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NMR Spectral Data: A Compilation of Aromatic Proton Chemical Shifts
in Mono- and Di-Substituted Benzenes

B. L. Shapiro and L. E. Mohrmann

Department of Chemistry, Texas A&M University, College Station, TX 77843

NMR chemical shifts for protons directly attached to mono- and di-substituted benzenes are
compiled from the literature. Data for 1053 sets of data are presented. The data have been examined
for reliability using criteria which include high spectral quality, rigorous experimental technique,
and sufficient description to assure correct interpretation of results. The data, presented in tabular
form, include compound name and formula, solvent employed, concentration, temperature, chemical
shift, and observation frequency. Other NMR-related data are not given. An author index is included.
The data and references cover the literature to June 1976,

Key words: Aromatic proton chemical shifts; mono- and di-substituted benzenes; NMR spectral data.
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Introduction and Scope

The chemical literature contains hundreds of thousands
of pieces of nuclear magnetic resonance (NMR) data in
numerical form, including chemical shifts, spin-spin cou-
plings, relaxation times, etc., for a wide variety of nuclei,
The nature of these data varies extremely widely, as do the
methods of reporting the various spectral measurements
and the (sometimes) derived NMR parameters. The latter
two factors, as much as the sheer volume of numerical data,
preclude any automated, omnibus approach to data storage,
retrieval, and utilization. Furthermore, it has been recog-
nized for some time, that these data are of widely varying
quality for a variety of reasons, including:

(1) Much of the literature data was obtained for qualita-
live, confirmatory purposes in the course of more purely
chemical investigations. Many of these spectral determina-
tions were performed in a relatively crude, routine manner,
and often on solutions of poorly defined and/or docu-
mented natures.

(2) Even when the problems discussed in (1) were
avoided, many analyses of the data were very approximate,
incomplete, and even casual.

(3) In a substantial number of cases, the reportmg of the

Copyright © 1977 by the U.S. Secretary of Commerce on behalf of the United States.
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raw data (e.g., observed line frequencies) is so incomplete
that it is not possible to assess the quality of the data.
Sometimes, high quality chemical shift data are obtained
and reported complctcly, but the measurements are not
referenced or convertible to the standard 3-scale.

For these reasons it was decided to exclude from this
compilation all data which are not demonstrably of high
quality and reliability. This general guideline has led to a
rejection rate for the NMR literature data of well above 95
percent, and quite possibly above 98 percent.

Careful selection of data is particularly important in the
compound class chosen for this compilation, viz., the aro-
matic proton chemical shifts for some simple substituted
benzenes. In such molecules, the four or five aromatic

_ protons constitute spin systems which are not, except in a

very few instances, amenable to the simple “first-order”
type of analysis with which most non-spectroscopic chemi-
cal practitioners are familiar. It is indeed these simple and
very approximate analyses (often of a qualitative nature)
which are applied to the vast majority of NMR spectral
data obtained. Thus at the outset it was recognized that this
compilation would need to be restricted to data from
compounds where (a) very high quality experimental
spectra and line frequency measurements were obtained,
(b) rigorous analytical methods were employed, and (c)
sufficient detail and documentation of the analyses were

J. Phys. Chem, Ref. Data, Vol. 8, Ne. 3, 1977



920 8. L. SHAPIRO AND L. E. MOHRMANN

given or very clearly implied. With only a few exceptions,
a simple, operationally useful criterion was applied: data
were compiled only for cases where computer-aided spectral
analyses were performed. In a very few instances, other
methods were equally valid, and such cases have been
considered.

Even with these limitations, a number of practical
reasons dictated that a selected set of sub-classes of
aromatic proton chemical shift data would be the subject
of this compilation. Taking all factors into account, it was
decided to limit the scope of this compilation as follows:

A. This compilation is limited to the compilation of
aromatic proton chemical shifts. Thus, the shifts of non-
aromatic protons in the same molecules are not included,
nor are any coupling constants or other type of NMR data.

B. The compound class would be limited to mono- and
di-substituted benzenes (and benzene itself) with the fol-
lowing additional restrictions:

(i) Polynuclear aromatic compounds were excluded, as

were all cases where the benzene ring is fused to a hetero- -

cyclic ring. (The tables of this compilation include a very
few such samples, but only when the compounds are very
closely related to other included compounds, and all quality
criteria are met.)

(ii) Protonated aromatic compounds, and other solutions
containing aromatic systems strongly perturbed by ion
formation are not included, because very little data on such
systems has been obtained with the requisite precision.
Exceptions are such included compounds as phenyllithium,
phenylmagnesium halides, and a few anilinium and phos-
phonium salts.

(iii) Likewise, few data are included on aqueous solu-
tions, for the reasons of lack of adequate referencing and/
or analytical accuracy. In fact, very few mono- or di-
substituted benzene shifts appear to have been determined
in aqueous media.

Within this context, the literature was searched by a
variety of means, including the following:

1. Line-by-line or pageby-page search of the major
scientific journals known to contain NMR data of adequate
quality.

2. Detailed manual and computer-assisted searching of
the extensive listings in the Nuclear Magnetic Resonance
Abstracts and Index published by the Preston Technical
Abstracts Company of Niles, Illinois.

3. Scrutiny of the major texts and reference books on
relevant areas of NMR spectroscopy, including available
issues of such serial publications as Annual Review of

NMR Spectroscopy, Progress in Nuclear Magnetic Reso-

nance Spectroscopy, NMR—Basic Principles and Progress _

and the Special Periodical Reports on Nuclear Magnetic
Resonance (Chemical Society of London, England).

4. Careful scrutiny of the references in more recent
articles where NMR data are found, to help insure that as
little as possible was missed in the older literature.

This compendium had as its goal the compilation of
shifts appearing in the literature up to and including

J. Phys. Chem. Ref. Data, Vol. 6, No. 3, 1977

journal issues dated through the month of June 1976. In a
few, relatively less important cases, unavoidable delays
made the cutoff date as much as a few months earlier.
Because of the analytical criteria discussed above, very
little data adequate for the purposes of this compilation
appeared before early 1965,-when snitahle computer pro.
grams became generally available.

Finally, one extensive collection of data of unquestion-
ably good quality was obtained from Dr. S. Castellano of
Carnegie-Mellon University, who kindly consented to the
appearance of these data in our compilation.

2. Explanation of Tables

1. Entry Number: A serial listing of edch data set,
beginning with entry 001 for each table.
2. Molecular Formula: The elements are arranged in

standard Chemical Abstracts order. Neither the molecular

formula nor the compound name are repeated for multiple
entries pertaining to the same compound.

3. Name: For each compound a common name is pro-
vided. The choice of names is based on utility rather than
Chemical Abstracts or IUPAC rigor. The following exam-
ples illustrate the types of names used: p-fluorophenol,
p-nitrostyrene, biphenyl, 9-iodofluorene, o-methoxyaceto-
phenone, m-cresol acetate, etc.

In a few cases, where the positions of substituents in the
molecule are of necessity designated in the usual numerical
fashion, this numbering conflicts with the uniform number-
ing system adopted for the aromatic protons, as indicated
below. This conflict is perforce left unresolved, but the
operational principle is that the numbered designations of
the protons for which NMR shifts are given refer explicitly
to the entries in the column marked “Substituents” and to

- the structural formula and proton code designations given

at the top of each table.

4. Substituent(s): The structure of the substituents is
given in the columns marked A (mono), or A and B
(ortho, meta, and para). As indicated in the structural
code formula at the top of each table, substituent A is
always that at C-1, with substituent B being at C-2 (ortho-
disubstituted compounds), C-3 (meta) or C4 (para),
respectively. Thus all proton shifts are unambiguously
designated.

In a number of cases, the oomplex1ty of the molecules
was such as to render the above designation of substituents
and proton designations extremely cumbersome. In such
instances, a single molecular formula appears centered in
the “Substituents” column. Such instances are immediately
obvious, and in these, a complete molecular formula with
proton designation numbers is given.

5. Proton Chemical Shifts, 8y: All shifts are reported on
the conventional 8-scale, i.e.; 8y (tetramethylsilane, TMS) =
0.00 by definition, with increasing 3-values referring to
shifts appearing at lower applied fields (or higher frequen-
cies) ; the dimensions of the 8-scale are parts-per-million
(ppm).



NMR SPECTRAL DATA 921

Shifts are reported to either 2 or 3 decimal places,
according to the compiler’s judgement of the accuracy with
which the line frequencies were determined, the analysis
performed, and the solution conditions defined. In some
cases, data given in the original publication to three decimal
places were rounded off to two.

Where three decimal places are glven, this should be
taken primarily as a judgement concerning the superior
precision and reliability of the chcmical shift values so
reported, even for those cases where the last figure is
probably subject to a =2 or 3 implied error limit for
reasons of statistical analysis and/or poorly defined con-
centration or temperature. Because of the latter sources of
systematic error, all three-decimal place data are probably
accurate to no better and %2 in the last place, and the
uncertainty is possibly as much as #+3 or even 4 in some
cases. Chemical shifts given to two decimal places are
believed to be accurate to at least =1 in the second deci-
mal place. (It was clear in at least a few cases thal some
of the two-decimal place data are really more prec1se than
the authors conservatively claimed.)

6. Solvents: For space reasons, the solvents are desig-
nated in tables I-IV by code numbers which are given in
both serial and alphabetical order in table V. Since solvent
isotope effects, if any such exist, are certainly much smaller
than other factors affecting the precision and accuracy of
the reported shifts, a single solvent designation is made for
an unlabelled and a deuterated solvent, e.g., code number 8
is used to refer to both acetone and acetone-dg. Code num-
ber 1 is used for the several shifts obtained on what NMR
practitioners normally refer to as a “neat liquid”. In fact,
it is the pure snhstance adulterated only hy a variable small
amount of the reference substance, usually tetramethyl-
silane.

Because of the well-known existence of solvent effects on
chemical shifts, data for a particular compound are given
in all solvents for which good quality data were found.
In a few cases, two measurements at approximately the
same concentration in the same solvent were reported. The
very close agreement of the two or more reports in such
cases gives a measure of the overall precision—and perhaps
accuracy—of these data. In other cases two reports may
differ by distinctly nontrivial amounts; the compiler was
unable to make an objective choice between the conflicting
values, even after close scrutiny of the original papers.
Hence both values were reported and caution is recom-
mended in the use of such data.

Table I contains a sizable number of reports on the
chemical shift of benzene at several concentrations in
several solvents, and measured at more than one spec-
trometer frequency. These data are useful for their own
sake, but it is hoped that an intercomparison of different
values obtained by different authors may also provide
valuable calibration guidance for interpreting data on
other compounds in these solvents.

7. Concentration: Where only a numerical value is given
in this column, it refers to the percentage of the substrate
in the indicated solvent. In the majority of works, the
distinction between w/w, w/v or other types of percentage
concentration is not made, and would probably be of
dubious meaning if it were. Thus the concentration per-
centages should be taken as only approximate, although
where more than one concentration of a substrate in a

" given solvent is reported in a paper, the relative concen-

trations are probably of good precision.

In some cases the authors gave the solute concentration
as molarity, with insuflicient data to convert this to a w/v
or other percent concentration. In these cases, the concen-
tration is given as e.g., 0.5 M. In the cases of the “neat
liquid” samples (solvent code No. 1), concentrations are
given as 100 (%) when it is clear that only a few (less
than 5) percent TMS was added as the internal reference,
whereas the concentration may be designated as 90 percent
or 80 percent, ctc., if larger amounts of tetramethylsilanc
were explicitly indicated. A concentration indication of
0 percent is used for those cases where chemical shifts were

carefully extrapolated to “infinite dilution”. In a number of

instances, more than one concentration in a particular
solvent is given so that the reader may assess for himself
some idea of the precision with which solutions are pre-
pared, data gathered, and analyses performed. In a very
few cases, no solvent is specified, and it is presumed that
the neat liquid was employed; such' data ave rarely in-
cluded, and then only for those compounds where the
spectral analysis precision is very high, and the compound
of particular intrinsic interest.

8. Temperature: The measurement of probe temperatures
is poorly done in many (perhaps most) otherwise caref!
NMR spectroscopic investigations, for reasons both tecn-
nical and historical. Where the temperature has been given
by the authors, it is provided in the tables, and otherwise
the general descriptor “x” is given for unspecified or
inadequately specified references to temperature. In most
such cases, the sample temperature will be in the range
22-38 °C. Over such a range, chemical shift variations are
normally less than 0.01 ppm for the type of protons in the
compounds of this compilation. While this may seem
unsatisfactory to the purist, the exclusion of all data for
which accurate temperature measurements are not reported
would result in a compilation containing very few shifts
indeed. :

9. Spectrometer Frenquency: The spectrometer frequency
in megahertz (MHz) is given, with the designation “60 or
100" used where an author gives the chemical shifts only
as the final 8y values, rather than the raw, observed fre-
quencies. In such investigations, one spectrometer fre-
quency may be used for some of the data, and another for
the remainder of the data, or two spectrometers used to
check the same sample. These spectrometer frequencies are
given so that one can compare the value obtained when a

3. Phys. Chem. Ref. Data, Vol. 6, No. 3, 1977
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given sample is reporied at the same or similar concentra-
tions in the same solvent.

10. Reference: The complete literature citation is given
in the list of references at the end of the compilation, along
with an author index. .

11. Footnotes: Attention is drawn to footnote indicators
a-e in the data tables. These footnotes are stated only once
at the end of each table while the symbols *, 1, §, and (
refer only to the page on which they appear, with the
explanatory material appearing as footnotes on that page.
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PROTON CHEMICAL SHIFTS, 6Ha, IN MONQSUBSTITUTED 5 Table 1
BENZENES (AND IN BENZENE ITSELF)

6 <,
3
csHa ;

Entry  Molecular 2,6 3,5 4 2 Coner® Temp. Sprgqt',
No. Formula Name {ortho) (meta) (para) & _ (%) (°c)  (MHz)
001 C6H58r bromobenzene Br 7.294 6.948 7.019 90 xd 100
002 Br 7.301 6.950 7.022 1 100 36 60
003 Br 7.495  7.237  7.297 2 ¢ 52 80
004 Br 7.445 7173 7.220 4 0 52 60
005 Br 7.438 7.174  7.216 4 0 X 100
006 Br 7.430 7.154  7.202 4 10 36 60
007 Br 7.533 7.312  7.357 8 0 52 60
008 Br 7.410 7.095 7.148 9 0 52 60
009 Br 7.467 7.192 7.242 10 0 52 60
010 Br 7.505 7.263  7.310 1 0 52 60
011 Br 7.400 7.092 7.147 12 0 52 60
012 Br 7.522 7.287 7.333 13 0 52 60
013 By 7.495 7.273  7.327 14 0 52 60
014 Br 7.512 7.298 7.338 15 0 52 60
015 Br 7.383 7.068 7.125 25 10 38 60
016 CSHSBI‘Mg phenylmagnesium tromide MgBr 7.64 7.02 6.98 10 ™ 33 60
017 MgBr 7.64 7.00 6.98 10 ™ X 100
018 MgBr 7.656 7.067 7.000 10 10 36 60
019 MgBr 7.640 6.952 6.870 27 10 36 60

Ref.

52
27
10
10
51
27
10
10
10
10
10
10
10
10
53
36
49
95
95

ViVQ TVv3alo3ds dWN
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PROTON CHEMICAL SHIFTS, SHa, I MONQSUBSTITUTED [ Table I
BENZENES (AND IN BENZENE ITSELF)
6 a
3
S -
<
Entry  Molecular 2,6 3,5 4 2 Conen®
No., Fornula Name (ortho) {meta) (para) & _ (%)
020 C6H5m chlorobenzene C"I 7.139 7.005 6.970 1 30
021 cl1 7.141  6.999 6.966 1 130
022 C1 7.340 7.300 7.248 2 0
023 Cl1 7.264 7.196  7.141 4 10
024 C1 7.288 7.238 7.173 4 0
025 C1 7.281 7.233 7.167 4 0
026 C1 7.378 7.370  7.308 8
027 C1 7.245 7.153  7.098 9 0
028 C1 7.307 7.257  7.197 10 0
029 cl 7.350  7.323  7.260 11
030 C1 7.235 7.150  7.093 12 0
031 C1 7.365 7.343  7.280 13 0
032 C1 7.338 7.333  7.277 14 0
033 C1 7.353 7.348 7.285. 15 0
034 C1 7.223 7.128 7.078 25 10
035 C6H5C1025 benzenesulfonyl chloride SOZC'! 7.939 7.487  7.605 1+6 30
036 SOZC'I 8.020 7.603 7.701 4 0
037 C6H5C13Ge phenyltrichlorogermane Gem3 7.67 7.52 7.46 4 33

Spect.
Temp. Freq.
(°0)  (MHz)  Ref.

& 100
36 60
52 60
36 60
52 60
X 100
52 60
52 60
52 60
52 60
52 60
52 60
52 60
52 60
38 60
X 100
X 100
60

or
100

52
27
10
27
10
51
10
10
10
10
10
10
10
10
53
52
51

99

1743
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PROTON CHEMICAL SHIFTS, 6Ha, IN MONOSUBSTITUTED 3 5 Table I
BENZENES (AN) IN BENZENE ITSE.F)
2 6 N
[«
3
a (=}
A rSH 2
S Spect.
Entry  Molacular 2,6 3,5 4 Z Concn® Temp. Freg.
No. Formula Name A (ortho) (meta) (para) & (%) (°C) (Miz) Ref.
d 60
038 C.H_Cl1,Si phenyltrichlorosilane SiCl 7.73 7.44 7.37 4 33 X or 99
65 3 3 100
60
039 C_H.C1,Sn phenyltrichlorostannane SnC1 7.55 7.53 7.50 4 33 X or 99
653 3 100
040 CGHSF fluorobenzene F 6.863 7.072 6.89%6 1 100 36 60 27
041 F 7.050 7.337 7.128 2 0 52 60 10
042 F 6.973 7.241 7.034 4 10 36 60 27
043 F 6.970 7.246 7.037 4 10 38 60 58
044 F 6.938 7.270 7.050 4 0 52 60 10
045 F 7.100 7.393 7.177 8 0 52 60 10
046 F 7.080 7.371 7.135 8 10 38 60 58
047 F 6.927 7.202 7.000 9 0 52 60 10
048 F 7.010 7.290 7.035 10 0 52 60 10
049 F 7.067 7.353  7.143 11 0 52 60 10
050 F 6.918 7.193 6.930 12 0 52 60 10
051 F 7.080 7.370 7.155 13 0 52 60 10
052 F 7.060 7.353 7.130 14 0 52 60 10
053 F 7.073 7.370 7.150 15 0 52 60 10
054 F 6.889 7.100 6.922 2] 85 36 50 27

Vivda 1vildoads ¥WN

6Z6
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PROTON CHEMICAL SHIFTS, 6,%, IN MONOSUBSTITUTED Table 1
BENZENES (AND IN BENZENE ITSELF)
'QQJ
g
5y -
c
Entry Molecular 2,6 3,5 4 f? Concn  Temp.
No. Formula Name {ortho) (meia) (para) & _ (%) (°c)
055 C6H5F fluorobenzene 7.047 7.339  7.130 22 10 38
056 6.947 7.208 7.014 2% o¢ 38
057 6.921 7.183 6.983 25 10 38
058 6.878 7.107  6.921 25 50 38
059 6.871 7.079 6.902 25 80 38
060 6.870 7.076  6.900 25 100 38
061 7.082 7.366 7.163 26 10 38
062 7.145 7.408 7.187 28 10 38
063 7.062 7.340 7.128 29 10 38
064 C6HSI ) iodobenzene 7.510 6.846 7.079 1 90 xd
065 7.5200  6.863  7.099 1 100 36
066 7.707 7.105 7.330 2 0 52
067 7.643 7.041  7.253 4 0 X
068 7.653 7.045 7.257 4 0 52
069 7.637 7.029 7.245 4 10 36
070 7.738 7.172  7.387 8 0 52
071 7.625 6.960 7.185 9 0 52
072 7.678 7.062 7.283 10 0 52

Spact.
Freq.
(MHz) Ref.
60 58
60 57
31,

60 57,58
60 57
60 57
60 57
60 58
60 58
60 58
100 52
60 27
60 11

100 51
60 11
60 27
60 11
60 11
60 11

T4
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PROTON CHEMICAL SHIFTS, 6Ha, IN MONOSUBSTITUTED

Tadle I
BENZENES (AND IN BENZENE ITSELF)
lQOJ
2
5 -
Entry  Molecular 2,6 355 u E ConcnS  Temp. Spr:qt.-
No. Formula Name {ortho) (meta) (para) & _ (%) o) (MHz) Ref.
073 C6H5I iodobenzene 1 7.717 7.127 7.343 11 o° 52 60 11
074 I 7.613 6.960 7.182 12 0 - 52 60 11
075 I 7.730 7.143  7.362 13 0 52 60 11
076 I 7.698 7.143  7.363 14 0 52 60 1
077 I | 7.715 7.183  7.363 15 0 52 60 1
078 I 7.593 6.940 7.168 25 10 38 60 53
079 C6H5Li pheny1lithium Li 8.01 7.04 6.96 '10 ™ Xd 100 49
080 Li 8.02 7.02 6.96 10 1.0M 33 60 36
081 Li 8.034 7.052 6.974 10 10 36 60 95
082 C6H5N0 V nitrosobenzene NO 7.813 7.548 7.610 4 10 36 60 28
083 C6H5N02 nitrobenzene NO2 8.106 7.480 7.64_2 1 90 X 100 52
084 NO2 8.106 7.485 7.648 1 - 100 36 60 28
085 NO'2 8.203 7.550 7.702 2 0 52 60 10
086 NO2 8.207 7.512  7.633 4 0 X 100 51
087 NO2 8.203 7.512 7.633 4 0 52 60 10
088 NO2 8.191 7.520 7.653 4 10 36 60 28
089 NO2 8.238 7.670 7.820 8 0 52 - 60 10
090 NO2 8.160 7.561° 7.72% 8 70 36 100 18
091 N02 8.158 7.398 7.520 9 0 52 60 10

viva 1vilo3ads IwN
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PROTON CHEMICAL SHIFTS, GHG, IN MONOSUBSTITUTED 5 “able I
BENZENES (AND IN BENZENE ITSELF) |
6 <,
3
Sy -
Entry Molecular . 2,6 3,5 4 § Conen  Temp. Spr;qt..
No. Formula Name (ortho) (meta) (para) & _ (%) (°C) (MHz) Ref.
092 CGHSNOZ nitrobenzene NO2 3.207 7.545 7.678 10 0° 52 60 10
093 NO, 8.237 7.630 7.768 11 0 52 60 10
094 NO2 3.148 7.393 7.520 12 0 52 60 10
095 NO2 3.263 7.662 7.803 13 0 52 60 10
096 'NQZ 8.222 7.658 7.807 14 0 52 60 10
097 NO2 8.225 7.660 7.805 15 0 52 60 10
098 NO2 5.090 7.394 7.535 25 10 38 60 76
099 C6H5N3 azidobenzene N3 6.925 7.234' 7.0é7 4 10 36 60 95
100 C6H5Na0 sodium phenolate ONa 6.435 6.819 6.101 28 10 36 60 95
101 CGF5Na025 sodium benzenesulfinate SOzNa 7.557 7.330 7.269 5 10 36 60 95
102 CghgNa0ss sodiun benzenesulfonate 503Na 7.675 7.343  7.330 5 10 36 60 95
103 C6H6‘ benzene H 7.150 7.150  7.150 1(=6) 100 xd 60 - 32
104 H 7.189  7.159  7.159 1(=6) 100 X 100 42
105 H 7.192 7.192  7.192 1(=6) 100 X 60 65
106 H 7.146 7.146  7.146 1(=6) 100 33 100 74
107 H 7353 7.353 7.353 3 5 28 60 56
108 H 7.339 7.339  7.339 3 5 X 60 32
109 H 7.336 7.336 7.336 3 5 33 100 74
110 H 7.323 7.323  7.323 3 10 X 60 65

826
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PROTON CHEMICAL SHIFTS, 6Ha, IN MONOSUBSTITUTED 3 5 Table I

BENZENES (AND IN BENZENE ITSELF)

2 6 -
3
A 57 f%

Entry  Molecular 2,6 3,5 ¢ g Concn  Temp. SFprequt..

No Formula : Name A (ortho) (meta) (para) & _(%) (%) _(MHz) Ref.
11 CGHg benzene H 7.255  7.255 7.255 4 o® 2 100 51
112 H 7.258  7.258 7.258 4 1.4 52 60 11
113 H 7.266  7.266 7.266 4 2 X 40 30
114 H 7.257  7.257 7.257 4 5 X 60 32
115 ' H 7.248  7.248 7.248 4 6 33 100 74
116 H 7.262  7.262 7.262 4 10 X 60 65
117 H 7.357  7.357 7.357 5 10 x 60 65
118 H 7.222 7222 7.222 7 10 X 60 65
119 H 7.34 734 7.3% 8 2 40 60 34
120 H 7.335  7.33 7.335 8 10 X 60 65
121 H 7.213  7.213 7.213 9 10 X 60 65
122 H 7.257  7.257 7.257 10 1.0M 33 60 36
123 H 7.267  7.267 7.267 10 10 X 60 65
124 H 7.22 7.22  7.22 12 0.02M 29 60 1
125 H 7.214  7.214 7.214 12 1.4 52 60 1
126 H 7.23 7.23  7.23 12 2 40 60 34
127 H : 7.213  7.213  7.213 12 10 X 60 65
128 H 7.310  7.310 7.310 22 10 X 60 65
129 H 7.23 7.23  7.23 24 0.024 10 60 1
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PROTON CHEMICAL SHIFTS, 6%, IN MONOSUBSTITU"ED 3 5 Table I

BENZENES (AND IN BENZENE ITSELF)

L2 6 =,
2
A By fz

Entry  Molecular : 2,6 3,5 3 g Concn?  Temp. SFDrequt--

Na. Formula Name ; A {(ortho) (meta) (para) & _ (%) (°C) (MHz) Ref.
130 C,H, benzene H 7.21 7.21  7.21 24 0.0 30 60 1
131 H 7.216  7.216 7.216 25 5 60 32
132 H . 7.213  7.213 7.213 25 10 38 60 53
133 H 7.34 7.3¢ 7.3 26 2 40 60 34
134 H 7.352  7.352. 7.352 26 10 X 60 65
135 H 7.285 7.285 7.285 27 10 X 60 65
136 H 7.360  7.360 7.360 28 10 X 60 65
137 H 7.285  7.285 7.285 31 10 X 60 65
138 H 7381 7.3 7.301 32 10 X 60 65
139 H- 7.290  7.290 7.290 33 10 X 60 65
140 H 7.318  7.318 7.318 34 10 X 60 65
141 CGHO phenol OH 6.733  7.094 6.815 4 10 36 60 28
142 OH 6.697 7.133 6.808 4 0° X 100 51
143 OH 6.615  7.020 6.761 6 10 36 60 28
144 OH 6.836 7.168 6.799 8 10 36 60 95
145 OH 6.838 7.174 6.803 8 1.0M  x 100 9
146 OH 6.67 6.99 6.72 12 5 X 100 79
147 . OH 6.816  7.125 6.767 37 10 _ 36 60 95
148 OH 6.656  7.043 6.656 38 10 36 60 95

age
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PROTON CHEMICAL SHIFTS, &4, IN MONOSUBSTITUTED 3 5 Teble I
BENZENES (AND IN BENZENE ITSELF)
' 2 6 )
3
A 5y -
Entry  Molecular 2,6 3,5 4 g Concn®  Temp. 'Sprecqt..
No, .__ Formula Name A (ortho) (meta) (para) & _ (%)  (°C) (MHz) Ref.
149 C,H0 pheno OH 6.8717  7.208" 6.802" 39" 10 % 60 95
150 OH 6.673 7.177° 6.609" 40" 10 36 60 95
151 CEHS thiophenol SH 710 7.02 695 12 5 100 79
152 C6H7BO2 phenylboronic acid B(OH)2 7_.712 7.306 7.359 22 10 >36 60 95
153 CGHoN ' aniline NH,y 6.375 7.033 6.664 1 90 X 100 52
154 NH, 6.354  7.009 6.639 1 100 36 60 28
155 ‘ NH,, 6.647 7.107 6.693 2 o 52 60 10
156 NH, 6.520 7.013 6.610 4 O 52 60 10
157 v NH, 6.509  7.006 6.603 4 0O x 100 51
158 NH, 6.457  7.008 6.618 4 10 36 60 28
159 NH, 6.356  7.050 6.692 6 17 X 100 23
160 NH, 6.637 7.017 6.553 8 0 52 60 10
161 NH, 6.477 6.985 6.600 9 0 52 60 10
162 NH,, 6.542 6.977 6.530 10 0 52 60 10
163 NH,, 6.585  6.990 6.538 11 0 52 60 10
164 NH, 6.480  6.983 6.595 12 0 52 60 10
165 NH, 6.600 7.000 6.547 13 0 52 60 10
166 N, 6.637  7.028 6.577 14 0 52 60 10

*Shifts measured relative to DSS (sodium 2,2-dimethyl-2-silapentane-5-sulfonate) and convarted to normal &-scale. See Solvent Table vre detail
of solvents No. 39 and 40. .
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PROTON CHEMICAL SHIFTS, 8", IN MONOSUBSTITUTED 5 Table I
BENZENES (AND IN BENZENE ITSELF) 6 X

)

8

8, ;

Entry Molecular 2,6 2,3 4 ..g.J ConcnS  Temp. SFpreecqt.'
No. Formula Name (ortho) imeta) (para) § _ (%)  (°C) (MHz) Ref.
167 CGH N aniline NH2 6.600 6.983 6.512 15 ¢ 52 60 10
168 CGHBGe phenylgermane GeH3 7.44 7.24 - 7.28 4 0 xd 100 45
169 CGHBGeO ‘phenokygermane OGEH3 6.67 6.99 6.72 12 5 X 100 79
170 C6H86eS thiophenoxygermane SGeH3 7.10 7.02 6.95 12 5 X 100 79
171 Cghgh, phenylhydrazine NHNH, 6.700 7.171  6.765 3 10 36 60 95
172 _C6H8051 phenoxysilane OS1’H3 6.76 7.08 6.82 12 5 X 1Q0 79
173 CGHBSSi thiophenoxysilanr SS1’H3 7.12 7.04 5.96 12 5 X 100 79
174 CeHgSi phenylsilane SiH, 7.501 7.253  7.300 4 10 36 60 95
175 SiH, 7.52 7.27 7.32 4 0 X 100 45
176 - C7H53f‘0 benzoyl bromide COBr 7.877 7.351 7.555 T 100 36 .60 95
177 CoBr 8.056 7.468 7.624 4 0 X 100 51
178 COBr 8.029 7.466 7.636 4 10 36 60 95
179 C7H5C'IO benzoyl chlor‘de coc1 7.928 7.351  7.537 1 90 X 100 52
180 | €oC1 7.930 7.354 7.504 1 100 36 60 95
181 coc1 8.095 7.477 7.616 'v4 0 X 100 51
182 » coch 8.072 7.4717 7.628 4 10 36 60 95
183 C'7H5(3'l3 benzotrichlor‘de CC13 7.813 7.186 7.167 19 X 100 52
184 | CC1, 7.816 7.191  7.170 1 100 36 60 95
185 ccl 7.893  7.381 7.356 4 0 X 100 51
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PROTON CHEMI CAL SHIFTS, éHa, INbMONOSUBSTITUTED g Table I
BENZENES (AND IN BENZENE ITSELF)
6 FQQJ
=3
S <
Entry Molecular 2,6 3}5‘ 4 ,g Concﬁ? Temp. igiii' .
No, Formula ‘Name (ortho) (meta) (para) & _ (%) (°c) (Mﬁz}_ Ref.
186 C7H5CI3 benzotrichloride CC13 7.882 7.308  7.324 4 10 36 60 95
. d 60
187 CC]3 7.87 7.30 0 7.31 4 33 X 188 99
188 C7H5FO benzoyl fluoride COF 7.885 7.394 7.581 1 - 100 36" 60 95
189 COF 7.973 7.469  7.640 4 10 36 60 95
190 C7H5F3 benzotrifluoride CF3 7.448 7.189 7.257 1 100 32 100 19
191 CFy 7.452 7193 7.259 1 100 3 60 19
192 CFy 7.557  7.378  7.439 4 10_ 36 60 19
193 C7H5N benzonitrile CN 7.559  7.387 7.522 1 90 X 100 52
194 CN 7.559 7.387 7.522 1 100 36 60 95
195 N 7.616 7.437  7.837 4 ¢ X 100 51
196 CN 7.596 7.443  7.559 4 10 36 60 95
197 ~CN 7.614 7.438 7.570 8+25 70 T X 90 54
198 C7H5N0 phenyl isocyénate NCO 6.985 7.216  7.090 4 10 36 60 95
199 C7H5F2v benzal “luoride CHF2 7.204 7.037 7.068 6 15 30 100 22
200 C4HO Vbenzaldehyde CHO 7.819 7.413  7.508 1 - 100 36 ‘60 95
201 CHO 7.816  7.476 7.549 4 0 X 100 51
202 CHO 7.818 7.478  7.552 4 2.6 X 100 51
203 CHO 7.797 7.449 7.535 4 10 36 60 95
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PROTON CHEMICAL SHIFTS,‘GHa, IN MONOSUBSTITUTED 5 Table 1
BENZENES (AND IN BENZENE ITSELF)
[«
8
a (%]
6H +
' : ]
Entry Molecular 2,6 3,5 4 2
No. Formula, Name (ortho) (meta) (para) 3
204 c;rso benzaldehyde CHO 7.788 7.438 7.526 4
205 CHO 7.81 7.45 7.54 5
206 C7I=602 benzoic acid CQZH 8.11 7.44 7.53 4
207 C02H ) 8.081 7.510 7.624 8
208 C02H 8.059 7.498 7.612 8
209 C7F7NO benzamide CONH2 7.954 7.443  7.514 8
210 CONH, 7.964  7.445 7.515 8
211 C7H8 toluene CH3 6.973 7.085 7.004 1(=20
212 C7H80 anisole OCH3 6.790 7.138  6.830 1
213 OCH3 6.784 7.132  6.823 1
214 OCH3 6.771 7.162 6.816 4
215 OCH3 6.904 7.259  6.901 8
216 OCH, 6.772  7.149 6.817 4
217 OCH3 6.72 7.08 6.75 12
218 OCH3 6.753 7.111  6.786 25
219 C7H803S methy1~benzenesd1fonate SOZOCH3 7.936 7.596 7.672 ]
220 SOZOCH3 7.859  7.511 7.588 4
221 C7h8035 phenol methanesulfonate OSOZZH3 7.21 7.33 7.25 4
222 C7r85 thioanisole SCH3 7.10 7.07 6.93 12

Concn?

(%) (°C)  (MHz) Ref.

25.4
i
OG
1.0M

10

Spect.

Temp. Freq.
2 100
X 100
X 100
X 100
36 60
36 60
36 60
36 60
X 100
36 60
X 100
x 100
36 60
X 100
38 60
X 100
X 100
X 100
X 100

51
85
65

9
95
95
95
95

52

28
57

9
28
79
76
52
51
65
79

€6
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PROTON CHEMICAL SHIFTS, GHa, IN MONOSUBSTITUTED 3 5 Table I
BENZENES (AND IN BENZENE ITSELF)
2 6 o
%’
A . S -
Entry  Molecular 6. 35 4 e tem. her
No. Formula Name A (ortho) (meta) (para) & _ (%) (°c) (MHz) Ref.
223 C7H9N : N-methylaniline NHCH3 6.324 7.064 6.624 1 90 Xd 100 52
224 NHCH3 6.337 7.080 6.639 1 100 36 60 28
225 v NHCH3 6.460 7.035 6.571 4 ¢ X 100 51
226 NHCH3 6.434 7.042 6.578 4 10 36 60 28
227 C8H6 phenylacetylene : C=CH 7.457 7.121  7.135 1 100 36 60 30
228 C=CH 7.419 7.226 7.240 4 15 36 60 30
229 C8H8 styrene CH'—‘CH2 7.230 7.113  7.059 1 100 36 60 95
230 - CH=CH2 7.296 7.206 7.140 4 10 36 60 95
231 C8H8DNO acetanilide-d CH3C0ND 7.644 _ 7.237  6.999 8 1 X 100 23
232 CBHSO acetophenone COCH3 7.888 7.346 7.348 1 90 X 100 52
233 . COCH3 7.886 7.345 7.446 1 100 36 60 95
234 COCH3 7.874 7.390 7.467 4 0 X 100 51
235 COCH3 7.860 7.366 7.453 4 10 36 60 95
236 COCH3 7.86 7.37 7.45 -5 xd X 100 85
237 C8H802 methy1 benzoate COZCH3 8.051 7.352 7.455 1 90 X 100 52
238 . ' C02CH3 8.037 7.339  7.440 1 100 36 60 95
239 COZCH3 8.03 7.40 7.51 3 13 X 100 3
240 methy1 benzoate-carboxyl- 12 13c0,cH, 803 7.40 752 3 13 x 100 3
241 methy1 benzoate COéCH3 7.968 7.364 7.464 4 0 X 100 51
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PROTON CHEMICAL SHIFTS, dHa, IN MONJSUBSTITUTED 5 Table I
BENZENES (AND IN BENZENE ITSELF)
6 Q
(3]
3
a S
6H o
5
Entry Molecuiar 2,6 3,5 4 =
No Formula Name (ortho) (meta) (para) &
242 C8H802 methyl benzoate COZCH3 7.974 7.342 7.445 4
243 COZCH3 3.016 7.496 7.618 8
284 CgHg0, phenol acetate 0COCH, 7.073  7.230 7.075 1
245 IOCOCH3 7.003 7.282 7.123
246 OCOCH3 7.103 7.374  7.213
247 C8H802 phenylacetic scid CHZCOZH 7.305 7.295 7.233
248 C8H9NO acetanilide NHCOCH3 7.44 7.25 7.04 3
249 C8H]]N N,N-dimethylariline N(CH3)2 6.535 7.127  6.667
250 N(CH3)2 6.541 7.128 6.667 1
251 VN(CH3)2 .6.596 7.075 6.582 4
252 N(CH3)2 6.590 7.085 6.598 4
253 C8H]1O3P dimethyl phenylphosphonate PO(OCH3)2 7.724 7.403  7.483 4
254 C9H1OO allyloxybenzere OCHZCH=CH2 5.806 7.133  6.832 1
255 CgH]OO 2-phenyloxetane CH——(liH2 7.30 7.28 7.18 4
0—-——CH2
256 ?H—_$H2 7.35 7.20 7.10 6
O—-——CH2
257 CQH]OO propiocphenone COCHZCH3 7.891 7.344 7.438 1

© o0 P

—

Concn®  Temp. iﬁiﬁf'
(%) (°C) _(MHz) Ref.
10 36 60 95
Low & 100 9
90 X 100 52
0¢ X 100 51
T.OM  x 100 12
1.0M  x 100 12
0 X 100 65
90 X 100 52
100 36 60 28
0 X 100 51
10 36 60 28
10 36 60 95
90 X 100 52
2-5 X 300 81
2-5 X 300 81
90 X 100 52

NNVWYHOW ‘3 1 ANV OYIdVHS "1 ‘9.
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PROTON CHEMICAL SHIFTS, SHa, IN MONQSUBSTITUTED 3 5 Table I
BENZENES (AND IN BENZENE ITSELF) '
2 6 o
2
5.2 S
A . H 2
& Spect.
Entry  Mclecular. 2,6 3,5 1 = Concn® Temp. Freg. _
No. Formula Name A (ortho) (meta) (para) & _ (%) (°c)  (MHz) Ref.
258 CgHy 0 propiophenone COCH,CH, 7.880 7.380 7.452 4 0o° x3 100 &
259 - CQHMIN trimethylanilinium jodice N+(CH3')3I- : 7.979 7.658 7.604 22 15 36 60 28
260 CoH\NO,S  amphetamine sulfate CH,CH{CH ) T 50, 7.32°  7.43° 7.3 30" omM 21 250 61
261 C]OHIZOZ isopropyl benzoate COZCH_(CH3)2 8.056 7.331  7.418 1 90 ,X 100 52
262 COZCH(CHS)Z 7.957 7.348 7.443 4 0 X 100 51
263 C'IOHM tert-butylbenzene C(CH3)3 7.267 7.150 7.019 1 100 36 60 95
264 : C(CH3)3 » 7.280 7.173 7.045 4 10 36 60 .29
265 ¢y o ~ 2-phenylpyridine 2-CoH N 7.084  7.335 7.272 4 1-2M 37 60 70
266 C”HM»OZ isobutyl, benzoate COZCHZCH(CH3)2 7.970 7.364  7.457 4 0 X 100 51
267 ClZHSDS bipheny] -d5 C6D5 . 7.581 7.416 7.324 3 5 ‘ 28 60 56
268 C6D5 7.440 7.265 7.170 25 5 28 60 56
29 Cy HgNO 2-benzoylpyridine c0-(2-Cgh )t 8.115 7.372 7.461 4 20 . 35 60 43
270 CTZH'!O biphenyl C6H5 7.59 7.41 7.32 3 5 28 60 56
2” ) CGHS 7.479 7.320 7.224 4 5 36 60 95
272 C6H5 7.468 7.301 7.207 4 10 36 60 95
273 ) C6H5 7.436 . 7.260 7.169 25 5 28 60 56

*
S?ﬁ't§ meisnred?)ge]ative to DSS (sodium 2,2-dimethyl-2-silapentane-5-sulfonate) and converted to normal s-scale. See Solvent Table re details
of solvent No. 30. .

*2-95H4N=2-pyridy1.
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PROTON CHEMICAL SHIFTS; 6Ha, IN MONOSUBSTITUTED 3 5 Table I
BENZENES (AND IN BENZENE ITSELF)
2 6 o
@
g
a o
A GH 4‘.:3
] Spect.
Entry  Molecular i : 2,6 3,5 4 - 2 Concn® Temp. Freq.
No Formula Name A (ortho) (meta) (para) & (%) (°C) (MHz) Ref.
274 C]Zch]ZGe dichlorodiphenylgermane Ge(CEHS)C‘é2 7.555 7.030 7.073 6 5 33 100 74
275 C72H10C125i dichlorodiphenylsilane ST(CEHS)C12 7.646 7.050 7.103 6 5 33 100 74
276 C]szCJZSn dichlorodiphenylstannzne Sn(C6H5)012 7.385 7.041 7.069 6 5 33 100 74
277 C]ZH}OFZSi difluorodiphenylsilane S‘i(CGHS)F2 7.57 7.06 7.15 6 5 33 100 74
278 C]ZHTDHQ diphenylmercury HgCé.H5 7.256 7.263' 7.055 7 10 36 60 95
279 CpHy Mg diphenylmagnesium MgC cfe 7.70  7.06 696 w0 2 @ e 77
280 CqpHygN, cis-azobenzene (cis) N=N-CeHig 6.728  7.141 7.021 4 10 36 60 95
- 281 Cyty s trans-azobenzene (trans) N=N-CHe 7.883 7.406 7.347 4 10 36 60 95
282 C]ZH]OO diphenyl ether 0C6H5 . 6.925 7.094 6.895 1 100 36 60 28
283 ‘ OC6H5 6.925 .7.218 6.977 4 10 36 60 28
284 C]éH]OS diphenyl sulfide SCeMs 7.204  7.056 7.004 1 .90 X 100 52
285 SC6H5 7.255 7.025 6.979 1 100 36 60 95
286 ‘ C]QHmS2 diphenyldisulfide SZCGHS 7.500 7.277  7.200 3 5 38 60 72
287 SZCGHS 7.298 7.032 6.963 7 5 38 60 72
288 52C6H5 7.427 7.187 7.113 8 5 38 60 72
289 C]zH]DZn diphenylzinc ZnC6H5 7.57 7.19 7.16 10 X X 60 77
. 60
290 CRZHZOGG phenyltriethylgermane Ge(C2H5)3 7.34 7.20 7.20 4 33 X 186 99
60
291 C12H20Pb phenyltriethylplumbane Pb(C2H5)3 7.37 7.20 7.1 4 33 or 99

100

8¢€6
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PROTON CHEMICAL SHIFTS, GHa, IN MONOSUBSTITUTED

5 Table I
BENZENES (AND IN BENZENE ITSELF)
6 Q
]
3
a S
8 2
. : Spect.
Entry  Molecular 2.6 3,5 4 E ConcnS  Temp. Freq.
No. Formula Name A (ortho) (meta) (para) & _ (%) (°c)  (MHz) Ref.
. ;60
292 C,, H,nSi phenyltiriethylsilane Si(CH:) 7.48 7.31 7.22 4 33 X or 99
12720 25’3 100
. 60
293  C,,H,aSn phenyltriethylstannane Sn(CH.) 7.35 7.19 7.19 4 33 X or 99
12720 ) 25’3 100
294 C13H]OC12 dichlorodiphenylmethane C(C6H5)C]2 7.584 6.986 6.963 6 5 33 100 74
295 C13H]00 benzophenone COC6H5 7.702 7.363  7.452 4 20 36 60 63
296 C]3H]002 phenyl1 benzoate COZCGHS ‘ 8.147 7.425 7.527 4 5 36 60 95
297 C02C6H5 8.137 7.407  7.509 4 10 36 60 95
298 C.|3H1002 phenyl benzoate 0COC6H5 7.160 7.339  7.°73 4 5 36 60 95
299 0COC6H5 7.154 7.327 7.162 4 10 36 60 95
300 C14H]0 diphenylacetylene CEC-C6H5 7.458 7.251  7.224 4 7 36 60 30
301 CEC-C6H5 7.461 7.218 7.794 4 14 36 60 30
302 C H N 3,6-diphenyl-s-tetrazine ¢ Q\“- C.H e561 7550 7567 35 17 3 60 95
1471074 ’ 2TRERTRSINE A VA ' ' '
303 C]4H1002 benzil ‘C0C0C6H5 7.319 7.444  7.563 4 5 36 60 95
304 COCOCGHS 7.303 7.423  7.547 4 10 36 60 95
305 COC0C6H5 8.115 7.372  7.461 4 18 36 60 95
306 C0C0C6H5 7.371 7.602 7.747 8 10 36 60 95
307 ‘C]4H]2 trans-stilbene (trans) CH=CHC_H 7.417 7.260 7.161 4 2 36 60 95
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PROTON CHEMICAL SHIFTS, éHa, IN MONOSUBSTITUTED 3 g Takle 1
BENZENES (AND IN BENZENE ITSELF)
2 6 -
U
3
a [as}
: Spect.
Entry  Molecular 2,6 3.5 4 = Conen® Temp. Freq.
No. Formula Name A (orzho) (meta) (para) & _ (%) (°c)  (MHz) Ref.
308 C14H12 trans-stilbene (trahs) CH=CHC6H5 7.329 7.195 7.104 7 xc* 36 60 95
309 ]5H1002 3-phenylmethylidenephthalide R 7.88 7.40 5 8 0.5M 24 80 84
310 615 10023 3~phenylthiomethylidenephthalide s-R" 7.30 7.59 . 8 0.5M 24 80 84
31T Cqghiyals diphenylmethyl-s-triazine 3(C6 Y(CH ) 8.564 7.396  7.431 4 1-2M 37 60 70
312 C]8H15C1Pb chlorotriphenylplumbane Pbc1( ) 7.939 7.538 7.368 5 10 36 - 60 95
313 C]8H15C151 chlorotriphenylsilane SiC]( ) 7.579 7.332  7.381 4 5 36 60 95
314 S1C1(C H ) 7.579 7.309 7.357 4 10 36 60 95
315 51c1(c6H5)2 7.589 7.314  7.373. 10 5 29 100 97
316 18 15C]Sn chlorotriphenylstannane SnC](C6H5)2 7.856 7.448  7.396 5 10 36 60 95
317 CygHy5FSi fluorotriphenylisilane S1F(C6H5)2 7.588 7.321  7.389 10 5 29 100 - 97
318 C18H1SGeN3 azidotriphenylgermane Ge(C 6 5)2 3 7.589 7.417  7.443 3 5 33 100 74
319 18 ]5N3Pb azidotriphenylplumbane Pb( )2 7.57  7.44 7.3 3 <5 33 100 74
320 C]8H]5N3SI azidotripheny1silane Si(C 6 5)2 3 7.603 7.375  7.433 3 5 33 100 74
321 C]8H15N3Sn azidotriphenylstannane Sn(C 6 5)2 3 7.610 7.432 7.431 3 5 33 100 74
322 C]8H150AS triphenylarsine oxide AsO(CsHS)2 7.722 7.487 7.540 3 15 36 60 95

0
* ' . + ' 5 ‘ %
Low concentration - saturated solution; 'R- @.. 3 “shift not reported; 'Cq 2(C H )(CH ) = methyiphenyl-s-triazenyl.
|
CH
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PROTON CHEMICAL SHIFTS, SHa, IN MONOSUBSTITUTED 3

5 Teble I
BENZENES (AND IN BENZENE ITSELF)
2 £ Q
U
3
a [x3
A SH 2
. 1 Spect.
Entry  Molecular 2,6 3,5 A Z Concn® Temp. Freq.
Mo Formula Name A {ortho) (meta) (rara) & _ (%) (°C)  (MHz) Ref.
323 C18H150P triphenylphosphine oxid2 ‘ PO(C6H5)2 7.672 7.419  7.492 3 15 36 60 95
324 C18H1SP triphenylphosphine P(66H5)2 7.236 6.934 6.926 6 12 32 100 86
325 CqgysP triphenylphosphine P(C6H5)2 7.372 7.051  7.042 6 55 31 100 64
326 CygH,g0S1 " triphenylsilanol Si(C6H5)20H 7.560 7.248 7.248 10 5 29 100 97
327 C18H16Si triphenylsilane Si(CBHS)ZH 7.512 7.275 7.309 10 5 29 100 97
328 C19H15N3 azidotriphenylmethéne ' C(C6H5)2N3 7.28 7.28 7.28 3 5 33 100 74
329 C(CcHg ) Ny 7.292  7.037 6.998 6 5 33 100 74
330 C]QHISOSi triphenylmethoxysilane Si(C6H5)200H3 7.573 7.282 7.325 10 5 29 100 97
331 C19H18Si ’ methyltriphenylsilane S1'CH3(C6H5)2 7.218 6.969 6.948 12 95 - 36 60 95
332 C20H18Ge ' viny]tripheny1germaﬂe (C6H5)ZGE-CH=CH2 7.422 7.272  7.277 4 6 33 100 74
33 CyghygPb viny 1triphenylplumbane (CoHg) ,Pb-CH=CH, 7.510 7.315 7227 4 6 33 100 74
334 CZOH}GSi vinyltriphenylsilane (C6H5)251-CH=CH2 7.457 7.267 7.300 4 6 33 100 74
335 C20H185n vinyltriphenylstannane (C6H5)25n-CH=CH2 7.488 7.282 7.268 4 6 33 100 74
336 C21H18 1,1,1-triphenylpropene (CGHS)ZC-CH=CP2 7.037 7.182 7.122 4 § 33 100 74
337 (C6H5)2C—CH=CH2 7.152 7.068 7.023 6 5 33 100 74
338 C24H206e tetraphenylgermane he(0645)3 7.600 7.168 7.180 6 5 v 49 56.4 74
) . N3 4
339 CopHogPhb tetraphenylplumbane Pb(CsHs)3 7.630 7.219  7.125 6 5 57 56.4 7
30 CogHyeSi tetraphenylsilane ST(Che)4 7.652  7.172 7.203 6 5 30 56.4 74
M . ST(Clc)y 7.641  7.173 7194 6 5 40 56.4 74

Viva 1vildads IWN
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4
PROTON CHEMICAL SHIFTS, 6%, IN MONOSUBSTITUTED 3 5 Table I
BENZENES (AND IN BENZENE ITSELF)
2 6 o
U
: B
a S
A *H -
: S Spect.
Entry Molecular 2,6 3,5 4_ g Concn®  Temp. Fpr‘eq.
fo Formula : Name A (ortho) (meta) (para) & (%) (%)  (MHz) Ref.
342 C24H205n tetraphenylstainane Sn('CGHs)3 7.607 7.177  7.174 6 5 60 56.4 74
343 C25H20 tetraphenylmethane C(C6H5)3 7.324 7.060 6.995 6 5 60.5 56.4 74
384 CpgllygSn tetrabenzyltin CH,Sn(CH,CehHe) 5 668 7.08 693 4 % & 90 8

2 ysual é6-scale. .See text, section 2, item 5.

b see Table V and text, section 2, item 6.

¢ Concentration is given in percent unless number is followed by "M", molarity. The designation "0" refers to the shift at "infinite

dilution". See text, section 2, item 7.

d The designation “x" means unknowr or unspecified.

(A%}
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PROTON CHEMICAL SHIF™S, sy®, IN DISUBSTITUTED 3ENZENES 5 g Table II
Substituent Arrangement: ORTHO Sq
§ B g
3 a 2
Entry Molecular 6H E Concn®  Temp. nggqt.'
No. Formula Name : A B 3 4 . 5 6 S (%) (°C)  _(MHz) Ref.
00" C6H4BY‘CT o-bromochlorobenzene ) a1 Br . 7.378 6.870 6.997 7.212 1 10 36 60 29
002 : ) C1 Br 7.53 7.001 7.14 7.38 4 5-10 40 60 33
003 C1 Br 7.537 7.027 7.156 7.369 4 10 36 60 29
004 ' C1 Br 7.475 6.930 7.060 7.300 25 10 38 60 76
005 C6H4BFF o-bromofluorobenzene F Br 7.350 6.824 7.078 6.922 1 10 36 60 29
006 F Br 7.484 6.949 7.205 7.044 4 10 36 60 29
007 F Br 7.5 6.97 7.22 7.06 4 10 60 39
008 F Br 7.44 6.88 7.13 6.97 12 .TO X 60 39
009 F Br 7.404 6.844 7.100 6.937 25 10 38 60 31
010 C6H.4Brl o0-bromoiodobenzene 1 Br . 7.411 6.996 6.791 7.655 1 100 36 60 29
o1 _ I Br 7.55 7.10 6.88 7.78 4 5-10 40 . 60 33
012 I Br : 7.552 7.125 6.913 7.793 410 36 60 29
013 I ‘ Br 7.483 7.018 6.806 7.737 25 10 38 60 76
014  CAHBNO,  o-bromonitrobenzene NO, 1 7 740 74 7.8 4 3 % X7
015 C6H4.B('2 o-dibronobenzene Br - Br 7.393 6.929 6.929 7.393 1 100 36 60 29
016 Br Br 7.56 7.09 7.09 7.55 4 5-10 40 60 33
017 Br Br 7.544 7.079 7.079 7.544 4 10 36 60 29
018 Br Br 7.480 6.977 6.977 7.480 25 10 38 60 76
019 C6H4C1F o-chlorofluorobenzene F C1 7.34 7.01 7.16 7.07 4 10 X 60 39
020 F €1 7.258 6.917 7.066 6.971 25 10 38 60. 31
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PROTON CHEMICAL SHIFTS, &y”, IN DISUBSTITUTED BENZENES Table I
Substituent Arrangement: ORTHO
s a

Entry Molecular

No. Formula Name 3 4 5 6
021 C6H4C1I o-chloroiodobenzene 1 a1 7.37 7.21 6.84 1.79
022 I C1 7.28% 7.087 6.751 1.714
023 C6H4C1N02 o-chloronitroberzene NO,, a1 7.54 7.49 7.41 1.8
024 NO2 C1 7.520 7.502 7.406 7.807
025 C6H4C1-2 o-dichlorobenzere C1 C1 7.262 6.942 6.942 7.202
026 C1 C1 7.37 7.12 7.2 1.37
027 cl C1 7.366 7.170 7.110 7.366
028 C1 C1 7.293 7.011 7.011 1.293
029 C6H4FI o-fluoroiodobenzene 1 F 6.883 7.124 6.721 7.564
030 I F 6.992 7.240 6.827 7.688
031 I F 7.00 7.25 6.84 7.70,
032 I F 6.92 7.17 6.76 1.66
033 I F 6.88% 7.134 6.719 7.618
034 CGH,FNO, o-fluoronitrobenzene: NO, F 7.31 7.66 7.33 8.03
035 C6H4F2 o-difluorobenzere F F 7.07  7.07 _7.07 7.07
036 F F 7.077 6.997 6.997 71.077
037 F F 6.99 6.99 6.99 6.99
038 F F 7.008 6.936 6.936 7.008
039 C6H4IN02 o-iodonitrobenzene ‘NOZ I 7.99 7.29 7.36 7.80
040 CGH,I, o-diiodobenzene I I 7.81 6.96 6.96 7.81

& [solvent Codeb

N
S P~ o

Concn®

(%)

5-10
10
&

10

Spect.

Temp. Freq.

(°C)  _(MHz) Ref.
40 60 33
38 60 76

xd xd 7
36 60 29
36 60 29
40 60 33

36 60 29
38 60 76
36 60 29
36 60 29

X 60 39
X 60 39
38 60 31
X 60 39
X 60 39
36 00 17
X 60 .39
X 100 46
X b3 7
40 60 33

6
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PROTON CHEMICAL SHIFTS, 64%, IN DISUBSTITUTED BENZENES 5 A Table II
Substituent Arrangement: ORTHO Ry
4 B 3

. 3 2 e
Entry  Molecular . H E Concn® Temp. SFpreecqt.'
No. _Formula Name A B 3 4 5 6 & _(%) (°C)  (MHz) Ref.
041 CGH,I, o-diiodobenzene ‘ I 1 7.809 6.959 6.959 7.809 4 10 36 60 29
04z I I 7.806 6.949 6.949 7.806 25 10 38 60 76
043 CgHN,0, o-dinitrobenzene No, NOZ' 7.97 7.87 7.87 7.97 4 P
044 v ' no, NO, 8.158 8.006 8.006 8.158 8 10 36 60 29
045 CgH,BrO o-bromophenol OH Br 7.40 6.73 7.15 6.97 4 10 X 60 38
046 . OH Br 7.53 6.78 7.24 7.02 5 10 X 60 38
047 csHscio o-chlorophenol OH cl 7.134 6.673 6.964 6.974 1 100 36 60 29
o048 oH 7.213 6.755 7.068 6.949 4 10 36 60 29
049 OH cl 7.25 6.79 7.11 697 4 10 x 60 38
050 OH c1 7.37 6.84 7.20 7.04 5 10 X 60 38
051  CgHglo o-iodophenol OH I 7.59 6.61 7.17 6.94 4 10 x 60 38
052 CghHgho, o-nitrophenol OH NO, 8.048 6.937 7.529 7.097 4 10 3 60 29
053 OH NO, 8.08 6.95 7.55 7.2 4 10 x 60 38
054 OH NO, 7.92 7.02 7.58 7.19 5 10 x 60 38
055  CoH BrN o-bromoani Tine NH, Br 7.32 6.51 6.9 6.61 4 10 x 100 40
056  CgHCIN o-chloreaniline NH, cl 7.14 6.57 6.93 658 4 10 x 100 40
057 NH, ¢l 7.4 6.51 6.98 68 5 10 x 100 40
058 _ NH, c1 7.087 6.420 6.789 6.247 6 10 X 60 20
059 ‘ ' NH, el 7.080 6.420 6.790 6.242 6 10 x 100 20
060  CGHCIN o-chloroaniline-'oN T, c1 7.087. 6.421 6.790 6.246 6 10 x 100 20
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6
PROTON CHEMICAL SHIFTS, 6Ha, IN DISUBSTITUTED BENZENES 5 Table II
Substituent Arrangement: ORTHO Dy
* 3
3 a o
$ o Spect.
Entry Molecular > Conen® Temp. Freq.
No. Formula Name A 3 4 5 6 S (%) (°C)  (MHz) Ref.
061  CGHIN o-iodozniline NH,, I 7.53 6.36 7.01 5.58 4 10 < 100 40
062 NH2 I 7.51 6.31 7.04 5.77 5 10 X 100 40
063 C6H6N2Q2 . g;njtroani]ine NH2 NO2 8.07 6.65 7.30 5.79 4 10 X 100 40
064 NH2 NO2 7.94 6.61 7.36 7.03 5 10 X 100 40
065 CGHSOZ o-dihydroxybenzene OH OH 6.777 - 6.842 6.842 6.777 3 ™ X 100 89
066 OH OH 6.678 6.824 6.824 5.678 8 10 36 60 29
067 OH OH 6.96 6.88" 6.88° 5.96" 30 0.2M 22 250 82
068 C6H652 o-benzenedithiol SH SH 7.209 6.907 6.907 7.209 3 ™ X 100 89
069 C7H4BrN o-bromebenzonitrile CN Br 7.67 7.45 7.43 7.63 4 xd X xd 7
070 C7H4C1N o-chlorobenzonitrile CN Cl 7.50 7.53 7.38 7.64 4 X X X 7
071 C7H4614 o-trichloromethylchlorobenzene Cl1 CC13 8.14 7.27 7.31 7.48 4 10 - X 100 40
072 C7H4FN o-cyanofluorobenzene F CN 7.62 7.29 7.63 7.22 4 10 X 60 39
5 F
073 C7H4F2 7,7-difluorobenzocyciopropene 4 <:> F 7.483 7.606 7.606 7.483 4 25 X 100 90
' 3
074 C7H58r0 o-bromobenzaldehyde CHO Br 7.582 7.438 7.406 7.755 1 90 36 60 59
075 CHO Br 7.59 7.39 7.39 7.86 4 10 X 100 4
076 C7H58r0Te o-formylpheny! tellurium bromide TeBr CHO 8.14 7.52 7.64 8.36 7 10 X 100 60
' 60
077 C7H58r02 o-bromebenzoic acid C02H Br 7.725 7.438 7.481 7.801 5 10 X 188 75

*Shifts measured relative to DSS (sodium 2,2-dimethyl~2-silapentane-5-sulfonate) and converted

to normal &-scale.

916
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PROTON CHEMICAL SHIFTS, éHa, IN DISUBSTITUTED EENZENES Table II
Substituent Arrangement: ORTHO <y
§
3 2
§2 s Spect.
Entry Molecular Z Concn® Temp. Freq.
No. Farmula Name e 3 4 5 6 S (%) (°C)  (MHz) Ref.
078 C7H5C’;0 o-chlorobenzaldehyde CHO C1 474 7.590 7.428 7.810 1 90 36 60 59
079 CHO a1 .40 47 7.34 7.86 4 10 xd 100 4
080 C7H5C“:0Te o~-formylphenyl tellurium chloride TeCl CHO .18 .51 7.68 8.37 7 0o° X 100 60
' 60
081 C,H.CO o-chlorcbenzoic acid COH C1 .546 7.533 7.439 7.838 5 10 X or 75
775772 = 2 100
082 C7H5F0 o-fluorobenzaldehyde CHO F .13 .56 7.23  7.82 4 10 X 100 4
- 083 CHO‘ F .240 7.678 7.318 7.828 8 30 30 100 21
084 C7H510 o-iodobenzaldehyde CHO I .89 .23 7.42  7.82 4 10 X 100 4
085 C7H510Te o-formyiphenyl tellurium iodide Tel CHO .02 .54 7.56 8.28 7 0 X 100 60
. . © 60
086 C_H.IO o-jodobenzoic acid COH I 012 7.247 7.499 7.779 5 10 X or 75
7572 - . 2 100
087 [:7H5N()3 o-nitrobenzaldehyde CHO NO2 .15 .75 7.78. 7.88 4 10 X 100 4
i 60
088  C_H_NG, - o-nitrobenzoic acid COH NO .999 7.791 7.819 7.917 5 10 X or 75
7574 - ; 2 2 100
- e
5
089 C7H6 benzocyclopropené 4 O .149 7.189 7.189 7.149 3 15 X 100 5
090 C7HGN2 o-cyanoaniline NH2 CN .29 .64 7.23 6.69 4 10 X 100 40
091 ' NH2 CN .28 .59 7.21  6.81 5 10 X 100 40
092 C7H602 o-hydroxybenzaldehyde CHO OH .877 7.371 6.871 7.380 1 90 36 60 59
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6
PROTON CHEMICAL SHIFTS, sy, IN DISUBSTITUTED BENZENES Table 11
Substituent Arrangement: ORTHO <
g
3 5 E
Entry Molecular > Concn®  Temp.
No. Formula Name 3 4 5 6 S (%) (¢)
093 C7H602 . o-hydroxybenzaldehyde CHO OH .90 7.43 6.92 7.45 4 10 xd
094 C7H603 o-hydroxybenzoic acid C02H OH .05 7.56 6.97 7.97 3 x& X
095 COZH OH .98 7.53 6.95 7.85 5 X X
096 CO,H OH .961 7.518 6.933 7.908 8 1.0 x
097 C7H7Br o-bromotoluene CH3 Br .45 6.95 7.10 . 7.14 4 5 X
098 CH3 Br 44 6,95 7.09 7.13 4 10 X
099 C7H7Br0 o-bromoanisole OCH3 Br 44 6.73 7.15  6.77 4 ‘x X
100 OCH, Br .385. 6.641 7.053 6.668 25 10 38
101 C7H7CT o-chlorctoluene CH3 C1 .26 7.04 7.06 7.13 4 5 X
102 CH3 C1 .24 7.02 7.04 7.1 10 X
103 C7H7C1O Q;ch]orcaniso?e OCH3 C1 .26 6.80 7.10 6.81 4 X X
104 C7H7I o-iodotcluene CH3 I .73 6.78 7.14 7.15 4 5 X
105 C7H7IO o-iodoanisole OCH3 1 .69 6.61 7.20 6.71 4 X X
106 C7H7N0 o-aminotenzaldehyde CHO NH2 .54 ‘7.17 6.61 7.35 4 10 X
107 C7H7N02 o-nitrotettene CH3 NO2 90 7.29  7.43 7.29 4 5 X
108 CH3 NO2 .87 7.29 7.44 7.29 4 10 X
109 C7H7N03 o-nitroanisole OCH3 NO2 .70 6.96 7.46 7.06 4 X X
110 . OCH3 NO2 .689 6.955 7.458 7.066 25 10 38
111 C7H80 o-cresol OH YCH3 .99 6.72 6.94 6.60 4 5 X

Spect.

Freq.
Mz} Ref.
100 4
60 48
60 48
100 9
100 67
100 40
xd 7
60 76
100 67
100 40
X 7
100 67
X 7
100 4
100 67
100 40
X 7
60 76
100 67

86
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PROTON CHEMICAL SHIFTS, 6Ha, IN DISUBSTITUTED BENZENES 5 Takle II
Substituent Arrangement: ORTHO Qy
4 3
3 - .
~ 5 Spect.
Entry Molecular e = Concn® Temp. Freq.
No. Formula Name A 3 4 5 6 & _ (%) (%) (MHz) Ref.
112 C7H80 o-cresol OH CH3 6.99 73 6.92  6.59 4 10 Xd 100 40
113 C7H802 o0-methoxyphenol “OH OCH3 6.73 .72 6.78 6.84 4 10 X 60 38
114 OH OCH3 6.85 .85 6.89 6.89 5 10 X 60 38
115 C7H9N o-toluidine NH2 CH3 6.89 .55 6.88 6.46 4 5 X 100 67
116 NH2 CH3 6.88 .55 '6.87 6.43 4 10 X 100 40
117 C7H9N0 o-methoxylaniline NH2 OCH3 6.57 .57 6.57 6.57 4 10 X 100 40
118 NH2 -OCH3 6.60 .60 . 6.60 6.60 5 10 X 100 40
Br ¢
5 —Br
119 CgH,Br, tetrabromobenzocyclobutene 4 LB 7.503 7.303 7.303 7.503 3 15 X 100 5
. Br
120 Cgh N, o-phthalonitrile oN cN 7.81 7.75 7.75 7.81 4 G x 7
. Q 0 e
@i
121 CSH4OZ benzocyclobutadienequinone 4 No 8.08C 7.856 7.856 8.080 3 15 X 100 5
6 9 °¢
122 CGH, 0 phthalic anhydride 4 8.10 8.04 8.04 8.10 5 X X 100 85
84%3 \b
e
6 /0
5 .
123 C8H5N32 phthalimide 4 H 7.75 7.75 7.75 7.75 5 X X 100 85
N
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096

6
A
PROTON CHEMICAL SHIFTS, §Ha, IN DISUBSTITUTED BENZENES 5 Table II
Substituent Arrangement: ORTHO <y,
4 B §
3 a 4
8y o Spect.
Entry  Molecular. . > cConcn® Temp. Freq.
No. Formula Name A B 3 4 5 6 S (%) (°c)  (MHz) Ref.
Br
» R
124 CBHGBFZ cis-dibromobenzocyclobutene 4\3’ By 7.382 7.190 7,180 7.382 3 15 xd 100 5
e
6 Br
125 CBHSB}“2 trans-disromobenzocyclobutene 4\ 7.348 7.140 7.140 7.348 3 15 X 100 5
‘ C 3 Br :
126 Cghgly o-phthalaldehyde CHO CHO 7.932 7.770 7.770 7.932 3 15 X 100 5
127 CHO CHO 7.93 7.82 7.8 7.93 5 xaZ X 100 85
NN
128 CgHg0, phthalide 4 Y 7.92 7.44 7.62 7.49 5 X X 100 8s5
) \Y
\0 .
129 C8H604 phthalic acid COZH COZH 7.70 7.57 7.57 7.70 5 X X 100 85
130 C8H7Br0 o-bromoacetophencne COCH3 Br 7.53 7.22 7.30 7.38 4 10 X 100 4
131 COCH3 Br 7.60 7.42- 7.49 766 5 10 X 100 4
132 C8H7C10 o-chloroacetophenone COCH3 C1 7.34 7.32 7.25 7.47 4 10 X 100 4
133 COCH3 c1 7.53 7.52  7.46 7.68 5 10 X 100 4
134 C8H7C10 o-toluyl chloride coct CH3 7.23 7.44 7.30 8.17 4 5 X 100 67
135 C8H7F0 o-fluorocacetophenone COC,H3 F 7.07 7.45 7.18 7.82 4 10 X 100 4
136 COCH3 F 7.33 7.67 7.34 7.83 5 10 X 100 4

137 C8H7IO o-iodoacetophenone COCH3 I 7.86 7.05 7.34 7.67 4 10 X 100 4
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PROTON CHEMICAL SHIFTS, 6Ha, IN DISUBSTITUTED BENZENES Tatle II
Substituent Arrangement: ORTHO <y,
&
3 a +
8y s Spect.
Ensry  Molecular > Concn® Temp. Freq.
No. Formula Name A 3 4 5 6 & (%) . (9C) _(MHz) Ref:
138 C8H7IO o-iodoacetophenone COCH3 _ 1 7.97 7.23 7.51 7.66 5 10 xd 100 4
139 C8H7N o-tolunitrile CN CH3 7.26 7.417 7.22 7.52 4 5 X 100 67
140 CN CH3 7.27 7.42 7.23 7.50 4 10 X 100 40
141 C8H7NO3 o-nitroacetophenone COCH3 NO2 7.96 7.55 7.66 7.39 4 10 X 100 4
142 COCH3 NO2 8.09 7.76 7.8 7.80 5 10 X 100 4
6 . .
143 C8H8 benzocyclobutene ﬂi;;{:] 6.907 6.764 6.764 6.907 3 15 X 100 5
3
114 C8H80 o-tolualdehyde CHO CH3 7.18 7.38 7.29 7.70 4 5 X 100 67
115 ' CHO CH3 7.17 7.47 7.27 7.68 4 10 X 100 4
116 C8H80Te o-formylphenyl methyl telluride TeCH3 ‘ CHO 7.53 7.36 7.32 7.74 7 0 X 100 60
147 CSHSOZ g-hydroxyacetoﬁhenohe COCH3 OH 6.85 7.36 6.77 7.61 4 10 X “ 100 4
148 COCH, OH 6.97 7.53 6.97 7.89 5 10 X 100 4
149 08H802 o-methoxybenzaldehyde CHO OCH3 7.085 7.532 6.964 7.666 1 90 36 60 59
150 ' CHO OCH3 6.81 7.43 6.93 7.72 4 10 X 100 4
151 68H802 o-toluic acid COZH CH3 7.20 7.37 7.22 8.06 4 5 X 100 67
‘ ' 60
152 COZH CH3, 7.293 7.438 7.293 7.877 5 10 X or 75
100
153 CSHSO3 o-hydroxyphenylacetic acid CHZCOZH OH 6.842 7.072 6.782 7.164 8 1.0 x 100 12
154 C8H803 o-methoxybenzoic acid C02H OCH3 7.07 7.57 7.12 8.14 3 xd X 60 48
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PROTON CHEMICAL SHIFTS, GHa, IN DISUBSTITUTED BENZENES Table 11
Substftuent Arrangement: ORTHO
3 s a

Entry Molecular

No. Formula Name A 3 4 5 _6__
155 CgHy, o-methoxybenzoic acid COH OCH, 5 7.54  7.04 7.70
156 COZH OCH3 114 7.496  7.009 7.690
157 COZH OCH3 .39 7.08 6.74 8.24
158 CgHc0y methyl o-hydroxybenzoate €0,CH OH .02 7.48 6.91 7.86
159 V COZCH3 OH .879 7.312 6.728 7.685
160 COZCH3 OH .01 7.54 6.96 7.81
161 CO,CH4 OH ;98 7.10 6.59 7.72
162 COZCH3 OH .957 7.506 6.916 .7.821
163 CngBr ~ o-bromoethylbenzene CZHS Br A5 6,96 7.14  7.14
164 C8H9N0 'g;aminoacetophenohe COCH3 NH2 51 7.11 0 6.49  7.56
165 COCH,4 NH, 6.77  7.23  6.54 7.71
166 COCH, NH, .216 6.971 6.390 7.322
167 C8H9N02 N-methyl-0-hydroxybenzamide CONHCH3 OH .99 7.39 6.84 7.41
168 CONHCH3 OH .93 7.41 6.90 7.84
169 CONHCH, OH .02 7.10 6.57 6.86
170 C8H9N02 o-nitroethylbenzene CZHS N02 .8) 7.28 7.45 7.31
171 CSHIOO o-ethylphenol OH C2H5 .02 6.76 6.94 6.58
172 CBHTOO o-methylanisole OCH3 CH3 .00 6.72 7.02 6.68
173 OCH3 CH3 .99 6.72 7.01 6.66

o [Solvent Codeb

o

20

L

) R Spect.
Concn? Temp. Freq.
(%) (°C) _(MHz) Ref.
“ x3 e a8
60
10 X or 75
100
X X 60 48
X X 60 48
50 X 60 66
X X 60 48
X X 60 48
1 X 100 9
5 X 100 67
10 X 100 4
0 x 100 4
15 x 100 23
X X 60 48
X X 60 48
X X 60 48
5 X 100 67
5 X 100 67
5 X 100 67
10 X 100 40

266
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PROTON CHEMICAL SHIFTS, dHa, IN DISUBSTITUTED BENZENES 5 Table II
Substituent Arrangement: ORTHO Su
4 b=}
8
3 =
8 Spect.
Entry  Molecular H 2 concn® Temp. Fpreq.
No. Formula Name A 3 4 5 6 S (%) (°C) (MHz) Ref.
174 Cghy g0, o-dinethoxybenzene 0CH, 0CH, 6.75 6.75 6.75 6.75 4 o 7
175 CBH-”N o-ethylanilineg NH2 C2H5 6.9T -6.59 6.88 6.47 4 5 X 100 67
176 CBH”N N-methyl-o-toluidine NHCH3 CH3 . 6.88 6.52 6.99 6.44 4 5 X 100 - 67
6 D
5
177 CgHeDy indene-1,1,3-, @‘ 7.085 6.931 7.017 7.103 1(?) 100(2) x 100 16
. : gD
0
5 5 e .
178 C9H602 1,3-indandionz 0. 7.963 7.845 7.845 7.963 3 15 X 100 5
3%
179 " 7.96¢ 7.84 7.84 7.96 5 X X 100 85
180 ch604 2,2-dihydroxy-1,3-indandione 7.99 7.94 7.94 7.99 5 X X 100 85
181 CgH80 1-indanone 7.82 7.1 7.32 7.27 5 X X 100 85
182 C9H80 2-indanone 7.7%6 7.16 7.16 7.16 5 X X 100 85
183 C9H804 o-acetoxybenzoic acid COZH OCOCH3 7.174 7.623 7.367 8.053 8 1.0 x 100 12

Yiva 1vdld3dS AWN
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6
PROTON CHEMICAL SHIFTS, -5Ha, IN DISUBSTITUTED BENZENES Table II
Substituent Arrangement: ORTHO <y,
3
3 (&)
4
. 5.8 5 Spect.
Entry Molecular = ConcnS Temp. Freq.
No. Formula Name A 3 4 5 6 3 %) (°C)  (MHz) Ref.
CH—CH2 d
184 C4HgC10 2-(o~-chlorophenyl)oxetane b 1 7.27  7.15 7.24 7.68 4  2-5 X 300 81
V . O——CH2 i !
185 " C1 7.02  6.81 7.10 7.85 6 2-5 X 300 81
6 e
5 .
186 C9H10 indan 4 7.673 6.990 6.990 7.073 3 15 X 100 5
: 3
187 " 7.07 6.99 6.99 7.07 5 X X 100 85
188‘ C9H]00 o-metrylacetophenone COCH3 CH3 7.15  7.27 . 7.16 7.6]1 4 5 X 100 67
189 COCH3 CH3 7.1 7.25 7.15 7.60 4 10 X 100 4
190 COCH CHy 7.8 7.42 7.31 7.79 5 10 X 100 4
191 C9H1002 o-cresol acetate OCOCH3 CHy 7.2 7.03 7.10 6.90 4 5 X 100 67
192 C9H1002 o-methoxyacetophenone COCH3 0(‘,H3 6.87 7.33 6.89 7.63 4 10 X 100 4
193 COCH3 OCH3 7.5 7.53 7.02 7.60 5 10 X 100 4
194 CgH]OO2 methyl o-toluaze COZCH3 CH3 7.15 7.29 7.14 7.85 4 5 X 100 67
195 C9H1OO3 o-methoxyphenylacetic acid CHZCOZH OCH3 6.927 7.218 6.876 7.199 8 1.0M  x 100 12
196 CQHmO3 methyl o-methoxybenzoate C02CH3 OCH3 6.99 7.47 6.98 7.80 3 X X 60 48
197 “ CO,CH OCH 7.16 7.54 7.03 7.66 5 X X 60 48
198 CO,CHy OCH, 6.5 7.11 6.74 7.84 6 X X 60 48

¥s6
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PROTON CHEMICAL SHIFTS, éHa, IN DISUBSTITUTED BEMNZENES 5 Table 11
Substituent Arrangement: ORTHO g
¥ 3
3 -
8y ]
Entry Molecular =
No. Formula Name A B 3 4 5 6 3
199 - CgHyNO, N-methy1-o-methoxysenzamide CONHCH, OCH, 6.97 7.43 .07 8.22 3
200 ' ‘ CONH(H3 OCH3 7.13  7.46 .04 7.80 5
201 CONHC43 OCH3 6.51 7.1 .87 8.57 6
202 C9H]20 o~isopropylphenol OH 1;C3H7 7.09 6.79 .93 6.56 4
203 CoHy,0 o-n-propyphenol OH n-C4H, 7.00 6.75 6.94 6.5 4
204 C9H13N N,N—dimethy1-gft011i§ine N(CH3)2 CH3 7.02  6.81 .00 _6.9] 4
6
H(©)
205 CmHGO2 1,4-naphthoquinone 4 3 8.218 7.905 7.905 8.218 3
5 6
206 C]OHBDZD 2,2~dideuterio-a~tetralone 4[;;Ii;ja 7.876 7.148 7.297 7.098 4
6 Do
5 0 -
207 ClOHSDZO 4,4-dideuterio-a-tetralone 4 7.870 7.150 7.300 7.100 4
5 6
208 C10H802» benzocyclohexene-1,4-dione a 8.045 7.733 7.733 8.045 3

. Spect.

Conen® Temp. Freq.
(%) (°c)  (MHz) Ref.
xd xd 60 48
X X 60 48
X X 60 48
5 X 100 67
5 X 100 67
5 X 100 67
15 X 100 5
15 32 100 83
15 32 100 83
15 X 100 5
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6
PROTON' CHEMICAL SHIFTS, GHa, IN DISUBSTITUTED BENZENES 5 Table Il
Substituent Arrangement: ORTHO [
4 °
8
3 o
8,7 s - Spect.
Entry  Molecular 2 Concn® Temp. Freq.
e P q
No. Formula Name A B 3 4 5 6 S (%) (5¢)  (MHz) Ref.
200 Cyghye0 a-tetralone o) 7.97 7.2 7.3 7.16 5 2 & 100 85
j
6 e
80 '
210 Cq,H tetralin 4 7.01 6.93 6.93 7.01 5 X X 100 85
10M2 3
21 C10H1203 methyl o-methoxyphenylacetate CHZCOZCH3 OCH3 6.929 7.224 6.875 7.174 8 1.0M  x 100 12
212 Cygfy4Br o-tert-butylbromcbenzene Br C(CH3)3 7.35  7.12 6.92 7.9 4 10 X 100 40
213 C10H140 o-sec-butylphenol OH gg_c_—C4H9 - 7.05 6.79 6.93 6.58 4 5 X 100 67
214 C]OHMO o-tert-bitylphenol OH C(CH3)3 7.6 6.76 6.94 6.16 4 5 X 100 67
215 C]2H405Br o-bromopzrdeuteriophenylbenzene CGDS Br 7.58 7.08 7.23 7.23 4 10 X 100 40
216 C]2H4D5C] o-chloroperdeuteriophenylbenzene 06D5 C1 7.38 7.16 7.19 7.24 4 10 X 100 40
217 C]2H4DSF o-fluoroperdeuteriophenylbenzene C6D5 F 7.0 7.17 7.07 7.33 4 10 X 100 40
218 C]2H4D5I _q—iodoper‘deuteﬁophenylbenzene CGDS I ©7.87 6.92 .27 7.2 4 10 X 100 40
219 C]2H405N02 o-nitroperdeuteriophenylbenzene CBDS NO2 7.71 7.36 7.48 7.33 4 10 X 100 40
220 CiZHSDSO " o-hydroxyperdeuteriophenylbenzene CGDS OH 6.83 7.11 6.84 7.I0 4 10 X 100 40
221 C]ZHGDSN o-aminoperdeuteriophenylbenzene CGDS NH2 6.53 6.98 6.67 6.38 4 10 X 100 40
5 6 e
222 C12H8 biphgnylene 4 6.664 6.556 6.556 6.564 3 15 X 100 5
223 (:12H881r‘2 0,9'-dibromobiphenyl g—C6H4Br Br 7.304 6.734 6.899 7.057 6 5 X 60 32

956
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PROTON CHEMICAL SHIFTS, 64, IN DISUBSTITUTED BENZENES 5 Table II
Substituent Arrangement: ORTHO Sy
4 3
(]
3 a o
8 o o Spect.
Entry Molecular = Concn” Temp. Freq.
No. Formula Name A e 3 4 5 5 S (%) (9C)  (MHz) Ref.
224 Ci2H8C12 0,0'-dichlorobiphenyl 97C6H4CI cl 7.155 6.815 6.874 7.138 6 5 e 60 32
225. C12H8F2 0,0'-difluorobipheny]l ‘9¢C6H4F F 6.853 6.890 6.823 7.214 &6 5 X 60 32
226 C]2H812 0,0'-diiodobiphenyl 97C6H4I I 7.507 6.612 6.941 6.635 6 5 X 60 32
227 C]2H8N204S bis(o-nitrophenyl) sulfide g;N0206H4S NO2 8.0?0 7.460 7.515 7.285 3 5-8 38 60 73
228 C]2H8N204S2 bis(o-nitrophenyl) disulfide 97N02C6H4S2 NO2 8.354 7.436 7.614 7.900 3 5-8 38 60 73
229 C12H12N25 bis(g;aminophenyi) sulfide ngHzcsHas NH2 7.063 6.498 6.948 6.€64 35 5-8 38 60 73
230 C12H12N252 bis(g;aminopheny]) disulfide _g_-NH2C6H4S2 NH2 7.088 6.425 7.068 6.700 35 5-8 38 60 73
231 C]3H4DSN o-cyanoperdeuteriophenylibenzene CGDS CN 7.64 7.32 1.51 7.41 4 10 X 100 40
232 "C]3HgBr 9-bromoflucrene Br-R* 7.58 7.25 7.30 7.%7 4 10 X 100 40
233 C]3H9C1 9-chlorofluorene C]-R* 7.54 7.22 7.27 7.%2 4 10 X 100 40
234 C]3H91 9-iodofluorene I—R* 7.56 7.20 7.25 7.%4 4 10 X 100 40
235 613H]0 fluorene H-R* 7.388 7.187 7.265 7.648 3 15 X 100 5
236 H-R* 7.41 7.16 7.24 7.6 -4 2 X 100 96
237 H-R* 7.39 7.16 7.24 7.€3 4 5 X 60 96
238 H-R* 7.39 7.16 7.24 7.64 4 10 X 100 40
6
239 €, HeCl, 9-dichloromethylenefluorene @.@ 8.22 7.20 7.27 7.54 4 10 x 100 40
CC12
-
R - Q)
H

Viva 1vildadsS YWN
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856

6
A
PROTON CHEMICAL SHIFTS, 6Ha, IN DISUBSTITUTED BENZENES 5 Table II
Substituent Arrangement: ORTHD 9,
4 : B §
cSHa E Spect.
Entry  Molecular = Concn® Temp. Freg.
No. Formula Name A e B 3 4 5 6 2 (%) (°C)  (MHz) Ref.
240 CMH12 9,10-dihydroanthracene 7.166 7.096 7.096 7.166 3 15 x4 100 5
241 C]4H12 9,10~dihydrophenanthrene 7.539 7.104 7.037 7.C11 3 15 X 100 5
242 CMH]ZO 9-methoxyfluorene i CHBO—R* 7.51 7.21 7.28 7.5 4 10 X 100 40
Ne=0
H
243 CMH1204 2,2"'-dihydroxy-4-nethoxybenzophenone OH 6.968 7.373 6.819 7.487 4 5 X 100 71
OCH3
244 CMHZZ o-di-t-butylbenzene C(CH3)3 C(CH3)3 6.972 7.447 7.447 6.¢72 4 10 36 60 29
245 C(CHg) 4 C(CH,)4 6.96 7.46 7.46 6.% 4 10 X 100 40
246 C18H14 o-terphenyl C6H5 (:6H5 7.27 7.31  7.31 7.27 4 10 X 100 40
;8 cH®
247 CZOHM triptycene 4@{ 7.228 .6.855 6.855 7.228 7 2 29 60 6
5 CH
248 022H2202Te2 o0-phenylene-bis[p-ethoxyphenyl- A=B-= p_-C2H50C6H4Te 7.255 6.902 6.902 7.255 3 ™ X 100 89

telluride]
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PROTON CHEMICAL SHIFTS, GHa, IN DISUBSTITUTED BENZENES 5 Table 11
Substituent Arrangenent: ORTHO Qy
4 ©
B S
3 a 2
GH S e Spect.
Entry Molecular " Z Concn® Temp. Fregq.
No. Formula Name A - B 3 4 5 6 & (%) (°c)} _(MHz) Ref.
: : - I
, 5 ~ d
209 Cpghte dibiphenylene ethylene 4 8.38 7.13 7.23 7.61 4 10 100 40
e[}

‘Usual s-scale. See text, section 2, item E.
See Table V and text, section 2, item 6.

Concentration is given in percent uiless number is fcllowed by "M", molarity. The designation "0" refers to the shift at
"infinite dilutior". . See iext, section 2, item 7.

The designation "x" means unknown or unspecified.

Complete structure., See text, section 2, item 4.
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096

Table III
PROTON CHEMICAL SHIFTS, SHa, [N DISUBSTITUTED BENZENES -
Substituent Arrangement: META g
. 8, E .. . Spect.

Entry Molecular . ~  Concn. Temp. Freq.

No. Formula Name - A B 2 4 5 6 3 (%) (°C) (MHz) Ref.
001 C6H4Br61. m-bromochlorobenzene C1 Br 7.420 7.247 6.976 7.136 25 10 38 60 76
002 C6H BrCIMg m-chlorophenylmagnesium bromide MgBr C1 7.59 6.98 7.02 7.49 10 ™ x4 100 49
003 C6H4BPF m-bromofluorobenzene F Br 7.141  7.163 7.032 6.856 25 10 38 " 60 31
004 C6H4BrFMg M-fluorophenylmagnesium bromide MgBr F 7.41 6.67 7.06 7.34 10 ™M X 100 49
005 C6H4BrI m-bromoiodobenzene I Br 7.777  7.312  6.767 7.481 25 10 38 60 76
006 C6H4BrN02 m;bromoqitrobenzene NO2 Br 8.378 7.849 7.782 8.]58 2 0° 52 60 14
007 N02 Br 8.367 1.795 7.420 8.161 4 0 52 60 14
008 N02 Br 8.376  8.000 7.649. 8.236 8 0 52 60 14
009 NO,, Br 8.319 7.694 7.274 8.079 9 0 52 60 14
010 NOZ Br 8.351 7.859 7.484 8.168 -.10 0 52 60 14
011 NO, Br 8.409 7.984 7.619 " 8.254 11 0 52 60 14
012 . N02 Br 8.314 7,684 7.264 8.066 12 0 52 60 .14
013 N02 Br 8.381 7.953 7.590 | 8.230 13 0 52 60 14
014 NO, Br 8.365 7.999 7.647 8.232 15 0 52 60 14
015 N02 Br 8.366 7.862 7.474 8,163 16 0 52 60 14
016 NO, Br 8.327 7.834 7.455 8138 17 0 52 60 14
017 , NO,, Br 8.319 7.960 7.600 8198 18 0 52 60 14
0f8 NO, Br 8.352 7.928 7.557 8,190 19 0 52 60 14
019 C6H4Br2 m-dibrcmobenzene Br Br 7.581 7.292 €.916 7.292 25 10 38 60 76
020 CGH4C1F m-chlorofluorobenzene F c1 6.980 7.009 7.094 6.814 25 10 38 60 31

NNVWIHOW '3 "1 ANV OUIdVHS 1 ‘'8
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. Table III
PROTON CHEMICAL SHIFTS, 4%, IN DISUBSTITUTED BENZENES

SUbstituent'Arrangement: META FQ%
| -
Entry  Molecular 6Ha :-:J Concn® Temp. streecqt.'
_No. ~__Formula . Name A B 2 4 5 6 & (%) (°C) (MHz) Ref.
021 C6H4C1I m;chioroiodobenzene I C1 '7.626  7.170 6.836 7.454 25 10 38 60 76
022 C5H4C]Li mfch1oropheny}1ithium : Li C1 7.90 €.94 6.97 7.81 10 ™ x4 100 49
023 C6H4C1N02 m-chloronitrobenzene NO2 C1 . 8.076 7.532 7.368 7.997 25 10 38 60 76
024 C6H4C12 m-dichlorobenzene c1 Cc1 7.270 7.104 7.051° 7.104 25 10 38 ‘60 ‘76
025 C6H4FI m-fluoroiodobenzene I v F 7.337 €.884 6.881 7.362 25 10 38 60 31
026 C6H4F2 m-difluorobenzene F F 6.719 €.774 7.195 6.774 4 30 X 100 47
027 F F 6.675 €.727 7.134 6.727 25 10 38 60 31
028 C6H4I2 m-diiodobenzene I I 8.001 7.537 6.648 7.537 25 10 38 60 76
029 C6H4L12 m-dilithiobenzene Li . Li 9.60 7.62 6.68 7.62 27 0.5M X 60 37
030 C6H4N204 m-dinitrobenzene NO,, NO,, 9.030 &.553 7.802 8.553 2 0° 52 60 14
031 N0, NO, 9.018 ¢&.542 7.779 8.542 4 0 52 60 14
032 NO, NO, 8.954 £.658 8.010 8.658 8 0 52 60 14
033 NOZ NO2 8.968 8.578 7.865 8.578 10 0 52 60 14
034 NO2 NO2 8.982 8.636 7.958 8.536 11 0 52 60 14
035 NO, NO, 9.000 8.676 8.006 8.676 13 0 52 60 14
036 NO2 NO2 8.944 8.662 8.029 8.562- 15 0 52 60 14
037 NO2 NO2 8.984 8.554 7.825 8.554 16 0 52 60 14
038 NO, NO, 8.952 8.530 7.803 v 8.530 17 0 52 60 14
039 NO2 NO2 8.930 8.601 7.931 8.501 18 0' 52 60 14
040 NO2 NO2 8.933 €.583 7.903 8.583 19 0 52 60 14
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_ Tab'e III
PROTON CHEMICAL SHIFTS, &y, IN DISUBSTITUTED BENZENES 4 6
Substituent Arrangement: META
B A
Entry Molecular
No. Formula Name A 2 4 5 6
041 C6H6N202 m-nitroaniline NH2 NO2 .516 7.445 7.268 6.943
042 NH? NO2 .489  7.392 7.105 7.044
043 NH2 NO2 .452  7.390 7.157° 6.857
044 NH2 NO2 .488 7.400 7.225 6.973
045 NH2 NO2 500 7.416 7.249 7.002
046 NH2 NO2 .456  7.350 7.235 .7.012
047 NH2 NO2 475  7.459  7.242 6.952
048 NH2 NO2 467 7.449 7.218 6.923
049 NH2 NO2 .455  1.410 7.279 7.030
050 C7H4BrF3Mg m-trifluoromethylmagnesium bromide MgBr CF3 .98 7.24 7.28 7.90
051 C7H4F3Li m-triflucromethylphenyliithium Li CF3 17 7.03 7.07 8.05
052 C7H58r0 m-bromobenzaldehyde CHO Br 7.720 7.478  7.196  7.596
053 C7HsBr02 m-bromobenzoic acid COZH Br .104  7.806 7.480 7.991
054 C7H5C102 m-chlorobenzoic acid COZH Cl .955 7.667 7.543 7.949
055 C7H5F0 m-fluorobenzaldehyde CHO F .76 1.389 7.589 7.736
056 C;HgI0 m-iodobenzaldehyde CHO I .072  1.781 7.234 7.839
057 C7H5NO4 m-nitrobenzoic acid C02H NO2 .626 8.443 7.819 8.354

r ISo]vent Codeb

oo

o Spect.
Concn? Temp. Freq.
(%) (9C) (MHz) Ref.
0¢ 52 60 14
0 52 60 14
0 52 60 14
0 52 60 14
0 52 60 14
0 52 60 14
0 52 ﬁO 14
0 52 60 14
0 52 60 14
™ X 100 49
™ X 100 49
90 X 60 59
60

10 X or 75
100
60

10 X or 75
100

30 30 100 21

90 X 60 59
60

10 X or 75

100

296
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3 Table III

PROTON CHEMICAL SHIFTS, 6Ha, IN DISUBSTITUTED BENZENES 4 6
T Q
Substituent Arrangement: META ig
B A bt
2 +
aHa é . Spect.
Entry Molecular = Concn. Temp. Freq.
No. Formula Nane - A B 2 4 5 6 @ (2)  {°C) (MHz) Ref.
s _ 60
058 C7H603 m-hydroxybenzoic ecid COZH OH 7.476 7.069 7.325 7.482 5 10 e or 75
100
059 CO,H ‘OH 7.572 7.123  7.347  7.576 8 1.0M X 100 9
060 CHBr m-bromotoluene CH, Br 7.6 7.2 7.3 7.00 & 5  x 100 67
061 C7H7Bng m-tolyImagnesium bromide MgBr CH3 7.45 . 6.79 6.93 7.3¢ 10 ™ X 100 49
062 C,H,Brig0 m-anisylmagnesium bromide MgBr OCH3 7.22 6.57 7.02 7.21 10 M X 100 49
C,H,C i
063 C;H,C1 m-chlorotoluene CHq c1 7.10 7.06 7.09 . 6.9% 4 5 X 100 67
C-H,I -
064 CoH, m-iodotoluene CHy I 7.48 7.42 6.90 7.03 4 5 X 100 67
S C,H,Li - ithi i
065 77741 m-toly17ithium Li CH3 . 7.86 6.80 6.95 7.8C 10 ™ X 100 49
066 C,H,Li0 m-anisyllithium Li OCH, 7.64  6.52 7.0 7.53 10 ™M x 100 49
067 C7H7NO2 m-nitrotoluene CHy NO, 7.98 7.96 7.37 7.4:% 4 5 X 100 67
068  C,HgO m-cresol OH CHy 6.53  6.63  6.99 6.5 4 5 x 100 67
069 CyHgN m-toluidine NH,, CH3 6.31 6.42 6.83 6.26 4 5 X 100 67
070 C8H7Br . m-bromostyrene . CH=CH2 Br 7.415 7.248 7.073 7.1€3 7 5 X 100 62
071 CgH,C10 m-toluyl chloride coct CHy 7.86 7.L2 7.34 7.8¢ 4 5 X 100 67
072 C8H7N m-tolunitrile CN CH3 7.41 7.34 7.3l 7.39 4 5 X 100 67
073 C8H80 m-tolualdehyde CHO CH3 7.61 7.35 7.35 7.59 4 5 X 100 67
074 C8H802 m-toluic acid ‘COZH CHy 7.90 7.33 7.29 7.89 4 5 X 100 67
60
075 COH CHy 7.831 7.417 7.%5 7.810 5 10 X or 75
100
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Table III
PROTON CHEMICAL SHIFTS, 6Ha, IN DISUBSTITUTED BENZENES
Substituent Arrangement: META
S

Entry Molecular

No. Formula Nama A B 2 4 5 6
076  Cghgls m-hydroxyphenylacetic acid CH,CO,H OH 6.818 7248 7.109  6.766
077 C8H803 m-methoxybenzoic acid C02H OCH3 7.531 .'93  7.425 7.610
078  CgHgBr m-bromoethylbenzene C,Hg Br 7.27 .23 7.06 7.03
079 C8H9NO2 m-nitroethylbenzene C2H5 ‘ NO2 8.00 .98 7.40 7.46
080 C8H100 m-ethylphenol OH CZHS 6.56 .65 7.01 6.54 .
081 C8H100 m-meﬁhy]anisoie OCH3 CH3 6.59 .63 7.03 6.57 "
082 C8H1]N m-ethylaniline NH2 C2H5 6.40 .48 6.91 6.38
083 C8H11N N-methyl-m-toluidine NHCH3 CHy 6.24 .39 6.91 6.23
084 CgHyg0 m-methylacetophenone COCH, CHq 7.67 .26 7.25 7.65
085 C9H]OO2 m-cresol acetate OCOCH3 CH3 6.81 .92 7.14 6.79
086 . C9H1002 methyl m-toluate COZCH3 CH3 7.78 .2 7.24 7.75
087 CgH-‘OO3 m-methoxyphenylacetic acid CHZCOZH OCH3 6.893 .805 7.206 6.875
088 C9H1003 methyl m-methoxybenzoate COZCH3 OCH3 7.518 AN 7.396 7.583
089  CghygN N,N-dimethyl m-toluidine N(CH3)2 CH, 6.40 4 6.9 6.40
090 C10H1004 methyl m-acetoxybenzoate COZCH_3 OCOCH3 7.737 .377  7.527 7.8]8
091 C10H1203 methyl m-methoxyprenylacetate CH2C02CH3 OCH3 6.862 812 7.208 6.846
092 C”H1204 methyl m-acetoxyptenylacetate CHZCOZCH3 OCOCH3 7.055 012 7.321 7.156
093 C12H88r2 m,m'-dibromobipheryl EpC6H4Br Br 7.548 225 6.813  7.143

|So]vent Codeb

L w

~

o ©® m o &H ® © B~ &N

Spect.
Conen® Temp. Freq.
(%)  (9C) (MHz) Ref.
rom  xd 100 12
60
10 X or 75
100
5 X 100 67
5 X 100 67
5 X 100 67
5 X 100 67
5 x 100 67
5 X 100 67
5 X 100 67
5 X 100 67
5 X 100 67
1.0M X 100 12
1.0M X 100 9
5 X 100 67
1.0M X 100 12
1.0M X 100 12
1.0M X 100 12
5 X 60 32
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5 Table III

PROTON CHEMICAL SHIFTS, 847, IN DISUBSTITUTED BENZENES 4[’ R §6
> :\ <
Substituent Arrangement: META /K\;Lk 2
S B A ©
2 o g
: SH g ﬁ Spect.
Entry Molecular S Concn” Temp. Freq.
No. Formula Name A B 2 4 5 6 © (%) (°C) _mHz) Ref.
094 C}ZHSCTZ m,m'-dichlorobiphenyl _n_)—C6H4C1 Cl 7.398 7.075 $.894 7.118 6 5 x4 60 32
095  CypHgF, m,m'-di fluorobiphenyl m-CeH, F F 7.097 6.774 §.970 7.067 6 5 X 60 32
036 C]ZHBIZ m,m'~diiodobiphenyl gn_-C6H4I I 7.751  7.427  6.691 7.185 6 5 X 60 32
037 Cyohig m-tert-butylethylbenzene CoHg C(CH3)3 6.76 6.85 7.04 6.55 4 5 X 100 67
. : . _ _ 7 d
098 C]SH'I?_NVZOZ c1nnama1dehyde m-nitroanil N—CHCH-C!-ICGH5 N02 7.98 7.99 7.46 7.35 4 X X 100 13
099 MCHCH‘CHCGHS NO2 7.82 7.72 6.81 7.10 6 X X 100 13
100 N=CHCH=CHCHg NO2 ’ 7.80 7.91 7.42 7.34 7 X X 100 13

% ysual s-scale. See text, section 2, item 5.
b See Table V and text, section 2, item 6.

¢ Concentration is given in percent unless number is followed by "M", molarity. The designation "0" refers to the shift at
"infinite dilution”.. See text, section 2, item 7.

4 The designation "x" means unknown or unspecified.

viva 1vidld3ads YWN
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PROTON CHEMICAL SHIFTS, dHa, IN DISUBSTITUTED BENZENES 5 Table IV
Substituent Arrangement: PARA <y
6 S
(&
a +
v ) & Spect.
Entry = Molecular Z Concn Temp. Freq.
No. Formula . Name 2,6 3,5 & (%) (°C)  (MHz) Ref.
001 C6H4BrC1 p-bromochlorobanzene Ci Br 7.12  7.39 3 xCZ xd xd 2
‘002 C1 Br 7.30 7.50 4 14 25 60 78
003 » c1 Br 7.070 7.284 25 10 38 60 76
004 C6H4BrC]Mg p-chlorophenylnagnesiun bromide MgBr C1 7.58 7.04 10 ™ X 100 49
005 MgBr C1 7.54 7.09 10 0.5M X 60 37
006 C6H4BrF p-bronofluorobznzene F Br 6.77 7.25 1 100 25 60 78
007 F Br 6.90 7.42 3 X X X 2
008 F Br 6.83 7.33 7 29 X 60 94
009 F Br 6.794 7.311 25 10 38 60 31
010 66H4BrFMg p-fluorophenylnagnesium bromide MgBr F 7.62 6.88 10 ™ X 100 49
011 CgH,Brl p~bronoi odobenzene I Br 7.50 7.39 3 X X X 2
012 I Br 7.462 7.148 25 10 38 60 76
60
013 C_.H,BrNO p-bromonitrobenzene NO Br 8.04 7.58 3 X X or 80
64 2 2 100
014 NO2 Br 8.02 7.61 3 X X X 2
015 NO2 Br 8.19 71.87 8 6 25 60 78
016 C6H48r2 p-=dibromobenzene Br Br 7.67 1.67 3 X X X 2
017 ' Br Br 7.50 7.0 8 2 40 60 34
018 Br Br 7.33  1.33 12 2 40 60 34

996
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a

PROTON CHEMICAL SHIFTS, 8y~, N DISUBSTITUTED BENZENES

TABLE IV

5
Substituent Arrangement: PARA 6 g
: 5]
[
8,2 5
Entry  ‘Molecular H Z Concn$  Temp.
No. Formula Name 2,6 3,5 & (%) (°)
019 CgH,Br, p-dibromobenzene Br Br 7.222 7.222 25 10 38
02¢ Br Br .43 7.43 26 2 40
021 C6H4Br2Mg2 p-bis(bromomagnesio)benzene MgBr MgBr 7.70 7.70 27 0.5M xd
02z C6H4C1F \ p-chlorofluorobenzene F c 6.81 7.09 1 100 25
023 F Cl 6€.87 7.7 7 24 X
024 F Cl 6.832 7.147 25 10 38
025 CgH,ClI p-chloroiodobenzene I Cl 7.57  7.33 3 & X
026 ' I I 7.478 6.341 25 10 38
027 C6H4C1Li p-chloropheny11ithium Li Cl 7.46(?) 7.26{(2) 10 0.5 X
028 Li ¢l 7.89(2) 7.02(2) 10 ™ X
029 C6H4C1N02 p-chloronitrobenzene N02 Cl §.29 7.71 8 8 25
030 C6H4C12 p-dichlorobenzene C1 Cl 7.22  7.22 3 X X
031 C1 Cl 7.40 7.40 8 2 40
032 C1 Cl 7.18 7,18 12 2 40
033 a1 Ci 7.070 7.070 25 10 38
034 C1 Cl 7.36  7.36 26 2 40
035 C6H4C12FP p-fluorophenyldichlorophosphine PC12 F 7.46  6.72 6 30 32
036 66H4DBng p-deuteriophenylmagnesiun bromide MgBr D 7.64 7.02 10 1.0M 33
037 CgHybLi p-deuteriopheny11ithium Li D 8.02 7.02 10 1.0M 33

34

Spect.

Freg.

MHz) ~Ref.
60 76
60 34
60 37
60 78
60 94
60 31

x4 2
60 76
60 37
100 49
60 78
X 2

60
60 34
60 76
60 34
100 91
60 36
60 36

viva Tvidldads dWN
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_B
PROTbN CHEMICAL SHIFTS, GHa, IN DISUBSTITUTED BENZENES 3 5 TABLE 1V
Substituent Arrangement: PARA » 6 'Q%,
S

a =
Entry  Molecular A -——6L— -—q>-J Concn® Temp. SFpreecqt.'
No. Formula - Name . A S B 2,6 3,5 & (%) (°C) (MHz) Ref.
038 C6H4FI p-fluoroiodobenzene I F 7.33  6.57 1 100 25 - 60 78
039 » ' I F 7.492 6.671 25 10 38 60 31
040 C6H4F_i p-fluoropheny1lithium Li F 7.98 6.85 10 ™ xd 100 49
04’ C5H4FN02 . p-fluoronitrobenzene NG, F 8.26 7.24 1 100 25 60 78
042 NC, F 8.28 7.20 3 x*  x 2
043 C6H4F2 p-difliorobenzene F F 6.847 6.847 1 100 X 60 50
044 ' ’ F F 7.33  7.33 3 X X X 2
045 CEH4IN02 p-iodonitrobenzene NC2 I 7.90 7.90 3 X X X 2
046 ‘ ) NC2 I 8.00 8.08 8 2 25 60 78
047 C6H4IZ p-diiodobenzene I I 7.62 7.62 3 X X X 2
048 I I 7.306 7.306 25 10 38 60 76
0’49 C6H4N204 p-dinitrobenzene NC2 NO2 8.34 8.34 3 X X X 2
050 C6H58r0 p-bromophenol Or Br 6.60 7.25 3 X X X 2
051 CEHSCTNO2 p-chloronitrobenzene NC2 C1 8.11 7.45 3 X X X 2
052 CGHSCIO p~chlorophenol OF C1 6.64 7.12 3 X X X 2
053 ) Ok C1 6.68 7.14 4 10 X 100 40
054 OF C1 6.87 7.17 8 25 25 60 78
055 C6H5F0 p-fluorophenol Ok F 6.72 6.92 3 X X X 2
056 C6H5N03 p-nitrophenol OF NO, 6.92 8.10 3 X X X 2

896
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TABLE IV

PROTON CHEMICAL SHIFTS, SHa, IN DISUBSTITUTED BENZENES 5
Substituent Arrangemenf.: PARA 6 'Q%:
S
5,2 g R Spect.
oy e, Name 2,6 3,5 & TR e e,
057 C6H5N03 p-nitrophenol OH NO2 6.69 7.83 8 1 25 60 78
053 C6HGBY‘N p-bromoaniline NH,, Br 6.61 7.15 8 13 25 60 78
059 CGHGFN p-fluoroaniline NH2 F 6.40 6.78 1 100 25 60 78
060 NH, F 6.8 6.81 3 & @ &
061 C6HSIN p-iodoaniline NH2 I 6.32 7.3 3 X X X 2
062 NH2 I 6.50 7.30 8 1 25 60 78
063 C6H6N202 p-nitroaniline NHZ NO2 6.61 8.05 3 X X X 2
064 NH2 NO2 6.742 8.019 8 X 33 60. 8
065 NH2 N()2 6.76 8.02 8 9 25 60 78
066 CGHGOS p-hydroxybenzenethiol SH OH 7.066 6.644 3 ™ X 100 8?
067 C6H602 p-hydroquinone OH OH 7.1 7.1 12 2 40 60 34
068 C.JHaBr(HO p-bromobenzoyl chloride cacy Br 7.92  7.63 3 X X X 2
p-trifluoromethylphenylmagnesium :

069 C7H4BrF3Mg bromide MgBr CF3 7.82 7.30 10 M X 100 49
070 CH,C1F0 p-fluorobenzoyl chloride €oc1 F 8.06 7.14 3 X X X 2
071 C7H4C]FO p-chlorobenzoyl fluoride COF 1 7.935 7.462 10 X 3 100 15
072 (:7H4C]F3 p-trifluoromethylchlorobenzene C1 CF3 7.51 7.48 4 10 X 100 40
073 C7H4C1IO p-iodobenzoyl chloride coc1 I 7.78 7.78 3 X X X 2
074 C7H4CIN p-chlorobenzonitrile CN c1 7.56  7.43 3 X X X 2

Viva 1vild3ads dWN
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PROTON CHEMICAL SHIFTS, GHa, IN DISUBSTITUTED BENZENES 5 TABLE IV
Substituent Arrangenent: PARA Ry,
° 3
)
8 o
Entry  Molecular =
No. Formula Name 2,6 3,5 .3
075 C7H4C1N03 p-nitrobenzoyl chloride coct NO2 8.32 8.32 3
076 coch NO, 8.42 8.36 8
077 C7H4C120 p~-chlorobenzoyl chloride oct 1 7.94 7.41 3
078  C.H,Cl, p-trichloromethylichlorobenzene a ccl 7.36  7.86 4

079 C7H4FN p-fluorobenzonitrile CN F 7.67 7.17

080 C7H4F3Li p-trifiuoromethylphenyl1ithium Li CF3 8.05 7.23 10
081 C7H4IN p~iodabenzonitrile N I 7.35 7.80 3
082 C7H4N202 p-nitrobenzonitrile CN NO2 7.90 8.33 3
083 CN NO,, 8.15 8.45 8
084 C7HSBr02 p-bromobenzoic acid . C02H Br 7.96 7.68 3
085 CO,H Br 7.925 7.707 5
086 COZH Br 7.96 7.70 8
087 C7H5(2102 . p-chlorobenzoic acid COZH C1 7.96 7.52 3
088 COZH ct 8.018 7.543 5
089 C7H5FO p-fluorobenzaldehyde CHO F 7.976 7.289 8
090  CH:FO, p-fluorobenzoic acid C0,H F 8.03 7.29 3
091 CO,H F 8.089° 7.300 5

Conen®

5

Xd

15
X
10
X

™

10

0.8

Spect.
Temp. Freq.

(°C)  (MHz) Ref.
xd xd 2
25 60 78
X X 2
X 100 40
X X 2
X 100 49
X X 2
X X 2
25 60 78
X X 2
60
X or 75
100
25 60 78
X X 2
60
X or 75

100
30 100 21
X X 2
60
X or 75

100

06
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PROTON CHEMICAL SHIFTS, SHa, IN DISUBSTITUTED BENZENES 3 5 TABLE 1V
Substituent Arrangement: PARA Q,
. 2 6 E=]
8
+
' A 5Ha ] Spect.
Entry  Molecular —=—— 2 cConcn Temp. Freq,
No. Formula Name A B 2,6 3,5 & (%) (°C)  _(MHz) Ref.
092 C;H:FO, p-fluorobenzoic acid COH F 8.09 7.25 8 0.9 25 60 78
093 C,HgI0, p-iodotenzoic acid CO,H I 7.8 7.70 3 x3  x@ <2
60
094 CO.H I 7.898 7.765 5 10 X or 75
z 100
095 C7H5NO p-hydrcxybenzonitrile CN OH 7.51 6.95 3 X X X 2
096 C7H5NO3 p-nitrabenzaldehyde CHO 'NO‘2 8.22 8.44 8 7 25 60 78
097 C7H5N2 p-amincbenzonitrile CN NH2 7.30  6.57 3 X X X 2
098 C7HGO2 p-hydrexybenzaldehyde CHD OH 7.82  7.04 8 9 25 60 78
099 C7H603 p-hydrexybenzoic acid CO,H OH 7.83  6.88 3 X X X 2
60
100 Co,H OH 7.889 6.904 5 10 X or - 75
- 100
101 CO,H OH 7.978 6.962 8 1.0M X 100 9
102 C7H7Br p-bromotoluene CH3 Br 6.98 7.33 3 X X X 2
103 CH3 Br 6.96 7.29 4 5 X 100 67
104 CH3 Br 6.59 7.719 6 1-3 X 100 93
105 CH3 Br 6.86 7.20 7 45 25 60 78
106 CH, Br 6.90 7.25 12 1-3 x 100 93
107 C.’.H?Bng p-tolyTmagnesium bromide MgBr CH3 7.48 6.86 0 0.8M X 60 37
108 MgBr CH3 7.48 6.87 10 ™ X 100 49

ViVG TvdlD3dS ¥WN
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PROTON CHEMICAL SHIFTS, GHa, IN DISUBSTITUTED BENZENES 5 TABLE IV
Substituent Arrangement: PARA 6 Fg
3
S
87 E Spect.

Entry  Molecular 2 Concn® Temp. Freg.
No. Formula Name 2,6 3,5 & (%) (°C) _(MHz)
109 C7H7Bng p-toly'magnesium bromide MgBr CH3 7.42 6.70 27 0.4M xd 60
110 C,H;BriMg0 p-anisylmagnesium bromide MgBr OCHy 7.40(?)6.66(2) 10 0.58M X 60
m MgBr 0CH, 7.54(?) 6.72(2) 10 ™ X 100
12 MgBr 0CH4 7.50 6.60 27 0.68M  «x 60
113 C7H7Br0 p-bromoanisole 'OCH3 Br 6.592 7.207 25 10 38 60
114 C;H,Cal p-tolycalcium iodide Cal CHy 8.24 6.96 27 0.5M X 60
115 C7H7C1 p-chlorotoluene CH3 1 7.04 7.18 3 X X X
116 ' CHy c1 7.00 7.4 4 5 x 100
117 CHy 1 6.66 7.04 6 1-3 X 100
118 CHy c1 6.95 7.08 12 1-3 X 100
119 C7H7C10 p-chloroanisole OCH3 C1 6.65 7.09 1 100 25 60
120 C7H701305n p-anisyltrichlorostannane SnC]3 OCH3 7.57 7.3 2 X 21 60
121 SnC13 OCH3 7.66 6.90 5 X 21 60
122 SnC]3 OCH3 7.80 -7.13 8 X 21 60
123 SnC13 OCH3 7.46 6.96 12 X 21 60
124 SnC13 OCH3 7.78 7.1 26 X 21 60
125 SnC13 OCH3 7.69 7.21 36 X 21 60
126 07H7C1351 E;toiyltrich]orosi]ane SiCly CHy 7.69 7.32 2 X 21 60
127 SiCl, CHy 7.66 7.29 3 X 21 60

Ref.

37
37
49
37
76
37
2
67
93
93
78
87
87
87
87
87
87
87
87

clé
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. PROTON CHEMICAL SHIFTS, éHa, IN DISUBSTiTUTED BENZENES 5 TABLE IV
Substituent Arrangement: PARA 6 @%
8
2
: SHQ § . Spettv
ntry Molecular ~ Concn? Temp. Freq.
No. Formula Name 2,6 3,5 & _(%2)  (°C) _(MHz) Ref.
128 C7H7C1351 p-tolyttrichlorosilane SiC13 CH3 7.72 7.4 8 xa 21 60 87
129 SiC13 CH3 7.61  7.17 12 X 21 60 87
130 sicl, CH, 7.72 7.38 26 X 21 60 87
131 SiC13 CH3 7.68 7.32 27 X 21 60 87
132 SiC13 CH3 7.74  7.40 36 X 21 60 87
133 C7H7C'I3Sn p-tolyltrichlorostannane SnC13 CH3 7.52 7.44 2 X 21 60 87
134 SnC13 CH3 7.50 7.41 3 X 21 60 87
135 . Sn(ﬂ3 CH3 7.61 7.12 5 X 21 60 87
136 SnCl4 CHy S 7.74  7.39 8 % 21 60 87
137 SnC]3 CH3 7.42 7.28 12 X 21 60 87
138 SnC13 CH3 7.72  7.39 26 X 21 60 87
139 SnC13 CH3 7.62 7.28 27 X 21 60 87
140 SnC13_ CH3 7.49 7.18 28 x 21 60 87
141 SnCl3 CH3 7.63  7.49 36 X 21 60 87
142 C7H7F p-fluorotoluene CHy F 7.05 6.83 3 X X X 2
143 CH3 F 7.128" 6..933 8 15 X 100 26
144 C,H.FO p-fluoroanisole OCH, F 6.77 6.95 3 X X X 2
145 OCH3 F 6.67 6.8] 7 28 X 60 94
146 C,H,I p-iodotoluene CHy I 6.86 7.54 3 X X X 2
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PROTON CHEMICAL SHIFTS, 64, IN DISUBSTITUTED BENZENES 5 TABLE IV.
Substituent Arrangement: PARA <y
: 2
a L d
: ; 8 5 Spect.
Entry  Molecular Z Concn Temp. Freq.
No. Formula Name 2,6 3,5 & (%) (°C)  (MHz) Ref.
147 C7H7I p-iodotoluene CH3 I 6.84 7.49 4 5 xCz 100 67
148 CH3 I 6.46 7.36 6 1-3 X 100 93
148 CH3 I 6.78 7.47 12 1-3 X 100 93
150 CH,10 p-iodoanisole 0CH, I 6.62 7.53 3 «&  «x 2
151 C7H7Li p-tolylTithium Li CH3 7.91 6.92 10 0.5M  x 60 37
152 Li CH3 7.83 6.92 10 ™ X TOOv 49
153 C7H7L1Q p-anisyllithium Li OCH3 7.97 6.80 10 0.5M  «x 60 37
154 Li OCH3 7.86 6.70 10 ™ X 100 49
155 C7H7N02 p-aminobenzoic acid 'COZH NH2 7.67 6.61 3 X X X 2
60
156 COZH NH2 7.710 6.626 5 10 X or 75
100
157 C7H7N02 p-nitrotoluene CH3 N02 7.20 7.97 3 X X X 2
158 CH3 N02 7.26 8.03 3 20 X 100 41
159 CH3 NO2 7.27 8.05 4 5 X 100 67
160 CH, NO, 6.55 7.79 6 1-3 X 100 93
161 CH3 NO2 7.42 8.08 8 IA 25 60 78
162 CH3 N02 7.17 8.00- 12 1-3 X 100 93
163 C_./.H7NO'3 p-nitroanisole OCH3 i NO2 6.89 8.09 3 X X X | 2
164 OCH3 N02 6.91 8.12 4 5 X 60 98

HIR
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PROTON CHEMICAL SHIFTS, GHa, IN DISUBSTITUTED BENZENES 3 5 TABLE IV
Substituent Arrangement: PARA Qy

2 6 °

8
A éHa ::Cj Spect.
Entry Molecular — 2 conen® Temp. Freq.
No. Formula Name A B 2,6 3,5 & _(%)  (°C) _(MHz) Ref.
165 CoHoNO, p-nitroanisole OcH, No, - 6.3 7.89 6 5 60 98
165 0CH, no, 6.88 8.04 7 5 X 60 98
167 OCH3 NO2 ) 7.12  8.21 8 5 X 60 98 -
163 OtHy Noé 6.83 8.10 12 <5 X 60 98
163 OCH3 NO2 7.01 8.14 22 5 X 60 98
173 O(:H3 NO2 7.02 8.16 26 5 X 60 98
7 C7H‘86 p-cresol OH CH3 6.61 6.90 4 5 X 100 67
172 OH CH, 6.54 6.84 6 1-3 X 100 93
173 OK CH3 6.61 6.89 12 1-3 X 100 93
174 C7H91\ p-toluidine NH2 CH3 6.40 6.81 4 5 X 100 67
175 NH, CH, 6.32 6.88 6 1-3 x 100 93
175 ) NH2 CH3 6.55 6.85 8 1 25 60 78
177 NH,, CHy 6.39 6.78 12 1-3 X 100 93
178 C7H9N0 p-methoxyanilire NH2 OCH4 6.501 6.722 4 X 33 60 8
173 NH2 OCH3 6.92 6.68 8 5 25 60 78
60 .
183  CHCNO p-cyanobenzoic acid CoH CN 8.126 7.968 5 10 X or 5
8572 2 100

18} [38H7Er02 methyl p-bromobenzoate CO,CH, Br 7.82 7.52 3 x X X 2
182 CgH,C10 p-totuyl chloride cact CHq 7.91 7.22 3 X X X 2
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9.6

PROTON CHEMICAL SHIFTS, 6Ha, IN DISUBSTITUTED BENZENES 5 TABLE IV
Substituent Arrangement: PARA 6 'Qg
1]
S
82 5 Spect.

Entry  Molecular = Conecn® Temp. Freq.

No. Formula Name A 2,6 3,5 & (%) (°C) _(MHz) Ref.

183 CgH,C10 ' p-toluyl éh]oride coc1 CHy 7.95 7.24 4 5 $4 100 67

184 Cg,C10, methy1-p-chlorobenzoate CO,CHy c1 7.1 707 3 X3 «x X 2

185 C8H7CIO2 p-methoxybenzoyl chloride cocl OCH3 7.94 6.89 3 X X X 2 :
186 C8H7F3 p-toluyl fluoride COF CH3' 7.892 7.337 10 X 31 100 15 E
187 C8H7F32 methyl p~-fluorobenzoate COZCH3 F 7.99 7.07 3 X X X 2 5
188 C8H7IIJ2 methyl p~iodobenzoate (IOZCH3 I 7.70 7.70 3 X X X 2 g
189 C8H7LiN p-dimezhylaminopheny1Tithium Li N(CH3)2 7.91 6.69 10 0.5M x 60 37 g
190 CgH,N p-toluritrile CN CHy 7.46 7.22 3 X X X 2 r
101 CN CH, 746 7.22 4 5 x 100 67 ;
192 cN CHy 6.97 6.53 6 1-3 x 100 93 o
193 CN CH3 7.36  7.14 12 1-3 X 100 93 g
194 C8H7ND p-methoxybenzonitrile CN OCH3 7.56 6.97 3 X X X » 2 §
195 C8H7N02 E—nitrostyrene CH=CF~I2 NO2 7.463 8.062 7 5 30 100 24

196 C8H7N03 methyl p-nitrobenzoate COZCH3 NO2 8.21 8.21 3 X X X 2
197 C8H8BrNO p-bromoacetanilide NHCOCH3 Br 7.77  7.39 3 X X X 2

- 198 C8H8C1NO ' p-chloroacetanilide NHCOCH, C1 7.80 7.23 3 X X X 2
199 C8H8-FN0 p-fluoroacetanilide NHCOCH3 F 7.60 6.93 3 X X X 2
200 C8H'8INO p-iodoacetanilide NHCOCH3 I 7.58 7.58 3 X X X 2
201 C‘8H80 p-tolualdehyde CHO CH3 7.69 7.25 4 5 X 100 67
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PROTON CHEMICAL SHIFTS, 6Ha, IN DISUBSTITUTED BENZENES 5 TABLE IV
Shbstituent Arrangement: PARA 6 2
&
82 £
Entry  Molecular H = Concn®
- No. Formula Name A 2,6 3,5 & _(%)
202 C8H802 p-hydroxyphenylacetic acid CH2C02H OH 7.125 6.785 8 1.0M
203 08H802 p-methoxybenzaldehyde CHO OCH3 7.79 6.9 1 100
. . d
204 CSHBOZ p-toluic acid COZH CH3 7.88 7.30 3 X
205 COZH CH3 7.98 7.20 4 5
206 CgHg0- p-methoxybenzoic acid C02H OCH3 7.92  7.03 3 X
207 CO,H 0CH, 7.964 7.026 5 10
208 CgHgOq methyl p-hydroxybenzoate CO,CH, OH 7.88 6.87 3 X
209 CgHgBr p-methylbenzyl bromide CH,Br CHy 7.12  7.00 7 M
210 CHoBr CHy 7.077 7.240 8 20
2N C8H9N0 p-aminoacetophenone COCH3 NH2 7.77 6.7 8 13
212 C8H9N02 p-ethyinitrobenzene NOZ C2H5 8.04 7.27 3 20
213 NO,, CoHg 8.00 7.27 3 X
214 CgHgNC, methyl p-aminobenzoate CO,CHy NH, 7.79 '6.6] 3 X
215 CSHIO p-xylenz CHy CHy 6.98 6.98 4 1
216 CHy CHq 7.03 7.03 8 2
217 CH, CHy 6.94 6.94 12 2
218 CHy CHy 7.06 7.06 26 2
219 CH3 CH3 6.92 6.92 32 0.02M

Temp.
)

N

X
40
40
40
10

Spect.

Freq.
{MHz) Ref.
100 12
60 78
xd 2
100 67
X 2

60
or 75

100
X 2
60 92
100 25
60 78
100 - 41
X 2
X 2
60 55
60’ 34
60 34
60 34
60 1
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PROTON CHEMICAL SHIFTS, GHa, IN DISUBSTITUTED BENZENES 5 TABLE 1V
Substituent Arrangement: PARA Sy
° E
a .p :
s 5] Spect.
Entry  Molecular = Concn? Temp. Freg.
No. Formula Name A B 2,6 3,5 & (%) (9C)  (MHz) Ref.
220 CgH,oBrN p-N,N-dimethylaminobromobenzene Br N(CH3)2 7,21 6.48 3 e e & 2
221 CBHTOmN p-N,N-dimethylaminochlorobenzene C1 N(CH3)2 7.12  6.55 3 X X X 2
222 Catly oFN p~N,N-dimethylaminofluorobenzene F N(CH3)2 6.86 6.55 3 X % X 2
223 C8H1OIN p~N,N-dimethylaminoiodobenzene 1 N(CH3)2 7.37  6.37 3 X X X 2
. .
o . % 57.01 $8.93
224 CgHy N0 N,N-dinethyl-p-nitrosoaniline N(CH,), NO a6.71 26.62 8 2 -56 60 68
225 N(CH,) NO $6.82 58.9] 3 | 2 56(2) 60 69
3’2 a6.53 a6.78 R

226 08H10N202 p~N,N-dimethylaminonitrobenzene NC2 N(CH:,})2 8.07 6.56 3 X X X 2
227 NC, N(CH3), 8.088 6.780 8 X 33 60 8
228 NC‘2 N(CH3)2 8.05 6.79 8 1.3 25 60 78
229 CBH]OO p-methylanisole OCH3 CH3 6.66 6.94 4 5 X 100 67
230 . OCH3 CH3 6.68 6.94 6 1-3 X 100 93
23] OCH3 CH3 6.66 6.93 12 1-3 X 100 93
232 C'8H”N N-methyl-p-toluidine NHZH3 CH3 6.35 6.84 4 5 X 100 67

| | Bk

233 C9H9C]O 2-{p-chlorophenyl)oxetane D‘~—-CH2 C1 7.28 7.28 4 2-5 X 300 81

*

Slow rotational exchange limit shifts are given:

s = proton syr to 0 of N=0; a = proton anti to 0 of N=0.

8.6
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TABLE 1V

PROTON CHEMICAL SHIFTS, GHa, IN DISUBSTITUTED BENZENES 5
Substituent Arrangement: PARA 6 »::8
8
a -
5, é . Spect.
Entr Molecular —_— 3 Concn. Temp. Freq.
No.y Formula Name A B 2,6 3,5 & (%) (°C) _(MHz) Ref.
CH-—CH
| 1° .
234 C9H9c10 2-(p-chlorophenyl)oxetane O———CHZ C1 7.03 7.14 6 2-5 X 300 81
235 CgHg(10 " p-ethylbenzoyl chloride coct CHs 7.95 7.28 3 x% X <2
236 CgHgN p-ethylbenzonitrile CN C2H5 7.52 7.27 3 X X X 2
237 CgHmN2 p-N,N-dimethylaminobenzonitrile CN N(CH3)2 7.33  6.57 3 3 X X 2
238 CQH]OO p-methoxystyrene CH=CH2 OCH3 7.160 6.5683 7 5 30 100 24
239 C9H]CO p-methylacetophenone COCH3 CH3 7.75 7.16 4 5 X 100 67
240 CgHmO2 p-cresol acetate OCOCH3 CHy 6.88 7.06 4 5 X 100 67
241 C9H1OO2 p-ethylbenzoic acid CO,H CoHg 7.85 7.28 3 X X X 2
242 C9H1OOZ methyl Bftoluate. COZCH3 CH3 7.87 7.9 3 X X X 2
243 COZCH3 CH3 7.85 7.14 4 5 X 100 67
244 COZCH3 CH3 8.05 6.89 6 1-3 X 100 93
245 COZCH3 CH3 7.87 7.08 12 1-3 X 100 93
246 CgHmO3 p-methoxyphenylacetic acid CHZCOZH OCH3 7.208 6.853 8 1.0M X 100 12
247 C9H1OO3 methyl p-methoxybenzoate COZCH3 OCH3 7.90 6.85 3 X X X 2
248 COZCH3 OCH3 7.952 6.999 8 1.0M X 100 9
249 CgHy4NO N,N-dinethyl-p-aminobenzaldehyde CHO N(CH3)2 7.68 6.72 8 1 25 60 78
250 CQHHNO2 p-N,N-dimethylaminobenzoic acid COH N(CH3)2 7.72  6.64 3 X X X 2
251 Cgf4NO, p-isopropylnitrobenzene NO, CH(CH3)2 8.13 7.38 3 20 X 100 41
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b
N w S~ w w w w 0 o ':; o) ~ w |SO]VEHt Code

26
27

B
PROTON CHEMICAL SHIFTS, dHa, IN DISUBSTITUTED BENZENES 3 5 TABLE IV
Substituent Arrangement: PARA ) 6
A 8,7
Entry Molecular
No. Formula Name A B 2,6 3,5
252 CanNO2 ' Efisopropy1nitrobenzehe NO2 CH(CH3)2 £€.06 7.35
253 C9H13N N,N-dimethyl-p-toluidine N(CH3)2 CH3 €.52 6.89
254 N(CH3)2_ CH3 €.61 7.03
255 N(CH3)2 CH3 €.56  6.91
256 C]OHB 4-ethynylistyrene CH=CH2 C=CH €.985 7.341
257 CTOH1004 methyl p-acetoxybenzoate COZCH3 OCOCH3 €.035 7.245
258 C]OH]1C10 p-isopropylbenzoyl chloride coc1 CH(CH3)2 7.96  7.31
259 C]OH]]N p-isopropylbenzonitrile CN CH(CH3)2 7.49 7.26
260 C10H1202 p-isopropylbenzoic acid COZH CH(CH3)2 7.88  7.33
261 C]0H1202 methyl p-ethylbenzoate COZCH3 C2H5 7.89  7.20
262 ,C]OH1203 methyl p-methoxyphenylacetate CHZCOZCH3 OCH3 7.180 6.852
263‘ C]DH13Br p-tert-butylbronobenzene Br C(CH3)3 7.30  7.16
264 CqHyCT p-tert-butylchlorobenzene c1 C(CH3) 4 7.19  7.19
265  C,aHy2C1 NS Sn p-tolyldichlorotin N,N-dimethyl- SnC1,SCSN(CH.,) CH 7.80 7.36
1071377272 dithiocarbamate 2 32 3
266 SnC]ZSCSN(CH3)24 CH3 7.82  7.16
267 SnC]ZSCSN(CHS)2 CH3 7.78  7.39
268 SnC]ZSCSN(CH3)2 CH3 .76 7.37
269 SnC125CSN(CH3)2 CH3 7.7 7.7
270 SnC1 SCSN(CH3)2 CH 7.82  7.44

2

36

Conen® Temp.

(%)

xd

.5
1-3
1-3

5
1.0

Spect.
Freq.

(°C)  (MHz) Ref.
X xd 2
X 100 67

X 100 93
X 100 93

30 100 24
X 100 12
X X 2
X X 2
X X 2
X X 2
X 100 12
X 100 40
X X 2

21 60 87

21 60 87

21 60 87

21 60 87

21 60 87

21 60 87

086
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PROTON CHEMICAL SHIFTS, 6Ha, IN DISUBSTITUTED BENZENES 3 5 TABLE IV
Substituent Arrangement: PARA o
: 2 6 =
8
ey
. a =4
GH ; 3]

Entry Motecular —1 2 Concn® Temp.
No. Formula Name A B 2,6 3,5 & _(3) (%)
271 C1OH‘3613Sn Q-tert;butylpkenyltrich1orostannane EnCI3 C(CH3)3 7.61  7.61 2 x4 21
272 SnC13 C(CH3)3 7.62 7.34 5 X 21
273 SnC13 C(CH3)3 7.79 7.63 8 X 21
274 SnC13 C(CH3)3 7.52 7.52 12 X 21
275 SnC13 C(CH3)3 7.78 7.63 26 X 21
276 Sn;]B C(CH3)3 7.70 7.70 36 X 21
277 C1OH]3N p~-N,N-dimethylaminos tyrene CH=CH2 N(CH3)2 7.301 6.512 6 5 30
278 C]OH]3N02 p-tert-butyTnitrobenzene NO2 C(CH3)3 8.19 7.61 3 20 xd
279 ‘ NO2 C(CH3)3 8.07 . 7.50 3 X X

" " . A L ) *s7.07 s8.89 8 6
280 Cqpfy N, N,N-diethyl-p-nitrosoariline N(C2H5)2 NO %26.77 26.66 2 -5
281 N(CH, ) NO s6.83 5886, 56(7)
(Catg), 26.54 26.84 R
$6.01 8.96
282 N(C_H NO = = 20 2 -56(?)
(CHs) a5.67 a6.74
283 C11H1204 methy! p-acetoxyphenylacetate CHZCOZCH3 OCOCH3 7.298 7.051 8 1.0M X

284 C]IH‘3C10 p-teri-butylbenzoyl chloride CoC1 C(CH3)3 7.99 7.49 3 X X

285 CqqHyoN p-tert-butylbenzonitrile CN C(CH3)3 7.49 7.49 3 X X

*S1ow rotational exchange 1imit shifts are given: s = proton syn to 0 of N=0; a = proton anti to 0 of N=0.

Spect.
Freq.
Miz) Ref.
60 87
60 87
60 87
60 87
60 87
60 87
100 24
100 41
x4 2
60 68
60 69
60 69
100 12
X 2
X 2
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B
PROTON CHEMICAL SHIFTS, 6Ha, IN DISUBSTITUTED BENZENES 3 5 TABLE IV
Substituen: Arrangement: PARA > g
6 °
(&)
-+
A 8y g ‘ Spect.
Entry  Molecular = Concn Temp. Freq.
No. Formula Name A B 2,6 3,5 » _(%) (°C)  (MHz) Ref.
- - i i d d d
286 C”HMO2 p-tert-butylbenzoic acid COZH C(CH3)3 7.90 7.49 3 X X X 2
287 C”HMO2 methyl p-isopropylbenzoate COZCH3 CH(CH3)2 7.89 7.21 3 X X X 2
288 C11H16 p-ettyl-n-propylbenzene Q¢C3H7 C2H5 6.90 6.64 4 5 X 100 67
289 C12H4D507 p-chloroperdeuteriophenylbenzene CSDS C1 7.39  7.30 4 10 X 100 40
290 C]2H405N02 p-nitroperdeuterophenylbenzene CGDS NO2 7.66 8.22 4 10 X 100 40
291 C]ZHBBY‘2 p,p'-dibromobiphenyl E-C6H4Br Br 7.057 7.304 6 1 X 60 32
292 Gy Hglh, p,p'-dichlorobiphenyl P-CgH,CT Ci 7.138 7.154 6 1 X 60 32
293 C.|2H8F2 p,p'-diftuorobiphenyl E—C6H4F F 7.214 6.853 6 5 X 60 32
294 B-CgH,F F 7.33  6.95 7 21 X 60 94
295 Cyotigly p,p’'-diiodobipheny” Q:C6H4I I 6.935 7.507 6 i X 60 32
296 C]2H8N204S bis(p-nitrophenyl) sulfide E—N02C6H4S NO2 7.589 8.207 35 5-8 38 60 73
297 C]2H8N204S2 bis(p-nitrophenyl) disulfide P-NOCeH,S, NO2 7.758 8.216 35 5-8 38 60 73
298 C]Z“]ZNZS bis(g-aminophenyl) sulfide prH206H4S NH2 6.966 6.480 35 5-8 38 60 73
299 C12H.|2N252. bis(p-aminophenyl) disulfide R-NH2C6H4S2 NH2 7.153 6.517 35 5-8 38 60 73
300 C12H1602 methyl p-tert-butylbenzoate COZCH3 C(CH3)3 7.89 7.39 3 X X X 2
301 C]ZH]B p-sec-butylethylbenzene CZH5 §§g;C4H9 6.66 6.93 4 5 X 100 67
302 Cyofyg p-tert-butylethylbenzene CZHS tert-C Hy 6.66 7.13 4 5 X 100 67
- s . ‘ 60
303 C]3H]]NQZS p-tolylthio-p-nitrobenzene NOZ ETCH3CGH¢S 8.02 7.83 3 X X 185 80

NNVWYHOW "3 "1 ANV OYIdVHS ‘1 '8
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PROTON CHEMICAL SHIFTS, GHa, IN DISUBSTITUTED BENZENES 3 5 TABLE 1V
Substituent Arrangement: PARA <y
2 6 ©
8
a +
A 8, ] Spect.
Entry  Molecular ' . —D—— 2 Concn® Temp. Freq.
No. Formula Name A 3 2,6 3,5 & (%) (°C)  (MHz) Ref.
304 C14H]4C125n di(p-tolyl)dichlorostannane SnC]Z-E-CH3C6H4 CH3 7.54 7.33 2 ) xd 21 60 87
305 SnC12-p_-CH3C6H4 CH3 7.77 7.14 5 X 21 60 87
306 ShC]Z-E;CH3C6H4 CH3 7.71 7.34 8 X 21 60 87
307 SnCTz-E_—CH3C6H4 CH3 7.46 7.18 12 X 21 60 87
308 SnCTZ—p_‘-CH3C6H4 CH3 7.70  7.36 26 X 21 60 87
309 SnC12-97CH3C6H4 CH3 7.65 7.4 36 X 21 60 87
310 C14H14N203 %BguégzoxyaniSOTE (ring adjacent E¢CH30-C6H4-N-NO OCH3 8.13 6.79 7 5 70 60 78
3N C14H14N203 p,p -azoxyanisole {(ring remote Q;CH30-C6H4-NO—N OCH3 8.15 6.90 7 5 70 60 78
from NO)
» . : d
312 C14H22 p-di-t-butylbenzene C(CH3)3 C(CH3)3 7.18 7.18 4 1 X 100 55
313 C]5H1]Br0 3~ (p~brompheny1)methylidenephthalide R* Br 7.80 7.59 8 .05M 24 80 84
314 C15H]]BrOS 3-(p-bromopheny1)thiomethylidene- S-R* Br 7.49 7.73 8 .OBM 24 80 84
phthalide
315 CqgHypqCI0 3-(p-chloropheny1)methylidenephthalide R 1 7.86 7.46 8 .05M 24 80 84
316 C15H]1C]OS 3-(p-chlorophenyl)thiomethylidene- s-R” 1 7.43  7.61 8 .05M 24 80 84
phthalide
317 C15H]]IO 3-(p~-iodopheny1)methylidenephthalide R* I 7.84 7.63 8 .05M 24 80 84
318 C]5H1]IOS 3-(p-iodopheny1)thiomethylidene- S-R I 7.37 7.79 8 .05M 24 80 84
phthalide
*
R
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8
. PROTON CHEMICAL SHIFTS, éHa, IN DISUBSTITUTED BENZERES 3 5 TABLE IV
Substituent Arrangement: PARA 2y
2 6 -]
8
2 +
A 8y 3 Spect.
Entry  Moleculer , ——> = cConen® Temp. Freq.
No. Formule Name A B 2,6 3,5 & _ (%)  _(°C) _(MHz) Ref.
319 C] 5H”NO3 3-(p-nitrophenyl)methylidenephthalide R* NO2 8.32 8.08 8 .05M 24 80 84
320 C]5H1 .‘NO3S 3-(p-nitrophenyl) thiomethylidene- S-R* NO, 7.80 8.27 8 .05M 24 80 84
phthalide
321 CyHy BrN cinnamaldehyde p-bromoani1 Br NeCHCH=CHCH;  6.93 7.38 4 < 0 13
322 Br N=CHCH=CHC6H5 6.8 7.27 6 X X 100 13
323 Br N=CHCH=CHCGH5 6.90 7.33 7 X X 100 13
324 C15H12FN cinnamaldehyde p-fluoroanil F N=CHCH=CH136H5 6.96 6.87 6 X X 100 13
325 CyH,,0,S 3-(p-hydroxypheny1) thiomethylidene- S—R* OH 7.50 7.68 8 .O5M 24 80 84
1571272 :
phthalide
*
326 C] SHTSNO 3-(p-aminophenyl)methylidenephthalide R NHZ 7.61 6.72 8 - .05M 24 80 84
* .
327 C] 6H140 3-(p-tolyl)methylidenephthalide R CH3 7.75 7.25 8 .05M 24 80 84
328 C’!GHMOS 3~ (p_—to]y'l)thiomethﬁidenephtha'l‘ide S—R* CH3 7.23 7.45 8 .0EM 24 80 84
329 C] 6H.l 402 3-(p-anisyl ymethylidenephthalide * OCH3 7.83 7.02 8 .05M 24 80 84
330 CUHTSNO cinnamaldehyde p-acetylanil COCH3 N=CHCH=CHC6H5 7.96 7.18 3 X X 100 13
331 COCH3 N=CHCH=CHC6H5- 7.84 7.04 6 X X 100 13
332G 7H.l 7NO cinnamaldehyde p-ethoxyanil 0C2H5 N=CHCH=CHGGH5 6.75 7.02 4 X X 100 13
333 0C2H5 N=CHCH=CHC6H5 6.83 7.22 6 X X 100 13
334 OCZH5 N=CH(IH=CH(26H5 6.40 6.66 7 X X 100 13
*
R
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PROTON CHEMICAL SHIFTS, (SHa, IN DISUBSTITUTED BENZENES 3 5 TABLE IV
Substituent Arrangement: PARA Sy
2 6 =]
, 8
a -
< s S Spect.
Entry Molecular %E Concn® Temp. Freq.
No. Formula Name A 2,6 3,5 & _(%)  (°C) _(MHz) Ref.
335 CygHq,Bra0P tris-p-bromophenylphosphine oxide PO(E—BrCGH4)2 Br 7.50 7.64 2 0.5M $& 60 44
336 C]8H128r3P tris-p-bromophenylphosphine P(E;BrC6H4)2 Br 7.14 7.47 x 0.5M X 60 44
337 CqghqpBrsPs tris-p-bromophenylphosphine sulfide PS(QfBrCGH4)2 Br 7.54  7.62 2 0.5M X 60 44
338 C18H12C130P tris-p-chlorophenylphosphine oxide RO(EyC1C6H4)2 Cl 7.59  7.47 3 0.5M X 60 44
339 C]8H12C13P tris-p-chlorophenylphosphine P(E¢C1C6H4)2 C1 7.19  7.30 "3  0.5M X 60 44
340 CygHqoCT4PS tris-p-chlorophenylphosphine sulfide PS(QfCIC6H4)2 Cl 7.63  7.44 2 0.5M X 60 44
341 C]8H1ZD3OP tris-p-deuteriophenylphesphine oxide PO(Q'-DCGHZ;)2 D 7.65 7.44 2 0.5M X 60 44
342 C]8H12D3P tris-p-deuteriophenylphgsphine P(g—DC6H4)2 D 7.29 7.28 2 0.5M X 60 44
343 C]8H12D3PS tris-p-deuteriophenylphosphine sulfide PS(Q;DC6H4)2 D 7,70 7.44 2 0.5M X 60 44
344 CqgHy,F50P tris(p-fluorophzny1)phosphine oxide PO(Q_—FCGH4)2 F 7.70 7.35 5 50 X 60 35
345 C]8H12F3P tris-p-fluorophanylphosghine P(EfFC6H4)2 F 7.05 6.74 6 20 32 100 91
346 C18H14 p-terphenyl C6H5 C6H5 7.667 7.567 3 5 28 60 56
: # )
347 C19H]5C131P methyl(tris-p-c1lorophenyl)phos- P(27C1C6H4)2CHBI C1 7.87 7.58 3 0.5M X 60 44
phonium jodide
+ -
348 C]9H]5D3IP methy1(tris-p-deuteriophenyl)phos- P(E;DC6H4)2CH3I D 7.83  7.71 2 0.5M X 60 44
phonium jodide
349 CZOH”OTe2 o-phenylene-bis[p-ethoxyphenyl- R* OCZH5 7.741 6.779 3 ™ X 100 89
telluride] : ‘
350 C20H18F303P dimethyl p-fluorophenylphosphonate PO(OCH3)?(97FC6H4)2 F 7.80  7.27 1 100 X 60 35
351 PO(OCH3)2(E'-FC6H4)2 F 7.83  7.33 4 50 X 60 3t
R- Q;C2H50C6H4Te—Q;C6H4-Te-
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~: PROTON CHEMICAL SHIFTS, &y, IN DISUBSTITUTED BENZENES 3 5 TABLE IV

o .

§ Substituent Arrangement: PARA _,

2 6 °

g S

» i

2 A GHa 8 . Spect.

3 Entry  Molecular = Concn® Temp. Freq.
No. Formula Name A B 2,6 35 & _(3)  (°C) (MHz) Ref.
352 CpyH,q0P tris-p-tolylphosphine oxide PO(p__-CH3C6H4)2 CHy 7.50 7.22 2 0.5M x@ 60 44
353 C21H2103P tPiSfE;anisyiphosphing P(ETCH30C6H4)2 OCH3 7.26 6.8 3 0.5M° X 60 44
354 C2]H2]03PS tris-p-anisylphosphine sulfide PS(E_--CH30C6H4)2 OCH3 7.62 6.92 3 0.5M X 60 44
355 C21H2]04P tris-p-anisylphosphine oxide PO(E_-CH30C6H4)2 OCH3 7.53 6.94 2 0.5M X 60 44
356 C21H21P tris-p-tolyiphosphine P(E-CH3C6H4)2 CH3 7.19 - 7.09 3 1.0M X 60 44
357 021H21PS tris-p-tolylphosphine sulfide . PS(E;CH3C6H4)2 CH3 7.56 7.18 2 T1.0M X 60 44
358 C22H24IO3P ?gg?g;(trfs~g;anisy1)phosphonium P(95CﬂpC6H4)ZCH3I OCH3 7.63 7.20 3 0.5M X 60 44

' + -

389 Co HpIP ng?gl(tr'{s-ﬂ-to}y])phosphon'ium p(p_-CH3C6H4)2(:H31 | CHy 7.62 7.53 2 0.5M X 60 44
360 C24H30N30P tris-p-dimethylaminophenyIphosphine PO(Qy(CHS)ZNC6H4)2 N(CH3)2 7.40 6.68 2 0.2 X 60 44

oxide

7 Ysual s-scale.

b

¢ Concentration is given in percent unless number is followed by "M", molarity.

dilution". See text, section 2, itam 7.

See text, section 2, item 5.

See Table V and text, section 2, item 6.

a The designation "x" means unknown or unspecified.

The designation '0" refers to the shift at "infinite

986
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NMR SPECTRAL DATA

Table V: Solvents and Solvent Code Numbers

Solvent
Code ' Solvent

20
21
22
23
24
25
26
27
28
29
30
37
32
33
34
35
36
37
38
39

40

(none; neat liquid + TMS*)
methylene chioride
chloroform-d

carbon tetrachloride
dimethy]sulfoxide(—d6)
ben7pne(—d6)

carbon disulfide
acetone(—ds)

n hexane

diethyl ether

ethyl acetate
cyclohexane

methyl acetate
paraldehyde

cyc lohexanaone

ethyl bromide
bromocyciopentane
propylene carbonate
acetic anhydride
to]uene—d8
1,1,1-trichloro-1,1,1-trifluoroethane
methanol

carbon tetrabromide
squalane
*tetramethylsilane (TMS)
acetonitrile
tetrahydrofuran
dimethylformamide
methylpropionamide
water (H20 or'DZO)
acetic acid
1,2-dichloroethane
dioxane
trifluorocacetic acid
2-methuxyethyl ether (diglyme)
nitromethane

ethanol

triethylamine

deuterium oxide containing an unspecified

Tow concentration of NaOD

deuterium oxide containing an unspecilied

high concentration of NaQD

Solvent

(none: neat Tiquid + TMS*)
acetic acid

acetic anhydride
acetone(~d5)
acetonitrile
benzene(-db)
bromocyciopentane
carbon disulfide
carbon tetrabromide
carbon tetrachloride
chloroform-d
cyclohexane
cyclohexanone

987

Solvent
Code

1
31
19

8
26

6
17

deuterium oxide containing an unspecified

Tow concentration of NaOD

39

deuterium oxide containing an unspecified

high concentration of Na(OD
1.2-dichloroethane
diethyl ether
dimethylformamide
dimethylsulfoxide(-d
dioxane

6

ethanol

ethyl acetate

ethyl bromide

g;hexane

methanot

2-methoxyethyl ether (diglyn
methyl acetate

methylene chloride
methylpropionamide
nitromethane

paraldehyde

propylene carbonate
squalane

tetrahydrofuran
*tetramethylsilane (TMS)
1,1,1-trichloro-1,1,1-triftuoroethane
triethylamine )
to]uene-d8

water (HZO or DZO)

40
32
10
28

33
37
1
16

j44
35
13

36
14
18
24
27
25
21
38
20
30

J. Phys. Chem. Ref. Data, Vo, é, Ne. 8, 1977
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4. Avthor Index

Adams, D. G. 36 Gatti, G. 88
Andrews, D. W. 99 Gatto, K. 83
‘Anteunis, M. 13, 81 Gerig, J.T. 83
Austin, Jr.,, W. K. 97 Gestblom, B. 94

Gibbons, W. A. 55
Baitz-Gacs, E. 86 Gil, V.M. S. 55
Baiwir, M. 60 Glidewell, C. 79 .
Barfield, M. 62 Goldstein, J. H. 31, 32, 46, 50, 53, 56, 57, 58, 76
Bartle, K. D. 92, 96 Gordon, M. 35
Batterham, T. J. 91 Griffin, C.E. 35
Beeby, J. 65 Gruttadauria, S. 72
Beistel, D. W. 2, 41 Giinther, H. 70, 90
Beltrame, P. 20
Benassi, R. 44 Hamer, G. K. 24
Bhaca, N.S. 66 Hayamizu, K. 51,52, 67
Bildsoe, H. 15 Hoffmann-Ostenhof, T. 65
Birchall, T. 45 HOlZCl’, H. 85 .
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