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The normal alkanes are an easily recognized group of compounds consisting of two higher order bands resonating in a

narrow chemical shift range at high field.

Chemical Shifts



(CH.), near 1.3 ppm - a complex multiplet in the shorter (C4, Cs, Cs) alkanes gradually becoming a broad,
single peak as the number of carbons in the chain increases.

CHz; near 0.9 ppm - a distorted triplet

Due to the higher order patterns which result from the very narrow chemical shift range, it is not possible to measure
accurately the vicinal coupling constants (H-C-C-H). However, because the distorted triplet at 0.9 ppm is nearly
identical to those observed for the substituted alkanes, it would appear that the coupling constants are similar to those

of the substituted alkanes, i.e.

H-C-C-H = 6-8 Hz.

Solubility and Solvent Effects

The normal alkanes, as indeed all of the hydrocarbons, are most readily soluble in the halogenated solvents, CCl, and
CDCl;. Their solubility in even these liquids decreases markedly as the molecular weight (chain length) increases
beyond molecular weight 200 (C+, to C+s). Allowing the sample-solvent slurry to stand overnight, agitation of the mixture

and warming, are helpful in obtaining higher sample solution concentrations.

Impurities

Because most commercially available alkanes are obtained from the fractional distillation of petroleum, impurities such
as the cyclic alkanes, and simple aromatic hydrocarbons such as toluene, ethyl benzene and the xylenes, may be

observed in their NMR spectra.

Characterization

Differentiating between the various alkanes is usually accomplished by careful measurement of the methyl and
methylene integration values. Determinations accurate to within one carbon are routinely obtained with chain lengths

up to about Triacontane (Cao).

Note: Other nuclei which possess a weak deshielding effect similar to that of hydrocarbon groups may produce spectra
almost identical in appearance and chemical shift to those of the normal alkanes. Included in this group would be nuclei
such as Phosphorus, Tin, Lead, Mercury, Boron and Silicon. Since many of these nuclei possess a spin greater than
zero, their spectra may display isotope sidebands slightly above and/or below the primary chemical shift range of the

sample. These isotope sidebands are helpful in determining that a high field pattern is not that of a normal alkane.

2[Branched Alkanes
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The presence of one or more branching groups along the hydrocarbon chain increases the complexity and chemical
shift ranges of the branched alkanes in comparison to those of the normal alkanes. As a consequence of the larger

number of methyl groups that are present, the intensity of the bands at higher field is increased.

Chemical Shifts

The overall range of chemical shifts for the branched alkanes is 0.6-2.0 ppm, with the methyl (CH;) resonances on the
higher field side, the methylene (CH,) resonances in the intermediate portion of the range and the methine (CH) groups

resonating in the lower field area (1.3-2.0 ppm).

Methyl Groups 0.8-0.95 ppm

R"'ﬁ\“\ distorted triplet
e
R—iCH broadened doublet
™
CHg
| CHy
R—C sharp singlet
*
CHa

Methylene and Methine Groups

The methylene and methine groups are almost always complex, higher order, overlapping multiplets that cannot be
easily characterized by first order approximations.

Coupling and Coupling Constants

As with the normal alkanes, higher order effects prevent the direct measurement of coupling constants, however, the
separation of the peaks of methyl doublets indicates that the *H-C-C-H (vicinal) coupling constants are of the order of
6-9 Hz.

Solubility and Solvent Effects



The branched alkanes are readily soluble in the halogenated hydrocarbons normally utilized as NMR solvents. The
presence of branching groups makes the branched hydrocarbons more soluble than a normal hydrocarbon of
comparable molecular weight.

Impurities

Branched hydrocarbons obtained from petroleum sources may display impurities arising from the cyclic alkanes and

low molecular weight aromatic hydrocarbons.

Characterization

The branched alkanes are probably the most difficult compounds to identify without the aid of known reference spectra.
These spectra do however produce unique "fingerprint" patterns which are well represented in the various collections

of NMR reference spectra which are currently available.

If the methyl, methylene and methine resonance bands are sufficiently well separated, a comparison of the integration
values can be used to advantage in determining the relative number of the various types of carbon atoms present
(methyl, methylene, methine).

3[Cyclic Alkanes

The cyclic alkanes produce both the simplest patterns (one single peak) for the unsubstituted parent rings, and the most
complex, poorly resolved patterns, for the substituted derivatives. The three, four and five membered rings usually produce
complex but relatively well resolved absorption patterns. The larger rings (Cs and higher) due to the slow interchange in ring
shape produce poorly resolved, broad bands often covering more than a full one ppm, arising from the hydrogens attached to

the ring carbons.

Alicyclic Protons

ppm Compound Solvent

0.22 & (it

1.96 (iit.)

1.42 CCly
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1.53 CDCl3

1.52 CCl,

Coupling and Coupling Constants

The spectral patterns of the cyclic alkanes are usually too complex or too poorly resolved to provide any useful

measurements of the coupling constants.

Solubility and Solvent Effects

Most representatives of the cyclic alkanes are readily soluble in the halogenated hydrocarbon solvents.

Characterization

As with the branched alkanes, if the resonance bands are sufficiently well separated, then a comparison of the
integration values may be useful. Generally, though, a comparison with known reference spectra will be found to be the

most reliable method of identifying an unknown of this group.

Alicyclic Derivatives

Substitution of the cyclic alkanes by a deshielding substituent leads to a characteristic chemical shift for the hydrogen
attached to the alpha carbon depending upon the size of the ring and the deshielding effect of the substituting group as

listed below.

Cyclopropane Derivatives (Cs-X)
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Op (ppm) Oa (ppm) ‘ -X Solvent
0.1-0.7 0.98 CDCl,
0.1-0.6 1.05 CCly
Hit E
£
HO
0.2-0.9 1.10 -CH>-NH, HCI DO
0.3-0.8 1.29 ch\ CCl,
Z=0CH;
0.5-11 1.36 o CDCls
S
\C —H - H;
0.5-1.2 1.40 Q CDCl,
)
C—MH2
0.6-1.1 1.50 o CCly
o,
L —iOiCH,
0.7-1.3 1.53 Q CCly
%
f —H
0.6-1.2 1.79 Polysol
© G
\C —MH
0.7-11 1.97 o CDCl,
t
\C —CH,
0.4-1.2 2.00 Q CCly
R
KC —Ca
0.9-1.5 2.07 a CCly
b
:;C —l
0.2-0.7 2.31 -NH, CDCl
0.5-1.2 2.49 Ca CDCly
I
— o =N—0H
0.7-14 2.61 o CDCly

e




0.63,1.80

3.35

Br

Polysol

With the exception of the last substituent on the list, the hydrogens bonded to the beta carbons produce a complex

higher order pattern at thigh field.

Cyclobutane Derivatives (C4-X)

T
s "
O (ppm) Oa (ppm) -X Solvent
1.4-23 2.50 -CH,.0OH CDCl3
1.7-2.5 3.08 0 CCly
R
)J\O 2
1.6-2.7 3.19 0 CDCl3
%
f —ioH
1.7-2.6 3.45 0 0 CDCl;
)J\NHJJ\R
1.6-2.7 3.60 B CCly
",
C—l
1.5-2.6 3.85 -NH; HCI DO
1.6-2.7 3.95 o] CCly
Il
/_,C
1.1-2.5 4.16 -OH CDCl3
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Cyclopentane Derivatives (Cs—X)

[
4]
~aart
4]
Op (ppm) Oa (ppm) -X Solvent
1.2-2.3 1.81 -CH, CCly
1.3-2.2 2.69 B CCly
%
K{ —ioH
1.6-2.2 2.70 a CCly
W,
C—OCH,
1.4-2.3 2.76 CDCl;
© d
HC —H
1.3-2.2 2.90 CDCl;
S%
C —hH
1.2-2.2 3.00 -NH-CH;3 CDCl;
1.4-2.3 3.19 o CCly
k)
fC —iZl
1.0-2.1 3.31 -NH; CDCls
1.3-2.2 3.65 o] CCly
Il
/':
1.1-2.2 4.19 0 CDCl3
Il
/C
TN
1.3-2.2 4.21 -OH CCly
1.3-24 4.32 -l CCly
1.4-2.3 4.35 -Cl CCly
14-2.4 4.38 -Br CCly
1.1-2.1 4.49 o] Polysol
]
C
"'-xN A ) Ha
|
CH
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Cyclohexane Derivatives (Cg-X)

4]
4]
4] 4]
[}
Op (ppm) 0a (ppm)‘ -X Solvent
0.9-2.2 2.26 O CCly
0
0.7-2.1 2.32 -NH-R; CCly
0.9-2.2 2.34 Polysol
© N
\C —H
0.6-2.1 2.35 -NH-CH;3 CDCl;
0.8-2.1 2.39 R CCly
M—-rF,
0.8-2.2 2.40 /NH CDCl5
WSH
0.9-2.1 2.40 CCly
0.8-2.1 2.42 o CCly
i
//C ‘-\Cﬁ
0.5-2.2 2.42 CCly
Ay
0.7-2.1 2.49 H CCly
)\I \Cs
0.6-2.1 2.64 -NH; CCly
1.2-21 2.64 -C=N CCly
1.0-2.4 2.71 0 CCly
R
KC —l
1.0-2.2 2.74 -SH CCly
1.0-2.5 2.92 -SO-R CDCl5
0.7-2.2 -NH-SO,-NH-Cs Polysol
3.00
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0.8-2.1 o o CDCly
‘ﬁtj/f’
3.10 H
0.7-2.2 -N=C=N-Cs CDCly
3.17
0.6-2.3 CDCly
A
3.21
0.8-2.3 o] CDCly
Il
C
3.25 ~
0.7-2.2 -OR CDCly
3.27
0.6-2.2 0 Polysol
3.36 J\N
TNHT W,
0.9-2.2 M CH, CDCly
3.46
1.0-2.2 -N=C=0 CDCly
3.48
0.8-2.1 -OH cCly
3.49
1.0-2.2 -N=C CDCly
3.60
0.7-2.3 o CDCly
3.70 CH,
""\\N -
H
0.8-2.2 o CDCls
3.79 J\H
\‘NH
0.9-2.8 -NH-S0,-OH TFA
3.80
0.8-2.4 -Cl cel,
3.95
0.7-2.3 s DMSO-de
4.03 (|:|
MH R
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0.9-2.2 -OB(-0-Cq), CDCls
4.04
1.1-2.5 -Br CCl,
4.13
1.0-2.5 -NO, CCl,
4.29
0.9-2.5 -l CDCls
4.36
0.9-2.2 CCl,
0
4.71 I
\"‘x._ _J'C .,
0
MH
1.0-2.1 ls) CDCl3
Il
4.76
“\b ,-*C
CH
0.9-2.3 -N(N=0)-Cq CDCls
3.75, 4.83
0.9-2.2 e CDCl3
4.89 J:l
x"‘x\.o -~ \H
1.0-2.2 0 CCly
Il
4.95
\\“\3 A “
CF
1.1-2.4 CDCl3
o}
5.16 I
KO

Cycloheptane Derivatives

Ly}

¢ (ppm)

Sp (ppm)

Solvent

1.80

1.80

2.53

—OH

e

CDCl3
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1.3-23 13-23 278 C=N ccl,
1.0-2.2 1.0-2.2 2.92 NH, CDCls
1222 1222 3.80 -OH cDCls
0
cal.66 2.10 3.85 J_LN TFA
T uH A,
o]
1.21.8 1.90 3.86 J\N ¥ CDCly
-
TUWH H
ca 161 2.00 410 -l ccl,
ca 153 217 433 -Br CDCls

Cyclooctane Derivatives

C b
c b
C [a}
[ [
8¢ (ppm) Sy (ppm) 8a (ppm) -X Solvent
1.2-2.0 1.2-2.0 253 -NH-CHj CDCls
1.1-2.1 1.1-2.1 2.90 -NH. ccCl,
1.2-2.1 1.2-2.1 3.72 -OH ccCl,
1.4-2.2 1.4-22 3.88 a TFA
WHJLNHQ
ca 1.59 2.19 4.31 -Br CCl,
1.3-2.1 1.3-2.1 4.83 o CCl,
W,
C—OCH,
ca 1.59 1.85 5.09 0 ccCl,
(I:I
S
07 My




ca 1.59

1.85

5.15

C
\\\3/ \CF

]

CCly

B[] Unsaturated Hydrocarbons
1. Acyclic Alkenes

] 5.0
0.9 A
He. 20 &"_?4
0.5 A1

1 H 5 &1
0 I_L LJ |
I T | T T I T I T L | L | LI | T
13 18 14 12 10 8 & 4 2 0

ppm

No other type of organic compound produces such a wide variety of multiplet types over such a large

chemical shift range as the acyclic alkenes.

Proton-proton coupling through four bonds is common.

Many samples are found to contain both cis and trans isomers producing a spectrum more complex than

might be expected from a proposed structure.

The olefinic double bond is a weak deshielder of both aliphatic and aromatic hydrogens often resulting in

higher order, overlapping multiplets.

The aliphatic chemical shift ranges below were abstracted from a large number of representative compounds.

Aliphatic Protons (General ranges)

a b =3
CHy~CHy- CH-C=C

3¢ (ppm) 3 (Ppm) ‘ 3 (ppm) -X ‘ Solvent
1.6-2.0 H.C— =l CCl,, CDCly
,C—C=
(1.6-1.8) CH, CCls, CDCls
T=C
CH;
0.9-1.3 1.9-21 CCl4, CDCI
CH4-CH-C=C v
0.9-1.0 1.3-1. 1.9-2.2 CCl,, CDCI
! CHy- CHCH-C=C i OBl

16



(0.9-1.2) 1.9-2.7 CH4 CCl, CDCls
CH—C=C
CH
(0.9-1.2) HLC CCl,, CDCls
Hye %—c —C=C
CH;

Coupling and Coupling Constants

The wide variety of coupling constants observed in the spectra of the alkenes is quite helpful in determining
the molecular arrangement of such structures and aid the analyst in differentiating the spectra of cis and

trans isomers. The general coupling constant ranges provided below are the values observed for a large

number of alkene compounds.

Compound J value

J=13-17Hz
ZH=CH trans
J=6-14 Hz
CH=CH cis
J=4-8Hz
C=CH-CH
J=03H
H,C=C geminal ‘
J=0-2Hz
HC—C=CH

Vinyl Compounds

CH—=C—X

trans (ppm) cis (ppm) Solvent
5.10 5.01 5.79 . CCl,
I
—ClH -OH
R

17



4.82 4.78 5.80 CCl,
CHy
|
—C—CH;
|
CH;
5.53 6.20 6.00 o CDCl;
Il
—C —H-R
5.02 5.10 6.34 CCl,
CH5
|
—C==CH,
5.12 5.53 6.60 CDCls
5.04 5.50 6.62 CCl,
O —CH;
4.43 4.74 7.18 CCl,
0]
Il
—O0—C—CH,
4.49 4.80 7.23 o CDCls;
1
—0—C—Ry,
@
CH3
CHo—=C—x
trans (ppm) cis (ppm) 8, (ppm) X Solvent
4.60 4.60 1.62 Ca CCl4
4.60 4.60 1.68 CcCl.
_A<Hj 4
—CH
CHy
4.70 4.89 1.70 CCl,
CH;
|
— —0H
|
CH;
4.93 4.93 1.82 —CH=CH, CCl4
5.39 5.71 1.89 8] D,0O
|
— L — 0 Ta
4.59 4.77 1.90 CCl4
CH3
|
—C—CH;
I
CH;

18



5.47 6.02 1.90 ccCl,
0
]
—C—0—Fy,
5.47 6.00 1.91 cCly
o
I
— i —0 —CH,
5.60 6.20 1.95 0 ccCl,
—C —0OH
5.40 5.79 1.97 CDCl;
0
]
—C—HH,
ca5.79 1.98 —iC =h cCly
5.68 6.30 2.03 o CDCl;
I
—C—0
5.01 5.31 2.10 ccCl,
1-Propenes
b b a
CH,—CH-CH; ¥

Solvent
1.91 CCly
CH;
|
4.6-6.0 —C—CH;
|
CH;
1.93 CCl
ACHy 4
_C I:[
CH;
2.07 —H; CDCl,
217 CCly
CH;
|
—C —0H
|
CH;
2.79 —CH=CH. CDCl,
3.10 —C =M CCly

19




3.12 cDCl
0 3
&
—0 -
OH
3.29 -S-8-R CCly
3.30 -NH; CDCls
3.33 CCly
3.63 CCly
3.80 -l CCly
3.88 -Br CCly
3.99 -Cl CCly
4.02 —0—CH CH,—0—FR CDCls
4.05 -OH CCly
411 5 CDCl;
I
—NH—C —HH-R
4.48 8] CCly
Il
—O0—C—F
4.60 o CCly
Il
— O —C—CH=CH
4.62 o CDCls
Il
C—MH;
0_
4.82 o CCly
s, o—
2-Methyl Propenes
b
CH;
a
CH,=C —CH.—¥
B (Ppm) 82 (Ppm) -X Solvent

20



1.85 ccl
_ASH; 4
1.68 —cH
TH;
1.90 CDCl,
CH;
|
1.75 —C—CH;
|
CH;
1.69 1.98 R, cCly
1.69 2.01 -CHs cCly
1.70 2.00 -Rs cCly
1.62 2.11 -CH,-CH=CH; CDCl,
213 cCly
CH;
1.71 [
—CH,-C=CH,
1.69 2.34 -CH,-OH CDCl;
2.37 cCl,
—CH,
1.67
1.71 278 ccl
CHy ¢
|
_CH,—C=CH,
“CHQ—Cl =CH,
CH5
1.73 3.12 -NH, cCl,
1.87 3.98 -Cl cCl,
1.79 4.36 cCl,
—0
1-Butenes

=3 b a
CHy==CH—CH, CH—X

trans (ppm) | cis (ppm) 3 (ppm) Solvent
4.88 4.92 5.68 1.99 1.32 -CH3 CCly
4.89 4.86 5.69 2.00 1.45 -Ri CCly
4.87 4.91 5.68 2.05 1.45 -Rq CCly
4.91 4.96 5.70 2.11 2.1 —CH=CH. CCly

21



4.97 5.01 5.81 2.37 2.67 CDCl;

5.10 514 5.80 2.37 3.65 -OH CDCl3
5.02 5.08 5.80 2.40 2.40 o CDCl,
o
_C -
oH
2-Butenes
d C h a
CHy—CH=CH-CH;—
dq (Ppm) 3¢ (ppm) b (Ppm) ‘ da (ppm) -X Solvent
1.59 5.33 5.33 1.96 -R; ccl,
1.59 5.31 5.31 1.97 -Rs ccCl,
1.60 5.34 5.34 1.98 -CHs3 CCl,
1.68 5.47 547 3.27 ccCl,

d c h a
H—CHy— CH=CH-CH—X

X ‘ 34 (pPM) 8¢ (ppm) B (PPM) B (ppm) X Solvent
Hz\u 3.07 5.63 5.63 3.07 1,32 CDCl,
R ; o — "R
Br- 3.99 6.01 6.01 3.07 -Br CDCls
HO- 4.18 5.72 5.72 4.18 -OH D0
C b a
CHy— CH=CH-X

Solvent

1.53 4.27 5.82 R CCl4
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1.74 5.35 5.35 CDCl;
CH4
|
—C—CH,
|
CH4
2.03 6.62 5.38 —C =N CDCly
Olefinic Protons
C b a
CHy— CH=CH-X
8¢ (ppm) Sy (ppm) 8, (ppm) -X (all trans) Solvent
1.53 R ccl,
468 6.12 /
—0O—FR
1.61 ccl
_LH; 4
5.32 5.32 —CH
CH4
1.63 5.40 5.40 R4 CDCl,
1.63 CDCl,
CH4
|
5.58 5.58 —t,;—c Hs
CH5
1.78 ccl,
0 —CHq
5.91 6.21
1.80 cCl,
6.00 6.34
1.79 CDCl;
6.08 6.37
1.81 o D0
6.59 5.84 L
o —H
1.92 6.62 5.38 —C =N CDCl,
1.89 o ccl,
6.70 6.00 _
e
CHy
2.00 ccl,
0
6.80 6.04 I
—CH
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1.90 o CDCl3
7.01 5.84 &
T
o—0—R
1.93 o CCly
7.10 5.91 _
o —R
b a
CH=CH-X
3y (ppm) da (ppm) ‘ -X cis/trans Solvent
7.35 5.53 — =N cis CDCl3
7.71 5.86 — =N trans CDCl;
6.21 5.91 -CH3 trans CCly
6.48 6.11 -Cl cis CCly
6.73 6.42 -Cl trans CCly
6.57 6.31 -CH,-OH trans CDCl3
7.56 6.31 a trans CCly
&
To—R
7.60 6.38 a trans DMSO-dg
P
_C -
OH
7.80 6.43 o trans CDCl3
&
_C -
OH
7.71 6.45 P trans CDCl3
!
—C—=C==E
7.02 6.61 -Br trans CCly
7.44 6.67 0 trans CCly
&
—C
“CHy
7.52 6.67 fo trans CDCl3
/
—Z —R
7.60 6.82 o trans CDCl;
il
—S—CH=CH
W,
o}
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7.79 6.91 o trans DMSO-dg
—iCH
7.70 7.02 trans CDCl,
A
—C —ZH=CH
7.79 7.29 trans CDCls
Cl
7.97 7.45 trans CDCl,
[~
b a
H—CH=CH-X
X- b (ppm) 3. (ppm) -X Solvent cis/trans
CHs- 5.32 5.32 CDCl, cis
CH3
|
—C—CH;y
|
CHy
R7- 5.34 5.34 -R; CCly
R,- 5.37 5.37 -R, CCly4 trans
CHs- 5.45 5.45 CDCl, trans
CH3
|
—C—CH4
|
CH3
o) 5.79 6.98 -Rs CDCl,
I
CHy—O—C —
5.89 7.46 CDCl3 cis
o —1H
A
C —_—
o 6.00 7.64 /R CDCl3 trans
if p
c— \“R
0 6.24 6.48 ] Polysol cis
Vi # ~
R—0—C— —i2 —H—C—H;
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6.25 6.25 CCl, cis
//O ;O
R—0—C— o
To—R
6.32 6.82 CDCl3
& 0
HO —C— .
_—C—H
o 6.59 or 7.03 Q CDCI3
4 &
CHyO—C — —
e,
CHa
Br- 6.64 6.64 -Br CCly cis
o} 6.83 6.83 CDCl, trans
RyO—C— e 4
_,_.f' e
o —Fy
Br- 7.04 7.04 -Br CCl, trans

Aromatic Protons

The aromatic patterns produced by the phenyl protons of alkene substituted benzenes are represented by a wide

variety of chemical shifts and patterns depending on the site and type of substituents on the C=C moiety. A relatively

sharp single peak may be observed as high as 7.13 ppm (CI-CH=CH-, trans) or as low as 7.54 ppm (CI-SO,-CH=CH-).

Generally, a complex band of overlapping multiplets is observed in the range from 7.1-7.6 ppm (CH,=CH-,

CH,=C(CHy)-, R-C(=0)-CH=CH-).

In at least one case, the ortho aromatic hydrogens are strongly deshielded in

relation to the meta and para hydrogens producing two sets of bands, one at 7.55 and a range from 7.1-7.4 ppm

(CI-CH=CH-, cis).
a
b M _
‘ene derivatives
®
4]
X Sy (ppm) 8, (ppm) para -X ‘ Solvent
CH;-O- 6.65 7.08 -CH=CH-CHj; CCly
F- 6.90 7.23 -CH=CH, CDCls
CH5-O- 6.76 7.22 -CH=CH, CCl4
Cl- 7.21 7.21 -CH=CH; CCly
Cl- 7.23 7.23 CDCls
CH;
/
—iC=CH,
Br- 7.34 7.12 -CH=CH, CCly
Cl- 7.32 7.47 CDCl,
—checH P
.
R
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CH,._ 7.28 7.68 o Polysol
EH— )
CH3 e
_~CH=CH
o 8.07 7.49 -CH=CH-CH,-OH Polysol
& (=
h—o
.-"Ir&
2[Cyclic Alkenes
j 189
| 1 52 .67
05 152 567
| 1498
D_
| L T T T ™ T LI | 1 ] 1 1
12 16 14 12 g & 4 2 |:|

The cyclic alkenes are usually a relatively simple group to identify from their HNMR spectra. The spectra display three

sets of resonance bands with the olefinic protons resonating in the range from 5-6 ppm, the methylene groups adjacent

to the double bonds deshielded to about 2.1 ppm and the remaining methylene groups forming a separate band at

slightly higher field.

In the spectra of the smaller rings, cyclopentene and cyclohexene, the coupling constant

between the aliphatic and olefinic hydrogens (CH,-CH=C) is quite small resulting in a single, slightly broadened peak

for the olefinic hydrogens. As the ring sizes increase, this coupling constant increases in magnitude, to about 4 Hz for

cycloheptene and about 5 Hz for cyclooctene.

d 5] b a
—CH,—CH=—=CH —CH,—(CH.);—
g (PPm) 8¢ (ppm) B (PPM) 8a (ppm) -X Solvent
2.29 (1.85) CcCl,
5.66 2.29 D
1.97 (1.62), ccCl,
5.58 1.97
2.11 (1.64)s ccl,
5.71 2.11
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212 (1.53)4 CCly
5.59 212 O
(cis)

The deshielding effect of the olefinic bond on aliphatic groups bonded to it is similar to that observed for the
acyclic alkenes, i.e. a weakly deshielding effect.

Sy (ppm) 8, (ppm) ‘ -X ‘ Ring system Solvent

CHs- CCl,

1.03 2.19 CH3-CH,- CCly
1.60 CHs- CCl,
0.96 1.95 CH3-CH;- CCl,

OO

The chemical shift changes brought about by substituents bonded to the various positions of the cyclic alkenes
are often dramatic, particularly on the position-2 olefinic hydrogen. A series of monosubstituted compounds is
listed below.

Because of their smaller ring size, the cyclopentenes usually display two or three distinct bands at high field for
the ring methylene groups depending on the position and deshielding effect of the substituent.

Cyclopentenes

o
=
c
e (PPM) B4 (PPM) ‘ 3. (ppm) By (ppm) 3. (ppm) Compound Solvent
2.29 1.85 2.29 5.66 5.66 |:> CCly
(1.5-2.5) 5.19 ccl,
|:>7CH £H;
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2.30 1.40 3.30 5.63 5.63 o CCly
T
/C—CHEQ
CH3
(1.0-2.5) 5.61 5.61 CCly
CHQ=CH®
2.00 2.98 2.00 5.61 5.61 o CCly
.
g
1)
Cyclohexenes
1
[}
d
=
& (ppm) ‘ 8 (PPM) &4 (PPM) B¢ (pPM) | B, (PPM) | Ba (PPM) Compound Solvent
1.89 1.57 1.57 1.89 5.23 CCly
[j|—ch:H3
2.09 1.72 172 |2.09 5.27 o CCly
o—d'
1.88 1.60 1.60 1.88 5.30 CCly
@CHS
1.98 1.65 1.65 1.98 5.46 CCly
@CHECHE—OH
2.15 1.69 169 |[215 5.49 l . CCly
1.97 1.62 1.62 1.97 5.58 5.58 : CCly
2.00 1.60 160 | 200 5.71 : ol CCly

29




2.05 165 165 | 205 5.78 cbCly
CHy—C =t
2.22 1.68 1.68 2.22 6.58 CCly
C=N
2.28 1.68 168 | 228 7.1 o cely
b
¢ .
OH
2.32 1.69 1.69 2.32 7.39 o CCly
&
I::\
cl

3-Substituted Cyclohexenes

5 (ppm) = B (ppm) B (PPM) B (PPM)  Bp (PPM) | Ba (PPM) Solvent
(1.1-2.5) 5.56 5.56 CDCl3
CH5
1.95 (1.3-1.9) 3.61 5.74 5.74 CCly
OCH,
2.11 (1.3-2 .1) 4,78 5.80 5.80 CCly
Br

4-Substituted Cyclohexenes
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& (ppm)  Be (PPM)  Bq (PPM) | dc (PPM) B (PPM) | Ba (PPM) Compound Solvent

(1.0-2.4) 5.63 5.63 cDCl,
HO —CH 2@
(1.6-2.5) 2.71 5.65 5.65 CCly
W= O
(1.6-2.8) 5.66 5.66 cDCl,
o
m,
=
R—0
(1.6-2.6) 3.00 5.79 5.79 o CCly
'SE
o’
3 AIKkynes
7] 126
] 126 HC 208
1 Ht —c=H
] 126 /
0.5 HsC
|:|—- | |
1 T T T T 7T T T T T T T T LI | T T T T
12 1 14 12 10 g g 4 2 0
ppm

The monosubstituted acetylenes (H-C=C-X) are usually easily characterized because the acetylenic hydrogen appears
over a relatively limited chemical shift range (2.0—3.0 ppm in CCl,) and displays coupling between non-equivalent
proton groups on opposite sides of the triple bond linkage (J = 2.0-3.2 Hz). The absence of this hydrogen in the
disubstituted acetylenes makes the identification of these compounds somewhat more difficult -although the coupling

across the triple bond may still be observed.

The deshielding effect of the C=C linkage is similar to that of the C=C group, i.e., it is a weak deshielder of both aliphatic
and aromatic protons.

Aliphatic Protons

d =3 b a
CHy7—CH.—CH,—CH,—C =CH
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Compound

1.80 CH;-C=C-H CDCh
1.01 1.55 212 CHj3-CH,-CH,-C=C-H Cay
0.93 1.40 1.53 21 CHj3-CH,-CH,-CH,-C=C-H CCy
170 | CH;—C=C—CH, cCu
CH; ook
|
(1.18) CHy—C —C =C—CH,
I
CH3
1.7 CDCl;
CHy—C =<
232 CCy
CHQ—CHE—C HE—C =
1.01 1.59

Monosubstituted ethynes

H—C =C—X
a (PPM) Solvent
1.79 CCly
1.80 CDCl;
2.25 -C(-CHs, -CH3;, -Ry) CCly
2.29 CDCl;
2.30 -C(-CHsj, -Ry, -OH) CCly
2.33 -CH(-R2)-OH CCly
2.33 -CH(-R3)-OH CCly
2.37 CCly
271 CH, o o Polysol
' W
—f£—HH—S
CHy




2.86 o CDCls
&
—C. CHy
0 —CH
CHa
3.04 CDCls
3.19 ,zo CDCls
‘4
_C -
oH
3.40 o CDCls
Cdf
TCHy
4.06 DMSO-ds
1-Propynes
b a
H—C=C—CH,—x
db (Ppm) 8a (PPM) ‘ -X Solvent
2.23 3.29 cH CDCls
-~ 3
.,
CH 4
2.31 3.99 -O-CH; CCl,
2.39 3.97 CDCl3
O\ P °
R
7
2.41 3.83 -Br CCl,
242 4.06 -Cl CCly
2.49 4.25 TEA
0\ P e
K
w7
2.54 423 -OH CDCls
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1-Butynes

= b a
H—C= G—CHy— CHy—

3¢ (ppm) dp (PPmM) ‘ 8a (ppm) -X Solvent
1.40 /CH3 CCl,
1.89 2.20 —CH\
CH
1.90 2.39 2.39 -C=C-H CCl,
1.96 2.38 2.67 -OH CcCl,
4 Polysol
3.43 o o olyso
L
2.53 2.55 =
2-Butynes (1,4-disubstituted)
b a
K—CH,—C=C—CH—Y
-X ‘ 3 (ppm) B (ppm) -Y Solvent
Rs- 2.20 -OH CCl4
4.19
Ra4- 2.22 8 CDCl;,
4.89 7
—i0 —C—CF,
CHs- 2.23 417 -OH CCl4
R- 2.24 CCl,
2
3.27 —NiR
R
CHs- 2.26 o CDCl,
4.90 #
—0—C—CFy
3.60 Polysol
5 — —5
3.60
3.68 CDCl;
5 — —0
4.61
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Br- 3.98 98 -Br CDCl;
Cl- 4.12 12 -Cl CCl4
Cl- 4.12 - CDCls
.68
r
Cl- 4.16 o CDCls
i
.82 — 0 —C—MH
Cl- 4.32 or a o Polysol
A
.41 —=
o 4 4.32 5 Polysol
W
= .79
o 4.65 o CDCls
.65
CHa CH3

Aromatic Protons

The placement of various substituents on the triple bond opposite a phenyl group has only a slight effect upon the
chemical shift ranges observed for the resulting complex, higher order bands. The fact that the lower field limit of
these ranges is only about 0.2 ppm downfield from the chemical shift of unsubstituted benzene (7.37 ppm)
indicates that the C=C group has only a slight deshielding effect on the ortho aromatic hydrogens.

a C=C—

=] a
a
S, (ppm) -X Solvent
7.00-7.65 -H CDCl3
7.05-7.50 -R7 CCly
7.10-7.50 -CH, CDCl;
7.15-7.60 0 —R. CDCl;

—CH:;
0 —F.
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7.15-7.65 CDCl;y
—c=c
7.15-7.65 CCly
7.20-7.65 o cCl,
i
C—o—R,
7.20-7.70 o CDCl;y
i
C—cH
7.25-7.70 o Polysol
1
—C—oH

Para substituted compounds

C=Cc—
a
b
X da (PPm) S (Ppm para Solvent
-0-CHg3 CDCl;
C=C—
7.42 6.85

H-C=C 7.43 or 7.30 -Br CDCly

Solubility and Solvent Effects

The low molecular weight alkynes are readily soluble in the halogenated solvents normally used for the

preparation of NMR solutions.

It has been noted that the hydrogen bonded directly to the triple bond
carbon is strongly deshielded in the presence of DMSO-dg in comparison to CCls and CDCls.

example, the acetylenic hydrogen of phenyl acetylene appears at about 3.0 ppm in CDClI; solution but at
4.1 ppm in DMSO-ds.

C1J Aromatic Hydrocarbons

1. Monocyclic (Benzenes)
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- 2.26
] CHy
i 2.26
. Tz CHs
'15—_ 710 712
710
o] | . |

._.
[en)
—
oy
—
a
—
38
—
)
0]
oy
.
28]
=

The aromatic protons of alkyl substituted benzene rings usually appear as a single broad peak near 7.1 ppm or a
complex multiplet in the range from 6.9-7.5 ppm for highly branched chains such as the tert-butyl group. Aliphatic
groups shield the ortho aromatic hydrogens by a factor of about 0.34 ppm, as evidenced by the aromatic resonance of

mesitylene (1,3,5-trimethyl benzene) which appears at 6.69 ppm.

Compound (ppm) Solvent

Benzene 7.37 CCl,
Toluene 7.04 CCly
p-Xylene 7.07 CCl,
Mesitylene 6.69 CCl,

Aliphatic Protons

C h a
CH— CH— CH—

8¢ (ppm) ‘ dp (Ppm) da (Ppm) -X Solvent
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ccl,
CHy
2.29
ccl,
CHy—CHy—
1.19 2.53
CDCls
CHy—CHy—CH;
0.93 1.63 258
ccl,
CHj
)CH
(1.22) 2.83 CH3
CH, ccl,
,FA:’J
o g
CH;
CH, CDCly
2.46
CDCly
CHs
2.49
CH3—CHs CCly
1.37 3.03 “
CDCls
CHy—CHy
1.30 2.77

The alkyl protons of aliphatic groups bonded to the naphthalene ring system resonate at lower field than those
bonded to benzene, in addition, the groups bonded to carbons 1,4,5,8 resonate at lower field than similar
groups situated at positions 2,3,6,7. The aromatic resonances of naphthalene ring systems generally appear as
a complex, higher order series of multiplets in the range from 7.0-8.0 ppm.

a
b CH.—X
d toluenes

Solvent

ca7.07 2.53 -CHs CCl,




ca7.24 2.53 -Cs CDCl;
ca 6.94 2.91 CDCls;
—5i
ca7.14 3.33 -CH=CH, CCl,
ca7.27 3.61 0 CDCl;
Cé’
—_ \
oH
ca7.27 3.62 -C=N CCl,
ca7.22 3.64 -SH CCl,
7.0-7.4 3.67 CDCl;
ra
- \
F
ca7.29 3.85 o CDCl;
&~
,a-S\
F
ca7.29 3.85 -NH, CDCls
ca7.59 4.27 -NH; (salt) D,O
ca7.22 4.34 -Br CCl,
7.07-7.5 4.38 -l CDCls;
ca7.19 4.41 -OH CCl,
ca7.28 4.48 -Cl CCl,
ca7.24 4.55 2 CDCl;
&
—s5—C.
S—R
ca7.33 4.59 -N=C CDCls
ca7.29 4.59 -N=C=S CDCl;
ca7.44 4.83 QO q CDCls
Y
—5=Cl
ca7.42 5.07 (S Polysol
LR
—5—F
ca7.27 5.24 -F CCl,

Aromatic Protons
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Para substituted toluenes (in increasing "meta" shift)

S (Ppm) Solvent
2.18 6.79 6.33 -NH, CCl,
2.21 6.92 6.40 -NH-CHj; CDCls;
2.18 6.89 6.49 /CH . CCl,
-
CH;
2.21 7.01 6.59 R CDCl,
A2
'H.R:
2.22 6.93 6.62 -O-Rq2 CCl,
2.20 6.92 6.69 -OH CDCls
2.28 7.09 6.79 -O-CH3 CDCls;
2.23 7.00 6.81 -F CCly
2.28 7.01 6.82 o CCl,
Ed
—0—C “
CHy
2.27 6.90 6.90 -CH3 CCy
2.27 7.14 6.92 0 DMSO-dg
F
—0 —
“NH,
2.28 6.99 6.99 /CH3 CCl,
—CH .
CH;
2.28 7.01 7.01 -CH,-OH CCl,
2.30 7.04 7.04 -CH,-CH, CCl,
2.30 7.04 7.04 -CHy-NH, CCly
2.28 7.05 7.05 -S-CH;3 CCly
2.29 7.05 7.05 -CH,-C=N CCl,
2.34 7.07 7.07 o CCl,
s
—o—c?
2.20 6.91 7.09 -SH CDCl,
2.30 7.09 7.09 -CHy-CH,-NH, CDCl,
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2.31 7.10 7.10 -CH»-CH,-OH CDCl,
2.29 6.98 7.12 -Cl CCl,
2.29 7.00 7.12 cCl,
CH;
I
—C—CH,
|
CH;
2.30 7.16 7.16 00 CDCl;
W
—HH-5—R
2.29 6.99 7.18 -CH»-Br ccl,
2.28 7.02 7.18 -CH,-Cl CCl,
2.33 719 719 5 CDCl,
&
—HH—C"_
R
2.30 7.07 7.21 - CDCl,
225 6.95 7.30 -Br CCl,
2.26 7.08 7.30 -Hg-Cl DMSO-ds
2.30 7.05 7.34 CDCl,
—s—=
Para substituted toluenes (in increasing “meta” shift)
a
4]
c
CH4
b
dc (ppm) Sy (ppm) ‘ 5, (ppm) para Solvent
2.4 7.23 7.47 -C=N CCl,
2.26 6.89 7.55 -l CDCl,
2.35 7.20 7.55 o CDCl,
&
—S—oH
2.36 7.22 7.55 o] CDCl,
I
—FP

M




232 7.24 7.58 DMSO-ds
)
II
—Fi —0H
OH
2.36 7.35 7.58 5 D,0
4
0N
233 7.21 7.59 o DMSO-ds
i
—CH=CH—C_
OH
2.30 7.21 7.61 -S0,-OH (salt) DMSO-ds
2.39 7.22 7.65 o CDCl;
Il
—C
232 7.09 7.69 o ccl,
Il
_C -
CH,
2.33 7.10 7.69 -N=S=0 CCly
2.33 7.12 7.70 -S0,-OH (salt) CDCly
243 7.32 7.71 -S80,-0-CH, ccl,
2.42 7.29 7.70 -80,-0-Rq ccl,
2.41 7.31 7.76 0 cocl,
i
—CH
243 7.37 7.79 cocl,
0o
b
—570 —CH;
2.39 7.22 7.83 CDCl;
o O
2.46 7.37 7.84 -S0,-NH, TFA
2.39 7.25 7.84 cocl
o @
2.29 7.26 7.88 o D,0
T
—=% o—na
2.30 7.15 7.89 o cocl,
A4
“OCH,
2.50 7.41 7.90 -SO,-F cbcl,
2.49 7.41 7.90 -S0,-Cl cocl,
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2.49 743 7.92 o TFA
Cdf
THH,
2.44 7.24 7.96 o CCly
i
el
247 7.30 8.02 o TFA
&
“OH
245 7.30 8.10 0 CDCl,
@
'-,"a
8]
Il. Halogenated Hydrocarbons
A. Fluorinated Hydrocarbons
1. Aliphatic
] F
7 H
0.5
0 1
| T I~ T 7 1T r— 17T 17 7T 717 7T 77 N
1= & 14 12 10 2 & 4 2 0
ppm

Fluorine containing compounds characteristically display coupling between the fluorine nuclei and nearby

hydrogens. The multiplets which are produced are usually well resolved and the magnitude of the

Fluorine-Hydrogen coupling constants is quite large in comparison to those produced by

Hydrogen-Hydrogen and Phosphorus-Hydrogen coupling. Fluorine is a strong deshieider of aliphatic

groups but has a moderately strong shielding effect upon the aromatic hydrogens that are ortho and para to

it.

Aljphatic Protons

,}‘\/F

a

By (PPm)

3.72

a (Ppm) ‘

4.37

Compound

F
Ho™

Solvent

CDCls
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‘ 1.8-1.9 ‘ 4.3-4.4 ‘

Substituted Fluoromethanes

F X
T
a
5. (ppm) -X Solvent ‘
4.75 o D,O
)\; '
Ma
4.88 0 CDCl;
)J\OR
5.02 o TFA
)J\N Ha
5.07 o D:0
)J\c H,
5.1 0 CDCl;
)\R
CCly

5.24 \O

Coupling and Coupling Constants

Aliphatic Protons

F-C-H = 46.7-51 9Hz
JF-C-C-H = 20.0-30.0 Hz
JFp-C-C-H = 3.9-13.0Hz
2 Aromatic
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] 579
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Fluorine containing compounds characteristically display coupling between the fluorine nuclei and nearby
hydrogens. The multiplets which are produced are usually well resolved and the magnitude of the
Fluorine-Hydrogen coupling constants is quite large in comparison to those produced by
Hydrogen-Hydrogen and Phosphorus-Hydrogen coupling. Fluorine is a strong deshieider of aliphatic
groups but has a moderately strong shielding effect upon the aromatic hydrogens that are ortho and para to

it.

Aromatic Protons

Fluorine substituents on aromatic rings have a moderately strong shielding effect upon the ortho and para hydrogens

and display coupling to the ortho, meta and para hydrogens.

Para-substituted fluorobenzenes

a
b
F b a

3, (ppm) Ba (ppm) ‘ para-X Solvent
6.81 7.00 -CHs CCl,
6.89 7.09 R CCl,
6.90 712 -CH,-OH CDCl;
6.90 7.15 -N=C=$ CCl,
6.90 7.23 -CH=CH; CDCl,
6.91 7.19 -Cl CDCls
6.92 7.29 -CH,-Br CCl,
6.93 7.40 CCl,
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6.99 719 -CH,-C=N CCly
7.00 6.81 -O-CH,3 CDCl;
7.1 7.99 Q CDCl,
CH5
7.15 8.01 0 CDCl;
)\R
717 7.66 -C=N CDCl,
7.20 8.20 -NO, CDCl,

Para-substituted alpha,alpha,alpha-trifluorotoluenes

1]
a
cFy %
3 (ppm) Ba (ppm) para-X ‘ Solvent
7.46 6.91 -OH CDCl;
7.49 7.60 -Br CCl,
7.51 7.37 oH CDCl;
7.51 8.08 o cocl,
CHy
7.60 7.60 0 CDCl;
\‘NHJ\H
7.60 7.60 OF . CDCl;
IR
—cH
OR,
7.61 7.31 DMSO-dg
7.64 7.13 -F CCly




7.69 8.03 0 CCl,
7.71 8.18 0 Polysol
)J\OH
7.73 8.20 o CDClg
7.80 7.80 CDClg

Coupling and Coupling Constants

Aromatic Protons

Jew (ortho)  =8.0-9.0 Hz
Jen (meta)  =5.0-6.0 Hz
Jen(para) =2.0-3.0Hz
B Chlorinated Hydrocarbons
1. Aliphatic
] 1.80
] 102 Ll
0.5 HiC 357
0 L |
[ LI | T T | [ N T LI N N
18 16 14 12 10 ] a 4 2 1]

Because Chlorine does not possess a spin as Fluorine does, nor does it possess any exchangeable hydrogens, the

identification of chlorine substituents via NMR must be based solely upon the observed chemical shifts.

Fortunately, chlorine has a strong deshielding effect upon aliphatic hydrogens and thus the analysis of such

materials is relatively straightforward.
aromatic hydrogens, it becomes quite difficult to identify chlorine groups bonded to an aromatic ring without the

use of alternate techniques.
Aliphatic Protons

However, since it has only a very weak shielding/deshielding effect upon
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dq (Ppm) 3¢ (ppm) By (ppm) 8a (Ppm) X Solvent

3.05 e (Iit.)
1.33 347 “‘“\;Cl (lit.)
1.05 1.77 3.45 e A ccly
0.95

145 175 3.49 RN e ccly

Cl
(1.51) 4.11 \T ccly

Cl
(1.61) CCl,

g

Substituted Chloromethanes

a
Ch—CHy—¥
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3a (Ppm) -X Solvent ‘
4.05 o ccl,
)J\OH

4.06 -C=C-R CcCly

4.11 C=N cCl,

412 o cDCl,
)J\cm

418 o D,0
)J\NH:

4.20 \“/o cDCl,

4.33 o cDCl,
)l\R

4.48 - : cCly

4.50 o cel,

4.66 o cDCl,

573 cCl
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[JO0Halogenated Hydrocarbons

A. Chlorinated Hydrocarbons
1.Aliphatic
2.Aromatic
Chlorinated Hydrocarbons

Aromatics
] 710 238
] CHj
I 7.06
] 7.25
I:I.S—_ bt
cl
. d |
—T T 1 T 1 T T T T T T T T T T T T T 1
12 16 14 12 10 g g 4 2 0

Because Chlorine does not possess a spin as Fluorine does, nor does it possess any exchangeable hydrogens, the

identification of chlorine substituents via NMR must be based solely upon the observed chemical shifts.

Fortunately, chlorine has a strong deshielding effect upon aliphatic hydrogens and thus the analysis of such
materials is relatively straightforward.  However, since it has only a very weak shielding/de-shielding effect
upon aromatic hydrogens, it becomes quite difficult to identify chlorine groups bonded to an aromatic ring without
the use of alternate techniques.

Aromatic Protons

As noted previously, chlorine does not significantly alter the chemical shifts of aromatic hydrogens in comparison with
the effects noted for other substituents. The NMR spectrum of chlorobenzene displays only a broad, single band at

about 7.2 ppm.

para-substituted Chlorobenzenes

Cl 5

3y (Ppm) a (ppm) ‘ -X Solvent
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7.00 6.39 -NH-R CDCl;
7.09 7.61 -l CDCl;
CDClsy
712 6.91
7.12 6.98 -CH; CCl,
7.13 7.37 -Br CCl,
7.19 6.91 -F CDCl,
7.21 7.21 -CH=CH, CCl,
7.22 6.85 -O-R Polysol
7.23 7.23 -Cl CCl,
7.27 7.02 -N=8=0 CDCl,
7.30 7.30 -CHx-Cl CCl,
o] CCl,
7.31 7.80 )_l\
CH;
0 CDCly
7.32 7.11 T k@
CCl,
c||
7.36 7.84 e
|
Cl
7.40 7.81 \\NﬁN : CDClsy
7.45 7.45 //NH : Polysol
7.46 8.02 o CDCly
7.55 7.97 o DMSO

A. Brominated Hydrocarbons
1. Aliphatic
Brominated Hydrocarbons
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Aliphatics

187 0.80
| EIrM'CH3
] 340 142
0.5
. I
r-—f1 1T ~r—1Tr—Tr—7r T T T T
18 1& 14 12 10 8 & 4 2 0

The Bromine nucleus is an intermediate deshielding group in relation to both aliphatic and aromatic hydrogens. It
does not couple to nearby hydrogens and thus its presence in a molecule must be inferred from the observed chemical

shifts.

Aliphatic Protons

Compound Solvent

CCl4

"'f\Elr
1.02 1.89 3.36 T gy ccly

1.43 1.82 3.39 A, ccly

(1.08) 1.93 3.24 /J\/Elr cCl,

0.99

(1.02) 3.15 )\/E.r cal,
I

(1.70) 4.21 cel,

(.77 4\\[)” cCly
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Substituted Bromoethanes

Br X
v
a
a (Ppm) -X ‘ Solvent ‘
2.38 CH3 CCly
|__cH
gicm ="
= cH,
3.21 Polysol
3.77 o CCl,
)I\o _CH3
3.83 -C=C-H cCly
3.88 -CH=CH, cCly
3.91 o D,0
)J\NH:
3.92 o CDCl;
)l\OH
3.98 -C=CR CDCl,
4.38 o CCl,
P
4.34 -~ : CCly
4.40 cl CCly
| e
c—
<~
4.94 -Br ccl,
5.18 -Cl ccl,

2-Substituted Bromoethanes

b ¥
Elr’ﬁ““gf’
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Sy (ppm) a (Ppm) -X Solvent
3.40 -O-CH; cel,
3.65
3.41 CCl,
2.04 e gy
3.45 3.85 -OH CCl,
3.51 CccCl
2.36 T '
3.53 2.97 -C=N CCly
3.56 o CDCl;
2.97 )J\
OH
3.56 3.70 -Cl CCl,
3.68 368 -Br CDCl;
Aromatic
Brominated Hydrocarbons
Aromatics
. 706 240
. CH
i 706 3
] 7.06
0.5 r
i 2.40
CH,
0 |
T T T T T T T T T T T ™ ] T T T
18 15 14 12 10 g & 4 2 ]

The Bromine nucleus is an intermediate deshielding group in relation to both aliphatic and aromatic hydrogens. It does

not couple to nearby hydrogens and thus its presence in a molecule must be inferred from the observed chemical

shifts.

Aromatic Protons

Bromine has a weakly deshielding effect upon the ortho aromatic hydrogens. The ortho hydrogens are deshielded to

7.41 ppm while the meta and para hydrogens appear as a complex higher order pattern centered to about 7.2 ppm.
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para-substituted Bromobenzenes

b
Br i
dp (Ppm) a (PPmM) -X Solvent
7.18 - CDCl,
7.50
7.20 -NH-R CDCls
6.49
7.29 -O-CHs ccl,
6.69
7.29 799 -Br cDCl,
7.30 6.92 -CHs cCly
7.30 707 -SH cDCl,
7.31 6.98 R, cDCl,
7.34 712 -CH=CH, ccl,
7.37 713 -l ccl,
7.39 711 -S-CH; cDCl,
7.40 6.90 -F CCl,
7.45 762 -C=N cDCl,
7.49 7.60 -CF; ccl,
7.61 o DMSO-ds
7.87 )j\N
Ha
7.68 o CDCl,
7.68 )\(
7.68 el D20
7.79 \Q‘s// ? I:a
. gy
(=3
7.71 o DMSO-ds
7.90

A. lodinated Hydrocarbons
1.

Aliphatic
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lodinated Compounds

Aliphatics

185 318
1 HiC

._.
[ex]
—
[0
—
=
—
]
—
]
0]
]
=
b
=]

Of the halogens, lodine has the weakest deshielding effect upon aliphatic hydrogens, but the strongest deshielding
effect on the ortho aromatic hydrogens. It is observed to have an unusually strong deshielding effect upon the

hydrogens bonded to beta aliphatic carbon atoms.

Aliphatic Protons

W
[ a
3q (Ppm) 8¢ (ppm) ()] Ba (ppm) X Solvent
2.20 A CDCl;
1.84
3.13 e cCly
1.85
1.00 3.15 N ccl,
0.99 1.80
1.40 3.19 A ccl,
1.73
(1.01) 3.10 )\/ ccly
(1.91)
4.29 \T/{ cCly

Substituted lodomethanes



a (Ppm) -X Solvent
3.55 | -CF,-CFs CDCl,
3.63 o D,0
)\gﬂ
Ma
3.69 o ccl,
)J\OR
3.71 o CDCl,
)J\OH
3.80 | -CH=CH, ccl,
3.88 | -l ccl,
3.98 9 TFA
)\N H.
4.38 CDCl,
2-Substituted lodoethanes
b a
—CH,—CH.,—¥
dp (ppm) 3, (ppm) ‘ -X Solvent
3.17 1.94 | -CHp-CHy-l ccl,
3.19 3.08 CDCl,
3.28 3.81 | -OH CDCl,
3.30 3.09 o CDCl,
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3.29 2.29 -CHz-l CDCl;
3.70 3.70 -l CCl,
Aromatic
lodinated Compounds
Aromatics
] 7.28 728
1 7.7E 7.7E
0.5
k 28
TTE 728 YYE
D_
r— 1T ~r—T1T T 1T T 1T 7T 717 T T T T T
1= & 14 12 10 2 & 4 2 0

Of the halogens, lodine has the weakest deshielding effect upon aliphatic hydrogens, but the strongest deshielding

effect on the ortho aromatic hydrogens.

It is observed to have an unusually strong deshielding effect upon the

hydrogens bonded to beta aliphatic carbon atoms.

Aromatic Protons

Of the four halogens, iodine has the strongest deshielding effect on aromatic hydrogens, producing a shift of the ortho

hydrogens to 7.65 ppm.

b #
|
B
B (Ppm) B, (ppm) Solvent
7.40 7.40 -l CDCls
7.50 7.18 -Br cDCly
7.55 6.89 -CHs CDCls
7.55 7.95 -C=N Polyso |
7.58 6.78 -F CDCls
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7.61 7.09 -l CDCly
7.61 7.88 o CDCl,
)I\R
7.69 7.99 CDCl,
0o
W 4
—=7
cl
7.71 7.90 o DMSO-ds
)I\OH
7.78 7.78 0 Polysol
OCH,
7.70 7.09 o TFA
e J\CH .
7.79 7.30 -CF3 CDCly

lll.  Nitrogen Containing Compounds

A. Amines
1. Primary
a. Aliphatic
Primary Amines

Aliphatics
] 058 145
] H -
*, 2p1,0
1 0.88
HiC 1.00
0.5 CHj EH;
1 0.3
EI—- N Jl |
r-—f1 -~ 71T ~r—Tr—T T T T
12 15 14 12 10 2 3 4 2 o

The primary amines are often relatively easy to characterize due to the presence of the -NH; group which appears as a

broadened band at intermediate to high field (6.7-0.6 ppm).

The primary amine group acts as a weak deshielding substituent on methyl, methylene and methine groups, but has a

strong shielding effect upon the ortho and para aromatic hydrogens.
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/\I:“nhofir\ Drntons

3 (ppm) ‘ 3 (PPm) 34 (PPm) S|l sovent
1.05 2.61
/H\““NH 2 D20
0.91 1.48 2.65
WH-—. CC|4
(1.01) 3.04
I
MH;
(1.30)
\K\NH.:: cDCly
Qithetitiitag Methylamines
a
H.1 ,-f"“x}{
5. (ppm) 5% Solvent
2.52 CDCl;
3.12 0 D0
Il oH
.
OH
3.30 -CH=CH, Chels
3.58 o D0
M
3.76 D0
3.85 CDCl;
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CDCls

3.86 =
e
M
c | Ethylamines
H. 2
2 ME/-’“H\H
¢ (ppm) Sy (ppm) B2 (Ppm) -X ‘ Solvent
2.65 1.48 -CHs CCl,
1.55 2.99 2.49 -C=N D,O
3.18 2.53 o DO
)J\OH
2.86 2.59 -SH D0
1.19 2.60 2.60 -NH, CCl,
0.93 2.82 2.68 CCl,
Aromatic

Primary Amines

Aromatics
. 375
] MH,
I B .76
057 733 242 7.14
681
|:|_- Jdl _l_ L

._.
[ex]
—
[0
—
.
—
]
—
]
]
o —]
o
[

The primary amines are often relatively easy to characterize due to the presence of the -NH, group which appears as a

broadened band at intermediate to high field (6.7-0.6 ppm).
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The primary amine group acts as a weak deshielding substituent on methyl, methylene and methine groups, but has a

strong shielding effect upon the ortho and para aromatic hydrogens.

Aromatic Protons

The strong shielding effect of the primary amine group on the hydrogens of benzene is evident from the chemical shifts

of the parent compound, aniline.

Solvent

6.40 7.00 6.59 CCly4

Examples of para substituted Anilines.

b
&
b
H4l o
da (Ppm) 3y (PPM) ‘ -X Solvent
6.34 6.34 f@ CDCls,
6.32 6.50 -S-CH;,3 CCly
6.41 6.55 -R, CDCl;
6.38 6.57 -SH CDCl;
6.59 6.59 CDCl,
_N '-IR
™
R
6.62 6.62 __,CHs CDCl;
"
CH3
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6.49 6.65 -O-R; CDCl;
6.68 6.72 -O-CHj CDCl;
6.49 6.81 DMSO-ds
6.75 6.92 -CF, CDCl,
6.60 7.02 -Cl DMSO
6.62 7.09 CDCly
6.57 7.21 -Br CDCl;
6.55 7.26 o DMSO
““NH J\R
6.77 7.36 o CDCl;
)LOCH .

6.37 7.37 -l CDCl;
6.70 7.39 DMSO

8]

A

| CH

OH
6.67 7.60 -S0,-NH-R DMSO-ds
6.79 7.77 o CDCl;

)J\c Hs
6.60 7.79 ~ Al CDCls
Exchangeable Protons
The NH, Group
range (ppm) -Type Solvent
0.66-1.52 Aliphatic-NH, CCls, CDCly
1.72-1.78 Alicyclic- NH; CCly, CDCly
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3.30-6. 70

Aromatic- NH,

CCl,, CDCl3

2[1 Secondary

a. Aliphatic

Secondary Amines

Aliphatics
y 2 B0
1 og2 136 }\1/-3&0.92
] H %
0.5 £ 1 147
0 il
T 7 1 "1 T ] — T T T ] T T T T
13 16 12 g & 4 2 0

The secondary amines are similar in many respects to the primary amines except for the presence of one instead of two

exchangeable hydrogens.

A wider range of chemical shifts is observed because of the different types of groups

bonded to the nitrogen nucleus. Phenyl substituted secondary amines display a stronger deshielding capability than

their aliphatic counterparts.

Like the primary and tertiary amines, the secondary type is capable of forming amine-acid salts upon the addition of

acid to the sample solution resulting in shifts to lower field of about 0.8 ppm.

Aliphatic Protons

Alkyl secondary amines

W a.-R
s H
84 (Ppm) S¢ (ppm) S (PpmM) Sa (ppm) Compound Solvent
2.32 D,O
A 2
HNH
2.32 D,O
g z
KNH
2.40 1.49 ~ Fia CDCl,
rH
2.60 Ry D;0O
1.09 ’ANH
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265 123 q cDCls
1.1 P
0.90 258 0.85 R CDCls
1.49 WNHJ 1
(0.88) 2.31 0.79 = cCl,
1,60 Y\NH
2.76 D,0
(1.02) )\N Ry
H
2.88 0.67 cCl,
(1.00) )\N R
H
2.98 120 coCls
(1.01) )N c
=G
H
0.74 cDCls
(1.00) Ry
H
267 3.34 __NH : ccl,
3.03 3.23 o _MH cCl
0.92 2.97 3.31 A ccl,
3.54 3.19 H cCl,
T
R a
wH
Ba (PPM) -X Solvent
2.07 HLC CDCl;
N
—5i—CH
7 3
H,C
2.48 HC cocl,
5
———NH.
HLC
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2.60 -C4 CDCls;
2.60 -CHs; D,O
2.65 -CH3 CDCl;
3.13 0 DO
)J\Q .
0 Ma
3.22 -CH=CH, CDCls
3.38 0 CCly4
)I\OR
3.41 CDCI
Fa 3
Y
3.70 CCl,
3.68 0 D,0O
)l\OH
N
ThHT Ty
db (ppm) a (ppm) -X Solvent
2.58 1.49 -CH;,3 CDCl;
2.61 2.61 -NH, D,O
2.62 HiLC CDCls
,
0.80 TSI CHy
HiC
2.62 3.51 -OH CCl,
270 3.41 -O-CH, cCl,
2.76 2.90 -SH CDCl3
2.76 2.76 -NH, CDCls;
2.79 CDCls
2.79
2.96 2.55 -C=N CDCly
MH
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8a (Ppm) -X Solvent
2.83 HLC CCly
N
——iC —hlH.,
HLC
3.60 -CH=CH, cDCl,
3.71 o CDCl,
Ty
M
3.77 -C=N CDCly
3.78 o CDCl,
)l\o R
|
R
3.81 o DMSO-ds
)J\OH
3.97 -C=CH CDCl;
4.22 - : CDCl;
4.40 -S0,-Na DMSO
4.49 -SORs cDcl,
4.75 P : CDCly
H VK
[
By (Ppm) Ba (Ppm) ‘ -X Solvent
2.97 1.54 CH, cCly
3.00 2.75 NH, CCly
3.22 3.78 -OH CDCl;
3.28 o DMSO-ds
2.50 )k
OH

67



3.46 2.55 -C=N CDCl,
3.46 CDCl;
2.92
B Aromatic

Secondary Amines

Aromatics
] Q 7.7
240
E T.ra 10.0
H .
i £ H
0.5 7ap 778 707
] 730
g | .
r-—+—T1 7 ~+—71T ~~*r—T7T ~r—T1T ~rr—7~r—7 T 7r T T T
18 16 14 12 10 g & 4 2 0
Fpm

The secondary amines are similar in many respects to the primary amines except for the presence of one instead of two
exchangeable hydrogens. A wider range of chemical shifts is observed because of the different types of groups
bonded to the nitrogen nucleus. Phenyl substituted secondary amines display a stronger deshielding capability than

their aliphatic counterparts.

Like the primary and tertiary amines, the secondary type is capable of forming amine-acid salts upon the addition of
acid to the sample solution resulting in shifts to lower field of about 0.8 ppm.

Aromatic Protons

C
H b
C a

b

X- 5 (ppm) ) . (ppm) Solvent
CH3-NH- 7.08 6.57 6.57 CCly
H 7.20 6.83 CDCl;
e
6.83

Para-substituted secondary amines
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R
“MH :
Sc (ppm) Sy (Ppm) 5, (ppm) Solvent
6.52 6.52 -NH-R CDCls;
6.52 6.52 -OH CDCl;
6.45 6.69 -O-CHs Polysol
6.80 6.93 -R4 Polysol
6.45 6.96 -CHs CDCl;
6.47 CH, CDCl;
7.01 ,_FCIH
\CH 3
6.55 7.07 -Cl DMSO-ds
6.83 7.10 -S-CH; Polysol
6.50 “‘v"S CDCls
711
6.49 7.20 -Br CDCl;
6.62 7.55 -SO,-NH; Polysol
6.47 .\_N ‘;,,.N CDCl;
7.78
6.54 1 CDCls;
7.80 )J\
ZH5
6.72 7.84 -N=0 Polysol
h
c
T
Oc (ppm) Op (ppm) Oa (ppm) Solvent
6.81 6.47 -NH, CDCl;
7.20 6.96 -O-CH; CDCls
7.45 7.45 -Cl Polysol
7.08 7.77 -N=0 Polysol
7.09 0 Acetone
8.05 g _:1&
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30 Tertiary
a. Aliphatic
Tertiary Amines

Aliphatics
] 145 272 245 245 272 445
| H.M A
i . 158 %H: )
] 245 272 145
0.5
. |
r~—71 "7+ 717 ~rr—1T T r—rrTr—17 T T T T T T T T
18 16 14 12 10 g 3 4 2 0

pprm

The absence of an exchangeable hydrogen attached to the tertiary amine group makes this amine more difficult to

characterize than either the primary or secondary amines. The large number of aliphatic and aromatic beta shift effects
produce wider chemical shift ranges than nearly any other common functional group. A simple test for the presence of
any amine including the tertiary variety is the addition of a few drops of weak mineral acid. The formation of the amine

salt produces significant shifts to lower field.

Aliphatic Protons

Sq (PPm) Sc (ppm) b (PPM) Sa (PPm) X Solvent
~y cel,
(2.14) |
CDCly
T
2.21) T Fg
cDCl,
R
(2.27) 'T Ry
CcDCly
2o Y
R
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| CCl,
(2.85) N
cH CDCl,
__,f"ﬁ\-\_N,_f 3
1.09 2.33 |
CH;
gy CCla
0.98 2.42 |
Ra
Rl’: CCl,
1.10 3.27 \/ﬁu
R
W r"‘RS CCI4
0.88 1.36 2.31 |
RS
0.90 N Ry CCl,
1.25 1.35 2.31 |
R i
CCl,
R
(0.97) 3.02 )\1 2
I
RE
Substituted Trimethylamines
a
Sa (Ppm) ‘ -X Solvent
2.33 -CHs CDCl,
272 _cH; CDCl,
I
CH
2.93 -CH=CH, CDCl,
3.07 CDCl,
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3.07 o cCla
)I\OR
3.20 o cocl,
J
3.29 L OH coel,
oF
3.33 - : cel,
342 R cocl,
H
3.49 =N cocl,
3.60 coel,

)ﬂ.

Sa (ppm) -X Solvent

3.30 -CHs CCl,

3.84 -CH=CH, CCly

3.95 -C=C-R CDCl,

3.99 o DMSO-ds

A
4.41 CCl,
470 0\\ //o CDCls
e

72



4.89 5 CDCl,
b ¥
KH\N _,-’“\-Kg__,-
Sy (Ppm) 8a (Ppm) ‘ -X Solvent
2.41 ccl
/CHS ¢
2.41 —H
CH
2.81 O D,0
245 )j\N
H
2.63 263 -SH CDCls;
2.41 2.69 -NH, D,0
2.70 o CDCl,
2.70
CH,
2.70 CDCl,
2.70
2.70 o CCly
4.15 )J\
\\D R
R h "
T
=]
S (ppm) a (ppm) ‘ -X Solvent
3.13 159 -CHs ccCl,
3.21 3.50 -OH CCly
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3.60 o DMSO-ds
2.49 )J\
OH
3.61 3.61 -Cl Polysol
3.65 250 -C=N CDCls
Bl Aromatic
Tertiary Amines
Aromatics
- 1.2
HaCo 333 g gy
1 s 3.21\| 714
HaC 158
0.5 - 6 &1
) 718
. [ b J
| T [T I | T | LI | LI | LI LN T
12 16 14 12 10 g & 4 2 0
Fpim

The absence of an exchangeable hydrogen attached to the tertiary amine group makes this amine more difficult to

characterize than either the primary or secondary amines. The large number of aliphatic and aromatic beta shift effects

produce wider chemical shift ranges than nearly any other common functional group. A simple test for the presence of

any amine including the tertiary variety is the addition of a few drops of weak mineral acid. The formation of the amine

salt produces significant shifts to lower field.

Aromatic Protons

Phenyl Amines

8. (ppm)

' 6.57
A

7.10

Solvent

6.57 CCly
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Fa
i
6.56 7.07 6.48 ccl
.__,_,Nx !
Rz
RS
,J\H 6.52 7.02 6.48 CCl,
Ry
H
6.86 7.23 6.82 CDCls
rH
E"'f H"l':. 7.05-7.60 CDCls
T{H
L=2N- ] rr/o
0 — 6.80-7.40 CDCls
Para substituted aromatics
b a
[
xw ]
| [
Oc (ppm) Oy (ppm) ‘ 8. (ppm) Solvent
6.62 6.62 -NH, CDCls
6.79 6.79 -O-CHs CDCls
6.77 7.00 CDCls
ZH
6.62 7.01 CDCls
6.53 7.25 -Br CDCls
6.63 7.33 /5 CDCls
6.63 7.63 o CDCls
)J\OH
6.60 7.70 -N=0 CDCls
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6.65 7.73 ) cDCl,
6.61 7.73 s CDCl;
Il

/__C \O

6.60 7.80 ~y A : cDCl,

6.71 7.95 o CDCl;
)J\c Ha

6.69 7.99 o CDCl;
/H\O __,R

6.58 8.08 o CDCl;
L= f/
o —N\

b
[
-
R
S (ppm) ‘ By (ppm) a (ppm) Solvent

6.59 6.59 -NH, CDCl;

6.76 6.76 -O-CH;, CDCl,

6.59 7.01 -CH;, cDCl,

6.70 7.15 -l DMSO-dg

6.48 7.20 -Br CDCl,

6.58 7.35 -C=N CDCl;

6.57 7.56 o CDCl;
)l\OH
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6.62 7.75 o CDCl,

6.78 7.77 a CDCl;
I
_,-o-""'c \H
6.65 7.79 -N=0 CDCl;
6.71 7.84 -N=N-O CDCl;
6.70 8.02 o CDCl;
)\O __,R
6.59 8.08 o CDCl,
L= - ] &
0 —
2[1Pyridines
Pyridines

o]
.
-
-

The proton NMR spectra of the pyridines produce characteristic patterns over a wide range of chemical shifts. The
chemical shifts of the individual ring protons and the coupling constants with other protons on the ring vary with their
position relative to the pyridine nitrogen atom. The characteristic low field chemical shifts observed for the hydrogens at
positions 2 and 6 (adjacent to the ring nitrogen atom) are a distinct aid in the identification of the NMR spectra of this

class of compounds.

Aromatic Protons

7



Compound Solvent

7.55 7.14 8.51 Pyridine CCly

2-Substituted Pyridines

d= b
-
% (Ppm) B4 (ppm) S (ppm) S (ppm) ‘ %a (ppm) Solvent
7.93 6.48 7.22 6.36 -NH, CDCl;
8.07 6.45 7.36 6.45 -NH-R CDCl,
8.14 6.83 7.52 6.68 -0-CH, CCly
8.18 7.14 7.77 6.89 -F CCly
8.46 6.98 7.48 7.05 -CH-CH, CCly
8.37 7.20 7.68 7.29 -Cl CCly
8.27 7.20 7.48 7.38 -Br CCly
8.76 7.60 7.75 7.89 -C=N CCly
8.71 7.39 7.81 7.90 0 cCly
)J\c Hs
8.78 7.58 7.91 7.91 o CCly
8.70 7.46 7.81 8.03 0 CCly
)LOCH .
8.57 7.41 7.83 8.21 0 CDCl;
8.27 7.03 7.70 8.27 0 CDCl,
TUMH J\CH .
8.67 7.25 7.77 8.42 o CDCls
|
M
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3-Substituted Pyridines

L
gl a
B4 (ppm) O (ppm) Oy (ppm) -X 0. (ppm) -X Solvent
7.92 6.95 6.95 -X 8.04 -NH; CDCl;
8.32 7.01 7.35 -X 8.36 -CHs CCl,
8.33 7.10 7.42 -X 8.38 -CH,-CHj; CCl,
8.41 7.15 7.59 -X 8.52 -Cl CCl,
8.50 7.21 7.62 -X 8.53 0 CDCls;
\/LOH
8.48 7.10 7.74 -X 8.66 -Br CCly
4-Substituted Pyridines
b
a -
Oy (ppm) 0. (ppm) X Solvent ‘
8.03 6.50 -NH, Polysol
8.25 6.50 C|H3 CDCls
il
~7 CH,
8.37 6.98 -CH3 CCly
8.41 7.02 - CH,CH;3 CCly
8.51 7.26 -CH,-NH-CHs CDCls
8.63 7.40 CDCl;
8.71 7.51 CDCl;
2
o
M
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8.82

7.64

A

CCl,

Coupling and Coupling Constants

The spin-spin couplings of the pyridines is limited to those between hydrogens on the ring. The protons at

positions 2 and 6 often display an observable degree of broadening due to the adjacent nitrogen nucleus.

The coupling constants observed for the pyridines are unusual in that long range "para"” couplings are

observed through five bonds and that the two "ortho" couplings “2-3 and “3-4 are different in magnitude.

2.4 =

2.5 =

4-7Hz

7-9 Hz

1-3Hz

0.1-1.1 Hz

1.1-25Hz

30 Quaternary Ammonium Salts

Quaternary Ammonium Compounds

L

o]

1 1
2 0

=

The quaternary ammonium compounds display low field chemical shifts for the aliphatic groups bonded to the nitrogen

atom. The groups often show a certain degree of broadening, possibly due to unresolved coupling to the nitrogen

nucleus. The compounds are more soluble in D,Oand DMSO-dg than the corresponding tertiary amines.

Relatively large ranges of chemical shifts are observed for similar groups on different environments.

No consistant
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correlation with solvent, concentration or anion has been observed to explain these variations.

Aliphatic Protons

a b c d G
CHACHACHACH; W
|
CHZCHACHLCH,— —CH JCH CHACH;
CHLCH.CH.CH,
B (PPM) 5 (ppm) & (ppm) B, (pPM) X Solvent
a D,0
CH; |
CH3—
(2.99) |
CH;
s D;0
SHaoon
(3.15) CH3—N|—CH3
CHy
=] DZO
‘;‘H‘|H3 Br
(3.21) CHg_hll_CHg
CHy
CHq Ie' Polysol
(3.30) CHy—H —CHy
CH4
CHs §| CDCl,
(3.40) CH;—M—CH-
CH;
CH4 ;r CDCl;
(3.48) CHy——F 42
CH,
a Dzo
CHaCH; |
(1.26 3.24) CHS‘CHE_'\T_CHECHS
CH3CH5
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) Polysol
CH.CH; By
(1.30 3.40) CH4Z Hy—N —CH,—C =CH
CHoCH;
g D0
| CHzoHg
(1.28 3.95) — —CHCH,
CHCHy
= DZO
CH.CH.CH;  Br
| @
(0.92 1.70 3.16) CH3CHCH N —CHCH CH;
CHoCHACH,
a CDCls
R
= ]
(1.08 1.92 3.35) CH3CH:CH:_"|I_R:
R:
a CDCl;
CHAHLCH; o
o
(1.08 1.81 3.39) CHZZHACH .~ —CHLCHACH;
CH.CHLCH,
(1.02 a TFA
CHLHALHLCH; ¢,
| @
1.45 1.70 3.22) CH3CH:CH:CH:—I\|I—CH:CH:CH:CH3
CHAZHACH J2H;
(1.03 2 CDCly
CH.CHLCHLCH,
| =
1.45 1.60 3.41) CHSCHECH:CH:_“']_CH:CH:CH:CHS
CHoCHACHLCH;
(1.01 G CDCls
CHAZHASHACH; gy
| @
1.43 1.65 342) | CH3CHLCHACH,——CH,CHACHLCH;
CHAZHACHACH
Substituted Methyl Ammonium Compounds
b
CHj
4] ‘I\ a
CHa— —CHy—X
fi
CHy
Sb (PPm) Ba (ppm) -X Solvent




3.29 _ Polysol
(3:29) 3.48 -Cs I y
(3.12) 3.95 -CH=CH, Br D0
(3.31) o D,O

4.09 )\N . or
e
(3.30) o D,O
4.22 AJ\ cr
OH
(3.15) D,O
453 Br-

2-Substituted Ethyl Ammonium Compounds

C
CHy
c'"p h a

CHy—N —CH;CH,—X

c
CHa

Solvent
3.29 3.55 3.31 0 Poly so |
-
KS )J\CH 3
3.19 3.80 3.80 -Br Br DO
3.18 3.49 4.02 -OH 0 H DO
H
HO
oH
3.26 3.81 4.03 -Cl cr D0
3.26 3.79 4.55 0 DO
AL B
] CHy
3.30 3.80 4.57 0 DO
-
hKCI J\R:

Olefinic Protons

The trimethylammonium group has an unusually strong and long range deshielding effect on the two terminal olefinic
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protons of allyl groups. In the spectrum of Allyltrimethylammonium Bromide, all three olefinic protons resonate in the
chemical shift range from 5.4 to 6.2 ppm as a higher order ABC pattern. Normally, the terminal olefinic protons of allyl

groups resonate at about 5.1 ppm as the AB portion of an ABX system.

Aromatic Protons

The chemical shifts of the quaternary ammonium aromatic compounds are dependent to a significant degree upon the
solvent employed and/or the amount of water present in the sample solution. As an example, when benzyl trimethyl
ammonium chloride was examined in CDCl; the ortho protons are strongly deshielded in relation to the meta and para
hydrogens. In Polysol and DMSO-ds solution, all five protons resonate as a single complex band. In D,O solution,
the five protons appear as a single sharp peak at about 7.5 ppm. A somewhat similar case of solvent deshielding is
noted in which the aromatic protons of the compound examined in CDClI; solution resonate at lower field than those of

a similar compound in D,0.

4[1Hydrazines

Hydrazines
Hau o 423 7352
1 H
752
0.5
1 H—CI
|:| —
T T T T T T T T T T T T T T T T T T T
1= & 14 12 10 2 & 4 2 0
ppm
The chemical shifts produced by Hydrazine substituents are similar to those observed for the
corresponding primary, secondary or tertiary amines. The hydrazine protons, on the average, resonate
midway between the high field resonance of the aliphatic amines and the low field resonance of the
aromatic amine protons. The presence of a Hydrazine linkage in a molecule could be detected most
easily if the integration ratio indicated either more hydrocarbon groups or more exchangeable hydrogens
than a simple amine group could accommodate. As with the amines, the Hydrazine group undergoes
salt formation upon the addition of acid to the sample solution producing a shift to lower field for the
Hydrazine protons and the protons of aliphatic or aromatic groups bonded to it.
Aliphatic Protons
C h a
CHy—MH-NH,
O (ppm) O (ppm) Oa (ppm) Solvent
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ZH

k]
(2.35) 3.00 N—hiH, cel,
CHY
2,61 3.36 3.36 CHy-NH-NH, cCla

The series of substituted ethanols presented below illustrates the comparative deshielding effect of the amines

and hydrazines.

h a
HO —CH;— CHy— X

Oy (ppm) 0. (ppm) -X Solvent ‘
|
3.47 2.38 CH CCly
]
A
CH,

3.69 2.69 -NH-CH;3 DO

3.54 273 -NH, CDCls

3.74 2.93 -NH-NH, D.O
Aromatic Protons

a
"
b
s a
[}
O (ppm) O (ppm)) 0, (ppm) -X Solvent
6.52 7.00 6.52 -NH-NH; CCly
6.60 7.07 6.76 DMSO-ds
—H—H
— —H- CDCls
1.2-2.1 1.2-2.1 3.72

50Amine Salts
Amine Salts
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e 265
1 14&7 292 4 CHy
At 157 Hy
0.5 945
1 @
J Cl
0 -\J_.Lf
T T T 1 T T T T ™ T T — T
12 16 14 12 10 2 & 4 2 0

The reaction of mineral acids with primary, secondary and tertiary amines to form amine salts not only makes the

compounds more soluble in polar solvents such as D,O, but increases the deshielding effect of the amine group on both

aliphatic and aromatic hydrogens.

The exchangeable hydrogens attached to the nitrogen nucleus normally resonate at a lower field than the

corresponding hydrogens of the free amine.

The amine salts can be neutralized by the addition of a few drops of a sodium bicarbonate solution to the sample. The

amine salt is thus converted to the free base form with an attendant shift to higher field for proton containing groups

bonded to the nitrogen atom.

Aliphatic Protons

-]

cC q_ eR
cl
sz

. (ppm) Sy (ppm) ‘ 8. (ppm) Compound Solvent ‘
& a D,O
2.62 ,/NHS il
D,0
(2.76) | °
: a izl
_ANH,
Dzo
(2.94) | -
: aMH il
./N L
CDCl,
(1.45 3.03) ﬁ a
\_}NHE I
& D,0
1.30 3.08 A Cl ’
) R a Dzo
1.22 3.10 /\NH« Br
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Dzo
(1.30 3.10) \ @
~._2MNH;  HPO,
[ ]
1.41 3.31 PN Br
R
. & CDCl,
150 3.37 Py Br
"R
DMSO-ds
=
(1.29) 3.33 ® cl
MH-
@ coel
0.93 1.76 2.91 W:’R . :
2 TFA
1.11 1.99 3.39 I}R ol
2-Substituted Ethylamine salts
[=] = | b }{
¥ H M ”A\““;/
& (ppm) Sa (Ppm) -X Solvent
275 1.64 -CHs DMSO-ds
319 222 CH, ® : B0
' TNH,
3.22 2.85 -SH D,0
3.36 o D,0
2.85 )J\
OR
327 3.40 -SO;H D,0
3.42 - : D0
3.42
\‘N Hs
375 3.55 -Br D,0
3.55 D.0
\xq -~ = z
3.55 MH W
3.18 3.85 -OH D,0
3.48 4.01 -l D;0
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Substituted Methylamine salts

&
]
w ML X
a
a (ppm) -X Solvent
2.90 D,0
3.08 -CH; D,O
3.09 -R3 CDCl;
3.60 -CH=CH, Polysol
3.88 o D0
A
3.99 o D0
)LOCH .
4.19 -C=N D,O
4.29 o D,0
)\R
5.05 B TFA

Aromatic Protons

As a substituent on an aromatic ring, the amine salt group has an unusually uniform effect on the chemical shifts of the
ortho, meta and para hydrogens. The series of aniline salts presented indicate the minimal effect that the type of acid
involved, the solvent employed and the degree of amine substitution have on the chemical shift of the phenyl protons.
The aromatic resonance for all of these aniline salts appears as a relatively sharp peak in the narrow chemical shift

range from 7.50-7.55 ppm.

Compound Solvent

7.51 - 5 D,0
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7.51 a 5 TFA
Hy H=0,4
7.54 3 a D0
H; Br
7.54 o] OH o] DMSO-dg
ClHa o J\IJI I -
BMH_ O g W KO
CH;
L=
0 4:‘“0
7.55 R D,O
| k=
BHH
R
Para substituted aniline salts
b
=]
® b
Hh =
S (ppm) Sy (Ppm) 8a (ppm) Solvent
7.19 6.67 -O-R, D20
7.22 6.88 -OH DMSO-dg
7.44 7.09 -O-CH; D0
7.33 7.33 -CHs TFA
7.67 7.39 -Br D:0
7.46 7.46 DO
7.56 7.56 -Cl D,0
7.78 7.78 # D,0
\‘rj b
Hi
7.78 7.78 a D,0
BNH
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7.79 7.79 D.O

| s
& hH *
hs
7.79 7.79 R D0
| =
y\IH X
RS
F
7.20 7.90 o DMSO-ds

)J\cm

Exchangeable Protons

The chemical shifts of the exchangeable protons of the amine salts are especially unreliable. Because they are

sensitive to sample concentration, the presence of H,O and structural differences involving substitution of the amine

nitrogen nucleus, they are observed to resonate over a wide range of chemical shifts from 5.0 to 12.0 ppm.

The corresponding chemical shift range for primary and secondary amines (not salts) is about 1.5 ppm (1.0-2.5 ppm).

There does not appear to be any relationship between the type of acid used to form the salt and the
chemical shift of the resultant exchangeable hydrogens.

61 Ylidene Compounds (-CH=N-)
Ylidene Compounds

_ 7.41
1 788 743
i 23 671
H,C . 743
0.5 2;'3':' 788
1 .91 -
H3
7.08 ‘ l
. Il L
L L L DL LA L B ENL N B HL N B R B L B
12 16 14 12 10 g g 4 2 0

ppm

The benzylidene and cinnamylidene compounds correspond to oxime-like structures in which the -OH has been
replaced by a hydrocarbon group. Because both sides of the CH=N group are substituted by bulky hydrocarbon
groups, syn-/anti- isomerism is not ordinarily observed in the NMR spectra. It is assumed that the compounds
exist primarily in the anti- form (substituents on opposite sides of the CH=N bond).

The spectra characteristically display a single band at relatively low field (7.9-8.4 ppm). For the benzylidene
compounds the band is a sharp singlet, for the cinnamylide compounds the band appears as a sharp triplet or
doublet of doublets.
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W -
b
¢ (ppm) S (Ppm) 8a (ppm) ‘ X Solvent
3.49 W_,f CDCl;
0.95 1.69
3.48 /l\ cCl,
(1.23) +
3.41 ~ ,y\@ CDCls,
a
W—CH=h —
X ‘ 0. (ppm) Y Solvent
O/\/ 7.95 -R CDCls
O/ 8.07 CDCl,
O/ 8.11 -CHs3 CDCls
U 8.13 'R3 CDC|3
O/\/ 8.15 CDCl,
8.18 CH; ccl,
CI_J\
CH;
O/ 8.40 CDCl;,
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Coupling and Coupling Constants

Aliphatic groups are observed to couple weakly across the—CH=N— bond. The couplings vary from
a slight broadening effect (J less than 0.8 Hz) to clear 5 Hz multiplets in the case of the cinnamyli-
dene compounds.

!CH3-N=CH=  =2Hz
JCH,-N=CH- = 0-1 Hz
!C=CH-CH=N- = 4-5 Hz

70ximes (-CH=N-OH)

Oximes
] 140
. 966
. —0OH
0.5 1.91
|:|—_ 1 |
r~—71 "7+ 717 ~rr—1T T r—rrTr—17 T T T T T T T T
18 15 14 12 10 g & 4 2 ]

The oximes of aldehydes which contain an HO—N=CH— group are easily identified by the presence of two clear n+1
multiplets in the range from 6.4 to 7.5 ppm arising from the syn and (anti) forms of the CH=N proton. The oximes of
ketones (HO—N=C(R)—R) do not possess such a proton and are thus more difficult to characterize. Both forms
possess an N—OH hydroxyl group which usually appears as a rather broad resonance band in the chemical shift range

from 7.8 to 9.6 ppm.

The deshielding effect of the oxime group is similar to that of the C=C group of the alkenes.

b n=“Mtons
CHo— C{
X
Op (ppm) 8. (ppm) X Solvent
1.88 7.98 -H CDCls
1.88 9.08 -R; CDCls
1.89 9.55 -R; CDCls
2.25 CDCls
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f —i2H

C b a4
CH3—CH,—CH,—C —¥

S (ppm) dp (pPm) 8a (ppm) X Solvent
1.09 2.22 CDCl,
M—0H
&
CHy—CH.—C—CH;
0.91 1.56 2.25 CDCl,
M—0H
&
CH;—CH,—CH,—C—CH;
1.10 2.44 CCl
(110) CHy ‘
i,
FH-CH =M —0H
CHy anti
1.08 3.19 CClI
(1.08) CHy 4
Y
FH-cH =N—0CH
CHy 2N
b a
HO —N=CH-X
Sy (Ppm) Sa (PPmM) ‘ -X Solvent ‘
9.80 6.44 -Rs CDCls,
8.45 6.44 /CHS CCl,
—CH
CH;
9.80 6.71 -Rs CDCl;
7.98 6.83 -CHj,3 CDCl,
8.45 7.23 /CH3 CCl,
—CH
CHy
7.98 7.45 -CH; CDCl,
7.82 -CH=N-OH DMSO
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9.91 8.21 CDCl,
7.52 9.42 o CDCl,
—_
M
a
b CH=M —0H
b
B
Sy (ppm) a (ppm) ‘ X Solvent
7174 7.52 -CH=N-OH CDCl;
7.2-7.6 778 C=H—0H CDCl,
CHs
|
7.2-76 7.88 C=MN—0oH CDCl,

Coupling and Coupling Constants

Coupling between the CH=N proton and adjacent aliphatic groups is similar in magnitude to that of the

corresponding coupling of the alkenes, "CH-CH=N = 6.0-7.0 Hz.

8[JHydrazones (-CH=N-NH,)

Hydrazones
- oH H-iCl
] _CHy
7.1
0.5 > r
] b,
7148 MNH 5
| 741 U 1
0 ik UL
I T I T I T I I T T T L | |
1= 1& 14 12 10 2 & 4 2 0
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The hydrazones which are primarily used as derivatives for the characterization of ketones and aldehydes produce
rather wide ranges of chemical shifts for the —CH=N— proton and for the various types of NH hydrogens. Both
groups are quite sensitive to the substituent and its position on adjacent aromatic rings, various nitro-phenyl

hydrazones being a common variety.

Aliphatic Protons

c b a
CH3CH,CH—CH =M —NH

8. (ppm) Solvent

CH3CH4CH; —CH =N —NH

0.96 1.51 2.12 CCly
Range (ppm) Group Structure
CHa
I
3.35-3.42 CHs- @—N—N =CH
HaM — =CH
5.37-6.53 NH,-
H—M=CH
6.90-10.98 -NH-
H—M=CH
7.27-8.06 -N=CH-

Aromatic Protons

The aromatic hydrogens of phenyl groups bonded to the hydrazone group cover a relatively wide range of
2 2 he carbon side of the group is a moderately strong deshielding group in relation to the ortho
b J:lH amine side of the group shields the para hydrogen rather strangely. Because two different
asent the aromatic patterns can become quite complex.
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8¢ (ppm) Sy (Ppm) ‘ 8a (ppm) Solvent

—HH— =CH
6.73 6.9-7.4 6.9-7.4 Acetone

—CH=H—"H
6.9-7.4 6.9-7.4 7.60 Acetone

901Azines (-CH=N-N=CH-)

Azines
263 790
- H3C -
| 7.3
g.04 55949
725
057 725 A
1 goo B.04
7.31 263
1 CH;
| 7.20 k
. |
r-—f1 71T ~r—Tr—Tr—7rrrTrr T T T
12 15 14 12 10 & & 4 2 a
ppm

The symmetrical structure of the azine group generally produces less complex spectra than groups
such as the Hydrazones. Azine derivatives are usually produced from only one type of aromatic
aldehyde so that the two protons of the azine group are equivalent. In compounds synthesized utilizing

two different aromatic aldehydes, the azine protons will appear as separate resonances at low field.

Tha nvarall ranna nf chemical shifts for some azines was found to be:

H%JNW}{

Compound Solvent

M X
8.51-9.01 ppm }{/A\*QT\J/ S CDCls, Polysol

As observed for the Hydrazones, the -CH=N- group deshields the ortho aromatic hydrogens which resonate at about

7.78 ppm for a phenyl group.

Aromatic Protons
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Solvent

R N

7.1-75 7.78 CCly

para-substituted Azines

b

8p (ppm) 82 (ppm) ‘ para Solvent
7.78 6.95 -O-CH3 CDCl;
7.72 7.22 -CH; CDCl;

Coupling and Coupling Constants

The band arising from the azine protons usually appears slightly broadened indicating the possibility that
a very small coupling may exist between it and the ortho aromatic hydrogens. If the coupling in fact
does exist it is quite small, less than 0.8 Hz. Derivatives of cinnamaldehyde which result in an olefinic
bond adjacent to the azine linkage display clear coupling between the azine protons and the olefinic
hydrogens. Although this proton appears as a triplet, equal coupling across the C—C double bond is
unlikely and the triplet probably represents a higher order multiplet of the ABX type. A coupling constant

of about 5 Hz for the protons of C=CH-CH=N- appears reasonable.

Solvent Effects

The simple aromatic azines are soluble in the halogenated hydrocarbons such as CCl,; and CDCl;. More
polar solvents such as Polysol or DMSO-ds may be required depending upon the type of substituents on
the aromatic rings. There does not appear to be any special chemical shift relationship between the azine

protons and the solvent employed.
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10071Amidines (-N=CH-N)
Amidines

._.
[en)
—
oy
—
a
—
38
—
)
0]
]
o
=]

The most characteristic feature of the Amidines is the appearance of the -CH=N- proton as a relatively sharp singlet

near 7.3 ppm. The chemical shifts and multiplets observed in the spectra can appear in a large number of possible

combinations of aliphatic and aromatic groups.

The methyl resonance of the dimethyl formamidines is fairly constant in chemical shift resonating in the range
from 2.8 to 3.0 ppm. As a substituent, the nitrogen nucleus on the N=CH side of the linkage is observed to be a
relatively strong shielding group in its effect on the ortho aromatic hydrogens. Exchangeable —NH- protons,
when present can appear as very broad bands at low field or as relatively sharp bands at much higher field.

Because the CH=N proton is isolated from other proton groups by the two nitrogen atoms, it does not display any
clear couplings.

b SN
[} a
[}
Oy (ppm) 0. (ppm) ‘ Compound Solvent
6.8-7.3 6.75 CCl,
NWN ~n
6.9-7.3 6.80 CCl,

Q»ML

6.9-7.5 6.85 DMSO-ds

S a o
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7.2-75 7.91 DMSO-ds

Some spectra display extremely similar aromatic patterns for these symmetrically substituted amidine
groups. It can be inferred that one is observing an "averaged" structure via resonance in which the double
bond is shared by the nitrogen atoms endowing them with identical shielding/deshielding effects. This
phenomenon is not observed in the unsymmetrical structures of this type.

110 Hydroxamic Acids
Hydroxamic Acids

] 047
1 oH
N.—-"
1 7 .80
1 047
0.5 7.40 CH
1 747 7.50
| 7.40 L
0— — LJ n 1
r~—71 "7+ 717 ~rr—1T T r—rrTr—17 T T T T T T T T
12 1 14 12 10 g g 4 2 0
ppim

Although traditionally structured as N-Hydroxyamides, infrared spectral evidence indicates that the Hydroxamic
Acids possess a Hydroxyoxime-like structure of the type R-C(OH)=N-OH. The group has a weakly deshielding
effect on adjacent hydrocarbon group protons but a strongly deshielding effect on the ortho aromatic hydrogens.
The two OH protons are usually in exchange and resonate as a single, rather broad band at low field (8-11 ppm).

The Hydroxamic acids are generally more soluble in DMSO-ds, polysol and trifluoroacetic acid than in

deuterochloroform or carbon tetrachloride.

Aliphatic Protons

a
2H
u a
\/L\\N A
b
-X O (ppm) 0a (ppm) Solvent
Rs- 2.20 ca. 8.60 CDCls
Ris- 2.51 TFA
(R),-C=CH- 2.81 8.1-9.6 Polysol
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Ce-O- 4.04 ca. 8.54 Polysol

Aromatic Protons

e M

7276 7.80 ~10.2 0H Polysol
_OH
oH
. 2 _OH
0. 5
R
s 0

Solvent

-NO, 8.29 8.07 oH Polysol

1200Az0 Compounds (-N=N-)
AZO Compounds

¥.a2
7492
i 751
i ?51@/\‘%}\]/@
- 7.9z 747
0.5 -
7.ar ¥.a2 7 51
| 751

,_.
[ex]
—
o
—
=
—
b
—
=
o]
o]
o
o]
=
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The AZO linkage between aromatic rings acts as a strong deshielding group on the ortho hydrogens. Due to the bulk of

the aromatic rings, these compounds most likely exist only in the anti- form.

The only major solvent effect upon the deshielding ability of the AZO linkage is observed when these compounds are
scanned as solutions in Trifluoroacetic acid. For these solutions, the hydrogens ortho to the AZO linkage are
deshielded by an additional 0.3-0.4 ppm. The AZO compounds are readily soluble in CDCl3, depending upon the nature
of the other substituents present in the compound.

Aromatic Protons

Solvent

7.4-7.8 7.96 CDCls

Para substituted Azobenzenes

a
4]
2, a
\HN b
O (ppm) 0. (ppm) ‘ para Solvent
7.78 6.47 -NH-CHj; CDCl;
7.83 6.63 CHy CDCls;
B
—
*,
CHa
7.80 7.00 -OH DMSO-dg
7.90 7.00 -O-CHjs CDCl;
7.82 7.11 -F CDCl;
7.87 7.20 0 CDCl;
I
‘H\D L ~
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7.80 7.30 -CHs cDCl,
7.92 7.30 Re cDcl,
7.73 7.31 -S-CHs cDcl,
7.81 7.40 -Cl cDCl,
7.70 7.70 0 Poly so |
g
NH"" ™gH,
7.88 7.88 -SO;Na DMSO
7.79 7.98 o cDcl,
(!
<o,
8.01 8.01 DMSO
0
b
| TOH
oH
8.08 8.17 -S0,-Cl cDcl,
7.90 8.21 o cDcl,
g
)
7.98 8.24 o DMSO
Il
-~ ™aH
7.92 8.32 cDCl,
e
=
s’

1301socyanates (-N=C=0)

Isocyanates
] 2.30
] CH;
] 701 Sy 27
0.5
i .89 2.30
| Hs
| 7.01
|

._.
[en)
—
oy
—
a
—
38
—
)
0]
]
o
[
=]

The isocyanate group has a moderate deshielding effect on aliphatic protons but a slight shielding effect on the ortho

aromatic hydrogens.
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Aliphatic Protons

b
M o]
s
[ El C
Oc (ppm) Op (ppm) 0. (ppm) ‘ X ‘ Solvent
3.01 CDCl,
,,fN*:C./f‘O
0.98 1.61 3.29 M o CDCls
(1.1- 1.9) 3.24 0 ccl,
MN‘.\;_} =
[
(1.1- 1.9) 3.29 CH3-(CHa)10-CH2-N=C=0 CCly

Aromatic Protons

Phenyl Isocyanates

b 52
a
h
Sy (PPm) a (PpPm) ‘ para Solvent
7.02 6.81 -O-CHs; CDCl;
6.98 7.07 Polysol
7.10 7.10 -O-CF; CCly

Solubility and Solvent Effects

The Isocyanates are readily soluble in the halogenated solvents normally used to prepare NMR solutions. The
aromatic Isocyanates may require more polar solvents such as D,O or DMSO-ds depending on the character of
the other substituents on the phenylisocyanate ring.

Characterization

Because the Isocyanate group is neither strongly shielding nor deshielding, possesses no exchangeable protons
and displays no coupling to nearby protons, it is a very difficult functional group to identify based only on NMR
data. Fortunately, this group is readily identified via its infrared absorption bands.
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140Carbodiimides (-N=C=N-)
Carbodiimides

Although relatively few compounds containing the carbodiimide linkage are available, the indication is that the
chemical shifts of both the aliphatic and aromatic groups bonded to it are similar to those of the isocyanates

(-N=C=0), the benzylidenes (N=CH—Ar) and the isothiocyanates (-N=C=S).

Aliphatic Protons

& (ppm) a (Ppm) ‘ X Solvent

New Ao
122 3.53 \r P g CDCly
Ney M-
0.98 \K P g cDCly

Alicyclic Protons

Dicyclohexylcarbodiimide

Solvent

0.9-2.2 3.17 CDCls
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Aromatic Protons

The Carbodiimide group is a weakly shielding group on the ortho aromatic hydrogens similar to a methyl

substituent. Its presence in a molecule would be difficult to detect without the corresponding infrared data.

Syn-/Anti- Isomerism

Although both syn- and anti-forms can exist, most of the spectra examined do not display the duplication of
resonance bands expected in the spectra of such a mixture. It is assumed that the groups most often
exist in the anti- form. One possible exception is noted when one compares the aromatic trityl resonance
bands (a single broad band near 7.28 ppm) and the corresponding band of a complex, higher order series
of multiplets in the range from 6.8 to 7.3 ppm.

150]1sothiocyanates (-N=C=S)
Isothiocyanates

y 715 S #S
236
0.5
i 718 CHs
I:I_
T T T T T T T T T T T T T T ] T T T T
18 16 14 12 10 8 & 4 2 0

The esters of Isothiocyanic Acid (R—N=C=S) possess chemical shifts similar to those of the other -N=C= groups. The

protons of adjacent aliphatic groups resonate in the range from 3.3 to 4.6 ppm.

The —N=C=S group exerts a weakly deshielding effect on the ortho aromatic protons.

Aliphatic Protons

b a
CH;—CH,—MN=C =%

8q (PPm) 8. (ppm) 8b (Ppm) 84 (PPM) X Solvent
3.30 CHy-N=C=S cDClsy

1.37 355 CHa-CH,-N=C=S cDely

0.99 (1.2-2.1) CHa-(CHa)-CH,-N=C=S ccl,
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| | | (1.45) | | (CHy)-C-N=C=S | ccl,

Phenethyl Isothiocyanate

b a
S=C =h—CH;—1CH2

Solvent

3.48 2.79 CCl4

Substituted Methylisothiocyanates

S=C=N=CH>-X
0. (ppm) Compound Solvent
3.48 CDClg
4.15 -CH=CH, CCly4
4.59 CDCl;

Aromatic Protons

Phenyl Isothiocyanate

Compound Solvent

6.95-7.50 I = CCl4
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Para-substituted aromatics

a
b
C A
R TR
Sy (Ppm) a (Ppm) ‘ para Solvent
7.15 6.98 -F CCl,
7.10 7.25 -Cl CDCl;
7.08 7.45 -Br CDCl,
o CDCl;
7.25 8.02 )J\
OR.
cpcl
Ou s 3
7.38 8.28 H—0
160 Nitriles (-C=N)
AlJAliphatic
Nitriles
Aliphatics
] 10g VL =n
| HiC 233
0.5
01— . |
r-—+—T1 71T ~r—7T~rr—71T~r—7T r—7r T T T T T
18 15 14 12 10 g & 4 2 ]
ppm

A large amount of chemical shift data is available for this commercially important group of compounds. The nitrile group

is a weak deshielder of aliphatic and aromatic protons, similar to several other unsaturated carbon-carbon and
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carbon-nitrogen functional groups. Fortunately, the nitrile group is easily characterized by its infrared absorption band
allowing the NMR analyst to concentrate his energies on the proton groups in the molecules which are less easily

defined by the infrared data.

Aliphatic Protons

d [ b a
CH;—CH—CH,—CH.—C =1

8q (PPm) ‘ 8¢ (ppm) Sb (PPM) Ba (ppm) X Solvent
|
1.94 CHy-C=N cels
1.25 2.34 CH3-CH2-C=N CCl,
1.07 1.67 227 CH3-CH2-CHp-C=N CCl4
(1.30) 2.69 (CHs)-CH-C=N CCl,
0.97 (1.2-1.9) 2.30 CH3-(CHy),-CH2-C=N CCls
(1.08) 1.97 2.21 (CH3);-CH-CH,-C=N CCl,
(1.39) (CH;)s-C-C=N CCls

2-Substituted Nitriloethanes

b a
M=C— CHCH—X

B (ppm) Ba (ppm) ‘ X Solvent
2.27 1.67 -CH3 CC|4
2.62 cCl,

P
2.62 —C
OCH,

2.36 CDCl4

273
2.78 278 -C=N CDCl;
2.55 2.96 -NH-(CH,),-C=N CDCls
2.49 2.99 -NH, CDCl;
2.83 3.20 -NH, (TFA salt) D0
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2,97 3.53 -Br CCl,
2.80 3.70 -Cl CCl,
2.67 3.73 -O-(CH,),-C=N CDCls
2.61 3.85 -OH CDCl;

Substituted Nitrilomethanes

a
h=-C— CHy—¥
6. (ppm) -X Solvent
2.34 -CHs; CCly
2.48 CHa CCly
|
—i
|
CHa
3.10 -CH=CH, CCl,
3.50 o CDCls
r
—C7
OCH,
3.62 CCl,
3.79 a DMSO-dg
7
_— \
oH
4.21 -C=N DMSO-ds
B[ 1Olefinic
Nitriles
Olefinics
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A large amount of chemical shift data is available for this commercially important group of compounds. The nitrile group
is a weak deshielder of aliphatic and aromatic protons, similar to several other unsaturated carbon-carbon and
carbon-nitrogen functional groups. Fortunately, the nitrile group is easily characterized by its infrared absorption band
allowing the NMR analyst to concentrate his energies on the proton groups in the molecules which are less easily

defined by the infrared data.

Olefinic Protons

Although the nitrile group deshields all of the vinyl protons, it has an abnormally strong deshielding

effect upon the cis olefinic hydrogen.

Acrylonitrile

HC=CH—C=N

cis (ppm) trans (ppm) geminal (ppm) Solvent

6.20 5.95 5.60 -C=N CCls

Methacrylonitrile

CHy
|
HyC =C —C =M

cis (ppm) trans (ppm) ‘ -X Solvent
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‘ cab.79 ‘ 1.98 ‘ -C=N ‘ CCly ‘

Cinnamonitrile

CH=CH-C-=H

cis (ppm) trans (ppm) Solvent

7.36 5.84 -C=N CCly

CLJAromatic
Aromatics

1 7.59

. 6 .96 o

3.88
0.5 HiC ~5 7.58
£.95

._.
L]
—
o
—
=
—
28]
—
]
]
]
o
[
=]

A large amount of chemical shift data is available for this commercially important group of compounds. The nitrile group
is a weak deshielder of aliphatic and aromatic protons, similar to several other unsaturated carbon-carbon and
carbon-nitrogen functional groups. Fortunately, the nitrile group is easily characterized by its infrared absorption band
allowing the NMR analyst to concentrate his energies on the proton groups in the molecules which are less easily

defined by the infrared data.

Aromatic Protons

Benzonitrile
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Solvent

7.20-7.75 -C=N CCly

para-Substituted Benzonitriles

M-=C
a
S (ppm) a (ppm) ‘ para Solvent
P
7.35 6.58 —N\ CDCl,
Rz
7.66 717 F CDCl,
7.47 7.23 -CH; ccl,
7.57 7.39 cl CDCl,
7.90 7.90 TFA
=t
17(1Cyanamides (=N-C=N)
Cyanamides
— 723 403 409 723
. 736 736
] 723
S
. cl 723 R il
0.5 7.36 7.36
|:|_
T T T T T 7 T T T T T T LI | LI | LI | LI |
18 15 14 12 10 g & 4 2 ]
ppm

Although the Cyanamid group is of commercial importance, relatively few hydrocarbon derivatives are available for
study. The chemical shifts of the aliphatic groups bonded to the Cyanamid group display intermediate deshielding

similar to that of the corresponding amines.
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Aliphatic Protons

Sy (ppm) a (ppm) ‘ X Solvent

(2.88) \‘) ~Z" ccl,
H
(1.29) \(v 2 cDCl

Diallylcyanamide

N

Bhe (PPM) 8a (Ppm) ‘ Compound Solvent

(5.0-6.2) 3.60 CCl4

Dibenzylcyanamide

O\/\‘WN

0. (ppm) Compound Solvent
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4.06 CDCls

Sl
18[11socyanides (-N=C )
Isocyanides
| 1.45
| CHy @
LC
0.5 CHE_/i\N";
] CH,
00— I |
I T | T [T I T I T | LI | LI | LI | LI |
12 1 14 12 10 g & 4 2 0

This rather rare functional group is one of the few that may display coupling (2n + 1) between the

Nitrogen nucleus and adjacent hydrocarbon groups.

Aliphatic Protons

Benzyl isocyanide

Compound Solvent

ca7.33 4.59 CDCls

Alicyclic Protons

Cyclohexyl isocyanide
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Compound Solvent

0.90-2.27 3.60 CDCls

Coupling and Coupling Constants
JC=EN-CH, = 21Hz

1900 Thiocyanates (-S-C=N)
Thiocyanates

6.97

o]
o
o]
=

The thiocyanate group has an intermediate deshielding effect on adjacent aliphatic groups but little or no

shielding/deshielding effect on the aromatic protons.

It is similar to many of the preceding groups in that it is difficult to determine the presence of this group in an
NMR spectrum with any degree of certainty, without additional information such as elemental analysis data or
infrared information.

Aliphatic Protons

d ¢ h a
CHyCH CH CHy— 5 — =N

S (Ppm) 8 (ppm) 8 (ppm) 8. (Ppm) X Solvent
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_ CccCl,
2.61 CHy—5—C=h
1.51 3.00 CHZ0H ,—5 —C = CDCl,
0.99 (1.2-2.1) 2.97 CHs-(CHy),-CH,-S-C=N CCl,
Substituted Methyl Thiocyanates
d
M=C—5—CH—X
a (ppm) -X Solvent
3.58 CDCl,
—iCH=CH
4.15 i CDCl,
4.23 o CDCl,
&
O
o]
4.40 -S-C=N CDCl;
4.67 CDCl;
/0
—C
4,92 -Cl ccCl,
Substituted Ethylthiocyanates
h
M=C— CHCH—X
B (PPM) Sa (Ppm) ‘ X Solvent
3.01 2.01 _CHECHE—S —iZ = CDCl;
3.38 3.38 -S-C=N Polysol
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3.11 3.78 — 0 —CHxCH—0—R, CClq
Aromatic Protons
M=e—5 »cyanates
a
7
Se (PPm) 8q (pPM) 3. (ppm) b (Ppm) 3. (ppm) Solvent
6.92 6.71 NH, O-R; 7.00 Polysol
7.22 6.89 OH CHs 7.30 DMSO-ds
7.12 CH; OH CHs 7.12 CDCl,
7.30 CHs OH 6.89 7.22 DMSO-ds
7.35 6.68 OH CHs CH;, CDCly
7.48 7.03 NH, 7.41 o DMSO-ds
C«j’f
—_ \\
R
7.92 7.61 Cl 8.01 o CDCls
C«j’f
—_ _‘\
R
7.93 8.12 a 8.36 S-C=N CDCl,
Cé’
—_ \
R
8.25 8.69 a 8.99 DMS
& &
—H
W 0,
o} o}
200INitroso Compounds (-N=0)
Nitroso Compounds
1 =
0.5
.97
)] \I | .
I T | I I T I | T [ | | |
12 16 14 12 10 g & 4 2 0

The data for the aliphatic Nitroso compounds is confusing. The spectrum of 2-methyl-2-nitrosopropane presents a
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puzzle in that two bands are observed with an intergration ratio of approximately 2:1. One explanation may be that there
is restricted rotation about the C-N bond producing a different chemical shift for one of the tert-butyl methyl groups.
Such restricted rotation may also be observed in the spectra of the aromatic compounds in that the protons ortho to the

-N=0 group are always slightly broadened in comparison to the other protons in the aromatic ring.

The effect of the Nitroso group on the chemical shifts of the ortho aromatic compounds is that of a strongly

deshielding group.

Aromatic Protons

Para substituted nitroso benzenes

b
0 =
b
O (ppm) 0. (ppm) -X Solvent
7.73 6.52 -O-Na D0
7.70 6.60 (CH; CDCl,
CHy
7.67 6.63 -OH Acetone
7.77 7.08 Polysol
—HH
7.79 6.65 P CDCl,
3
217N-Nitroso Compounds (=N-N=0)
N-Nitroso Compounds
] 517 NO 454
0.5
. ]
r~r—+— 71 ~’r——T1T ~r—Tr—Tr—7TrTTrTTr T T T T T T
18 18 14 12 10 g8 & 4 2 0
ppm

118



Non-equivalence of similar groups bonded to the nitrosoamine nitrogen nucleus is a characteristic of these compounds.
Due to restricted rotation about the N—N bond the groups bonded to the amine nitrogen can reside either syn or anti to
the nitroso oxygen atom producing a differentiation in their chemical shifts. The group syn to the oxygen atom usually

resonates at higher field and may display a certain degree of broadening in comparison to the group in the anti position.

The differentiation in chemical shift decreases with distance from the amine nitrogen atom, i.e. the alpha groups differ in

chemical shift by about 0.6 ppm, the beta groups by about 0.3 ppm and the gamma groups by about 0.1 ppm.

Aliphatic Protons

’_,f.O

M
c b a | a b c
CH3CHALH A —CHJCHLCH

5 (ppm) 3, (pPM) 3. (pPM) X i
(2.95) o CCly
,Tgf
CHy—H—CH3 o
3.71 ccl
371) "f 0 4
CHy—H—CH;
3.60 cocl
) y =0 s
(1.11 |
CHACH—H —CH,CHy (o
4.12 cocl
) " =2 3
(1.41 |
CH3CH,—H—CHACH;
3.48) ccl
NP 4
|
(0.88 150 CH3CHAC Hy—N — CHACHACH
(syn)
4.06 ccl
) 0 :
|
(0.7 180 CH3CHAC Ha M —CHoCHACH

(anti)

Aromatic Protons

The N-nitroso group deshields all of the aromatic hydrogens of the anti ring forming a complex, higher order
pattern centered at about 7.45 ppm. In some examples, two ortho hydrogens are slightly shielded and probably
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represent the ortho hydrogens of the ring syn to the N-nitroso oxygen atom.

22[Nitrates (-O-NOy)

Nitrates
199
L H H 538
_ H 3/0
i
1 0N o
I:I.S—_ o
189
0 |
| T | T [T | T | T | LI | LI T T
12 16 14 12 10 g & 4 0

The Nitrates which contain the —O-NO, substituent produce lower field shifts than the corresponding N-Nitro

compounds. The effect of the — O -NO, group is not as strongly deshielding, however, as the —O-N=0 group

of the Nitrites. Several comparisons of the Nitrate and Nitrite chemical shifts are presented below.

Aliphatic Protons

C b a a ,70
HiC —CHCH=0 —N o
s}
Oc (ppm) Op (ppm) 0. (ppm) Compound Solvent
4.40 a 4{0 CCly
1.01 1.75 HiC —CHLH—O _N\@
o
4.61 CCl,
0.97 1.72 CH; CH; CH— 0 —MN=0
5.15 H CCly
& s 0
(1.37) 0—H a
H.C o
5.59 CH; ccl,
|
(1.40) JEH—0 =0
CHy
4.47 a /O CDCl;
1.74 R3=CHoCH,—0 — o
o}
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23[Nitrites (-O-N=0)

Nitrites
082 . 1A2 o, 0
y HLC T
. 448 ||
)
0.5
D_- 1
r-—f1 1T ~r—1Tr—Tr—7r T T T T
13 16 14 12 10 g & 4 2 0

The nitrite group is one of the most strongly deshielding substituents in its effect on the alpha aliphatic groups.
Methylene groups are deshielded to about 4.5 ppm and methines to about 5.5 ppm. Such extremes of chemical shift

are characteristic of only a few substituents making the identification of a Nitrite compound a relatively easy matter.

Aliphatic Protons

c b a
CH3CHLHA— 0 —M =0

0. (ppm) O (ppm) Oa (ppm) Compound Solvent
0.97 1.72 4.61 CHZCHLCH =0 —MN =0 CCly
(1.40) 5.59 CH, CCly
TCH—0—N=0
CHZ
1.57 CDCI
(1.87) CH, ’

I
CHy—C —0—N=0
I

CH

(0.98) 1.98 4.45 CH, ccly
:53 H—CH,—0 — =0
CH;

Coupling and Coupling Constants

The nitrite compounds display no unusual coupling nor coupling constants. The normal vicinal aliphatic proton
coupling of about 7 Hz is observed.

Solubility and Solvent Effects
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The aliphatic nitrites are readily soluble in the halogenated NMR solvents; carbon tetrachloride and
deuterochloroform. No special solvent effects have been noted.

241 INitro Compounds (-NO,)
AUAliphatic

Nitro Compounds

Aliphatics
] -]
_ 0L Da
] T
2 50 W= 93
H CH3
137 * Aa g s
] 0 CH
0 . ,
I T I T 7T I T I T | ] L L | LI
13 1 14 12 10 G & 4 2 0

The nitro functional group is one of the very few substituents which strongly deshield both adjacent aliphatic groups and

the ortho aromatic protons. The group imparts no other distinguishing characteristics to the proton NMR spectrum.

Aliphatic Protons

C b a2 //,0
HiC —CH,—CH M ®
8]
O. (ppm) Op (ppm) Oa (ppm) Compound ‘ Solvent ‘
4.22 3 //0 CCl,
HyC —h H‘E"‘
o
4.40 |
. /O CCly
1.55 ch—t:Hz—Ni'%I
8]
4.31 CCl
a //0 !
1.01 2.00 HGC_CHE_CHE_Nx;

122



4.65 H coal
= “//Og 3
(1.57) ~g
H4e
HsC “//Og cCly
(1.61) HiC -
H.C
BJAromatic
Nitro Compounds
Aromatics
7.25
1 7.5
| o 455 7.59
] 7.59 \/QKO
1 740 AN
) - I 7.85
1 785 | 0
CYe
0— p L
L I S (RN B IR L I BN ELA B I S RN R BN B N BN N
12 16 14 12 10 g & 4 2 0
ppim

The nitro functional group is one of the very few substituents which strongly deshield both adjacent aliphatic groups and

the ortho aromatic protons. The group imparts no other distinguishing characteristics to the proton NMR spectrum.

Aromatic Protons

Nitrobenzene

b ? m//Og
0
b a
b

Solvent
. I
8.20 . o CCl,
7.3-7.8 N i B
0

Para-Substituted Nitrobenzenes
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o b
\;"\9
QJ,N a
o 4]
& (ppm) 8a (ppm) para Solvent
7.84 6.19 -O-Na DMSO
8.09 6.67 -NH, DMSO-ds
8.12 6.91 -O-CHs CCl,
8.15 7.06 -OH Acetone
8.05 7.09 Acetone
—H
8.20 7.20 -F cCl,
8.10 7.30 -CHs CDCls
8.19 7.32 -N=C=S CDCls
8.09 7.46 -Cl CDCls
8.03 7.62 -Br CDCl;
7.78 7.62 o DMSO
&
T
“NH.
8.26 7.82 Acetone
25[1N-Nitro-Compounds (=N-NO;)
N-Nitro Compounds
1 MH H 305
. o s :
] ‘\-E:N \'\I-"'(ﬁﬁ""‘\-\-..\_
i Y MH
a0 305
0.5
g |1
r— 71T ~r—1T ~r—17T T 1T 17 17 7T 77 T L
18 18 14 12 10 ] A 4 2 1]

The addition of a nitro group as one of the groups bonded to an amine nitrogen atom increases the deshielding effect of

124



the amine group. The presence of the N-Nitro group also decreases the relative solubility of these compounds in

comparison to the corresponding amines.

Aliphatic Protons

c b a @ /0
'

HaC —CHLCH —N\g
o}

Compound Solvent
H4C CDCl,
—CH O
H.C N
0.90 2.25 3.61 3 M—
H4Z T R
ZH. o
HC
O = =—CH,—CH. a KO CDCls
s v
3.71 4.01 M—n_,
O =C=h —CH,—CH; o
HiC s Polysol
TR
—h
3.65 N
o}

Alicyclic Protons

a
a 4//0
0 AN
QF-J 0
—
9{(4 \)a
Q0 a

Compound ‘ Solvent
2 Jfo
o (\—N\g
4.01 \‘lx\] 8] DMSO-dg
e
o *
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O0Silicon Containing Compounds (Except Si-O)
Silicon Compounds

0.96
R 1.35

050
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The outstanding characteristic of the silicon compounds is the extremely high-field chemical shifts observed for
aliphatic groups bonded to the silicon nucleus. These aliphatic groups resonate at higher fields than any other group in
corresponding molecular structures. Additionally, coupling between Si—H protons and adjacent aliphatic groups is

observed as clear n+1 multiplets. The silicon compounds are readily soluble in all the normal NMR solvents excluding
Dzo.

The chemical shifts of groups bonded to the oxygen atom of the silicon ethers (siloxanes) are described
with the other ether oxygen compounds.

CHACHALCHS
c h a

|
CH3CHo0Ha~Si—CHLCHLCH 5
|
CHoCHACH,

O. (ppm) ‘ Oy (ppm) 0. (ppm) X Solvent
(0.00) CH
3
I
CH3—5i—CH5
|
CH;
(0.03) cH CCly4
3
I
CH3;—S5i—CH.—CH=CH,
I
CHy
(0.04) CCl,
i
CH3—S|i—SIi—C Hs
CH; CH;
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(0.92

0.06 C.Cl
(0.06) CH, 2Cly
|
CH;-Si—CH=CH.,
I 2
CH4
0.12 ccl
(0.12) CH, 4
CH;-Si—CH,-CI
|
CH,
(0.29) C|H3 CDCls
CHQ—?i
CHy
0.40 C.Cl
(0.40) CH, 2Cly
|
CH;—Si—C
|
CHy
(0.48) CH4 CDCls
I
CH3—S|i—N |
CHy \%N :
(0.63) cl CCl,
|
CH3—5Si
CHy
0.77 CDCls
CH;—Si
(0.80) el CDCls
[
CHy—Si—CHy
il
1.17 cl CCl,
I
CHy—Si-Cl
Cl
0.56) CCl,

CHACH5
I
CH3CH,—Si—CHACH;
|
CH4CH;
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1.30 CDCl;
1.10 CH;CH,—5i
0.90 CDCly
|
0.90 (1.1-1.7) H—Sli—CH:CHQCH:CH:CH:CHs
H
Substituted Methyl Silanes
a
K— CH— SRy, )
X (ppm) ‘ 8a (ppm) -Si(X,Y,Z) Solvent ‘
CDCls
|
Ro- 0.67 —sli —H
H
CCl,
OCH,
Rs- 0.90 —Sli —OCH,
OCH,
C.Cl
CHj 2
I
CH2-CH=CH,- 1.52 —Sli—t:HQ—t:H =CH,
CHy
CCl,
CH,
[
CH,=CH- 1.56 —Sli—CH 3
CH,
CDCls
2.59 —Si—CH;
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CCly4
CHy
|
Cl- 2.69 —Sli—CH3
CH;
CDCls
2.91 —=i
C|I CDCls
Cl- 311 —5i—CH;
Cl
Silane Protons
Si-H
(ppm) Compound Solvent
3.52 CDCl;
|
H —Sli—RE_
H
4.03 @\‘ CDCl,
H —sp
4.14 CCl,
QR
I
H —Sli—OR:
OR 5
4.46 CCly
CHy 'C|H3
|
H—Si—Si—H
| I
CH; CH3
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4.92 CDCl;
H—si—H
5.39 OCH, CDCly
H—=si
CCH;
OCH;
5.54 ccl,
ﬁ
H—sli—-cH3
C
5.79 ccl,
CHy CH3
H—si
CH;

Olefinic Protons

The silicon nucleus deshields all three of the vinyl protons producing a complex ABC pattern centered at about 5.9 ppm.

Aromatic Protons

Silicon substituents deshield the ortho aromatic hydrogens which resonate in the range 7.5-7.8 ppm depending on the

other groups attached to the silicon nucleus. The chemical shifts of a few representative aromatic silanes are provided.

Phenyl Silanes
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Oabe (PPM) -Si(X,Y,2) Solvent
7.10-7.60 CCl,
ﬁl’ 12
—S|i
Rz

7.10-7.60 ; CDCl;

—Si—CH;
7.20-7.65 CDCl,

CHy
—5i—CH;3
CH;

7.10-7.70 CDCl;

—=i
Obe (PPM) 8. (ppm) -Si(X,Y,Z) Solvent

7.1-75 7.48 CCly
QizHy
I
—Sli —iJCH 5
QiZHy
7.1-74 7.48 CDCl,
—SI—R;
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7174 7.54 CDCls
—5i—H
7174 7.56 H CDCls
|
—sli
H
7.1-75 7.60 ccl,
CR.,
[
—Sli —OR,
OR.
7.0-7.4 7.62 CDCls
—=i—l
7277 7.81 CDCls
cll
—Sli —i|
o]
Para Substituted Phenylsilanes
b
¥
b
X- B (ppm) 8. (ppm) para Solvent
CH3-O- 6.85 7.40 CDCl;
—Si—CHg
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CH5-O- 6.83 7.41 cocl,
—si—H
Cl- 7.35 7.51 Cll CCly
—Si—CH;
cl
7.33 7.62 cocl
OH\ CHj ?
|
CH— |
—si—CH,
CHy” I
CH,

Coupling and Coupling Constants

Coupling between the silane protons and adjacent aliphatic groups is observed as clear n+1 multiplets.

The isotope silicon-29 has a natural abundance of 4.7% and possesses a spin of 1/2. These isotope sidebands can
often be observed in the spectra of the silanes if the noise level of the baseline is sufficiently low to allow their

definition.

J®Si-H; = 184 Hz
J®Si-H, = 199 Hz

H-Si-CH,

3.1-3.9 Hz

OOOdPhosphorus Containing Compounds (Except P-O and

P(=0)-0)

Phosphorus Containing Compounds

Phosphines
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7.30

4 7.30 - a0
1 200 155 '
0.5 1455 200
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For the sake of comparison, this group of compounds includes not only the Phosphines, but also several other trivalent
phosphorus compounds. The phosphine phosphorus nucleus is a very weakly deshielding substituent in its effect on
adjacent aliphatic groups, similar in effect to another aliphatic group (CHs, CH,, CH). Its effect on the aromatic protons
varies, depending on the other groups bonded to the phosphorus nucleus, from a weakly deshielding to a strongly
deshielding group. Coupling between the phosphorus atom and adjacent protons is usually present but often difficult to

see clearly due to overlap with non-coupled protons.

Aliphatic Protons

d ¢ boa
CH,CH,CH, CH—P

8q (ppm) 3. (ppm) ‘ 3, (ppm) 3. (ppm) Compound Solvent

0.94

e

4
(1.1-1.9) 1.1-1.9 CH3CHCHLCH—P CDCl,

L
0
s
0

-

1.05 1.99 CH3CH,—F CDCls

1.53 CH;—F CDCl;

Aromatic Protons
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Phenyl Phosphines

] "
3]
B
820 (PPM)
6.99-7.44 CDCls
—F a-'-"RE
7.12-7.59 ccCl,
P<OCH 3
DCH
7.00-7.60 ccl
_P F""H 4
7.10-7.60 R CDCl,
—F —~— 3
b (Ppm) a (ppm) -X Solvent
7.1-75 cl CDCl;
_Fl —_
7.60
7.1-7.6 I cDCI
7.83 —F :
Cl
7.3-77 _OCH; CCl,
8.19

Coupling and Coupling Constants
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The phosphorus nucleus of the phosphine compounds couples weakly, if at all, with an alpha aliphatic group,
strongly with the beta aliphatic group, and weakly with the gamma group. Certain anomalies appear to exist in
the data for those compounds in which two phosphine groups are present. Due to the small number of
compounds available for analysis, the data is presented as it was deduced from the spectra via first order
analysis.

CH3CH;—F

“PCH = OHz
BP.C-CH,s = 17 Hz

PCH  =4.0Hz

/CHECHE_C =1

M= —CHgCH,—P
TCHCH—C =N

Bp.CH, =0 Hz

*p.C-CH,=9.5
Hz

P—CH4CHoF

P —CH,—P 'P-CH  =4-5Hz,

'P-C-CH, =45Hz

’P-CH =ca1Hz
Cl
Aromatic Protons -
s
Cl
Jortho = 8.5 Hz
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'P-C-C-CH; = 12Hz

Phosphine Oxides

1 0
| Cl\*'ss
— H‘3
0.5 381y,
0 I
T T T T T 7T T T T T T LI | LI | LI | LI |
12 15 14 12 10 . & 4 2 0

The Phosphine Oxide group produces chemical shifts similar to those of the phosphines but with a significant increase
in the magnitude of the coupling constants to the alpha hydrocarbon group. The long chain aliphatic phosphine oxides
are often difficult to distinguish from the simple alkanes due to the weak carbon-like deshielding of the alpha methylene

group.

Aliphatic Protons

Q
m 1k j i h g f & d c kb a |
CHACHCHLCH G CH L CH G CH T HGCH G CHGCH A CH GO H,—P —CH

Om (ppm) 8 -0y (ppm) a (ppm) -X Solvent
(1.44) (CH3)2-P(=0)-Rq3 CDCl,
0.89 (1.1-1.5) ~1.5 CHs-(CH,)11-CHo-P(=0)(CHs) CDCl,

Solvent
o]
I

R- 2.59 -P(=0) CH;—F —CHy CDCl,
Q

3.00 -P(=0) cH 3_,':| —CH, CDCl;
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Aromatic Protons

The Phosphine Oxide group is a moderately strong deshielding group in its effect on the ortho aromatic hydrogens.

Coupling to these hydrogens, when it can be observed, is found to be about 12-13 Hz.

S (ppm) 3. (ppm) ‘ -X Solvent
o]
I
—F—r
7.3-7.7 7.72 CDCl3

Coupling and Coupling Constants
'P-CH; = 12-13 Hz

P-CH; ~ 10-12 Hz

Phosphonium Compounds

| 736 7 .36 7 35 736 .
1.55 )

05— V.36 2.00

: 200 155 796

736 U

0 1

T T T T T T [ T T[T T T T T T T T I

18 18 14 12 10 ] A 4 2 1]

The phosphorus nucleus of the phosphonium compounds is a much more strongly deshielding group than that of the
phosphines. Clear coupling to the alpha aliphatic groups is observed which makes this group of compounds more
easily identifiable than the phosphines. Although soluble in deutero-chloroform, the spectra as a group suffer from a

slightly higher noise level than the other phosphorus containing compounds due to their lower solubility.
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Aliphatic Protons

CHoCHACHJCH 5
d ¢ b a
CH3CH:CH:CH:—Fi —CHoCHACHLCH;
CHoCHACHJCH 5
8a (ppm) B (Ppm) By (PPM) B (ppm) Compound Solvent
CHaCH;
® |
(1.33 2.52) CH3CH2—Fi —CHCH, T cDCly
CH.CH;
0.94 (1.1-2.0) R
@ | _
2.55 CHaCH3CHCHy—h —R cl CDCls
R
CHo
@ |
(2.74) F —iT “Br CDCl,
CHo
1.16
( , SHacHaCHs
1.71 3.08) F—F “Br CDCl,
CHaCH3CH,
3.27 CHy—P Br CDCly
0.89 (1.3-1.9)
3.69 CH4CH4CHCH,—P - “Br CDCls
1.24
1.79 3.70 CH3CHoCH,—F = Br CDCly
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Substituted Methanes

X,Y,Z2) -P+- Oa (ppm) -X Solvent
ﬁ|’4 Crfo
a —
Ramh— P+ 413 T Rl Br cDCly
Ry
Fa
al -
R4—Fi R -P+- 4.43 Cl CDCl,
Fa
R s /70
al - _
| — -P+- 4,58 “aR . Br CDCl;
Ry
CHy p. o
al [ _
| — -P+- 477 R . Br CDCls
CHy

Aromatic Protons

The phosphonium group deshields all of the aromatic hydrogens producing a complex, higher order band at low field.

p.m,o (ppm)
7.62-8.08

“Br

Solvent

CDCls
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—F | CDCl,

7.50-8.10
7.50-8.20 Q
—pig “Br coel
Coupling and Coupling Constants
JP*_CH, = 13.6 Hz
P* -CH, = 13.0-15.1 Hz
P* -C-CHs = 18.2 Hz
OOSulfur Containing Compounds
100 Sulfides (R-S-R)
AlAliphatic
Sulfides
Aliphatics
142 é:z
1 Ha * 142
1 1.42 5 H,
0.5-] HL 142 Va2
] CH;  CH;
0 |
r—-—+—1 ~+—+—17T ~+—/—71T ~r+—/—71T ~r—7 T T T
12 16 14 12 10 g g 4 2 o

The sulfide linkage has a weakly deshieding effect on adjacent aliphatic groups and a weak shielding effect on the ortho
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aromatic hydrogens.

corresponding aliphatic sulfide linkage.

In both cases, the phenyl sulfide group is a more strongly deshielding group than the

Except in the case of the heterocyclic molecules, the coupling constants are the same as those observed for the

other substituents discussed thus far.

Aliphatic Protons

c b a
CH CH CH— 5 —

O (ppm) ‘ Op (ppm) 0. (ppm) ‘ Compound Solvent
1.90 ccl,
CH3—5—CH 2@
2.01 CHa-S-Ry CcClq
2.04 CH3-S-R; ccl,
2.06 CHs-S-CHs ccl,
2.29 ccl,
CHy—S O—NHE
2.39 CDCly
CHy—S @
2.45 CDCl,
r
119 | 232 ccl,
CH3CH,—S —CH
123 | 243 CH3-CH,-S-CHs cClq
123 | 247 CH3-CH,-S-Rs cClq
123 | 2.68 cClq
pe
CH3CH,—5 —CH ,—C7_
OH
0.98 159 | 244 CHs-CH; -CH,-S-R ccl,
(1.38) | 3.12 CH, TFA
CH-5—R
CH3
(0.99) 179 | 232 H ccl,
e H—CH,—5—R
CHj
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(1.36) c:H11 CH% chy CCl,
—5—
t:H{C i "
CHy  ©CHj
Substituted Methylsulfides
a
R—5— CH—X
8a (ppm) X Solvent
2.32 _CH, CCl,
CH 5
243 | -CHs CCly
3.09 | -CH=CH, CDCl,
3.36 | -C=N CCl,
3.77 CDCl,
P
_ﬂa—C\
OCH,
3.80 CDCl,
c//o
_— \
OH
3.80 CCl,
483 |-Cl CDCl,
- —CHy—X
0. (ppm) -X Solvent
2.10 CCl,
CH4
I
—Sli—C H,
CH4
3.49 CCl,
c//o
—_ \
R
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3.58 -C=C-R CDCls
3.59 O CDCls
&~
J—
OH
3.99 CDCls
4.00 o} Polysol
I
—C—R
4.10 o CDCl;
Il
4.67 Polysol
—HH

Substituted Ethylsulfides

h a
R—58—CH, CH—x

Solvent
2.44 1.59 -CH,4 CCl,
2.52 1.69 —CH,CH,—5—R, CDCls
2.55 2.66 o CCl,
C//
.;—""'- \
ol
2.71 2.71 -S-R; CCl,
2.75 2.88 -C=N CDCls
2.61 3.63 -OH CCl,
b a
- CHyCH;—S —H
Sy (ppm) a (ppm) ‘ -X Solvent
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2.70 2.70 Polysol
—5
3.10 2.58 0 Polysol
Cé’
—_ \
OH
3.1 2.78 0 Polysol
&
_,-'-"C\
CHj
3.07 2.90 CDCl3
2.89 3.57 -OH CCly
B Aromatic
Sulfides
Aromatics
J 409
0.5
|:|_
r—— T~ 1 1 ] T "~ [ T [ T T T [ T ] T T "~ T 71"
18 1& 14 12 10 ] ] 4 2 ]

The sulfide linkage has a weakly deshieding effect on adjacent aliphatic groups and a weak shielding effect on the ortho

aromatic hydrogens.

In both cases, the phenyl sulfide group is a more strongly deshielding group than the

corresponding aliphatic sulfide linkage.

Except in the case of the heterocyclic molecules, the coupling constants are the same as those observed for the

other substituents discussed thus far.

Aromatic Protons

S

(ppm)

X Solvent
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6.90-7.30 -S-CH3 CDCls

7.00-7.43 CCly
—5

7.10-7.70 e CDCls
el ]

Para Substituted Phenylsulfides

b o
CH;—S
b
B (PPM) B2 (Ppm) -X Solvent
7.22 6.75 -OH CDCl,
7.10 6.83 -NH-R Polyso |
7.05 7.05 -CH;, CCl,
7.11 7.39 -Br CDCls
7.21 7.55 o] DMSO-ds
&
- -
7.24 7.81 0 Polysol
A

A iCH 5

7.27 7.89 o DMSO-ds
p;
- Ci‘c:uH
b o
s
b

Solvent

7.33 6.63 CDCls
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723 | 6.78 -NH, Polysol
7.08 | 6.94 -O-CH;, CDCls
728 | 7.28 -Cl Polysol
7.21 7.07 -CH; CDCl;
747 | 747 -NH; (salt) TFA
744 | 7.97 o CDCl;
5
&
Al
a]
Thiophenes

Due to the small differentiation in chemical shift between the protons of the parent compound and the relatively large

coupling constants involved, the multiplets that arise from the substituted thiophenes are usually higher order in

character. The coupling constants are unusual in that the *2-3 coupling constant is normally larger than the *3-4

situation that does not occur in the spin-spin interactions of the corresponding oxygen and nitrogen heterocyclics.

Solvent

6.90 ccl,
2-Substituted Thiophenes
[
A
5
84 (ppm) 8¢ (ppm) ‘ b (Ppm) a (ppm) Solvent
7.03 6.87 6.72 -CHs CDCl,
6.92 6.72 6.72 -Cl CDCl,
7.12 6.79 6.98 -Br cCl,
7.19 6.72 7.27 -l CDCl,
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7.53 7.02 7.53 o cCl,
&
.A: "
CHy
7.60 7.10 7.60 -C=N CDCl,
7.54 7.07 7.62 o CCl,
&
A
Rz
7.62 7.07 7.71 o o CDCls
A
—5
7.67 7.12 7.67 o cCl,
!
P!
7.56 7.07 7.69 a D,0
&
A .,
OMa
3-Substituted Thiophenes
o b
A
5
84 (ppm) . (ppm) S (ppm) 8a (ppm) Solvent
7.1 6.75 -Cs 6.78 CCl,
7.05 6.77 -CH,3 6.77 CCl,
7.18 6.91 -Br 7.11 CDCly

Coupling and Coupling Constants

2.3 = 34Hz
3.4 = 4-5Hz
2.4 = 12Hz

2[Disulfides (R-S-S-R)
Disulfides
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The disulfide group produces chemical shifts similar to those of the sulfides. Its effect on the adjacent aliphatic groups
is slightly more deshielding by about 0.1-0.4 ppm while its effect on the ortho aromatic protons is slightly less
deshielding by about 0.2 ppm. Without prior knowledge that the element sulfur was present in the molecular formula of
an unknown material, both linkages would be difficult to identify because of their weakly deshielding character, their
lack of exchangeable protons and the fact that no unusual coupling constants are observed, with the exception of

thiophene.

Aliphatic Protons

c b a

CHyCH,CH— 5—5—R

O. (ppm) ‘ Oy (ppm) Oa (ppm) Compound ‘ Solvent
2.39 CH;-S-S-CH; CCl,
2.33 CCl,
CHy—5—5
2.66 CDCl,
CHaCH;—5 —5
1.25
0.93 1.70 2.69 CH3CHCH—3—S —R CDCl,
0.99 (1.2-2.2) 2.96 CHiCHLHLCH. -5 —5—R, CDCl;
2.55 CHs CCl,
(1.01) 1.92 M/CH—C Hi—5—E=—FR
CHa
2.98 CDCI
CHga - 3
(1.30) /CH-S —S—F
CHy
CCly
CHy
|
(1.30) CH;—C —5 —5—R
|
CHy
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Substituted Methyldisulfides

=]
R—8—8—CH;—X

8a (ppm) -X ‘ Solvent
2.70 -CHs CDCl,
3.29 -CH=CH, CCl,
CS;
3.46
0 CCl4
3.51 !,C \:’f
oR
TFA
e
3.70 N
OH
Polysol
#’O y
3.70 N
MH—F

Substituted

Ethyldisulfides

b a

R—&—5—CH.—CH. %

S (ppM) B2 (ppm) X Solvent
2.69 1.70 -CHs, CDCl;
2.89 2.65 o DMSO-ds
o
T,
OH
3.07 3.39 -NHa(HCI) D,0
2.86 3.49 ,;,O Polysol
-
—HMHT N
MH

Aromatic Protons
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Phenyl Disulfides

[ o —
[}
]
Sy (PPm) ‘ Ba (PPmM) Solvent
CH,-S-S- 7.10-7.35 7.45 CCly
7.00-7.35 7.46 CDCls
S—5—
Para Substituted Diphenyl Disulfides
a b
S—5
=]
O (ppm) 0. (ppm) X ‘ Solvent
712 6.55 -NH, DMSO-dg
7.48 6.86 -O-CH;,3 CDCls
7.34 7.05 -CH; CDClg
7.38 7.20 -Cl CDCly
7.39 7.39 -Br CDCl;
7.48 7.65 DMSO-ds
=0
Ao
—HH CH,
7.51 7.99 o CDCl;
=
A
TOR,
7.79 8.07 C{|3 DMSO-de
)\J —CH,
CH; & 4
S0,CH
30 Thiols
AlAliphatic

Thiols




Aliphatics

| 0.8 133
I he. 180 5
] 1.42 253
0.5
. . l
T T T T T 7T T T T T T LI | LI | 1T T 1T 7717
12 16 14 12 10 & & 4 2 a

The aliphatic thiols are an especially easy group of compounds to characterize due to the clear coupling between the
thiol proton (-S-H) and adjacent aliphatic groups (except in D,O solution). The aromatic thiols are also relatively easy to
characterize in that they contain an exchangeable proton which resonates at relatively high field (3.0-5.0 ppm) but the
group does not strongly shield the ortho and para hydrogens as the aromatic amines and phenols do. The thiol group is
a weak to intermediate deshielding group in its effect on aliphatic protons but neither shields nor deshields the ortho

aromatic hydrogens to any great extent.

d ¢ b a
CHy CHy CH—SH

dq (PpPm) e (ppm) 3y (ppm) 3. (ppm) X Solvent
2.07 1.24 CHs-SH CDCl;
1.31 2.52 1.17 CH,;-CH,-SH CCl,
0.99 1.67 2.52 1.31 CHj;-CH>-CH,-SH CCly
(1.31) 3.07 CHy
1.40 CH—SH TFA
CH;
(1.41) CH,
1.62 CH3—C| —5=H CCly
H,

Substituted Methanethiols
4] a
HE—CH—x

Sy (ppm) 84 (Ppm) ‘ X Solvent
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1.99 3.20 o ccl,
=
T
ORg
2.22 3.31 s CDCl,
C
T ™MoH
2.06 3.33 CDCl;
=0
e
,_a-C\
OCH, CHy— OR
2.06 3.41 CDCl,
c*o
T MNH
3.51 i P DO
“OMa
1.58 3.57 ccl,
cl
1.50 3.64 ccl,
Substituted Ethanethiols
C b a
HS— CHy CH— X
S (ppm) b (ppm) 8a (Ppm) -X Solvent
1.12 243 0.67 ccl,
QCH;
|
—Sli —0CH,
OCH,
1.18 2.50 1.60 MSH ccl,
1.19 2.49 1.60 R4 ccl,
1.31 2.52 1.67 -CHs, CDCl,
1.18 2.51 1.69 =H ccl,
H“"\,-"
1.30 2.51 1.84 CDCl,
—CHg
1.27 2.67 1.89 -CH,-SH CCly
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1.58 254 230 0 CDCl,
—cT
“NH-R
2.71 2.71 -SH D,O
2,68 3.69 -OH D.0

Aromatic Protons

3.19 ~6.91 (broad, single, peak)

Para Substituted Benzenethiols

o b
HS
b
3
Sc (ppm) Sb (PPM) 3. (ppm) -X Solvent
3.52 7.14 6.52 -NH, CDCl,
3.37 7.30 6.81 -O-CH; CDCls
3.30 7.09 6.91 -CHs CDCl,
3.40 7.11 7.1 -Cl CDCl,
3.16 7.13 713 cH, CCly
—cl—c H
H,
3.42 7.07 7.30 -Br CDCl;

Exchangeable Protons

The thiol protons, being less active than the exchangeable hydrogens of the amines and alcohols, usually display
coupling to the adjacent aliphatic groups in all solvents except D,O. One exception to this fact occurs in the case in

which another type of exchangeable is present in the molecule. The thiol-aliphatic group coupling constant is similar to
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that observed for vicinal CH—CH coupling, J = 5-8 Hz.

These protons undergo deuteration only slowly upon the addition of a few drops of D,O to a sample solution of CDCl; or

CCls . In D,O solution, however, they exchange completely and immediately.

B Aromatic
Thiols
Aromatics
343
. 7.26
T 7.22 s
D'j__ 713 726
] 7.22
I:I—- 1
r-—+—T1 71T ~r—7T~rr—71T~r—7T r—7r T T T T T
18 16 14 12 10 2 & 4 2 0

The aromatic thiols are also relatively easy to characterize in that they contain an exchangeable proton which
resonates at relatively high field (3.0-5.0 ppm) but the group does not strongly shield the ortho and para hydrogens as
the aromatic amines and phenols do. The thiol group is a weak to intermediate deshielding group in its effect on

aliphatic protons but neither shields nor deshields the ortho aromatic hydrogens to any great extent.

Aromatic Protons

3.19 ~6.91 (broad, single, peak)

Para Substituted Benzenethiols
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3.52 7.14 6.52 -NH, CDCl;
3.37 7.30 6.81 -O-CH, CDCls
3.30 7.09 6.91 -CH, CDCls
3.40 7.11 7.11 -l CDCls
3.16 7.13 7.13 ch, ccly
e s
oHs
3.42 7.07 7.30 -Br CDCls

Exchangeable Protons

The thiol protons, being less active than the exchangeable hydrogens of the amines and alcohols, usually display
coupling to the adjacent aliphatic groups in all solvents except D,O. One exception to this fact occurs in the case in
which another type of exchangeable is present in the molecule. The thiol-aliphatic group coupling constant is similar to

that observed for vicinal CH—CH coupling, J = 5-8 Hz.

These protons undergo deuteration only slowly upon the addition of a few drops of D,O to a sample solution of CDCI; or

CCls . In D;0 solution, however, they exchange completely and immediately.

4[1Sulfoxides (R-S(=0)-R)

Sulfoxides
) 3.90
i H
725
_ CH
0.5 ] S/ 3
H
401 O
] 7.28 l ‘
00— ll |

._.
[en)
—
oy
—
a
—
38
—
)
0]
]
[
=]

The Sulfoxide group imparts no special features to its NMR spectrum. It is an intermediate to strong deshielder of

adjacent aliphatic groups and a weak to intermediate deshielder of the ortho aromatic hydrogens.

Dimethyl Sulfoxide is well known as a solvent, with its deuterated form a commonly used material in NMR. All of the

unsubstituted sulfoxides are readily soluble in the chlorinated solvents such as CCl, and CDCls.
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/ 0
d c b a
CHaCHaCHaCHy—5 —R

Compound Solvent
0 CCl,
2,52 |
CHy—5—CH,
o ccl,
1.28 2.56 |
CH; CH,—5—Fy
a CCl,
1.02 1.66 2.67 CH3CHLCH,—S
0.99 o ccCl,
(1.1-2.0) (1.1-2.0) 2.51
CH4CH3CH5CH 3—5 —R5
0.96 o CDCls
(1.1-2.1) (1.1-2.1) 2.68
CH3CH3CHaCH3—E —FRoy
o CCl,
CH; "
1.22 2.67 P
(1.22) JEH—5 —Ry
CHy
Aromatic Protons
Phenyl Sulfoxides
)
Il
S_
X- 0. (ppm) Solvent
7.30-7.70 ccCl,
]
]
Ry—5—
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7.25-7.80 CDCl;

Para-Substituted Phenylsulfoxides

o]
b I
a R
a
Sy (ppm) 8a (Ppm) -X Solvent
0 CDCls;
Il
5 7.56 6.93 -O-CHjs
CDCl;
o]
Il 7.86 7.36 -l
CHy5—
Q CDCl,
I 7.61 7.54 Cl
R—s—
o] CDCI
0 Ny 3
CHg—g _ 7.86 8.42 ,__—4‘-1\@
o}
500Sulfones (R-SO2-R)
Sulfones
] o]
] 7o éfl?
i 7 55 e
) 0 312
0.5 787 7.90
| 758
|:|_ ]
[ T | T [T [ T [ T | LI | LI LI | LI |
18 16 14 12 10 g & 4 2 0
ppim

In comparison to the sulfoxides (-S(=0)-), the sulfones (-S(=0),-) are a more strongly deshielding substituent in their
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effect on both the adjacent aliphatic groups and on the ortho aromatic protons. Some of the relative deshielding effect of

the sulfur containing functional groups are displayed.

1.90 ppmCH3z-S-R
2.39 ppmCHz-S-S-R
2.52 ppmCHz-S(=0)-R
2.87 ppmCHz-S(=0)-R

The compounds containing the sulfone group are somewhat less soluble in the chlorinated solvents than the sulfoxides
but, are more soluble in solvents such as acetone, DMSO-dg, Polysol and D;0.

Aliphatic Protons

a0
d o b oa 98
CHaCHCHaCHy—5—F

8q (pPm) 3. (ppm) By (ppm) Ba (ppm) Compound Solvent
Ly
287 CHg—S_CHz—C H=iZH CDCl;
O 0
3.11 o D,0
CHy—5—CHg
a0
1.26 2.97 o CCl,
CH3CH;—5 —CH=CH
1.09 1.81 2.91 A ccl,
CHaCHaCH,—5 —R4
0.97 a0
(1.2-2.1) (1.2-2.1) 2.95 WA CDCl,
CH4CH3CH4CH—S —Ry

Substituted Methanesulfones

0o
W 7 8
B CHy—X
S (ppm) X Solvent
3.80 -CH=CH, CDCls4
4.30 -C=C-R Polysol
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4.35 -C=C-H Polysol
4.44 Polysol
4.60 o Polysol
e
/C "R
4.88 o Polysol
ra
./5 ~r

Olefinic Protons

The sulfone group deshields all three vinyl protons, producing a complex, higher order pattern in the chemical shift
range from 6.0-7.0 ppm. Analysis of these patterns suggests that the proton trans to the SO, group resonates at
highest field (about 6.2 ppm), that the proton cis to the SO, group resonates at slightly lower field (about 6.4 ppm), and

that the geminal proton resonates at lowest field (about 6.8 ppm).

Aromatic Protons

The sulfone substituted phenyl groups produce an aromatic pattern characteristic of a substituent which strongly
deshields the ortho protons. The para and meta hydrogens overlap to produce a complex multiplet in the range from

about 7.2-7.8 ppm while the ortho hydrogens appear as a higher order doublet of doublets at about 7.9 ppm.

Phenylsulfones

Sy (ppm) ‘ 8a (Ppm) -X Solvent
7.2-7.7 7.89 A CDCls
—5—0CH;—CH=CH;
0
B
7.2-7.8 8.02 —= —ClH —C=CH CDCl,
RS
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Para-Substituted Phenylsulfones

] b
_JI?S
A
Sy (ppm) 8a (ppm) -X Solvent
-O-CHs Polysol
7.85 7.11
-CHs3 CDCls,
7.78 7.34
7.81 7.50 -Cl CDCls
a
b =
5
TR
0
Sy (ppm) 3. (ppm) -X Solvent
-O-CHs CDCl,
7.79 6.91
-F CDCl,
7.95 7.18
'CHS CDC|3
7.80 7.23
-Cl CDCl,
7.82 7.42
-Br CDC|3
7.82 7.65
s 0 CDCl,
8.08 8.30 N ( a
0

6 1Sulfonyl Halides (R-SO,-X)
Sulfonyl Halides
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We present chemical shift data only for the sulfonyl fluorides and chlorides.

While the type of halogen present appears to have a significant effect on the chemical shifts of aliphatic groups,
the effect is much less pronounced in relation to the ortho aromatic hydrogens. For the sake of comparison, a

1yl substituted SO, groups of various types is presented.

3
CHy—S i.‘--{
0. (ppm) Compound Solvent
2.82 0 0 D,O
b
CHy—5—0H
3.03 o) [ Polysol
W
CHy—5—MHq
3.07 o CDCl;
b
CHy—=
3.11 \ D,O
b
C H 3_5 /_JC H 3
3.49 o} s} DMSO-ds
B
CHy—5—E5—FR
3.65 Q s} CCl,
B
CHa—5—CI

Itis interesting to note that when the sulfonyl chloride undergoes hydrolysis to form the corresponding sulfonic acid, the

methyl resonance is converted from the most strongly deshielded (3.65 ppm) to the least deshielded group of this

series (2.82 ppm).

Aliphatic Protons

d ¢ b & /0
CHACH.CH.CH 52 ¢l
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S4 (ppm) 5 (ppm) 5, (ppm) 5. (ppm) X Solvent
3.65
CH3-SO,-Cl CCly
1.54 3.65 CHs-CH,-SO--Cl CS;
1.17 2.09 3.68 CH3-CH,-CH»-SO,-Cl CCly
1.02 1.50 2.00 3.69 CHg- CH,-CH,-CH,-SO,-Cl CCl,
Substituted Methane Sulfonyl Halides
oo
b
Ed —\3 /—c H.—
-X 0. (ppm) -Y Solvent
0 4.83
L
Cl—z— CDCls
o, 5.07
L
F—&—0 Polysol

Aromatic Protons

Both the chlorine and fluorine sulfonyl compounds strongly deshield the ortho aromatic hydrogens. The chemical shifts

observed for the two phenyl compounds are extremely similar. A comparison of the para substituted compounds

indicates identical shifts for the two para substituted methyl compounds, higher field shifts for the chlorine substituted

sulfonyl fluoride but lower field shifts for the corresponding carboxylic acid substituted sulfonyl fluoride compared to the

corresponding sulfonyl chlorides.

Phenylsulfonyl Halides

O\//O
*
K—5

Sa (Ppm)

Solvent ‘
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8.03

0
W,
Cl—s cel,
o o 8.00
W
F—= cCly

Para-Substituted Phenylsulfonyl Halides

b H
Cl—5
¥
o o P
S (PPM) 8. (ppm) -X Solvent
7.98 7.07 -O-CH3; CDCl,
7.90 7.41 -CH; CDCl;
8.05 7.67 -Cl CDCls
7.99 7.69 -l CDCl;
7.90 7.77 -Br CDCl;
8.17 8.08 CDCl,
- O

7.90 8.09 a Polysol

C%

N

OH
8.13 8.13 (S Polysol
W

8.01 8.28 s} Polysol

&

J%O
a
b ¥
F—S
A
[
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Sb (PPM) Ba (ppm) ‘ -X Solvent
7.73 6.71 -NH; CDCl,
7.90 7.41 -CH3 CDCl,
7.98 7.62 -Cl CDCl,
8.01 8.01 0 DMSO-dg

&~
L
—MH o,
8.13 8.13 (ST Polysol
L
—icl
8.14 8.33 o Polysol
C/f
T
oH

Coupling and Coupling Constants

The only unusual coupling constant associated with the sulfonyl halides is that observed between the sulfonyl
fluoride group and the adjacent-aliphatic group

JF-S(03)-CH,

45Hz

70Sulfonic Acids (R-SO,-OH)
Sulfonic Acids

5.29
1 H ,Ef' 529
1 s_ng\l S—0H
" T %,
0.5 556 o
D_
AL LA RN N BN IR RN IR RN N BN B BN B BN BN B B
12 16 14 12 10 g & 4 2 o
Fpm

The sulfonic acids are similar to the other sulfone (-S(O,)-) compounds in their chemical shift effects, in that, they are a

moderately strong deshielding group for adjacent aliphatic groups and a strong deshielding group for ortho aromatic

hydrogens.

The lower molecular weight members of the series are soluble in both the chlorinated solvents as well as
DMSO-ds, polysol and D,O. When an amine group is present in the molecule, they form an internal salt
which makes these compounds soluble almost exclusively in D,O or DMSO-ds.
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Aliphatic Protons

d o b ao\\//o
CH3CHLCHAJCH,—S—0H

S (ppm) 8 (ppm) 5 (ppm) () ‘ X Solvent
2.82 %y 0 b0
. e
cHy—5%on
1.45 O g CCl,
3.26 W
CH;CH,—S—0H
1.97 0 n CDCl,
1.11 3.24 S
CH;CHLCH,—5—0H
0.97 1.90 oog CDCl,
1.55 3.23 B
CH5CHACH O H—5—0H
Substituted Ethanesulfonic Acids
o8 ’?0 b a
HO —S"—CH,CH,—X
Op (Ppm) 0. (ppm) ‘ -X Solvent
3.42 3.30 -NH-CH; D,0
3.51 s
3.51 | D0
e
3.40 3.27 -NH, D,0

Sulfonic Acid Protons

0
a 5o
Ho —&%

a (ppm) -X Solvent
8.75 R ccl,
p
—CH,—CH
*,
R
10.70 R, CCly
10.71 Rs CDCly
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10.72 R, CDCls

Aromatic Protons

The sulfonic acid group strongly deshields the ortho aromatic hydrogens. The ortho protons resonate near 7.9 ppm as
a distorted doublet of doublets while the meta and para hydrogens appear as a complex higher order band in the

chemical shift range from 7.4-7.7 ppm.

Benzenesulfonic acid

W 7.93 7477 D,0
HO —5—

Para-Substituted benzenesulfonic acids

a
3]
a o
R
HO —5
B
S (ppm) 8a (ppm) -X Solvent
7.61 DMSO-dg
7.19 -CHs
7.81 DMSO-ds
7.81

A Sulfonic Acid Salts (R-SO,-O-M)
Salts of Sulfonic Acid

167



420 9
1 i
i Sfﬂma
%
0
0.5
. |
T T T T T T T T T T T T T T ] T T T T
12 16 14 12 10 g & 4 2 0

The water soluble metallic salts of sulfonic acid display aromatic chemical shifts very similar to those of the free acid
with the aliphatic groups adjacent to the sulfonate group resonating at slightly higher field. Although of commercial

importance, relatively small number of compounds are available for the preparation of their NMR spectra.

Aliphatic Protons

Compound Solvent

0.91 (1.2-16) 172| 287 o, o D0
R
CH3CHZCHZC HC Hy—5 - 0N

2-Substituted Ethanesulfonic Acid Salts

wia oo hooa
Ma—0 —5—CHCH—X

S (ppm) Ba (ppm) ‘ X Solvent
2.89 1.72 -Rs D0
3.15 2,96 -C=N D0
3.27 3.27 -S0;-Na D,0
3.41 3.66 -Br D,0
3.37 3.89 Cl D,0
3.15 3.95 -OH D,0

Aromatic Protons
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The aromatic chemical shifts of the sulfonic acid salts are similar to those of the parent acids. The shifts of

benzenesulfonic acid, sodium salt are listed below followed by those of several para substituted derivatives

Benzenesulfonic acid, sodium salt

o]
%/O
T —0Ma

7477 7.92 -S0;-Na
Para substituted benzenesulfonic acid salts
0o
i
N'}SJ{?—QNa
3
X- Oy (ppm) 0. (ppm) Solvent
H.N- 6.79 7.62 -S0s-Na D0
HO- 6.80 7.72 -S0s-K D,0O
Ris 7.06 7.67 -SOs-Na D,0O
’ 7.10 7.91 -SOs-Na D,0O
CHs- 7.28 7.81 -S0;3-NH,4 D,0
Cl- 7.45 7.83 -S0s-Na D0
Br- 7.68 7.79 -SOs'Na Dzo
o 7.88 7.88 -S0s-Na D,O
&
CH?T’C .




8.09 8.09 -S05-K D.O

B[ Sulfonic Acid Esters (R-SO,-O-R)
Esters of Sulfonic Acid

o]
.
-
-

The sulfonic acid functional group produces two distinct sets of chemical shifts for the adjacent aliphatic groups. The
groups bonded to the acid side of the linkage are weakly deshielded but those bonded to the alcohol side are very
strongly deshielded. This situation is analogous to that which is encountered with the esters of carboxylic acids. The

sulfonic acid esters, unlike the free acids and their salts, are readily soluble in CDCl; and CCl,, and relatively insoluble

in deuterium oxide.

Aliphatic Protons

chacin-0 N7
3¢ (ppm) S (PPM) Ba (Ppm) Compound Solvent
2.94 CHfl\s é)o e CCly
3.00 CH?E\SJ’_OO_R* CDCl;
139 ¥ CH 3chl\S’fl::- —iZH; oo
3.85 CHS_OOA\S //—OR : CCly
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3.89 o o CDCl,
e
CHy—0 —5 LO
4.01 CCl,
u] u}
g
125 CH3C H,—0 —5
4.21 . s CCly
P
139 CHioH,—0 —5EcH,
3.99 o o CDCl,
S
0.89 150 CchHECHE—O—SO
3.71 CCl,
CHy o, 0
*, S
0.89 1.91 ST CHm0 =5
CHa
Aromatic Protons
o o ans, the effect of the sulfonic acid ester linkage is opposite to that observed for
a o _\\8/7 2n side of the linkage weakly shields the ortho protons while the sulfur side
d a
a
8a (ppm) X Solvent
o
W
6.9-7.5 —0 == CDCly
7.0-7.5 Ly cCl,
— i —5—CH=CH;
o0
b
b %7 o g,
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Solvent

7377 7.83 e cocl
ST : —5% _o—g, ’
C0J Sulfuric Acid Esters (R-O-S(=0)-0-R)
Esters of Sulfurous Acid
365 0 0 355
] Hio “ﬁ’“ CH,
o]
0.5
o !
r~r+—717 ~r—7T r—Trrr—1Trrr T T T T
18 16 14 12 10 B g 4 2 0
Fpm

The esters of sulfurous acid are a small group of compounds for which only a few aliphatic derivatives are available
commercially. As with all of the esters, the oxygen atom adjacent to the alpha carbon group has a strong deshielding

effect upon the protons bonded to it.

Aliphatic Protons

[
d o o b a W
CH3CH2CH2CH2CH2—O_S_R

S4 (ppm) S.(ppm) 8 (ppm) 8. (PPM) X SV
3.59 ] ccCl,
o
CH;—0 —5—CHy
4.04 o0 ccCl,
1.34 oy
CH3CH—0 —5 —R5
3.92 o0 CDCls
0.96 1.67 WA
CHLCHyCH—0 —S—R;
0.92 3.94 o0 ccCl,

(1.2-2.0)

W
CH3CH3CH3CH4CH 3—0 —S —Rjg

Coupling and Coupling Constants

No unusual couplings nor coupling constants have been noted for the esters of sulfurous acid. The aliphatic
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patterns are similar in appearance to those of similarly strong deshielding groups such as the ether group.

Solubility and Solvent Effects

The sulfites are readily soluble in the chlorinated solvents such as carbon tetrachloride and deutero-chloroform.

Characterization

Because of the relatively narrow range of chemical shifts observed for the esters of the various sulfur containing
acids, the functional group of such compounds is best characterized through the analysis of their infrared

o}
@ ]
CHy—0 —5 —0 —X
Oa (ppm) Compound Acid ‘ Solvent

3.59 0 Sulfurous acid CCly
CH,—0 —5—0—CH,

3.73 o 0 Sulfuric acid D,O
W
CHy—0 —5—0 —HK

3.73 o Benzenesulfonic acid CDCl;
A
CHa— 0 —5
3.88 o0 Methanesulfonic acid CCly

W
CH3—0 —5—CH;

D(J Sulfuric Acid Salts (R-O-SO,-0-M)
Salts of Sulfuric Acid

] 0. 0
1 0EE 378 haa{i a
T HaC EL o 0

._.
[ex]
—
[0
—
=
—
]
—
]
0]
]
o
b
=]

The mono-salts of sulfuric acid display a strong deshielding effect on the aliphatic groups of the ester portion of the

molecule. This deshielding effect is similar to that noted for the esters of Sulfurous acid.

Aliphatic Protons
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Methyl Esters

a
CH—¥
0. (ppm) -X Solvent
)
3.71 w00 @ D0
—0—550 —(NICH19
)

3.72 W 0 @ D,O

—o—5%0—GERy
0
373 % P D,0
—o0—5"0—Na

3.95 L TFA

—0—550 —(N(Rg

N b a
|§H:i|—CHQCH2—
n

3¢ (ppm) Sy (ppm) 8. (ppm) Compound Solvent
3.73 CH3-0-S(0,)-0-K D,O
1.31 4.12 CH3-CH,-O-S(02)-0-K Polysol
(1.1-1.6), 1.69 4.06 CH3(CH2)2-CHa-CH2-0-S(02)-0-Na D0
(1.1-1.5) 1.61 4.01 CH3(CHy)s-CH,-CH,-0-5(0,)-0-Na D0
(1.1-1.5); 1.61 3.46 CHj3(CH,),-CH-CH»-0-S(0,)-O-Na Polysol
(1.1-1.6)11 1.61 3.82 CH3(CHz)10-CH2-CH,-0-S(0,)-0-Na Polysol

Solubility and Solvent Effects

The presence of the mono-salt function makes the mono-esters much more soluble in solvents such as Polysol,
DMSO-ds and D,0 than the corresponding diesters. The rather wide divergence in chemical shift noted for the
compounds examined in Polysol solution most probably arises from the varying amounts of H,O which are often

present in such solutions. Based upon the information supplied in the table above, it can be inferred that the
chemical shifts of the sulfuric acid ester/salts appear at highest field in relatively dry Polysol solution shifting to
lower field as the amount of H,O increases and finally reach maximum deshielding when the solvent is 100%

H,0 (D:0).

Diesters of Sulfuric Acid
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ppm
The diesters of sulfuric acid exhibit chemical shifts similar to those of the ester/salts with minor variations
due to the different solvents employed. The diesters are found to be much more soluble in the chlorinated
hydrocarbons than the more polar ester/salts.
Aliphatic Protons
o} 0
c b a \\S &
CH3CHCH =0 —5 — 10—
3c (ppm) 8 (ppm) 8a (ppm) Compound Solvent
3.87 CCl,
o) o}
kY
CH3—0 —5—0—CH;
1.45 428 CCly
o} 0
o
CHiCH,— 0 —5—0 —R,
1.00 1.75 415 CCl
o] 0
o
CHCHACH =0 —5—0—FR;

Chlorinated Sulfate Esters

h a 0‘% /O

Cl—CH,CH,—0 —5—0—R

Compound Solvent

3.80 4.52 CDCl

O\\& ///O

CI—CH,CH,—0 —5—0—R
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5.79 CCl,

Cl—CH,—O0—5—0—R

Coupling and Coupling Constants

The diesters of sulfuric acid do not display any additional or different couplings from the protons of the
other normal aliphatic groups. Vicinal coupling is observed (*HC-CH = 6-8 Hz), but longer range coupling
if present is too small in magnitude to be detected.

8 Thioamides (R-C(=S)-NH,)

Thioamides
710 = a4y
1 g.04 o A
— 484 |
0.5 . H
I 7aa 10.02
504
a2 :
0 L
r~r+—717 ~r—7T r—Trrr—1Trrr T T T T
12 15 14 12 10 E i 4 2 a

The Thioamide functional group is interesting in that a wide variety of chemical shifts may be observed depending upon
the substituents and the side of the group to which they are bonded. Non-equivalence is commonly observed for the
primary amide protons and also in the case in which two different groups are bonded to the tertiary amide nitrogen

atom.

The thioamides tend to be less soluble in the chlorinated solvents than most of the sulfur-containing
groups but are usually quite soluble in Polysol or DMSO-ds.

Aliphatic Protons

Compound

DMSO-ds

2.40
CHy—C—HH,
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l
262 CHyC —N(’R
R
5 cocls
3.13 " N (!_H
CH4
5 cocly
(3.27, 3.30) CHs N _(l;l —H
CH4
s cocl;
CHy Il
(3.31, 3.48) N—C—R
CHg
5 cocl
3.34 " N (!_H
CH4

Aromatic Protons

The Thioamide carbon of this functional group has a moderately strong deshielding effect on the ortho aromatic
hydrogens. They appear as a distorted doublet-of-doublets near 7.85 ppm while the para and meta protons produce a

complex, higher order band at higher field.

s b
R —NH —C
[} a
a
Compound Sy (ppm) 8a (ppm)
5 7.81 7.3-7.6
I
R —HH—C
5 7.89 7.1-7.5
I
Hal —C

Exchangeable Protons
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The Thioamide protons usually appear as very broad bands at low field. They are often non-equivalent and thus may

appear separated in chemical shift by 1-2 ppm.

=
& I
H —C —X
a (PPm) -X Solvent
ca. 8.45 Polysol
—CHs
9.20 -CHs DMSO-ds
9.32,9.65 DMSO-ds

Thioformaldehyde Protons

The Thioformaldehyde protons resonate at very low field as a sharp to slightly broadened single peak.

If the nitrogen

atom is substituted by two different groups, it is possible for two stable forms to exist in which one group is syn to the

aldehydic proton and the other group anti, and vice versa. Clear coupling between the aldehydic proton and aliphatic

groups bonded to the nitrogen atom is usually not observed.

=
a |l
H—C —
Oa (ppm) -X Solvent
9.19 cH CDCls;
3
I
TCH,
9.32,9.46 CH; CDCl,
,A\l/
“CHy
9.53 CH CDCl;
- 3
T
C—CH4
CHE A
CHy
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9 Thioureas (R-NH-C(=S)-NH,)
Thioureas

o} =
)J\ J\ 916
210
Hit H ’\’H

05— 11.02 H
] q72
D_- ho | |
! N T T T T T LI — T T T T
18 18 14 12 10 2 & 4 2 0
Fpi

The Thioureas have a moderately strong deshielding effect on adjacent aliphatic groups and they usually display clear

coupling to them in the case of the secondary thiourea linkage (J = 4-5 Hz). The presence of the C(=S) thiocarbonyl

group greatly reduces the shielding effect of the NH group on ortho aromatic hydrogens in comparison to the effect

noted for the secondary amines. The chemical shift of the various NH hydrogens varies widely depending primarily on

the type of substitution present in the molecule.

to the nitrogen atom may be non-equivalent leading to different chemical shifts for each proton.

In the case of the primary thiourea protons, the two hydrogens bonded

Aliphatic Protons

¢ (ppm) 8 (ppm) a (ppm) Compound ‘ Solvent
2.80 < DMSO-ds
x“‘“NHJ\NH:
(3.29) 5 Poly so |
\“\H\]T J\H/O
3.28 < DMSO-ds
1.04 J\N
< WH WK,
3.52) = CDCls
(1.20 “/ﬁM\N _,-R:
I
) Rz
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3.52 < CCly

1.22 JN -
7 H -~

3.66 CDCls

5
1.19 WHJ\IH

3.61) = Polysol
R
(0.92 1.64 Ty /H\NH
4.32 s CDCls
28 A
H H
3.30 Polysol

5
(0.95) 1.92 J\N A
YNH H

Aromatic Protons

The aromatic protons bonded to the nitrogen nuclei of the thiourea group are neither strongly shielded nor deshielded.
They appear in the spectrum as a complex band in the chemical shift range from about 6.9 to 7.7 ppm. The shape and
complexity of this higher order pattern is quite sensitive to the presence and type of other substituents bonded to the

thiourea linkage.

Thiourea substituted phenyl groups

H H

Compound Solvent

6.90-7.60 HT‘/NH: DMSO-ds
o8

7.00-7.70 H H CDCl,
T
5
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7.10-7.60 DMSO

\”/NHE

Exchangeable Protons

Although the chemical shifts of the exchangeable protons of the thioureas vary markedly with solvent, temperature and
the presence of H,O in solution, the tables below indicate a trend in shift with the type of substitution of the thiourea
nitrogen atoms. Itis noted that the primary amide protons resonate at highest field (H,N-C(=S)-), that alkyl substituted
secondary amide protons resonate at slightly lower field (R-NH-C(=S)-), and that the phenyl substituted secondary

H

o —

Il
s

groups resonate at lowest field

Solvent
5.0-8.0 -NH-CH; DMSO-dg
6.31 Fa Polysol
I
6.88 CH; DMSO-dg

_/J\IH

6.93 -NH-R; DMSO-ds
7.00 —H Polysol
7.11 -NH, DMSO
7.32 /N H DMSO-ds
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H—MNH-C—
X 8a (ppm) -Y ‘ Solvent ‘
Hat \( 6.10 -NH-R CDCl3
CH;
Ro- 6.19 /N H CDCly
Ro- 6.67 -NH-R; CCl,
Rio- 7.10 -NH-R1o PO'ySO'
CHs- 7.50 -NH, DMSO-ds
Ro- 7.50 -NH, DMSO-ds
O/ 7.97 /N H CDCl;
O/ 8.04 /NH CDCl;
CH;
U 8.62 -NH-R2 CDC|3
O/ 9.13 /NH Polysol
O/ 9.57 -NH, Polysol
O/ 9.66 -NH, DMSO-ds

110Sulfonamides (R-SO,-NH,)
Sulfonamides
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The Sulfonamides produce two distinct sets of chemical shifts. The protons of hydrocarbon groups bonded to the

nitrogen side of the linkage resonate at higher field than the corresponding protons of groups bonded to the SO; side.

In addition to the characteristic chemical shifts thus produced, the sulfonamides usually display clear coupling between

an aliphatic group and the NH proton adjacent to it.

These compounds are generally more soluble in DMSO-ds and Polysol than in the chlorinated solvents. There appears

to be a distinct deshielding of the NH protons in DMSO-ds and Polysol in comparison to similar protons in CDCls.

Aliphatic Protons

b a

o
CHaCHy—H-5—FR

Op (ppm) 0. (ppm) Compound Solvent
2.60 Polysol
o
CHa—hH—5—CH4
2.69 CDCI
(2.69) CH: o ;P 3
S,
—\S
CHgy
(2.83) CH O R CDCl;
’ )fl\g?_mf
CH; R
(2.85) CHy o o CDCl,
W A
—5 —CHjy
CHy
1.08 2.97 DMSO-ds
4
CHiCH 7 MH-5—CH;
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(1.13) 3.40 CH, o o Polysol
s \'%//
/C H—MH -5 —CH,
CH;
(1.20) CHa o 5 CDCls;
| W
CHy—C —MH—S
|
CHa
b ao i,
CHACH,—5 —NH R
O (Ppm) Oa (ppm) Compound Solvent
2.78 o 0 CHj CDCl;
S
CHy~5 5N
CHay
3.00 o o CDCl;
i
CHy—~5ZH
3.03 0 s} Polysol
L
CH —5ENH,,
1.33 3.10 CDCls
o o
xsf?
CHzCH;—5—hH
1.40 3.18 o o CDCl;
W 4
CH3CH2_S —H 3
1.40 3.47 o 0 CDCl;
ey &
CH;CHy—S—NH—C .
CHy

Aromatic Protons
The SO;side of the sulfonamide linkage is a strong deshielding group in its effect on the ortho aromatic hydrogens.

These protons usually resonate in the range from 7.5-7.9 ppm. The nitrogen side of the sulfonamide group is a weakly

shielding substituent on all the aromatic protons and they appear as a broad single peak near 7.1 ppm.
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/
—5E

Compound 0. (ppm) Solvent
ca.7.12 CDCl;
//o
S H
o 7.87,7.5-7.8 DMSO-ds
T
X —HH—5%
Para Substituted Sulfonamides
]
‘t» x?
S —H
3]
a
Sy (ppm) da (ppm) para Solvent
o o o Poly so |
o A
S—HH— 7.19 6.88 =
o o -CHs CDCl,
W
QS —hH— 6.95 6.95
o R, TFA
[
S—HH— 6.98 7.09
R-SO,-NH- 7.21 7.2 -Cl DMSO-ds
o 4 -Br CDCl,
W
w
s—MNH— 7.01 7.31

185



0 5 -l Acetone
[
US —HH— 7.01 7.54
0 o Poly so |
o 0
82— by
7.26 7.73 ST
Acetone
0 5 =0
L 7.40 8.03 HC\
R —=—HH o
b
H- M-S0,
b b
a
b (PPM) Sa (PPm) -X Solvent ‘
7.50 6.64 -NH, DMSO-ds
7.75 6.98 -O-CHs Poly so |
8.07 7.37 -F Acetone
7.90 7.57 -Cl Acetone
O Polysol
&
7.89 7.89 __MH A
Polysol
=9 Y
7.99 8.11 HC\
oH
8.10 8.43 -NO, DMSO-d
Exchangeable Protons
Primary Sulfonamides
0
a -\‘\‘ Qr{
Hahl —5 —%
Sa (Ppm) -X Solvent
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5.24 -

&

CDCl;

6.50 Polysol

]
I
5]
T

6.89 DMSO-ds
‘O*N"b

711 DMSO-dg

=CH

7.1 Poly so |

7.21 CH; DMSO0-ds

Coupling and Coupling Constants

Coupling between aliphatic groups and the adjacent NH proton is usually observed. The coupling constant is similar in
magnitude to normal vicinal CH-CH coupling, *CH—NH ~ 6-8 Hz
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[J0Oxygen Containing Compounds (Except -C(=0)-)

10 Ethers
10Aliphatic Ethers (R-O-R)

Aliphatic and Olefinic Ethers

| ogz 138 340 340 138
] H3CM H,
05 156 156
00— IL |
T T T 7T T | | L] T LI | 1T 1T 7717
18 18 14 12 10 ! g 4 2 a
ppim

Because the compounds containing an ether linkage are of such commercial importance and because such a large

number of compounds are available, the chemical shifts of this group have been divided into five separate sections;

Aliphatic and Olefinic, Alicyclic, Aromatic, Heterocyclic and, the Silicon and Phosphorus Ethers.

Aliphatic Protons

The aliphatic groups bonded to the ether linkage are moderately strongly deshielded.

bonded to an olefinic ether linkage are more strongly deshielded than those of an aliphatic ether substituent.

dc b oa
CHCH, CHy CHy— O —R

In addition, the aliphatic groups

8q (ppm) dc (ppm) By (PPM) 3, (ppm) Compound Solvent
3.11 ccly
CH;
|
CH3—0 —C—CH;
|
CH;
3.22 CHy-O-Rs ccly
3.30 CHy-O-R, cocly
3.72 o ccly
CH3—0 —CH=CH-C%_
c
113 338 | CH:CHyO-R, ccly
123 3.71 CHg-CH,-0-CH=CH-CHs ccly
0.93 1.60 3.37 CHa-CH-CH,-O-R cDCly
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(1.12) 3.51 CH, ccly
H—0—r 3
0
CH;
0.91 (1.1-1.8) (1.1-1.8) 3.37 CH3CH,CHACH.—0 —CH; CDCly
0.91 (1.1-1.8) (1.1-1.8) 3.60 CH3CHLCHLCH,—0 —CH=CH, ccly
1.80 3.09 CH, ccly
AN
(0.89) JCH-CH=0-R
CH;
1.90 3.38 CH, ccly
",
(0.97) CH-CH,-0-CH=CH,
CH;
1.12 ccl
(1.12) CH, )
I
Has —C —0 —CHj
I
CH3
Substituted Methyl Ethers
1] a
CH;—0—CHy X
3 (ppm) ‘ Ba (Ppm) X Solvent ‘
3.30 3.37 -Rs CDCls
3.43 3.89 o CDCls
CJ’
-
MH;
3.38 3.90 0 ccly
C//
<,
O Hy
3.30 3.99 -C=C-H ccly
3.47 4.02 0 CDCls
CJ’
N
CHj
3.46 4.14 -C=N ccly
3.49 4.30 o ccly
C//
-y
cl
3.29 435 CDCls
3.23 4.40 -O-CH, CDCls
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Substituted Methyl Ethyl Ethers

C h a
CH— 0 —CHCH— X

8 (ppm) Sy (Ppm) 8a (ppm) X Solvent
-C=N ccl,
3.38 3.54 2.52
CDCls
3.26 3.53 2.73
3.37 3.42 2.86 -NH, CDCl,
3.39 3.65 3.40 -Br CCly
3.38 3.51 3.71 -OH CDCl,

Olefinic Protons

In regard to the vinyl protons, the ether linkage is a strongly deshielding substituent in its effect on the chemical shift of
the proton attached to the alpha carbon (the geminal hydrogen), but is a strong shielding group in its effect on the cis

and trans protons.

Vinyl Ethers

CH,=CH-0 —R

cis (ppm) trans (ppm) geminal (ppm) Solvent
-O-R, CCl
4.01 3.84 6.32
!
_CH, CCl
4.08 3.89 6.35 0 —CHCH
CH;

Substituted Vinyl Ethers

b a
R—0O—CH=CH—X
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Sy (ppm) 8a (Ppm) ‘ -X Solvent
-CH i I
5.82 427 CH,  (cis) CcCly
-CH t I
6.12 468 Cha  (trans) CCle
CDCly
KO
4
C
7.54 5.42 “ “uh
0 CCl,
7.50 5.52 c”?
T
CH,
O Polysol
7.76 6.68 SI o
C,;;
Poly so |
o y
&
7.79 6.72 /’C

Vinyl Coupling and Coupling Constants

Because of the clear separation in chemical shifts produced by ether substituents on the vinyl protons, the various
coupling constants are often clearly displayed.

J values ‘

Geminal H,C=C = 1.7 Hz
Cis ’H-C=C-H = 70Hz
Trans ’H-C=C-H = 145Hz
Geminal JCH;-C-H = 6.9 Hz
Cis JCHs-C=C-H = 1.6 Hz
Trans JCHs-C=C-H = 1.6 Hz

2(0Alicyclic Ethers




Alicyclic Ethers
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The broadening of multiplets due to the lack of rotation about the carbon-carbon bonds of the protons in the ring and the

absence of terminal methyl groups are often sufficient evidence to characterize the HNMR spectra of the alicyclic

compounds. The cyclic ethers are all readily soluble in the chlorinated solvents CCl, and CDCls.

The three ring protons of the epoxide group are non-equivalent and appear as three distinct multiplets in the

chemical shift range from 2.3 to 3.8 ppm delta. The two protons bonded to C-1 resonate at higher field than the

proton attached to C-2. The appearance and chemical shifts of these bands are readily recognizable and quite
C ic of this group.

d

Compound Solvent
4.62 CCly
2.64 4.62
o}
3.71 1.81 CDCl;
1.81 3.71 { b
]
3.56 1.59 1.59 CCl,
1.59 3.56
o]
~ 2 Tg Protons

VANS

cis O (ppm)

trans &y (ppm)

Solvent

2.31 2.55 2.69 -R; CCl,
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2.28 2.56 2.74 -Rio CCl,
2.23 2.59 2.80 -CHs CCly
2.46 2.63 2.98 -CHx-O-R CCly
2.58 2.79 3.17 -CH.-Cl CCl,
2.60 2.90 3.30 -CH=CH, CDCls;
2.58 2.84 3.40 -CH-Br CCly
2.61 2.96 3.69 CCly

Coupling and Coupling Constants

Due to the high degree of strain in the three membered ring, the coupling constants between the three
hydrogens of the epoxide group are observed to be somewhat smaller than normally expected. The coupling
constants can be J =5, 4 and 3 Hz for the geminal, cis and trans couplings.

30JAromatic Ethers
Aromatic Ethers

i 456 4.56

¥.30 ¥.30

._.
[en)
—
oy
—
a
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The HNMR spectra of the phenyl ethers are often easily characterized by means of the low field shifts observed for

aliphatic groups bonded to the phenoxy moiety and from the high field shifts observed for the ortho and para protons.

The compounds are normallv soluble in CCls, CDCI3 and DMSO-dg. The spectra of the aromatic ethers possess no

d ¢ b a
LCH4CHACH JCH,—0 of the chemical shifts noted.

04 (ppm) Oc (ppm) Op (ppm) Oa (ppm) Compound Solvent

3.70 CCl,
CH3—0O
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1.31 3.89 CCl,
CHoCHy—0
1.71 3.85 CDCl,
CH4CHSCH,—0
0.90
0.99 1.70 3.87 CHACHACHACHo—0 ccCl,
1.45 ST
a
0 —CH,—x Phenyl Ethers
Sa (Ppm) -X Solvent
3.89 -CHs CCl,
ccl
C//,’Cl 4
4.36 -~
CHy
cDcl
CJ’O 3
4.47 S
MH+
CCl,
c’70
4.80 L
Cl
4.81 -C=C-H DMSO-ds
4.92 -C=N CDCl,
C#O CDCl,
518 -
b a
0 —CH,—CH;—x2nyl Ethers
Sy (Ppm) 8a (Ppm) ‘ -X Solvent
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3.85 1.71 -CH;,3 CDCl;
4.21 2.79 0 CDCl;
4
< oH
3.89 2.99 NH, cDCl;
4.19 3.52 -Br CDCl;
4.00 3.59 -O-CH,3 CCly
4.05 363 cl ccly
4.06 4.29 0 ccly
7
Rt
—0 CH;
4.08 4.39 0 CDCls
<
— o7 oM

Aromatic Protons
[

CHy—0

6.78

7.19

6.80

Solvent

CCly

Solvent

Para Substituted Methyl Phenyl Ethers

CH3—0
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_CH, CDCl,
3.75 6.79 6.79 —M
CH,
-O-CHs CDCl,
3.71 6.79 6.79
CDCl,
—0
3.71 6.80 6.90
3.61 6.65 7.08 -CH=CH-CH, CCly
3.77 6.79 7.09 -CH, CDCls
3.70 6.72 7.18 -Cl CCly
3.71 6.69 7.29 -Br CCly
3.76 6.81 7.30 -SH CDCls
CDCl,
3.76 6.93 7.49
3.74 6.68 7.53 -l CDCl,
CDCl,
—CH=N
3.65 6.81 7.73
o o CDCl,
S
3.79 6.91 7.79 3
% 0 CCl,
3.89 6.91 8.12 P
’ ' ’ /’N \o

Para Substituted Diphenyl Ethers

6.85

6.55

Solvent
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6.91 6.77 -OH CDCls,
6.90 6.80 -O-CHs CDCl,
6.75 7.29 -Br ccCl,
7.02 7.39 -Cl CDCls,
7.03 7.80 0 CDCl,
C//
-
6.98 8.07 o CDCl,
fo
" OH
7.10 8.27 - CCl,
=
Al
0
400Furans
Furans
673
i X 7 58
0.5
D_
T T T T T T T T T T T T T T T T T T T
18 18 14 12 10 ] ] 4 2 1]
bpim

Furan and its derivatives are the major heteroaromatic group of the ether compounds. Their NMR spectra display
characteristic chemical shifts and coupling constants producing spin-spin coupling patterns similar to those of the
pyrroles and thiophenes. The oxygen atom in the ring strongly deshields the hydrogens on the adjacent carbons (C-2

and C-5) but shields the protons bonded to positions C-3 and C-4.

Solvent

7.37 6.30 6.30 7.37 CCl4
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2-Substituted Furans

o

Oc (ppm) O (ppm) 0. (ppm) -X Solvent
6.85 6.23 5.11 -O-CH; CDCl,
7.15 6.13 5.83 -CH; CCl,
7.30 6.25 6.14 -CHx-SH CDCl,
7.82 7.29 6.67 o DMSO-ds
7
7 NH,
7.59 6.58 6.92 -CH=CH-NO, CDCl;
7.64 6.59 7.05 0 D,O
v
T
7.60 6.55 7.1 -C=N CCl,
7.82 6.70 7.52 Q CCl,
c/
<~

Coupling and Coupling Constants

The furan coupling constants are much smaller in magnitude than the corresponding ortho and meta coupling
constants of the benzene derivatives. It is characteristic of the furans and the other heteroaromatic compounds
that the "ortho" couplings, J».3 and Js.4 are not the same.

23 = 1.7-20Hz
13-4 =  3.040Hz
124 =  0.7-1.0Hz

Solubility and Solvent Effects

Excluding the solubility limitations imposed by the substituents that may be bonded to the furan ring system, the
compounds are readily soluble in the chlorinated solvents normally utilized as NMR solvents (CCl, and CDCl3).

198



50Silicon Ethers (Rs-Si-O-R)
Silicon Ethers

] 022 022
i CHy CH;
J | |
s S S s
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The HNMR spectra of the silicon ethers appear quite similar to those of the aliphatic ethers. The presence of the
silicon nucleus can normally be detected only when a hydrocarbon group is bonded directly toit. The silicon ethers are

readily soluble in carbon tetrachloride and deuterochloroform.

O —CHLCHLCHLCH 5
d c b a

I
CH3CHLCHLCH . —0 —Si—0 —CH JCHLCHLCH,

I

0 —CH,CH,CHACH 5

84 (ppm) 3 (ppm) 8y (ppm) da (ppm) Solvent

3.52 cCly
OCH;

|
CH30 —Si—0CH;
|

OCH;
3.56 OCH, ccly
|
CH40 —Si
OCH;
3.57 CDCl;
OCH;

I
CH30 —Si—R
|

OCH;
3.59 ccly
CH;
I
113 CH3CH.—0 —Si—CH;
|
CHj
377 ccly
O —CHoCH;
|
1.20 CH3CH,—0 —5i —CH=CH,
I
O —CH,CH;
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3.81 CDCls
0 —CHaCH,
|
1.22 CH3CH:—O—S|i—CH3
0 —CH.CH,
417 CH; cCl,
—CH-
1.15 Cng\ o CH4
CH—0 —si—o —cH~=H3
CHy™ | e
CH=CH, 3
4.21 CH, CCl,
CH; O—CH-cH,
“eH—0 —si—0 —cHHa
117 one I \
? NH CH;
I
RO —Si—OR
|
OR
0.94 3.71 ccl,
O—CHLCHACHLCH
|
1.35 1.55 CH3CHCHLCH =0 —5i—0 —CHAC HaCHoCH;
[
D—CH.CHACHLCH 5
6 Phosphorus Ethers ((R-O)s-P)
Phosphorus Ethers
380 1.40
] ?/M\ 093
140 380 380 1.40
0.5 sz T N
i 0. 1 E0 \HD 1.60 0.93
.- il
T 1 T [ T [ T [ T 17 T [ T T T T
1% 16 14 12 10 g @ 4 2 a
Fpi

The esters of phosphorus acid (P- (O-R)s) possess chemical shifts characteristic of the oxygen

substituent and in addition display additional coupling across the oxygen linkage to the phosphorus

atom. This coupling to the first aliphatic group is usually similar to that of three bond proton-proton

coupling (J = 6-8 Hz).

The magnitude of the coupling constant between phosphorus atom and the

second aliphatic group is usually too small to be clearly observed.

Aliphatic Protons
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b a

CH3CH20HHPH_F__,OCH2ICH3
OCHLCH,
Sy (PPm) 8a (ppm) ‘ X Solvent ‘

3.41 CHA0 OCH5 CCl,

3 “-H-H_Fi_,r-'

OCH,
1.21 3.80 CH4CH,0 OCH4CH, | CCly

iy

OCHLCH,

Aromatic Protons

Triphenyl Phosphite

Solvent

6.90-7-50 CDCls

Coupling and Coupling Constants

'P-O-CH, = 6.8Hz

'P-O-C-CH; =  0-1Hz

201 Alcohols (R-OH)
100 Primary

AUAliphatic
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Primary Alcohols

Aliphatics
i B 383 330
T I
| S gy
354
0.5
D_- ] b
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The primary alcohols characteristically produce HNMR spectra containing a methylene group in the chemical shift
range from 3.3 to 5.4 ppm and one exchangeable proton which normally resonates over the range from 1.0 to 6.0 ppm.
Both groups may be significantly broadened by partial coupling with each other. This coupling and the attendant
broadening is easily eliminated by the addition of either acid or D,O to the sample solution.

Aliphatic Protons

d C h a
H; & —CH— CH;— CH,—0OH

8. (ppm) ‘ Solvent
3.34 CH3-OH | CCl4
1.17 3.58 CH3-CH,-OH | CCl4
0.94 1.49 3.50 CH3-CH,-CH,-OH | CCl,
(0.89) 167 3.27 Hie y ccl,
H —CH,—OH
Hy -
(0.87) 3.20 HaC cCl,
—CH,—OH
H3C
0.91 1.35 1.55 3.52 CH3-CH,-CH,-CH,-OH | CCl,
(0.95) 1.50 3.7 HSC\‘ CDCls
g G CHaCHo—OH
CH3
(0.91) 1.38 1.72 3.52 CH4 CCl,
£H—CHy—CHy—OH
HiC
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The Hydroxy Group

As with the other exchangeable protons, the chemical shift of the hydroxyl groups varies with concentration,

temperature, solvent and the presence of impurities such as acid, base of H,O. The trend for hydroxyl groups to

resonate at a lower field as their concentration in solution increases, can be illustrated by the selection of straight chain

alcohols listed below. Note that as the molecular weight of the compound decreases with decreasing chain length, the

chemical shift of the hydroxyl resonance increases proportionately.

HO (ppm) -X Solvent
1.62 -Rao CDCl,
2.05 Rig CDCl,
3.24 Ry CCl,
3.67 Rs CCl,
411 R, cCl,
4.40 -Re cely
b a
HO —CH,—X
B (ppm) Sa (PPm) -X Solvent
3.49 3.07 Polysoll
3.48 3.32 CCl,
4.40 3.58 -CHs CCly
3.62 -(CH,-OH); D,0
4.46 3.90 -CF; CDCls
4.11 3.92 -CH=CH-CH, ccl,
4.60 4.05 -CH=CH, ccl,
4.06 o D,0
H
= —hH 5
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3.76 4.07 a CCl,
W,
© —0CH,
3.99 4.11 -C=C-CHj; CCly
4.01 4.23 -C=C-H CDCls
3.80 4.27 0 CDCls
S _CH,
4.29 0 DO
%
f{ —0OH
3.10 4.41 \@ CCl,
4.46 DO
v
— = —0—la
3.32 4.50 ﬂ\ CDCl;
(]
4.45 4.61 CDCls
o o]
\é‘."
- @
6.27 4.71 CDCl;
e
|
I
5.02 4.78 = CDCl;
|
M
3.63 14.86 CDCls
o]
i
I

2-Substituted Ethanols

[

b a

HO —CH,—CH,—X
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3.71 -CHs cCl,
3.50 1.49
3.52 R. ccl,
B
3.45 2.50 N—R.
2.57 3.65 237 -CH=CH, CDCl;
3.67 3.67 2.38 -C=C-H CCly
3.99 3.80 258 -C=N CDCl3
3.69 2.68 -SH D:0
2.82 3.54 273 -NH, CDCl;
2.44 CDCl;
3.71 2.77
3.41 cCl,
3.69 3.01
3.93 3.12 -SO-K D.O
3.85 3.18 -NH_ (HCI) D.O
4.29 3.85 3.45 -Br cCl,
2.49 3.71 3.51 -O-CH; CDCls
461 405 3.56 gl CDCl,
CH;
a | CH
_N-o-'-""'_' 3
b,
CH;
4.50 3.79 3.63 -Cl CDCl;

Coupling and Coupling Constants

Clearly defined coupling between the hydroxyl group and the adjacent hydrocarbon group is usually not observed in
solutions of the alcohols in CCl, and CDCl;. It appears that in these solvents, the hydroxyl protons are exchanging at
an intermediate rate resulting in a broadening of both resonance bands. Sometimes a relatively clear coupling is
observed (’ CH,-OH = 5 Hz) indicating a much slower rate of exchange.

In solutions of alcohols in acetone and DMSO, clear coupling between the hydroxyl protons and adjacent hydrocarbon
groups is the rule rather than the exception and it appears to result from the presence of the small amount of water that
is usually present in these solvents.

The addition of a small amount of D,O or acid will remove any coupling or broadening that appears in the HNMR
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spectra of the alcohols. The exchange rate can be increased by heating the sample solutions, resulting in sharp single
peaks for the hydroxyl resonance.

The hydroxyl protons often interchange with other types of exchangeable protons present in the same molecular
structure.

BIQOlefinic
Primary Alcohols

Olefinics
338 415
1 H . a4
5.1>='€J_D\DH
0.5 H H
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The primary alcohols characteristically produce HNMR spectra containing a methylene group in the chemical shift
range from 3.3 to 5.4 ppm and one exchangeable proton which normally resonates over the range from 1.0 to 6.0 ppm.
Both groups may be significantly broadened by partial coupling with each other. This coupling and the attendant
broadening is easily eliminated by the addition of either acid or D,O to the sample solution.

The Hydroxy Group

As with the other exchangeable protons, the chemical shift of the hydroxyl groups varies with concentration,
temperature, solvent and the presence of impurities such as acid, base of H,O. The trend for hydroxyl groups to
resonate at a lower field as their concentration in solution increases, can be illustrated by the selection of straight chain
alcohols listed below. Note that as the molecular weight of the compound decreases with decreasing chain length, the

chemical shift of the hydroxyl resonance increases proportionately.

HO (ppm) -X Solvent
162 R cocl
2.05 Ris cDely
3.24 Rl cely
3.67 R ccly
411 R cely
4.40 R, ccl,
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Coupling and Coupling Constants

Clearly defined coupling between the hydroxyl group and the adjacent hydrocarbon group is usually not observed in
solutions of the alcohols in CCl, and CDCl;. It appears that in these solvents, the hydroxyl protons are exchanging at
an intermediate rate resulting in a broadening of both resonance bands. Sometimes a relatively clear coupling is
observed (* CH,-OH = 5 Hz) indicating a much slower rate of exchange.

In solutions of alcohols in acetone and DMSO, clear coupling between the hydroxyl protons and adjacent hydrocarbon
groups is the rule rather than the exception and it appears to result from the presence of the small amount of water that
is usually present in these solvents.

The addition of a small amount of D,O or acid will remove any coupling or broadening that appears in the HNMR
spectra of the alcohols. The exchange rate can be increased by heating the sample solutions, resulting in sharp single
peaks for the hydroxyl resonance.

The hydroxyl protons often interchange with other types of exchangeable protons present in the same molecular
structure.

ClAromatic
Primary Alcohols

Aromatics
i 579
i OH
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The primary alcohols characteristically produce HNMR spectra containing a methylene group in the chemical shift
range from 3.3 to 5.4 ppm and one exchangeable proton which normally resonates over the range from 1.0 to 6.0 ppm.
Both groups may be significantly broadened by partial coupling with each other. This coupling and the attendant
broadening is easily eliminated by the addition of either acid or D,O to the sample solution.

The Hydroxy Group

As with the other exchangeable protons, the chemical shift of the hydroxyl groups varies with concentration,
temperature, solvent and the presence of impurities such as acid, base of H,O. The trend for hydroxyl groups to
resonate at a lower field as their concentration in solution increases, can be illustrated by the selection of straight chain
alcohols listed below. Note that as the molecular weight of the compound decreases with decreasing chain length, the

chemical shift of the hydroxyl resonance increases proportionately.
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HO (ppm) -X Solvent

1.62 Ruo CDCl;
2.05 Ris CDCl;
3.24 Ry CCly
3.67 -Re CcCly
4.11 R, CCly
4.40 R, CCly

Coupling and Coupling Constants

Clearly defined coupling between the hydroxyl group and the adjacent hydrocarbon group is usually not observed in
solutions of the alcohols in CCl, and CDCl;. It appears that in these solvents, the hydroxyl protons are exchanging at
an intermediate rate resulting in a broadening of both resonance bands. Sometimes a relatively clear coupling is
observed (* CH,-OH = 5 Hz) indicating a much slower rate of exchange.

In solutions of alcohols in acetone and DMSO, clear coupling between the hydroxyl protons and adjacent hydrocarbon
groups is the rule rather than the exception and it appears to result from the presence of the small amount of water that
is usually present in these solvents.

The addition of a small amount of D,O or acid will remove any coupling or broadening that appears in the HNMR
spectra of the alcohols. The exchange rate can be increased by heating the sample solutions, resulting in sharp single
peaks for the hydroxyl resonance.

The hydroxyl protons often interchange with other types of exchangeable protons present in the same molecular
structure.

2[1Secondary
a. Aliphatic
Secondary Alcohols

] 145 1584
H OH
] 0o 3T
] H c*:f (113
0.37] a4 tH,
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The methine proton adjacent to the hydroxyl group of the secondary alcohols is very strongely deshielded and may
appear as any of a wide variety of multiplets depending upon the aliphatic groups bonded to it. The highest degree of

multiplicity that is observed is octet produced by the two methyl groups of isopropanol with additional coupling to the
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hydroxyl group.

Aliphatic Protons

d c
CH3CHa b 4
CH—OH
L
CH5CH.
34 (ppm) 3c (ppm) 3, (ppm) 3. (ppm) -X Solvent
CH, CCly
(1.29) 3.99 2.90 C;H —CH
CHj
(0.90 CH5CH, CCly4
1.9) 3.36 3.30 \>CH -(H
CH5CHS
(0.92 CDCls
CH,
p H
CH ;‘C ™~
1.62) 3.01 1.64 “H-0H
CH3HﬁH
CHy
CCly
5.59 2.28 "H—n1H
BriH. CDCls
(3.59) 4.03 3.27 ;‘CH—OH
BrCHS

Alicyclic Protons

(CH2)n (ppm)

Compound

Solvent

1.1-2.5

CCl,
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1.3-2.1

4.21

3.58

CCl,

oOH
CCly
OH
0.8-2.5 3.49 4.20
CDCl,
1.2-2.3 3.80 2.69 oH
Disubstituted Methanols
b ®
HO —CH
Sy (ppm) 8a (ppm) X(Y) Solvent
CHs CDCl;
2.77 3.11 HO—CH
Ca
R ccCl,
1.95 3.18 Ho—icH
Cg
CHy CCl,
A
2.59 3.38 HO—CH - cH,
A
CHy  CHy
CH; ccl,
3.05 3.43 Ho—CH
Y
Cy
ChHy ccly
2.90 3.99 HO—CH
\CW
CH; ccl,
3.63 403 HO—
“CF,
CH; ccl,
3.88 420 HO—
“CHECH,
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CDCl;

CH;
373 4.22 HO—CH o
=,
TH3
CHs CDCly
3.41 4.30 HO—CH ¢
.-r"c ~
g
Dzo
_CHj
HO—CH 4
4.40 e
C
5
oH
ccl
CH; ‘
4.08 4.50 HO—CHf
C-=CH
CH; CDCly
4.05 4.60 HO—CH
=N
/CH3 CCly
HO —CH
2.76 4.65
o D0
1)
oK
404 HO—CH
CDCly
0
)
4.60 5.91 HO —CH
BJAromatic

Secondary Alcohols
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The methine proton adjacent to the hydroxyl group of the secondary alcohols is very strongely deshielded and may
appear as any of a wide variety of multiplets depending upon the aliphatic groups bonded to it. The highest degree of
multiplicity that is observed is octet produced by the two methyl groups of isopropanol with additional coupling to the

hydroxyl group.

Aliphatic Protons

d
CH3CHa b 4
CH—OH
L
CH5CH.
8q (ppm) 8. (ppm) Sy (Ppm) 8a (ppm) -X Solvent
CH, CCl,
(1.29) 3.99 2.90 C;H —0OH
CHj
(0.90 CHCH, ccl,
1.9) 3.36 3.30 \>CH -OH
CH5CHS
(0.92 CDCls
CH,
) H
cH ;‘C ™
1.62) 3.01 1.64 “H-0H
CH3HﬁH
CHy
ccl,
5.59 2.28 “H—0H
Bri:H. CDCl;
(3.59) 4.03 3.27 CH—OH
1
BrCHS
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Alicyclic Protons

(CH2)n (ppm) O (Ppm) Oa (ppm) Compound Solvent ‘
1.1-2.5 4.16 5.48
OH

CCly
1.3-2.1 4.21 3.58 QOH

CCly

oH

0.8-2.5 3.49 4.20

CDCl3
1.2-2.3 3.80 2.69 aH

Disubstituted Methanols

b =
HO —CH
Sy (Ppm) 8a (Ppm) Solvent
CHy CDCl,
2.77 3.11
Ca
Rg ccCl,
1.95 3.18
Cg
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CCl,

CH;
e
259 3.38 HO—CH - cH,
/C\
CHy  CHy
CH; ccl,
3.05 3.43 Ho—CH
™
Ca
CH; ccl,
2.90 3.99 Ho—CH
\CW
CH, cel,
3.63 4.03 HO—CH
“CF,
CHy ccl,
3.88 4.20 HO — 4
“CHECH,
CHy CDCl,
3.73 4.22 HO—CH o
n
CHj
CH, CDCl,
3.41 4.30 HO—CH ¢
C
o
Dzo
CHg
HO—CH
4.40 R
Y
OH
cal
CHj ¢
4.08 450 Ho—CH
C=CH
oHy CDCl,
4.05 460 Ho—cH
C =N
/CH3 CCl,
HO —cH
276 465
o] Dzo
kN
Lok
4.94 HO—cCH
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CDCl;

\
)2
4.60 5.91 Ho —CH
3 Tertiary
a. Aliphatic
Tertiary Alcohols
1.28
] it oo
128 OH
0.5 Hat 128
D—_ l |
| 17 11T 1T 71T 7T 77 L L L
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The tertiary alcohols are a difficult group of compounds to identify using only their NMR spectra. Their most

characteristic feature is the presence of a single exchangeable proton which does not display any

couplings since there are no protons on the adjacent carbon atom.

The phenols will be treated as a separate group. The series of 1-substituted-2-propanols listed below

illustrates the relatively narrow range of chemical shifts (less than 1 ppm) that is observed for the

hydrocarbon groups of the tertiary alcohols.

a ’rotons

CH5

b I

Ho —c —y 8d-2-propanols
E
CH,

b (Ppm) Ba (Ppm) -X Solvent

2.89 1.15 Ry CCly
1.40 1.18 -Rs CCly
2.40 1.20 -CHs CCly
2.14 1.23 -CH=CH;, CCl,
2.34 1.51 CDCl,
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2.30 1.53 -C=C-H CDCls
1.54 -S0O,-O-Na D,0O
3.49 1.61 -C=N CDCls
2.62 1.77 Er CDCl;
—Cl —ar
Ellr

Coupling and Coupling Constants

The coupling constants between protons on adjacent carbons (CH-CH) are similar to those of the corresponding
structures of other types of substituents. Because none of the hydrocarbon groups are strongly deshielded by the
hydroxyl group, complex higher order patterns at high field are to be expected.

Solubility and Solvent Effects

Except for compounds containing water soluble groups such as the sodium and potassium salts of organic acids,

the simple tertiary alcohols are normally soluble in the chlorinated solvents, CCl,and CDCls.

The use of hydroscopic solvents such as acetone and DMSO should be avoided whenever possible because the
relatively weak hydroxyl resonance may exchange with water in the solvent and its presence could go

undetected.

B Aromatic

Tertiary Alcohols

The tertiary alcohols are a difficult group of compounds to identify using only their NMR spectra. Their most

characteristic feature is the presence of a single exchangeable proton which does not display any

e

couplings since there are no protons on the adjacent carbon atom.

The phenols will be treated as a separate group. The series of 1-substituted-2-propanols listed below

o]

=

[

illustrates the relatively narrow range of chemical shifts (less than 1 ppm) that is observed for the
hydrocarbon groups of the tertiary alcohols.

=
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Coupling and Coupling Constants

The coupling constants between protons on adjacent carbons (CH-CH) are similar to those of the corresponding
structures of other types of substituents. Because none of the hydrocarbon groups are strongly deshielded by the
hydroxyl group, complex higher order patterns at high field are to be expected.

Solubility and Solvent Effects

Except for compounds containing water soluble groups such as the sodium and potassium salts of organic acids,
the simple tertiary alcohols are normally soluble in the chlorinated solvents, CCl,and CDCls.

The use of hydroscopic solvents such as acetone and DMSO should be avoided whenever possible because the
relatively weak hydroxyl resonance may exchange with water in the solvent and its presence could go
undetected.

4[1Diols and Polyols
Diols and Polyols

410 376
oH H 410

H
1 1.21 M
0.5 HC 282

1 1.67
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—
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The polyols are one of the groups of compounds for which the proton NMR integration ratios are most

useful in determining their molecular structure. The polyols characteristically display the resonance of two
or more exchangeable protons with three or more hydrocarbon groups resonating at low field in the range
from 3 to 4 ppm. The straight chain polyols, and their cyclic counterparts, possess no methyl absorption

bands at high field making their identification somewhat easier than the corresponding branched chain

compounds.

a b b a
HOCHE@EEECHEOH

Sb Ba
1,n-Alkanediols n & (ppm)
(Ppm) | (PPM)
0 3.68 D,0
OH z
Ho ™
e 1 178 | 3.65 D,O
HO OH
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e _AOH 2 143 | 339 [ 434 DMSO-ds
HO
e 3 | 1219 3.60 D0
HO OH
e _OH 4 | 1118 365 | 452 CDCl;
HO
7 | 1118|360 | 3.05 CDCl;
14 | ca1.32| 340 | 392 DMSO-ds

Coupling and Coupling Constants

As with the primary and secondary alcohols, coupling between the hydroxyl group and adjacent
methylene or methine groups may or may not be observed depending to a great extent on the solvent
employed. In D,O solution, of course, the hydroxyl proton will be replaced by deuterium and no coupling
will be observed. In acetone and dimethyl sulfoxide solutions coupling between the OH and adjacent
aliphatic groups is usually clearly observed (‘CH- OH ~ 4-6 Hz). In carbon tetrachloride and
deuterochloroform solutions, the coupling across the oxygen group of the polyols is usually not observed
or at most, both groups may be badly broadened.

Solubility and Solvent Effects

With the exception of the very high molecular weight varieties, the polyols are readily soluble in one of the
usually employed NMR solvents. The compounds containing approximately equal numbers of carbon
and oxygen atoms are soluble in D,O. At ratios of about three carbons per hydroxyl group, acetone or
DMSO-ds will be found to be most effective. When the ratio of carbon to oxygen atoms exceeds 7 or 8,
CDClzand CClsbecome more useful in dissolving such compounds containing large hydrocarbon
fragments.

5] Carbohydrates
Sugars and Carbohydrates

0 4.154.33

g L e
] CH3 o] Hs

0.5 4.35H HE13
| o H
4 CHST(D \I{ 3
_ 0 o ‘
0 .
| T | T T T | T T T | T | T | T T | T | T T T T T T
12 18 14 12 10 g 3 4 2 0
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This specialized group of polyols characteristically displays few resonance bands at high field. Their NMR spectra
usually consist of a complex higher order pattern in the chemical shift range from 3-4 ppm, with the cyclic varieties
displaying one or two additional doublets at lower field (4-6 ppm). These doublets represent the axial and equatorial
protons bonded to the carbon nucleus adjacent to the ether linkage of the furanosides and pyranosides. All of the
carbohydrates are readily soluble in deuterium oxide although they may dissolve only slowly. Proton NMR is useful in
determining the relative percentages of alpha and beta forms, but the spectra are not otherwise readily interpretable

except for direct comparison of the pattern with that of a reference compound.

The chemical shift data for several selected pyranosides which appear in this database are presented.

CH-2,3,4,5 (ppm) Axial (ppm)
Arabinopyranose 3.3-4.2 4.51 5.24 D,O
Glucose 3.0-4.1 4.60 5.20 DO
Galactose 3.3-4.3 4.60 5.30 D,O
Xylose 3.1-4.2 4.68 5.28 DO
Mannose 3.2-4.0 4.89 5.19 D,O

Coupling and Coupling Constants

Three types of coupling can occur in the spectra of the cyclic sugars; axial-axial, axial-equatorial and
equatorial-equatorial. Because the size of the coupling constant varies with the dihedral angle between the
coupled protons, the axial-axial interaction is significantly larger than the other two types. Ranges of
observed coupling constants for these three couplings are presented.

! values
‘axial-axial 5-8
‘axial-equatorial 1-4
Jequatorial-equatorial 1-4

6Phenols
Phenols
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The phenolic compounds characteristically display high field chemical shifts for the aromatic hydrogens ortho and para

to the hydroxyl substituent. The single hydroxyl proton resonates at much lower field than the corresponding OH group

of the alcohols but at higher field than that of the carboxylic acids.

Phenol

[
b OH
a

b

6.11 6.75 7.14 6.79 CDCl;
Para-Substituted Phenols
a
] X
[
HO
b
¢ (ppm) b (Ppm) a (ppm) Solvent
577 6.62 6.62 -O-CHj cCl,
6.79 6.79 -OH D,O
6.45 6.69 6.92 -CHs CDCl,
6.53 6.79 6.91 -F CDCl;
6.39 6.78 7.03 CDCl;
CHy
—CH,
H,
4.95 6.75 7.08 -Cs CDCl,
6.33 6.71 7.10 -Cl CDCl;
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4.73 6.75 7.22 -S-CH,3 CDCl3
4.91 6.75 7.23 /CH3 CDCl3

—_— -

£ CHy

CHy
5.20 6.69 7.30 -Br CDCl;
9.49 6.87 7.43 DMSO
6.80 6.91 7.46 -CF; CDCl3
5.41 6.59 7.48 -l CDCl3
6.84 6.88 7.58 0 DMSO-ds
8.70 6.63 7.67 -N=0 Acetone
10.50 6.93 7.72 -S0,-0 DMSO-ds

7.05 7.87 -S0,-O-Na D,0

9.76 7.07 8.11 o Acetone

—Cff

OH

9.32 7.06 8.15 e Acetone

o] %_’,O

Solubility and Solvent Effects

Phenol and the simple aliphatic substituted phenols are soluble in CCl, and CDCl;. As indicated above in
the table of chemical shifts, the presence of other functional groups may require the use of D,O, Poiysol,
Acetone or DMSO-ds.

Characterization

The presence of an exchangeable proton band at relatively low field and the relatively high field chemical shifts
produced by the hydroxyl group on the ortho and para aromatic hydrogens makes the phenols a relatively simple group
of compounds to characterize.

Only the anilines, produce similar chemical shifts, however, the resonance bands of the anilines are sensitive to the
addition of acid to the sample solution while the phenols are not affected in the same manner.
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VIIl. Compounds Containing Carbon To Oxygen
Double Bonds

100 Ketones (R-C(=0)-R)
10Aliphatic and Alicyclic
Ketones

Aliphatics and Alicyclics

The Ketone linkage weakly deshields the protons of adjacent aliphatic groups but strongly deshields the ortho
aromatic protons. The ketones are readily soluble in carbon tetrachloride and deutero-chloroform.

c b a Il
CHGC HECH E—C—H

O (ppm) ‘ Oy (ppm) 0. (ppm) Compound ‘ Solvent
2.05 CCly
C/?O
CHY ™™g,
2.07 CCly
Cdp
CHI ™ ™,
3 R,
2.1
C{p
CHI™ ™¢cH,
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2.20 o ccl,
Cf7
CHS™ ™cH=cH,
2.40 CDCl,
#
~C
CH3 M\-CEC
243 o} ccl,
Il
cH "
2.29 ccl,
1.03 c’f’o
' CHELHT g
2.40 ccl,
0.99 o
' CHACHZ™ .
2.43 o CDCl,
e
0.92 CHELHFC g
o
2.94 o CDCl,
[l
C
1.18 CHicH: ™
2.31 ccl
A~ '
0.90 1.58 C
CHACH JCH S
FHLHT g
2.82 o] ccl,
(!
0.95 1.72 CHACH,CHE ™
2.50 CHy c””’o ccl,
1.05 CH™ ~
(1.05) R
CHy
3.07 CH, ccl,
. C//
(1.00) _,."C H ~r . P
a
CHy  CH; EHy
3.47 CH, 0 ccl,
-
(1.18) /CH*”’
CHs
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CHy o ccl,
Hao —C & CH
- 3
(1.11) I HCE‘:
CH
3 CHs
222 CH, o ccl,
“
(0.91) 2.00 “eH-cHy—C
r "
CH3 CHay
228 oH ccl,
| : ,fo
(1.02) HsC—C —CH—C 7

rotons

Solvent
0 2.02 2.02 Cyclopentanone CCly
] ca. 1.79 ca1.79 2.25 Cyclohexanone CCly
5 ca. 1.71 ca1.71 2.49 Cycloheptanone CDCl,
3 ca. 1.47 1.82 2.31 Cyclooctanone CCly
8 ca. 1.29 1.62 2.36 Cyclotridecanone CCl,
10 ca. 1.33 1.64 2.43 Cyclopentadecanone CDCl;

Coupling and Coupling Constants

No unusual couplings nor coupling constants are observed in the NMR spectra of the Ketones. The aliphatic
three bond vicinal coupling HC-CH is 6-8 Hz, the aromatic ortho coupling constant varies from 8-9 Hz, and the
olefinic coupling constants display the values listed.

'CH=CH = 14-18 Hz (trans)
'CH=CH =  7-12Hz (cis)
‘H-C-H = 1-4Hz (geminal)
‘CHy-CH = 57Hz
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JCHs-C=CH=  0-2Hz

210lefinic
Ketones

Olefinics
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The Ketone linkage weakly deshields the protons of adjacent aliphatic groups but strongly deshields the ortho
aromatic protons. The ketones are readily soluble in carbon tetrachloride and deutero-chloroform.

Olefinic Protons

The carbonyl group of the ketones weakly deshields the geminal olefinic proton but strongly de-shields the cis
and trans hydrogens bonded to the beta carbon atom. Its effect is similar to that of the unsaturated carbon

atom of the nitrile (-C=N) functional group.

3-Buten-2-one

o

7

trans (ppm) ‘ cis (ppm) Compound Solvent

ca 6.1 ca6.1 5.80 H,C=CH-C(=0)-CHs CCly

Substituted Olefinc Ketones

4} a %0
W—CH=CH-C
5,
R
X- Sy (ppm) 8. (ppm) X Solvent
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5.52 o CCly
&
CH3-O- 7.50 C.
- CH,
5.69 o) CDCly
HsC o
i Ve
— 7.55
Hat2
N 5.92 o cCl,
TH- 6,47 cf\
] e ICH3
6.00 o cCla
E
CHa- 6.70 c.
e CH,
6.00 o ccl,
&
CHs- 6.70 ' O
6,68 o CDCly
7.51 /fo
R,
7.05 o) cbcl,
&
7.72 e @
7.7 0 cDCl,
&
cl- 7.42 i @
7.32 o cDcl,
&
N=C-S- 7.36 ' O
7.95 0 cDcl,
] Crr
g 6.86 Ve
HO ™ ™
o 7.95 o cDcl,
I #
Co 7.95 ' O

Coupling and Coupling Constants

226



No unusual couplings nor coupling constants are observed in the NMR spectra of the Ketones. The aliphatic
three bond vicinal coupling *"HC-CH is 6-8 Hz, the aromatic ortho coupling constant varies from 8-9 Hz, and the
olefinic coupling constants display the values listed.

!CH=CH = 14-18 Hz (trans)
JCH=CH =  7-12Hz (cis)
H-C-H = 1-4Hz (geminal)
JCHs-CH = 5-7 Hz

JCH;-C=CH=  0-2Hz

30JAromatic
Aromatics
1 733 2 EG
- CH;
0.3 740

o hlk .
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The Ketone linkage weakly deshields the protons of adjacent aliphatic groups but strongly deshields the ortho
aromatic protons. The ketones are readily soluble in carbon tetrachloride and deutero-chloroform.

Aromatic Protons

The Ketone functional group is one of the strongly deshielding groups in its effect on the ortho aromatic protons,
deshielding them about 0.3 ppm in relation to the meta and para hydrogens. The ortho hydrogens of the phenyl
ketones resonate at about 7.8 ppm while the meta and ortho hydrogens overlap to form a complex band in the
range from 7.1- 7.5 ppm (CCl, solution).

Phenyl Ketones

a f/O
C
b i
3]
B
Sy (Ppm) 8a (Ppm) X Solvent
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8!
7.1-75 7.80 C”j' CCl,
—_ e
CH;
o
7.2-7.6 7.92 Cff CDCl,
_— '\.\_R
]
o
C»ﬁf
7.2-7.6 7.78 - CDCl,
Para Substituted Acetophenones
a //O
b ~,
CH3
i
4]
X- Oy (ppm) ‘ 0. (ppm) Solvent
CHs- 7.09 7.69 CCl,
Br- 7.50 7.73 CCl,
CHs- CH;, - 7.17 7.75 CCl,
H,N- 6.62 7.77 CDCl,
R-NH- 6.54 7.80 CDCl,
HO- 6.83 7.80 DMSO-ds
Cl- 8.05 8.05 CDCl,
CHs-S- 7.24 7.81 Polysol
HC 6.71 7.95 CDCl;
)
Ha
CH,-O- 6.98 7.97 CDCl,
F- 7.1 7.99 CDCl,
o 8.05 8.05 CDCl,
“
L
HiL ™ ™
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7.64 8.00 CDCl;
O;N- 8.32 8.19 CDCls
Para Substituted Benzophenones
o]
a I
b C
=]
B
X- ‘ Op (Ppm) Oa (ppm) Solvent
HO- 6.88 7.56 DMSO-ds
Br- 7.60 7.60 CDCl,
CHs- 7.22 7.69 CDCl,
H4C 6.65 7.73 CDCls
%
HaC
o) 7.92 7.92 CDCls
[l
“e
o 8.39 7.99 TFA
g
HO ™ ™

Coupling and Coupling Constants

No unusual couplings nor coupling constants are observed in the NMR spectra of the Ketones. The aliphatic
three bond vicinal coupling HC-CH is 6-8 Hz, the aromatic ortho coupling constant varies from 8-9 Hz, and the
olefinic coupling constants display the values listed.

’CH=CH
’CH=CH
*H-C-H

’CH5-CH

’CHy-C=CH=

14-18 Hz (trans)
7-12 Hz (cis)

1-4 Hz  (geminal)
5-7 Hz

0-2 Hz

4a-Diketones and b-Diketones
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Beta Diketones

]

o]

=

[

[l

The beta Diketones are unusual in that two distinct forms with different chemical shifts exist in solution. Their

concentration changes with time, normally the keto form predominates when the sample is first dissolved but upon

standing, the keto form increases until it becomes the form at higher concentration. The chemical shifts of aliphatic

groups bonded to the diketone fragment are weakly deshielded with the aliphatic groups of the enol form resonating at

slightly higher field than those of the keto form.

Because the enol hydroxyl group is often quite weak and broadened, it is often difficult to locate its resonance in

the offset range beiow 10 ppm.

d
Clri Clri CltlH 0
e vc \R C |,L_!
CHy 3 CHY ScHTT R
keto enol

Solvent
1.98 3.32 | 5.2 ccl,
H.C HaC
1.88 15.0
2.17 3.54 CHs 5.38 -CHs cel,
1.99
2.20 3.86 6.00 ccl,
U\ 2.08 15.0 U\
] (]
2.2 4.03 6.12 cDCls
213

Exchangeable Protons
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The hydroxyl group formed during enolization resonates at lower field than nearly any other type of proton. The range of
chemical shifts extends from about 11-20 ppm depending upon the structure of the beta diketone and the amount of
HO present in the solution. The high field values are usually observed for solutions containing a relatively large

percentage of H,O.

Coupling and Coupling Constants

As with the mono-ketones, coupling between groups on opposite sides of the carbonyl carbon is usually not observed.

Similarly, coupling across the enolized carbonyl group (-C(OH)=CH) is not observed.

Solubility and Solvent Effects

The beta Diketones are readily soluble in carbon tetrachloride and deuterochloroform. Because these solvents are
least likely to contain large amounts of water which could exchange with and mask the enol -OH resonance, their use is

preferable under normal circumstances.

201Aldehydes (R-C(=0)-H)
Aldehydes

4 0
] a2 933
] £.99 '
0.5 3_8?% 7ar
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The aldehydic functional group produces a characteristic band at very low field arising from the resonance of the proton
bonded to the carbonyl group. Coupling between this proton and the adjacent aliphatic groups is usually observed in

the HNMR spectra of the aliphatic aldehydes.

The aldehydic group weakly deshields aliphatic protons but has a relatively strong deshielding effect on the ortho
aromatic protons. The aldehydes oxidize easily and their HNMR spectra often display impurity bands arising from the

presence of the corresponding carboxylic acid.

Aliphatic Protons
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PN

= a
04 (Ppm) 0. (ppm) O (ppm) Oa (ppm) Compound ‘ Solvent
212 0 CCly4
1.09 2.45 0 CDCl;
1.61 2.36 0 CCl4
0.95 /\)\*
0.90 1.55 2.43 o DMSO-dg
1.35 \/\)j\(
(1.12) 2.38 a CCl,
212 2.29 o CDCl;
(0% )\/U\H
a
b ns
o
b
cH

Solvent

9.94 7.79 7.2-76 CCl,

a
. H
3]
o a  Benzaldehydes
b
cH
8¢ (ppm) Sy (Ppm) Sa (ppm) -X Solvent
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9.66 7.63 6.63 | cDCl,
/’NK
9.78 7.69 6.89 -O-R; CDCl,
9.80 7.71 6.92 -O-Rs ccl,
9.82 7.72 6.92 o ccl,
ey
9.89 7.80 7.04 -OH Acetone
9.91 7.80 7.19 o ccl,
)J\c H,

10.00 7.91 7.21 F cDCl,
9.97 7.76 7.31 -CH, cDCl,
9.91 7.73 7.40 -l CDCl,
10.00

7.88 7.67 cDCl;
9.97 7.68 7.68 -Br cDCl,
10.13 7.89 8.01 -C=N cDCl;
10.18 o

8.09 8.39 I cocl,

it
8 0

OYH lic Protons
aH
0. (ppm) -X Solvent
9.33 Rz\[/‘\x\_fﬁa CCl,
9.48 I.f 1.." CDCl;
H
9.53 R CDCl3
f’"fb\-t}"-"q-»/ 3
9.57 CCl,
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9.58 )\ CCl,
9.63 /D CCl,
o
9.66 \O CDCls;
9.68 -Rs CCl,
9.69 -CHs CCl,
9.94 \@ CCl,
9.97 \@\E CDCl;
r
10.18 CDCl;

&

T

|
ao

a

oL

There is a general trend in the chemical shift of the aldehydic proton in relation to the type of group to which it is bonded.
In general, the aldehydic protons bonded to vinyl or heteroaromatic groups resonate at slightly higher field than those

bonded to aliphatic groups. At the lowest field appear the benzaldehyde protons which are further differentiated in

chemical shift by the deshielding effect of other substituents on the aromatic ring as indicated in the table of chemical
shifts for para substituted benzaldehydes.

Coupling and Coupling Constants

The aldehydic proton normally displays coupling to protons bonded to the carbon atom alpha to the carbonyl group. The

coupling constants for such vinyl protons tend to be significantly larger than the corresponding coupling constant

observed for aliphatic protons.

7.6 Hz H-C(=0)-CH=C
14-1.8Hz  H-C(=0)-CH»R
2.5 Hz H-C(=0)-CH(R).

30Acid Halides (R-C(=0)-X)
Acid Halides
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0.5-] Cl

Due to the limited availability of compounds containing Acid Fluoride, Acid Bromide or Acid lodide groups, their spectra
will deal primarily with the HNMR parameters encountered in the spectra of the Acid Chlorides. The relative deshielding

effect of three of the acetyl halides and their hydrolysis product, acetic acid, are presented.

0. (ppm) -X Solvent
2.06 -OH CCly
2.18 -l CCl,
2.66 -Cl CCl,
2.79 -Br CDCls

Aliphatic Protons

o]

/b\)l\

3 3 l

S (ppm) b (Ppm) 8a (ppm) Compound Solvent
o ccl,
266 )|\
il
o] cDCl,
122 2.93 \)L
o]
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CDCls
0.99 1.75 2.88

CDCls

(1.21) 2.59

Pys
0
0
(1.10) 2.79
cl

CCly

‘ Solvent
2.88 1.75 -CHs CDCl;
2.88 1.77 -Cs CCl,
2.62 2.62 0 CCly

)I\OR

3.02 2.89 CCl,
3.28 3.28 o CDCl;
3.51 3.51 -Br CCl,

Substituted Acetyl Chlorides

8a (ppm) ‘ -X Solvent
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2.79 J\ CCl,
2.93 -CHs CDCls
3.80 o CCl,
)J\OR
4.02 - : CCl,
4.10 \O\ CDCl;
il
4.80 fo : CCl,
Aromatic Protons
Benzoyl Halides
0
a
b ¥
4] a
b
S (ppm) 8a (ppm) -X Solvent
7.2-7.7 7.94 -F CCl,
7.2-7.7 8.02 -Br CCl,
7.2-7.7 8.04 -Cl CCl,
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Para Substituted Benzoyl Chlorides

Solubility and
Solvent Effects o
1]
The Acid Halides are Cl
readily soluble in the b
a
chlorinated solvents
carbon tetrachloride and
deuterochloroform. Due S (ppm) 8, (ppm) -X Solvent
to the ease with which the 7.98 6.89 -O-Rs ccCl,
acid halides hydrolyze to
) 8.02 6.90 -O-CH; CCl,
form the corresponding
carboxylic acid, these 7.96 7.24 -CHs CCly
solvents are preferable to
8.02 7.46 -Cl CDCl;
those such as Polysol,
Acetone or DMSO-dg 8.06 7.52 CDCls
which may contain traces J\
of water.
7.94 7.61 -Br CDCl;
8.20 7.73 -CF, CDCl3
8.22 7.81 -C=N CDCl;
8.21 7.90 M\"N ¢;N CDCl;
8.10 8.10 B CCl,
)J\OR
8.26 8.26 0 CDCl3
8.38 8.38 0 Acetone
IIHM o
a 0
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47 Anhydrides (R-C(=0)-O-C(=0)-R)

Anhydrides
o) o}
] 1.70 1.70
1.00 /-\)-l\ 1.00
H;C o] T H;
244 244
0.5
- .
r ~ -~ 11 1" AL ENL N B B N B EENLE S B B N
18 1& 14 12 10 g ] 4 2 ]
ppm

The anhydrides are similar to other carbonyl containing compounds in that, adjacent aliphatic groups are weakly

deshielded while the ortho aromatic protons are strongly deshielded. Their HNMR spectra are similar to those of the

carboxylic acids. Because the anhydrides hydrolyze easily to form the corresponding carboxylic acid, the chemical shift

range from 10-12 ppm should be checked carefully to determine the presence of the carboxylic acid -OH group which

would indicate that hydrolysis has occurred and to what extent such decomposition products are present in solution.

Aliphatic Protons

O 0
d\)\)\ )'I\
z g o] R

o (ppm)‘ O: (ppm) & (ppm)  da (Ppm) ‘ Compound Solvent
2.20 0 0 CCl,
A A
117 2.43 Q Q CCly
1.69 2.40 O O CCl,
~ A
3
(1.24) 2.68 o o CDCl,
A
0.95 1.65 2.48 0 0 CDCl,
140 VJ\ ) J\R
& i
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1.60) 2.29 cCly

(0.97 J\

(1.25)

o] CC|4

Aromatic Protons

Benzoic Anhydride
o] o]
=]
b s 0)
bl |

Compound Solvent

7.2-7.7 8.11 0 = CDCls

Coupling and Coupling Constants

The anhydrides display no special couplings nor coupling constants, other than the usual aliphatic

H—C—C—H coupling and the normal aromatic ortho and meta couplings that are commonly observed for
most functional groups.

Solubility and Solvent Effects

The anhydrides are readily soluble in carbon tetrachloride and deuterochloroform which are the solvents of
preference. Solvents such as DMSO-ds, Polysol and Acetone-ds could contain sufficient amounts of water
to lead to the decomposition of the sample.

5[1Amides
100Primary (R-C(=0)-NH,)
Primary Amides
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Although similar in chemical shifts to the other carbonyl containing compounds, the Primary Amides can be

distinguished by the presence of one or two very broad bands at low field (5.5-8.9 ppm) arising from the resonance of
the two -NH; protons. These bands are exchangeable and will not be observed if D,O or TFA are used as the solvent.
Due to the partial double bond character of the amide—C(=0)—NH, bond, the two NH protons may be non-equivalent

resulting in two distinct but overlapping resonance bands.

Aliphatic Protons

o}
/Ei\)l\ #
d i H
4 (Ppm) O (ppm) O (Ppm) Oa (ppm) Compound Solvent
1.98 0 DO
)J\N Ha
2.23 6.0-7.5 O CDCl;
112 \-)j\N
Ho
0.94 2.28 0 D,O
162 A)J\N
Ho
2.39 5.6-6.2 o CDCl,
(1.19)
Hy
(0.98) 2.1 0 D,O
M H.

Substituted Acetamides
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S (ppm) Ba (ppm) ‘ -X Solvent
6.0-7.5 223 -CHs CDCl,
2.28 T D,0
7.0,7.4 3.00 O DMSO-ds
A
5.1-5.7 3.56 O CDCls
73,76 3.59 -C=N DMSO-ds
5.5-8.0 3.89 -O-CH;, CDCls
418 -Cl D0
419 TFA

2-Substituted Propionamides

0
& )I\/E!\
Hshl B ®
. (ppm) By (ppm) ‘ 8a (ppm) -X Solvent
6.5-7.1 2.43 o DMSO-dg
\Y
243 Qj
H
6.2, 6.9 2.59 Q ccCl,
2.59 I
C
T
o
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6.1-6.7 2.61 OY CDCl;
2.61

6.6-7.3 2.48 KS DMSO-ds
2.62

3.00 o TEA
3.00 )j\N
Hz

5.7-6.7 2.54 0 CDCl;

3.12 )J\
""\MS

6.6-7.2 2.72 3.85 -Cl Acetone-ds

5964 2.74 /0 CDCl;
4.38

Aromatic Protons

Benzamide
o]
a
4] Ha
4] a
b

7.3-7.9 8.00 o TFA

Para Substituted Benzamides
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b
[
Hhl
o
8. (ppm) b (ppm) 8a (Ppm) -X Solvent
6.5-7.0 7.62 6.60 -NH, Poly so |
7.4-7.7 7.90 6.94 -O-CH; Poly so |
7.1-7.8 7.87 7.61 -Br DMSO-dg
7.92 7.43 -CHs TFA
6.8-7.6 7.62 7.78 9 DMSO-ds
IIK o
a0

Exchangeable Protons

The two exchangeable Primary Amide protons resonate at low field as either one or two very broad bands. The table of
chemical shifts provided below indicates that the aliphatic Primary Amides resonate at slightly higher field than the
aromatic compounds. The chemical shift(s) of these protons vary over a relatively wide range of values due to their

“he concentration of the sample solution, the solvent employed and the temperature at which the solution
)_I\ d, in addition to any possible hydrogen bonding effects and other structural considerations.

a
H.M b
0. (ppm) -X Solvent
5.5-6.9 -R7 CDCl;
5.8-6.9 -Re CDCl,
5.9,6.5 | CCly
H
R{L
6.0-7.5 -R; CDCl;
6.0-7.0 CHy CDCl;
6.8-7.5 DMSO
&
e
ad
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DMSO

7.3-8.3 /ﬂ

Q

7.6-8.9 OH DMSO-ds

2(1Secondary (R-C(=0)-NH-R)
Secondary Amides

i 1.40
. “H3 g og 0.9
452 HM“:HS
0.5 Ho
] 417 321
0
] 5
T T T T T [ T [ T T T T T T T T T T
12 15 14 12 10 ) 3] 4 2 u]

The HNMR spectra of the Secondary Amides are usually more complex than the primary amides due to the presence of
a substituent bonded to the amide nitrogen atom. These substituents produce a much wider range of chemical shifts for
the amide proton which may, in addition, display coupling to aliphatic groups bonded to it. The chemical shifts of
aliphatic groups bonded to the carbonyl side of this functional group are similar to those observed for the Primary
Amides, while those groups bonded to the-nitrogen side of the linkage resonate at slightly lower field than the corres-

ponding amines (ca 0.4 ppm).

Aliphatic Protons

o}
M\N -
c & H
O (ppm) Op (ppm) Oa (ppm) Compound Solvent
1.99 0 D,0O
R
P

2.27 o CDCl;

A

CH3
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227 CDCl,
o]
PNy
0% 8 ™0
2.24 o CDCl,
1.17 \)kN
AHs
H
2.35 cDCl
0 3
1.19 \AN
H
2.29 cDCl
0 3
0.92 1.64 A)J\N
H
2.54 Poly so |
o]
(1.12)
H
o CDCl;
1.20 AHz
(1.20) H
0 Poly so |
1.23 ASHa
(1.23) H
2.66 CDCl;
H
H4C A
o
2.79 CDCl,
H
H 3c”N
o]
2.80 _NH . CDCl;
He T\/ﬁ 2
8]
297 CDCl,
H
HaC A
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3.21 Polysol
e AMH
1.10 T‘/ﬁ
0
3.29 D,0
\“M\_,/‘NH z
1.15 ]/H
0
3.39 cDCl,
1.20 . MH
0
3.20 o _MH__R,, cDCl,
0.90 1.51 \ﬂ/
0
H e cDCl,
(1.40) m/\
0

Olefinic Protons

The olefinic protons of the Acrylamides display the same differentiation in chemical shifts noted for the other carbonyl
containing groups, i.e. the protons bonded to the beta carbon are deshielded in comparison to the geminal proton which

is bonded to the alpha carbon.

Solvent

5.52 0 CDCls

5963 )JNHB[\

Aromatic Protons

Both sides of the Secondary Amide linkage deshield the ortho aromatic protons. The protons
ortho to the NH group resonate near 7.5 ppm while the protons ortho to the carbonyl group resonate at slightly lower

field near 7.8 ppm.

N-Substituted Benzamides
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a ¥
b H
b a
b
Sy (ppm) ‘ 84 (Ppm) -X Solvent
0
6.8-7.7 7.81 )j\N cH, CDCly
H
CHjy
o)
7276 7.74 )\ CDCly
H

N-Phenyl Amides

a
b H\l.r}{
C a o

b

S (ppm) b (Ppm) Sa (ppm) -X Solvent
|
_AH R
7.20 7.05 7.52 \“/ CDCl;
0
_AH R.
7.25 7.12 7.54 CDCl,
0

Para Substituted Acetanilides

[
Hao \H/\JH .
O b

Solvent

2.03 7.30 6.71 Polysol
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-O-CH3

2.02 7.48 6.85 DMSO-ds
-F

2.11 7.40 6.99 cDCl,
-CH3

2.05 7.45 7.03 DMSO-ds

2.07 7.32 7.04 TN cDClg
-CI

2.10 7.68 7.32 DMSO-ds

2.10 7.40 7.28 J\ cDCly
-CF3

2.18 7.60 7.60 cDCl,
-Br

2.10 7.45 7.61 DMSO-ds

2.1 7.47 7.61 ,,f“‘“‘e\xN OH P

. . . -~ olysol
-

2.44 7.19 7.70 TFA
0

2.48 7.82 8.35 I TFA
e
e 0

Coupling and Coupling Constants

Clear coupling is normally observed between the NH group and the protons of adjacent hydrocarbon groups.

HN-CH =

4.8-52HzZ

30 Tertiary (R-C(=0)-N-Ry)
Secondary Amides

] 1.40
- “H3 g og 0.9
452 HM“:HS
0.5 Ho
] 417 321
0
I:I—- L
T T 1 ~ T~ " T~ " T "~ T " T "~ T "] L I B
12 16 14 12 10 ) & 4 2 u]
Ppim
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The HNMR spectra of the Secondary Amides are usually more complex than the primary amides due to the presence of

a substituent bonded to the amide nitrogen atom. These substituents produce a much wider range of chemical shifts for

the amide proton which may, in addition, display coupling to aliphatic groups bonded to it. The chemical shifts of

aliphatic groups bonded to the carbonyl side of this functional group are similar to those observed for the Primary

Amides, while those groups bonded to the-nitrogen side of the linkage resonate at slightly lower field than the corres-

ponding amines (ca 0.4 ppm).

Aliphatic Protons

Compound
1.99 o D,0
LR
P
2.27 o CDCls
/H\N H
CH;
2.27 CDCl,
o]
PNy
0% a0
2.24 o CDCls
117
JCH
\).LNH :
2.35 cDCl
0 3
1.19 \AN
H
2.29 cDcl
O 3
0.92 1.64 /\)\N
H
2.54 Poly so |
(1.12)
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CDCl;

o}
(1.20) H,C Ha
o Poly so |
(1.23) H,C Hs
2.66 CDCl;
H
H4C A
O
2.79 CDCl;
H
H 3c”N
s}
2.80 _NH ) CDCl;
He T‘/ﬁ 2
Q
2.97 CDCl;
H
Ha A
O
3.21 Polysol
~._-MH
1.10 T‘)
o}
3.29 D,0
\“M\_,/’NH :
1.15 T‘)‘
o
3.39 CDCl;
1.20 "~ _AH
o]
3.20 o _MH__R, CDCls
0.90 1.51 \”/
o
H _ CDCl;
(1.40) m/\
o}

Olefinic Protons

The olefinic protons of the Acrylamides display the same differentiation in chemical shifts noted for the other carbonyl
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containing groups, i.e. the protons bonded to the beta carbon are deshielded in comparison to the geminal proton which

is bonded to the alpha carbon.

Solvent

5.52 0 CDCl3

S ES

Aromatic Protons

Both sides of the Secondary Amide linkage deshield the ortho aromatic protons. The protons
ortho to the NH group resonate near 7.5 ppm while the protons ortho to the carbonyl group resonate at slightly lower

field near 7.8 ppm.

N-Substituted Benzamides

o)
a
¥
4] H’-
4} a
b
S (Ppm) ‘ 8a (ppm) -X Solvent
o
6.8-7.7 7.81 )j\N cH, CDCls
H
CH
0 3
7.2-76 7.74 )\1 cDCl,
H

N-Phenyl Amides

252



C a o
b
|
Oc (ppm) O (ppm) 0. (ppm) -X Solvent
|
/N H R
7.20 7.05 7.52 \“/ CDCl,
o}
/N H R
7.25 7.12 7.54 \“/ CDCl;
o

Para Substituted Acetanilides

Solvent
2.03 7.30 6.71 Polysol
-O-CHs
2.02 7.48 6.85 DMSO-ds
-F
2.1 7.40 6.99 CDCl;
-CHs
2.05 7.45 7.03 DMSO-dg
2.07 7.32 7.04 A CDCl,
-Cl
2.10 7.68 7.32 DMSO-dg
2.10 7.40 7.28 J\ CDCl,
-CF,
2.18 7.60 7.60 CDCl,
-Br
2.10 7.45 7.61 DMSO-dg
oH
2.11 7.47 7.61 /A\“‘\“‘“N" Polysol
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244 7.19 7.70

TFA

2.48 7.82 8.35

Il TFA

Coupling and Coupling Constants

Clear coupling is normally observed between the NH group and the protons of adjacent hydrocarbon groups.

HN-CH = 4.8-52Hz

6. 1mides (R-C(=0)-NH-C(=0)-R)
Imides

] 719
7a
1 7z 58 £.20
1 7&7 P
0.5 M 719
1 77 el
782
] )
0 _ '
17 171 17T 1T 7T 717 M| L L L
15 16 14 12 10 z & 4 v 0
PR

The Imides are nitrogen containing analogs of the Anhydrides. They contain the -C(=0)-NH-C(=0)-linkage and are

usually cyclic in structure. As with the other carbonyl containing compounds, the protons of aliphatic groups alpha to the

C(=0) group are weakly deshielded. The Imide NH proton resonates at low field (8-12 ppm) and is usually a very

broad absorption band.

Aliphatic Protons

0
oﬁbcﬁb rL &
S

Compound

Solvent

2.30 0 0

CDCls;
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2.99 CDCl;
o %@
|
CH;
3.23 o TFA
hN—CH,
o]
1.18 3.55 0 CDCl;
N—CHCH,
o]
1.29 3.71 e} CDCl,
N —CH,CHs
]

Olefinic Protons

The ring olefinic protons of Maleimide appear as a single sharp peak in the chemical shift range from 6.6 to 7.2 ppm.
The olefinic protons of a vinyl group bonded to the Imide nitrogen atom are well differentiated in chemical shift. The
hydrogen in the geminal position resonates at lowest field (6.83 ppm) as a doublet of doublets due to coupling to the
hydrogens cis and trans to it. These hydrogens resonate at higher field, the cis proton at 5.01 ppm as a 10 Hz doublet

and the trans proton at 6.02 ppm as a 16 Hz doublet.

Aromatic Protons

Phenyl groups bonded to the Imide nitrogen atom usually appear as a single, relatively sharp band near 7.4 ppm. The
four aromatic hydrogens of the Phthalimides are observed as a symmetrical, higher-order series of bands centered at

about 7.8 ppm.

Exchangeable Protons

The chemical shift of the Imide NH proton, as noted above resonates over a range of about 4 ppm at low field. The
major determining factor producing this range is the type of ring system in which the Imide group is found. Generally the
alicyclic systems, Succinimide and Glutarimide contain NH protons resonating at highest field, the Maleimides occupy

the middle of the range, while the Phthalimides appear at the low field end of the range.

255



70Hydrazides (R-C(=0)-NH-NH)

Hydrazides
] o
] 0. 1 Bl 4.00
i H5C ; MH-
H
134 2739
05— 780
o I A
| L UL P L L L L L L L
18 1& 14 12 10 g ] 4 2 ]

ppm
The Hydrazides are similar to the other Amide-like structures in the chemical shifts of protons bonded to carbons alpha
to the carbonyl group. The most distinguishing feature of the Hydrazides is the very broad two or three proton band in
the range from 3-6 ppm which represents the resonance of the -NH, exchangeable hydrogens. The NH proton may be
in exchange with the NH, and may resonate in the same range or, if not in exchange, will appear at lower field (7-10

ppm).

Aliphatic Protons

c b a //O
CHACHLCH—C
“MH-MH
Oc (ppm) Oy (ppm) 0. (ppm) Compound Solvent
o]
1.93 CHS—CJX CDCl,
TRIH H
CH4CH c//o
1.11 2.21 * T NHAMH Polysol
¥ o
0.90 1.58 211 CHEHH, C\H'T\JH—NH-C/ DMSO-ds
-
R
H4C g
N—H—C
(2.66) HiZ CDCl,

Aromatic Protons
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Benzoic Acid, Hydrazides

o
b C!F
THH-NH,
b
]
Oy (ppm) 0. (ppm) ‘ Compound Solvent
7.2-76 7.88 DMSO
Céfo
71-75 7.82 CDCl;
C’?O
TNH A =C,

Para Substituted Benzoic Acid, Hydrazides

P
H —hH —C

4]
a
Sy (Ppm) 3. (ppm) -X Solvent
7.72 7.23 -CH; CDCl;
7.88 7.62 -Br DMSO
8.07 8.22 a Polysol
[=3
T
—0
.-"'r a

Exchangeable Protons

Because the Hydrazides are soluble in solvents which may contain significant amounts of water, it is often difficult to
characterize the exchangeable proton resonances with confidence. In general, it appears that the NH, group
resonates at intermediate field and is often in exchange with any water which may be present in the solution producing

an erroneous 3-hydrogen integration value. In addition, the C(=0)-NH proton may resonate at much lower field (7-9
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ppm) as a very broad band which may be difficult to locate.

4] a ,fo
HaM —HH—C
Op (Ppm) 0, (ppm) ‘ Compound Solvent
45 7.7 o MHCH; DMSO-ds
E
HM —NH —C
3.9 8.0 0 Polysol
&
HaM —HH—C",
4.5 9.1 o CHaoH DMSO-ds
&
H M —NH —C ",
8[JUreas (R-NH-C(=0)-NH,)
Ureas
. o] MH
] s.an)KN JLN
05— H H H.
= _/-xL
r~r -1 7~ 7~ T 7t~ [ 7T~ "¢t~ 7T " "¢ "~ T "~ T "~ T°
12 16 14 12 10 g & 4 2 0
prm

The monosubstituted aliphatic ureas characteristically display separate resonance bands for the two different types of

NH protons.

Coupling is usually observed between the NH and the protons of the adjacent hydrocarbon group

(NH-CH_). The chemical shift of aliphatic groups adjacent to the Urea nitrogen nucleus varies with the degree of

substitution of the urea moiety as well as the other types of substituents in the molecule.

Aliphatic Protons
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84 (ppm) dc (ppm) 3. (ppm) Solvent

MNHH /NH: D20
(1.29) 3.99 2.70 CH3 ‘ﬁ
o cCl,
(2.75) W)J\ -
cocl
0 3
e,
278
| cDCl;
(2.91) /NW/NHﬂ
0
\‘N)J\H
(2.97) |
A
3.16 |
1.11 3.18 JN
AT M,
o cDCl,
122 3.50 J\ Ry
T HT NH
H Polysol
\C/NHE
(1.09) 372 i
0
0.96 o cDCl,
1.35 1.50 3.15 J\ .
Pl N it
MH HH

259



Polysol
H H.
(1.29) %/N N A
Il
8]
N Polysol
H
H
(0.90) 1.69 2.91 e AHz
Il
o]
Aromatic Protons
The 1-phenyl ureas display an unusual type of aromatic shielding, i.e. the para proton is shielded while the ortho
protons are deshielded. This shielding is not observed when two phenyl groups are bonded to the same nitrogen atom.
In this case, a single peak is often observed near 7.3 ppm.
Phenyl Substituted Ureas
=]
b e tiH
I
C o}
8c (ppm) B (pPm) Ba (ppm) -X Solvent
He  __MH
7.02 7.32 7.58 e DMSO
I
Q
CH
3
HHC ~—
6.8-7.5 I CH, CDCl;
o
ca7.25 CDCl;
—H
\“C” “CH,
o
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ca7.27

g HH

Polysol

Exchangeable Protons

Substitution of a urea molecule deshields the adjacent NH proton in comparison to the unsubstituted NH; group in the

same molecule.

b KO
/2
HMN—C
\IH —=x
Sy (PPm) 8a (Ppm) ‘ -X Solvent
5.21 5.63 LIH DMSO-ds
2
—C
A
CHa
5.21 5.74 Y Polysol
5.39 5.92 - : Polysol
5.22 6.00 A,[/ Polysol
5.29 6.35 : Polysol
6.79 6.79 -H Polysol
5.53 8.19 : OCH, Polysol
5.79 8.39 : CHy DMSO-ds
5.88 8.62 : Bir DMSO-ds
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Coupling and Coupling Constants

Coupling is usually observed between the NH proton and the hydrogens of adjacent hydrocarbon groups. The coupling
constant varies over the range from 6-8. It is interesting to note that the type of non-equivalence so common in the

spectra of N,N-dimethylamides is not observed in the HNMR spectra of the N,N-dimethylureas.

Solubility and Solvent Effects

The solubility of the ureas varies primarily with the degree of substitution and the type of substituent(s). Urea and its
monosubstituted derivatives are generally more soluble in solvents such as D,O, DMSO-ds and Polysol. The
trisubstituted and tetrasubstituted compounds, as well as those with large hydrocarbon groups tend to be more soluble
in carbon tetrachloride or deuterochloroform. There does not appear to be any unusual solvent effects when CCl,,
CDCl3;, DMSO-dgs and Polysol are used. As with most compounds, D,O exchanges with the labile hydrogens in the
molecule resulting in the loss of their resonance bands, and the use of trifluoroacetic acid produces unusually low field

chemical shifts.

9(1Hydantoins, Uracils, Barbiturates
Hydantoins and Uracils

4 o)
_ H
| 711 >§
- 577 g
] H
0.5 825 493
1 HO 711
i B.77 l
o | l
| T | T 7T | I | I | T [ T [ T | T |
13 16 14 12 10 g & 4 2 0
PR

The Hydantoins and Uracils are cyclic structures containing the group — NH-C(=O-NH-C(=0)-. Hydantoin is a five
membered ring while Uracil is a six membered ring. When present, the NH proton at position one (adjacent to one
carbonyl) resonates at higher field than the NH proton at position three (adjacent to two carbonyl groups). Aliphatic

groups bonded to the rings possess chemical shifts determined by their position on the ring.

Ring System Solvent
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Polysol

1.31 CHs- HM \H)H
0
cDcl
O 3
—
(1.38) (CHa)- QCHQN \H/\m
0
DMSO-ds
0
3“—(’
1.68 CHs- O—N WH
0
CDCls
0
g
3.00 CHax-
’ — VH
0
CDCls
0
g
1.12 3.47 CH3-CHo-
3 2 WH
0
Cyclic
0
%, 2
= b
HN\I ﬁ\“—'
0
S (ppm) Sy (ppm) 8a (ppm) -X Solvent ‘
7.44 -CH3 Polysol
9.52 4.03
4.29 -H TFA
8.34 DMSO-ds
10,74 5.14
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6.94 0 DMSO-ds

7.92 5.39 J\N
TWH WA,

Uracil
S
Aliphati
Cc
H \KO
| H
o
0. (ppm) Group ‘ Ring System Solvent
| DMSO-dg
]
1.75 CHs |
—izH4
=]
TFA
e
2.05 CH | H
3 H,C
]
TFA
H,C H\[’/IO
2.38 CH; | H
]
DCI
CHy CDCls
I
e
3.30 CH, | \rﬁ
o
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| CDCl,
o]
3.41 CH; |
—CH;
o]
Cyclic Protons
[
H .0
b =
| d
a H
o]
8q (PPM) 8¢ (ppm) B (ppm) 8a (ppm) Solvent
7.21 DMSO
-CHs
-CHs -CH, 5.71 7.29 CDCl;
10.55 10.56 -Br 7.71 DMSO
9.10 9.10 | 7.88 DMSO
11.69 o 8.80 DMSO
o (=]
11.69 W —0
f’ a
10.10 -CHs -CHs TFA
10.19 6.02 -CHs TFA

Solubility and Solvent Effects

The cyclic diamides such as Hydantoin and Uracil are normally not soluble in carbon tetrachloride nor
deuterochloroform unless one or both of the nitrogen atoms are substituted by an aliphatic group. The
compounds are usually readily soluble in Polysol, DMSO-dg, acetone and trifluoroacetic acid.

Trifluoroacetic acid is usually the solvent of last choice since one or both of the NH resonance bands may
not be observed due to overlap with the acid proton band at low field.

100Carboxylic Acids (R-C(=0)-OH)
10Aliphatic and Alicyclic

Aliphatics
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] o
] 068 163 11.58
1 H4i H
0s] 2 54
o] | Jl |
L By s S s B U B N B Y AL H S S B B
15 16 14 12 10 g & 4 2 a
ppm

The carboxylic acid functional group (-C(=0)-OH) has a weakly deshielding effect on the protons of adjacent aliphatic

groups but a strongly deshielding effect on the ortho aromatic protons.

A distinguishing feature of this group of compounds is the carboxylic acid -OH group which normally resonates
at very low field (10-13 ppm). This band may appear at higher field when a significant amount of water is present
in the solution.

0
d\/b\)l\
0 5 OH
04 (ppm) Oc (ppm) Oy (ppm) 0. (ppm) Compound Solvent
2.06 11.90 Q CCly
)J\OH
2.37 10.49 0 CDCl,
1.14 \/H\
oH
0.90 2.29 11.97 o CCl,
1.67 /\)\O
H
2.55 12.08 o CCl,
1.20
(1.20) \T)l\OH
(0.98) 2.19 11.00 o CCly
2.08 )\/H\Q
H
12.01 a CDCl;
1.21
( ) \H\OH
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(0.93 12.08 O CCl,4
1.55) oOH
Substituted Acetic Acids
O
b J\/:{
HO o
Op (ppm) 0a (ppm) -X Solvent
10.49 2.37 CHs CDCl,
11.80 2.43 0 DMSO-ds
\-)l\OH
10.08 3.12 -CH=CH, CDCls
11.28 3.25 CDCl;
11.50 3.37 0 Polysol
AJ\OH
10.88 3.61 \O CDClg
10.80 3.71 N CDCls
11.49 3.79 /@ CDCl;
b=
11.75 3.79 -C=N DMSO-dg
10.59 3.92 -Br CDCl,
11.22 4.05 -Cl CCly4
4.10 -O-CH; D,O
4.29 -OH D,0O
8.78 4.67 o] Acetone
-~
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Alicyclic Protons

0
G &
& C\ a
oH
[ (]
[ [+
n S (ppm) S (ppm) B (ppm) Solvent
j 2 (0.7-1.2) 1.58 11.72 CCl,
I:l 3 (1.6-2.7) 3.19 11.99 CDCls
O 4 (1.2-2.2) 2.69 11.25 CCl,
: 5 (1.1-26) 2.25 12.00 cCly
O 6 (1.1-2.2) 2.53 11.55 CDCl,

Exchangeable Protons

The carboxylic acid protons which are extremely labile hydrogens exchange with many other types of labile hydrogen to

produce an averaged chemical shift for the protons involved in the exchange.

In addition, they will be in exchange with any water present in the solution resulting in either higher-field chemical shifts

than expected and/or very broad resonance bands covering several ppm. The latter case is much more noticeable in

the HNMR spectra of the Benzoic acids than in the spectra of the more soluble aliphatic compounds.

210lefinic
Olefinics
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The carboxylic acid functional group (-C(=0)-OH) has a weakly deshielding effect on the protons of adjacent aliphatic

groups but a strongly deshielding effect on the ortho aromatic protons.

A distinguishing feature of this group of compounds is the carboxylic acid -OH group which normally resonates

at very low field (10-13 ppm). This band may appear at higher field when a significant amount of water is present

in the solution.

Olefinic Protons

The three olefinic protons of acrylic acid resonate as a complex higher-order pattern in the chemical shift range from

5.7-6.8 ppm. The most deshielded of these protons is the hydrogen that is cis to the carboxylic acid group, while the

geminal proton resonates at higher field. This order of chemical shifts is the reverse of that observed for simple alkenes.

3-Substituted acrylic acids

=

HG \“/*\/:{

Oc (ppm) Oy (Ppm) 8, (ppm) -X Solvent

12.28 6.66) 6.66 B (trans) DMSO-ds
)J\OH

12.27 6.27 6.84 -Cl (cis) Polysol
11.91 5.77 7.03 -R; (trans) CCl4
11.79 5.82 7.04 -CHs (trans) CDCl;
11.34 6.28 7.50 -Cl (trans) CDCl;
11.90 6.41 7.73 (trans) CDCl;
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11.00 6.900 775 o (trans) CDCl,

Exchangeable Protons

The carboxylic acid protons which are extremely labile hydrogens exchange with many other types of labile hydrogen to

produce an averaged chemical shift for the protons involved in the exchange.

In addition, they will be in exchange with any water present in the solution resulting in either higher-field chemical shifts
than expected and/or very broad resonance bands covering several ppm. The latter case is much more noticeable in

the HNMR spectra of the Benzoic acids than in the spectra of the more soluble aliphatic compounds.

3[Aromatic
Aromatics
0
| 817 1075
713 H
05 409
=] 759 o”CHS
708
0 | |
T T T T T T T T T T T T T T ] T T T T
12 18 14 12 10 8 & 4 2 a

ppm
The carboxylic acid functional group (-C(=0)-OH) has a weakly deshielding effect on the protons of adjacent aliphatic

groups but a strongly deshielding effect on the ortho aromatic protons.

A distinguishing feature of this group of compounds is the carboxylic acid -OH group which normally resonates at very
low field (10-13 ppm). This band may appear at higher field when a significant amount of water is present in the

solution.

Aromatic Protons

Benzoic Acid
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Solvent

7.2-7.8 8.14 12.82 CCly

Para Substituted Benzoic Acids

o}
. I h
o™
b L
a
|
0. (ppm) O (ppm) 0. (ppm) ‘ -para Solvent
|
6.55 7.83 6.76 -NH, Acetone
10.95 7.95 6.90 -O-R; Polysol
7.91 7.00 -O-CH,; DMSO-ds
9.76 8.11 7.07 -OH Acetone
12.02 8.09 7.20 o DMSO
-
OH
o}
9.72 8.02 7.30 -F Acetone
8.02 7.30 -CH, TFA
8.27 8.00 7.56 -Cl DMSO
7.28 7.90 7.71 -Br DMSO-ds
7.90 7.71 -1 DMSO-ds
9.41 8.11 8.11 o DMSO-ds
AJ\OH
8.21 8.30 a DMSO-ds
(=3
S
—0
f" a

Exchangeable Protons

The carboxylic acid protons which are extremely labile hydrogens exchange with many other types of labile hydrogen to
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produce an averaged chemical shift for the protons involved in the exchange.

In addition, they will be in exchange with any water present in the solution resulting in either higher-field chemical shifts
than expected and/or very broad resonance bands covering several ppm. The latter case is much more noticeable in

the HNMR spectra of the Benzoic acids than in the spectra of the more soluble aliphatic compounds.

471Amino Acids
Amino Acids

0
1 342 1203
1 733 385 OH12.03
1 s 342 7 o
0.5 :
] 725 733 0
1 730 l
D_ N 1
— 1 T~ T 1 T ] 1" T 1 T - [ T "~ ] T [ "~ T " 7T1°
12 16 14 12 10 & & 4 2 a
Fpm

The Amino Acids, and especially the alpha amino acid's, are distinguished by their high degree of
solubility in water (D,O) and that many of these compounds contain a methine resonance band at

relatively low field (3.3-4.5 ppm).

Because the methine proton of the alpha Amino Acids is an asymmetric carbon, an adjacent methylene
group may display clear non-equivalence in chemical shift for the two hydrogens bonded to it. As a result,

the methine proton may appear as a doublet of doublets rather than as a triplet.

) U s
HO = Ty
0. (ppm) -N (X,Y) Solvent ‘
3.58 -NH; D,0
3.62 -NH-CHj; D,O
3.68 \\NH w D,0
3.81 /NH
D0
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3.81

HO

0
Hz D,0
TUWH
3.90 o
JK/NHQ P
“MH
3.92 o
L a
D,O
~ J\/NHa ol ’
H
3.98
_CHy
CH,
H

Sa (PPm) -X Solvent
3.50 oH
4
—H D,0
CHy
3.55 CH;
—C H\ D,O
CHy
3.70 -CHs D,O
3.70 - CH; - CHs; D,O
3.71 -Rs D,0
3.79 H..
\/ﬁ") 50
0
3.82 & a
e D0
3.91 /\_\_\\-\/NH: Dzo
4.00 H-
q} B,0
o}
4.47 -CH,-SH D,0
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5(1Salts of Carboxylic Acids

Salts of Carboxylic Acids

] o o
1 815 o @
1 735 M
] BT
0.5 O
| 73 i
] 735
0 Al
r—r—17 ~r——71 1T 71T 77 1T T 1T T 71 L
13 15 14 12 g & 4 2 0

ppm

The Salts of the Carboxylic Acids are very similar in most respects to their corresponding Carboxylic acids with the

exception of their increased solubility in water (D,0). The chemical shifts listed vary over a relatively wide range due to

the different solvents employed. The solubility of the Carboxylic Acid Salts, in turn, is directly related to the metal which

is present in the compound.

Aliphatic Protons

o}
/b\)J\ o
C a OMa
OS¢ (ppm) Op (ppm) 0. (ppm) X Solvent
1.88 0 D,O
)I\Qa
QI
1.90 o DMSO-dg
N e
Ma
1.90 o CDCl;
)J\:a ;
) HaM—R
1.99 0 D,O
)‘l\a ;
o H ;M —0CH
B D,O
1.01 \)\g &
Ma
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2.30) o o D,O
1.09 Cd
( (ol v
217 o D,O
0.90 1.56 /\)\Q N
OMa
Substituted Acetic Acid Salts
]
Mad o
Group 0. (ppm) X Solvent
Na-O-C(=0)- 3.11 a D,O
e
QOMa
Na-O-C(=0)- 3.19 D.O
_CHj
— .
CH,
-Sn-0-C(=0)- 3.50 \O ccl,
Na-O-C(=0)- 3.51 SH D,O
K-O-C(=0)- 353 \O D,O
-Hg-O-C(=0)- 3.60 \@ Poly so |
Na-O-C(=0)- 3.63 I D,O
Na-O-C(=0)- 4.25 D,O
Na-O-C(=0)- 473 -F D,O

Olefinic Protons

The vinyl protons of Acrylic Acid salts appear as a higher-order series of peaks in the chemical shift range from 5.5-6.3
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ppm. Characteristically, the two protons on the beta carbon are more strongly deshielded than the proton on the alpha

carbon atom.

2-Substituted Acrylic Acid Salts

o
-]
] )k‘A
™o Ty
=]
O (ppm) Oa (ppm) -X Solvent
0 6.02 6.02 o (cis) D,O
QEJ\ )‘l\
Mad OH
0 6.10 6.10 o (cis) D,O
- )J\ ).I\@ &
Mao QMa
e 6.50 6.50 0 (trans) | DO
&9 )J\ AL@ &
Mad QOMa
0 5.84 6.59 -CHs D,O
oo I
Mad
R, 0 5.75 6.75 -CHs; (trans) | CCl,
Re | )J\
R, 0O
. R|‘ 0 6.76 6.76 0 R|* . (trans) | CDCls
' '
n*-\-.. )J\ )J\ ,__SI'I‘<
Ry O o Ry
i 6.53 7.54 (trans) | DO
e I
Mad

Aromatic Protons

Salts of Benzoic Acid

276



&y (ppm) 8a (Ppm) Compound Solvent
7.3-7.7 7.91 ) D0
=]
OJ\O -ﬁ H\"x\
7.3-7.6 7.98 o] D,O
g 4
OMa
7.3-7.7 7.99 ) D,0
H,
O/LO ..-”N
7.2-7.7 8.05 ) Poly so |
H
O/ILO A
Aldehydic Protons
Salts of Formic Acid
o
A x
A X
H o~
=]
a (Ppm) -X Solvent
8.08 CCly,
R )
—Sn: —R,
R [}
8.17 -Na TFA
8.46 -Li D,O
8.48 -Ca- D,0
1100Esters

100Aliphatic Esters of Aliphatic Acids
Aliphatic Esters
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The Esters are one of the most important functional groups with a wide variety of combinations of aliphatic, olefinic and

aromatic acids and alcohols.

The carbonyl side of the ester functional group has a weakly deshielding effect on the protons of adjacent

aliphatic groups, while the oxygen side of the linkage has a strongly deshielding effect.

The Esters are readily soluble in carbon tetrachloride and deuterochloroform unless substituted by more polar

functional groups.

Aliphatic Protons

c b = //O
CHCH CH—C
"o —x
Oc (ppm) Oy (ppm) ‘ 8. (ppm) Compound ‘ Solvent
1.90 CCly
«fo CH
HiC —C7 s
o] —/C -
Hie” SHs
1.95 o CCly
HiZ —C//
TO0—FR
2.00 o CCl,
e
He—Co,
o —CH;
1.10 2.27 CCly
!?0
HiC —CH—C
"0 —CH,
1.10 2.27 /O CCly
HyC —CH,—C7
0 —FRy
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1.16 2.30 o CcDCl,
£
Hi —CH,—C7 _CH;
CH,
0.95 1.70 218 cel,
P
Ha~ —CH,—CH,—C7 LCH;
o—cy
CH,
0.91 161 2.21 o cel,
-
H3C —CH,—CH,—C 7
O—CH,
(1.13) 244 He o cel,
-, i
/CH—CQ
His o=,
(1.14) 249 He 0 cel,
-
JeH—c?
H 0 —CH;
(1.17) CCl,
CHy 4
He ()
I TR,
HaC
(0.96) 1.97 212 cel
HLC g s
eH-cH—c 7,
Ha 0 —CH,
(0.93) 1.99 218 cDCl
HiC . P
_CH-CH~c?_
HLC O—FRs
3.61 cel,
pe
HyC —0 —C 7
3.65 cel,
pe
Hyc—0 —C7_
CH,
3.70 cel,
P
HyC —0 —C 7
CH=CH,
4.00 o cel,
P
Hyt—0—C"_ ¢l
G
cl
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1.23 4.07 CCl,

/70
HsC—CH;—0—C”_ CHj
C
PR
Ha oo ©Hs
1.29 4.19 ccl,
//0
H3C —CHo—0 —C 7
Rl
1.41 4.41 CcDCl;

o
Hi —CH,~0—C7_
-~

A
C|'J izl
0.98 1.67 4.08 o CCl,
&
H4C —CH —CH —0 —C
4= —EH o
0.98 1.78 4.30 o CDCly
&
H3C—CH:—CH:—O—CMC#_FF
2
(1.22) 4.92 H 0 cCl,
. s
/CH—O—C,H_R
H4iC 3
1.39 5.20 H 0 ccl
(9 SC\‘CH o—c? '
LT \C/F
HaC P
: )
0.96 1.97 3.89 ccl
(0.96) H,C 0 4
JCH-CH=0 —C'._
HC =CH;
2[0lefinic Esters of Aliphatic Acids
Olefinic Esters
.40 O
] H | 422 430
] - o CHS
_ H H
0.5 | 5 81 £.13
. il .
L L L LN L L I L I B I B I N I
12 18 14 12 10 8 & 4 2 a
ppm

The Esters are one of the most important functional groups with a wide variety of combinations of aliphatic, olefinic and

aromatic acids and alcohols.
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The carbonyl side of the ester functional group has a weakly deshielding effect on the protons of adjacent aliphatic

groups, while the oxygen side of the linkage has a strongly deshielding effect.

The Esters are readily soluble in carbon tetrachloride and deuterochloroform unless substituted by more polar
functional groups.

Olefinic Protons

The olefinic protons of Acrylic Acid Esters appear in the HNMR spectrum as a higher-order ABC pattern in the chemical
shift range from 5.6-6.1 ppm. The proton which is trans to the carbonyl group resonates at highest field, the geminal

proton resides at slightly lower field, and the hydrogen which is cis to the carbonyl appears at lowest field.

Acrylate Esters

Compound

6.34 5.72 6.09 o CCly

&
CH:—_CH—C -
OR

The Vinyl Esters of aliphatic carboxylic acids produce a much clearer pattern than the corresponding Acrylic Acid
protons. The three olefinic protons of the Vinyl Esters produce resonance bands over the range from 4.3 to 7.5 ppm.
The two protons bonded to the beta carbon resonate at highest field while the geminal proton which is bonded to the

alpha carbon resonates at lower field.

Vinyl Esters of Aliphatic Acids

% (ppm)
4.82 4.51 7.23 5 cocl,
£
CHy=CH—CT_
oR

2-Substituted Acrylate Esters
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&
R—0—C a
.
CH=CH-X
R- Op (Ppm) 0. (ppm) -X Solvent
o 6.79 6.79 o (trans) CCly
i &
Rs—0 —C. T U ™No—p
G
o 5.71 6.84 -R; (trans) CCl,
&
H L —0 —C .
o 6.86 6.86 o (trans) CDCl;
& Cﬁf
HyZ —0 —C —
¥ ~. "0 —CH,4
o 5.79 6.90 -CH3 (trans) CCl,
“
Fo—0 —iC .
o 6.59 7.03 a (trans) CDCls
& &
HaC —0 —C"_ ey
2
o 6.40 7.67 (trans) CCly
“
Cg—0 —C ~

The Aldehydic Protons

The Aldehydic protons of the Formic Acid esters appears as a sharp singlet at low field in the range from 7.9 to 8.10

ppm.
a ,-fo
i
H— e
O —x
8a (Ppm) ‘ -X Solvent ‘
7.90 cCl,
—CHC Hy
7.91 -R; cCl,
7.96 -Rs CCly
7.98 -CHs CCl,




8.07 CDCl;

2
—CH,—CH

-

8.10 —CH,CH,—OR CDCly

30Aromatic Esters of Aliphatic Acids
Aromatic Esters

] 708 258
o 125
] o 709 Y\Hs
1 125
0.5 Hat 709 ©
i 258 ¥.09
D_
r~—71 7" 7T 7TTr—rrrrT—T T T T T T T T
18 15 14 12 10 g g 4 2 a
ppim

The aliphatic esters of Benzoic Acid are more highly deshielded by the adjacent oxygen atom than those of the
aliphatic and olefinic carboxylic acids.

The ortho aromatic protons are also strongly deshielded by the adjacent carbonyl group and resonate about 0.5 ppm to
lower field than the meta and para protons.

The aromatic esters are readily soluble in the halogenated solvents normally used as solvents in NMR and do not
exhibit any unusual solvent effects. These compounds do not display any special spin-spin couplings.

Aromatic Protons

The carbonyl side of the ester linkage strongly deshields the ortho aromatic protons producing a series of multiplets

similar to those observed for the ketones and amides.

The oxygen side of the group has a much weaker shielding effect than the oxygen atom of the aliphatic ethers, resulting

in a broad, complex higher-order series of multiplets in the chemical shift range from 6.9-7.5 ppm.

Benzoic Acid, Propyl Ester

o
ll

e
b ™ —CH4CH4CH,
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Compound

Solvent

_ et
7176 8.01 o0—F,; CCl,
Propionic Acid, Phenyl Ester
2 o R
a Hc.f" 2
I
a o}
El
Compound Solvent
i
6.9-7.5 1 CCl,
Para Substituted Phenyl Esters
a
R\\C Jis]
I
o} a X
B
O (ppm) 0. (ppm) ‘ -X Solvent
6.82 7.01 -CH, CCl,
7.06 7.06 -F CDCl,
7.09 7.09 o CDCl,
&
—0 —c .
R
7.19 7.80 o CCl,
&
/"C \H
7.19 7.88 CDCl,
— =
7.32 8.29 o CDCl,
N =
—a
.-"'r a
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Para Substituted Benzoic Acid Esters

o
I
R —0
b ®
Op (ppm) 0. (ppm) ‘ -X Solvent
7.83 6.63 -NH, CDCl,
7.87 6.84 -OH CDCl;
7.99 6.88 -O-CHjs CDCl,
7.95 7.06 -N=C=0 CDCl,
7.88 7.36 CCl
/CHS 4
A
HZ CH;
7.95 7.38 -Cl CDCl,
7.83 7.49 -Br CCl,4
7.82 7.70 -l Polyso |
8.32 791 -N=0 CDCl,
8.07 8.07 0 CDCl,
&
/‘C ™,
R
8.26 8.26 a CDCls;
=
i
—i
,.-f a

4[Cyclic Esters (Lactones)

Lactones
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Due to their cyclic structure, the aliphatic cyclic esters often display non-equivalence in chemical shift for

the two protons of the methylene group in the ring system.

This situation is clearly observed in compounds in which the five ring hydrogens each display distinctly

different chemical shifts. The aromatic protons of the aromatic lactones generally produce complex

patterns in the chemical shift range from 6.5 to 8.0 ppm depending upon which group of the ester moiety is
bonded to the aromatic ring. When the oxygen atom is bonded to the ring, the resonance bands tend to be
in the high field portion of the range, 6.8 -7.4. When the carbonyl group is bonded to the aromatic ring, then

the resonance bands tend to occupy the lower half of the range.

The Lactones, like the other esters are readily soluble in the chlorinated NMR solvents, carbon tetrachloride

and deuterochloroform.

h
@ otons
c o]

]
Oc (ppm) Op (ppm) 0. (ppm) Compound ‘ Solvent
4.40 1.5-2.1 2.1-2.7 \AA CCl,
0 ]
3.9-44 19,24 2.60 CH; CCly
8]
4.2,46 3.69 2.6,2.8 CDCl3
no
4.3,4.6 2.2-2.8 3.00 ir CCly
i
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4.29 1.9-3.0 3.71 0 CCly

&
s
"CH,
o o]
501Chloroformates
Chloroformates
0.5
- i I |
| AL RN UL B EONL A B L S BRI B I B I B I B N
18 16 14 12 10 B g 4 2 0
Fpm

The aliphatic esters of Chloroformic Acid are notable in that their alpha hydrocarbon groups are more strongly

deshielded than either the esters of simple aliphatic or aromatic carboxylic acids.

The Chloroformates are readily soluble in the chlorinated solvents. Their spectra display no unusual couplings nor

coupling constants.

d ¢ b a

CH3CHACHACH,—0 —C 7T

S (PPM) 5, (ppm) 8 (ppm) 8 (ppm) X Solvent
3.93 o ccl,
e
Hie—o—c%e,
4.39 o cDCls
140 CHyCH,—0 —C2
2 o
4.22 0 ccl,
1.00 176 CH3CHLCH—0 —c T
101 4.31 0 cCl,
175 145 CHCHACHACH.—0 —C o,
4.11 coCls
HsC A
(0.99) 2.08 “CH —CH~0—CT
HaC
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AvAarrnatin DratAane

,-"'
Ot cie

Compound Solvent

7.0-7.6 Cl CCly

Para Substituted Phenyl Chloroformates

o,
b "
a
Sy (Ppm) 84 (Ppm) -X Solvent
703 6.77 -O-CH; cCl,
7.10 7.30 -cl ccl,
7.33 ccl,
CH
~C
7.07 Hae —C
CHy
8.12 o DMSO-ds
3 [=3
7.1 H—o
f«‘ &
61 Carbamates
Carbamates
- 316
1 CH 3
] 6. ?4 4 35
il .. 316
) CH
0.5 364 1II. :
: E. ?SH CHy cl
] 316
0 L
T T T T T T T T T T T T T T ] T T T T
18 15 14 12 10 g & 4 2 ]
Pt
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The NMR spectra of the Carbamates are often quite complex in appearance since up to three aliphatic or aromatic
groups may be present in the molecule. In addition, the secondary Carbamates (R-NH-C(=0)-O-) often display
coupling between the NH proton and the hydrogens bonded to the adjacent carbon atom. The coupling constant for this

interaction is about 7.5 Hz.

Hydrocarbon groups adjacent to the nitrogen side of the linkage are deshielded to intermediate field (about
3 ppm) while those adjacent to the oxygen side are deshielded by an additional 1 ppm to about 4 ppm.

Aliphatic Protons

d c h a P
CHZCHZCHy—H—C
OR
|
B (PPM) 5. (ppm) &y (ppm) 5. (ppm) X Solvent
I
(3.06) H cDCly
% ,;zo
M=
HLC o
2.78 5.09 o cocls
&
HyC —NH—C
TOR,
3.15 5.57 ccly
o
&
112 CH3CH,—MH—C
OR.
0.90 3.08 5.25 o ccl,
F
145 CH3CHACH—NH—C 7
OR.
3.71 4.66 HiC | 0 CDCls
(1.15) cH—tH—C7
He O—R»

d ¢ b P
CHaCHCH—0—C

84 (ppm)

S (ppm) S (ppm)  Ba (ppm) Compound Solvent

3.60 5.30 CCly

0
Hit —0 —Cquy g,
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3.63 513 CcDCl;
2
Hio —0—C .
4.03 5.25 . ccl,
1.20 i
: H —CH2—0 —Coyy R,
407 e ccly
191 Hie —CHz—0 —C oy T4
y
Ry
4.08 5.20 o CDCls
&
1.22 HiC —CH,—0 —C
- "hH,,
411 5.09 o CDCls
1.24 Hye —CHy—0 —C 7
' : “HH-CH
3
0.94 410 6.90 CDCls
CHACH,CH—0 —C %
1.68 s TH
4.89 497 CDCl
HC p
(1.22) “cH—o—c”,
H4C "NH,
4.88 oH CDCls
pel
(1.45) d—o—c?
. —_
H3C | ""\-..NH2
CHy

Aromatic Protons

Phenyl Carbamates

P O A
)
b o]

b (ppm) a (ppm)

Compound Solvent
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3 Hcf-' 3
[
a a o

Compound Solvent

70 Esters of Phosphorus Acids
Esters of the Phosphorus Acids

725 34886 ] 1.23
B ”r_,_,_O CH3
- R 404
0.5 L Ot
J 3 4 |:|41'23
] 240 :
. ' l ‘

._.
[ex]
—
[0
—
=
—
]
—
]
0]
]
o
b
=]

The chemical shifts of the Esters of Phosphonic and Phosphoric Acid are similar to those of the carboxylic acids,
however, their spectra are distinguished by the spin-spin coupling interactions of the nearby hydrocarbon groups with
the Phosphorus nucleus. As noted, many of these couplings and their associated coupling constants are quite sensitive
to structural and substituent differences. Both groups of compounds are quite soluble in carbon tetrachloride and

deuterochloroform and no unusual solvent effects have been noted for these two solvents.

The
Phosphon

ates

Aliphatic

c b a '?I
CH3CHLCHO —F —CHACI

CH3CHLCH,0

Oc (ppm) O (PpmM) 0. (ppm) Compound ‘ Solvent
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(3.71)

Heo.
““;P—CHE—OCH:;

HaCo

CCl,

(3.72)

O
HiCo
\TP_H
HaCo

CCly

(3.80)

) 0
Hyoo . P
“‘;P—CHE—C\
Haco R

CDCls

(1.22

4.01)

o
CH3CHo0 —F —CH,
CH3CH,0

CDCls;

(1.29

4.04)

0
11

CH3CH,0 = —CH;
CH3CHL0

CCly

(1.36

4.08)

0
I

CH3CH,0 —R —H
CHACHL0

CCl,

(1.31

4.11)

0
LI}

CH3CHL0 —F —CHCH;
CHCH.0

CDCls

(1.36

4.11)

o
11

CHACH 0 —F —CH=CH;
CH3CH .0

CDCls

(135

4.17)

a o]
It Frd
CH3CHo0 —f —CHZ—C O
CHLCHLO

CCly

(1.40

4.22)

0
1
CH3CH,0 —F —CHoC =N

CHCH.0

CDCl;

(0.99

1.65

3.51)

8]
11
CH3CHLCHL0 —F —CHLC

CH3CHLCHL0

CCl,

(1.32

4.64)

HaC
y
CH-_

0
S I
HLC P
/I:| \\H
h.c —CH
3 S
CH,

CCly4

1.33

o)
| OR,

HyC—P
“OR,

CCl,
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1.91

o
| .OR.

HC CH—P

(8] o

CDCls

Substituted Methyl Phosphonates

o
=
RO CH—X
RO
Ba (PPm) ‘ X 'P(=0)-CH, (Hz) Solvent
-CHs 0 CDCls
1.91
-C=N 20.9 CDCl;
2.98
21.3 CDCls
3.05
MH4
a 23.1 CDCls
A
3.10 —
.
CH
3.51 -Cl 115 ccl,
3.69 -O-CH; 8.0 CCl,
Phosphonyl Protons
0
& || .OR
H—F I
OR
Ba (Ppm) ‘ R ’P(=0)-H (Hz) Solvent
-CHs, 411 Hz CCly
4.40
-C=N 342 Hz CCl,
5.69
697 Hz CCl,
5.80
MH-
o 733 Hz CDCl;
A
6.11 —
.
CH
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6.76 -l 691 Hz | CDCls

Aromatic Protons

The aromatic protons of the phenyl esters of Phosphonic Acid resonate as a broad, single peak or a complex series of
bands centered at about 7.2 ppm. Phenyl groups bonded to the Phosphorus nucleus display a strong deshielding of

the ortho protons which resonate near 7.8 ppm and couple to the Phosphorus nucleus with a coupling constant of about
13 Hz.

Phenyl Phosphonates

Compound Solvent
e
Il .oH
7.3-76 7.80 P Acetone
oH
o
2 I
a s __Fi —0
a H
d
3. (ppm) Compound Solvent
o]
I
ca. 7.21 o ——Pl —0 CDCl,
Rz
o]
I
7.3-7.6 o] ——Fi —0 CDCl,
H

Coupling and Coupling Constants
P (=0)-C-O-CH; = 1.1 Hz
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'P(=0)-0-CH, =
'P(=0)-0-CH; =
’P(=0)-CH, =
P(=0)-CH;, =
’P(=0)-H =

7.3-8.1 Hz
10.8 Hz
11-24 Hz
17.5Hz
340-740 Hz

Aliphatic Protons

0
c b a I

CH3oH,CHL0 —F —OCH JCH JCH

OCHLCHACH,
Sc (ppm) Sy (Ppm) 8a (Ppm) Compound Solvent
0
Il
HyZ O —P —OCH;
(3.75) c!- cCl
o
Il
(1.33 4.06) CH4CHL0 —F|~ —OCH.CH, cely
OH
o
Il
CH4CHL0 —P —OCH,CH,
(1.31 4.11) | cCl,
o
O
Il
(0.99 1.70 3.99) CH3CHLCHL0 —Fi —OCHLCH JCH 5 cDCly
OCHCHACH,
o
Il
CHLCHLCHL0 —P —OCHLCHLCH
(0.92 1.62 4.00) cl cel

Aromatic Protons
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0. (ppm) Compound Solvent
0
I
ca7.20 o —Fi —0 CDCl,
OH
)
I
ca 7.21 0 —F —0—CH;y CCly
OCH;
0
I
6.8-7.4 o —Fi —0 Polysol
Ay
Exchangeable Protons
a )
Ho !
a
HO
0. (ppm) Compound Solvent
o]
]
8.83 R g0 —Fi —0—FR,; CDCl;
OH
)
Il
oH
(10.19) PC Polysol
OH
n]
I
11.06 .- —Fl' —0—F, ccl,
OH
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I
12.22 = —Pl —0 CDCl,
oH

Coupling and Coupling Constants

'P(=0)-0-CH; =  10-12Hz
’P(=0)-O-CH;

6-7 Hz
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