cDCl4

13c mMR: cDCl,
Analysis: na
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Problem 37
Exact Mass: na
IR: neat

ln NMR: cDClg

13¢c nMr: cpcly
Analysis: na

Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A
21, 0.03 36, 0.03 49, 0.21 61, 0.16 72, 0.31 84,13.38
24, 0.04 37, 0.70 50, 1.32 62, 0.30 73, 0.11 8%, 0.87
25, 0.12 38, 2.05 51, 2.64 63, 0.53 74, 0.12 91, 0.11
26, 2.72 39,38.78 52, 1.07 64, 0,07 75, 0.07 95, 0.04
27,36.06 40, 5.55 53, 8.03 65, 1.25 77, 0.65 96, 0.02
28, 0.56 41,95.06 54, 7.15 66, 0.46 78, 0.14 97, 2.13
29,43.64 42,61.82 55,94.1313 67, 4.95 79, .53 98, 0.13
3o, 0.93 43,100.0 56,69.81 68, 4.63 80, 0.06 110, 0.02
31, 0.86 44, 2.83 57,11.25 69,31.95 81, 0.35 112, 2.59
33, 0.02 45, 0.09 58, 0.44 70,55.80 82, 3.88 113, 0.25
35, 0.03 47, 0.11 60, 0,08 71, 7.90 83,20.37
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Problem 38

Exact Mass: na

IR:

lg NMR: cDCly
13¢c nMr: cpcly

neat

Analysis: na

Mass Spectral Data

m'e m/e m/e m/e m'e
37 1.890 50 4.50 79 6.54 106 518 137 71.28
38 3.67 51 4.51% 80 400 107 12.30 138 312
39 27.90 52 1.51 81 6.97 108 500 214 0.48
40 2.55 53 10.60 82 3.85 109 10.81 215 0.03
41 17.39 54 4.76 93 8.08 134 6.13 218 0.9
42 1.52 55 100.00 95 739 135 7240 217 0.03
49 1.15 56 470 105 1.25 136 920 218 0.46
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Problem 39
Exact Mass: na
IR: neat

1y wMr: cpCl,

13c NMR: cDCl,
Analysis: na

Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A Mass R/A
14, 0.50 29, 7.51 42,13.41 B5, 2.00 65, 0.10 75, 0.20
15, 4.90 30, 9.91 43, 6.21 56, 9.81 66, 0.10 82, 0.10
16, 0.20 31, 4.40 44, 1,90 57, 4.90 67, 0.10 84, 0.20
17, 0.70 32, 0.80 45, 1.00 58,100.0 68, 0.10 85, 0.10
18,17.22 i6, 0.30 46, 0.20 59, 4.70 69, 0.70 86, 0.20
19, 0.30C 37, 0.30 49, 0.10 60, 0.30 70, 0.80 87, 0.10
25, 0.10 38, 0.80 50, 0.20 61, 0.50 71, 0.40 88, 0.10
26, 0,90 39, 4.80 51, 0.30 62, 0.10 72, 2.90
27, 4.50 40, l1l.60 52, 0.50 63, 0.10 73, 0.70
28,11.31 41,18.02 54, 0.70 64, 0.10 74, 3.40
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Problem 40
Exact Mass: na
IR: neat

'H NMR: CDCl,
3¢ NMR: CDC1,
Analysis: na
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Problem 41
Exact Mass: na
IR: neat

'H NMR: CDC1,
3¢ NMR: ¢CDC1,
Analysis: na
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Problem 42

Exact Mass:
neat
1y NMR: cDC1,4

IR:

na

13c nMR: cDCl,
Analysis: na

Mass Spectral Data

117
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Problem 43
Exact Mass: na
IR: neat

1y NMR: cDC14

13¢c mMr: cpel,
Analysis: na
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Problem 44
Exact Mass: na
IR: neat

1y NMR: CDC1j

13c NMR: CDClj
Analysis: na
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Problem 45
Exact Mass: na
IR: neat

!4 NMR: cDC1,
B¢ NMR: CDCl,

Analysis: 63.7% C;

9.8% H; 12.4% N
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Problem 46
Exact Mass: na
IR: neat

1l NMR: CDC1,

13c nMR: cpel,

Analysis: 92.9% C; 7.1% H
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Problem 47

Exact Mass: na
IR: neat

'H NMR: CDCl,
*C NMR: CDCI,
Analysis: na
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Problem 48

Exact Mass:

IR: neat

na

1y NMR: cDCl,4
13c mMr: cDCl,

Analysis: 74.0% C; 4.1% H

Mass Spectral Data

m'z m'z mz 'z mz mz
32 .11 51 1154 64 192 85 019 98 378 119 1.54
7 183 52 536 73 339 86 0.34 99 0.76 129 3067
38 209 53 020 74 16.78 87 1.45 100 025 130 3.07
39 3.61 59 088 75 1581 88 0.06 101 602 131 0.14
44 2009 60 022 76 26.91 89 593 102 100.00 146 37.36
45 132 61 380 77 388 90 1.76 103 875 147 394
49 2.81 62 543 78 005 91 0.08 117 0.27 148 0.23
50 1346 63 85 84 130 97 059 118 1719
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Problem 49

Exact Mass: na

IR: neat

'H NMR: CDCl,
'*C NMR: CDCl,

Analysis:

Mass Spectral Data

mz
37
a8
39
40
41
42
49
50
51
52
53
55

80

70

60

50

40

30

20

10

m/z mz mz miz m/z
0.04 61 0.04 79 448 105 10000 151 0.20 189 0.42
0.50 62 0.83 80 0.23 106 823 152 0.83 190 0.16
2.85 63 2.61 86 0.14 107 076 153 0.20 191 1.69
0.05 64 0.63 87 017 115 119 164 0.04 192 227
0.27 65 467 89 169 116 0.13 165 159 193 0.52
0.10 66 0.34 90 0.55 118 0.27 166 064 194 0.39
0.10 73 0.11 91 10.58 119 0.20 167 0.75 195 0.60
488 74 1.78 92 1.03 126 0.04 176 0.08 209 3.26
13.97 75 1.65 101 009 128 008 177 005 210 5428
1.81 76 272 102 1.23 13 239 178 0.71 211 9.01
0.71 77 4785 103 584 132 096 179 037 212 0.81
0.76 78 7.52 104 6.71 133 0711 181 1.22
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Problem 50

Exact Mass: 106.06

IR: neat

'H NMR: CDCl,

3C NMR: CDC,

Analysis: 45.2% C; 9.5% H

Comments: no mass spectra obtained; product decomposes violently upon heating
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Problem 51

Exact Mass: na

IR: neat

g NMR: CDC1,
3¢ NMR: CDCl,

Analysis:

na

Mass Spectral Data

mz mz mz mz 11774 m2
30 455 53 85 668 227 886 1.01 110 1.55 1456 1.87
38 221 54 061 74 403 87 0.75 1186 2.90 147 0.77
39 1891 55 543 75 222 89 1058 117 216 148 72.14
40 443 56 206 76 3171 90 445 118 3.96 149 8295
41 871 57 596 77 4240 91 26.97 130 1.96 150 864
42 4846 58 6809 78 1868 92 1.81 13 1.68
43 1345 59 507 79 26.18 98 1.098 132 9.8
44 1017 62 519 80 1.28 102 448 133 1.34
50 985 63 1578 82 332 103 2258 134 1043
52 725 65 2038 84 144 105 100.00 135 0.83
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Problem 52
Exact Mass: na
IR: neat

'H NMR: CDC1,
¢ NMR: CDC1,
Analysis: na

Mass Spectral Data

m/z m/z miz m/z

30 538 57 4.96 82 2188 144 0.68
39 2391 63 7.43 89 830 155 419
40 5.74 64 2.19 90 3.60 1587 7155
41 2347 65 32.10 91 54862 158 7.00
42 1555 66 2.73 92 16.29 159 1.65
43 1.76 67  48.57 93 519 252 2333
50 0.78 68 36.15 g5 3.26 253 1.56
51 4.96 69 5.89 96 13.48

52 1.30 70 10.42 97 100.00

53 18.56 77 4,68 98 5.22

54 1.90 80 1545 139 20861

56  30.01 81 544 140 1445
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Problem 53

Exact Mass: na

IR:

nujol

¥ NMR: CDC1,
3¢ NMR: CDC1,
Analysis: na

Mass Spectral Data

nvz
38
50
51
61
62
63
74
75

0.60
2.82
2.43
1.66
2.75
§.92
6.42
6.03

Transmittance

m/z mz mz

76 303 99 208 127 6492

77 600 100 190 128 7.0

79 083 101 532 2068 100.00

85 120 103 437 207 11.30

86  1.82 104 363 208 9652

87 260 122 049 209 10.70

91 043 125 162

98 292 126 18.39
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Problem 54

Exact Mass:

IR:

neat

'H NMR: cDCl,
3¢ NMR: CDC1,
Analysis: na

Mass Spectral Data

mz
31
32
36
37
38
39
40
41
42

na

vz vz ma mz mz

0.03 43 0.31 53 1.74 65 8.46 92 215 104 4.76
0.04 44 0.12 54 0.12 86 0.86 93 0.10 105 0.25
0.15 45 0.12 55 0.26 67 0.07 97 013 113 0.54
2.30 48 0.03 58 7.78 72 0.07 98 056 115 29.57
5.07 48 0.10 60 0.20 73 1.08 99 019 116 6.40
22.86 49 1.18 61 1.97 88 067 100 0.11 117  85.00
2.69 50 1419 62 537 89 6.00 101 1.00 118 100.00
2.80 51 2646 63 1240 90 1.94 102 7.35 119 9.85
0.13 52 6.05 64 1.98 91 2131 103 5393 120 0.50
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Problem 55

Exact Mass:

IR:

neat

na

!4 NMR: CDC1,
13¢ NMR: CDC1,

Analysis: na
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Problem 56
Exact Mass: na
IR: neat

'H NMR: CDC1,
3¢ NMR: CDC1,
Analysis: na
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Problem 57
Exact Mass: na
IR: nujol

'H NMR: CDC1,
3¢ NMR: cDC1,
Analysis: na
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Problem 58
Exact Mass:
IR: neat

¥ NMR: CDCl,
13¢ NMR: CDC1,
Analysis: na

na
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Problem 59

EXxact Mass:

IR:

neat

'H NMR: CDCl,
¢ NMR: CDC1,
Analysis: na

na

Mass Spectral Data

m/z mz
30 914 55 8.85
37 584 56 2291
38 984 57 398
39 2651 85 768
40 1764 86 27.74
41 69.56
42 100.00
43 7.59
44 8.77
45 1.27
53 0.69
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Problem 60

Exact Mass:

IR: neat

na

'Y NMR: CDC1,
3¢ NMR: €DC1,
Analysis: na
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Problem 61
Exact Mass:

IR: neat

!H NMR: CDCl,
3¢ NMR: CDC1,
Analysis: na

na

] 118
1 91
. 39
i ll .llu IIl. e .Il-l Ll LI N al ‘
T | 1 1 1 i i I 1 T 1 I 1 1 1 T 1 1 L) LI ] | ¥ T I | 1
25 50 75 100 125 150

80

20

1 L 1 L 1 1 1 1 1 ) 1 1 3 1 L 1 L A 1 1 'l
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 BOO

Frequency{cm ')






Problem 62
Exact Mass: na
IR: neat

'H NMR: cDCl,
3¢ NMR: ¢DC1,
Analysis: na
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