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CHEMICAL SHIFTS IN THE N.M.R. SPECTRA OF
SUBSTITUTED XYLENES!

RoOBERT R. FRASER

ABSTRACT

The complete results of analysis of the N.M.R. spectra of twelve 2,6-dimethyl-1-substituted
benzenes are reported, The results are mterpreted as evidence that the ability of the substituent
to donate or withdraw electrons by resonance interaction with the benzene ring is a major
factor in determining the position of absorption of the protons attached to the ring. The
chemical shifts and couplmg constants for nitroethylene are also reported.

The study of the effect of a substituent on the position of absorption in the N.M.R.
spectra of protons attached to a benzene ring has been greatly hindered by the complexity
of the spectra of monosubstituted benzenes. These spectra generally fall in the classifica~
tion 4 B2C» following the nomenclature of Bernstein, Pople, and Schneider (1). Analysis
of such a five-spin system is extremely tedious even in the case of pyridine, which belongs
to the slightly simpler AB.X, system (2). For this reason little work has appeared in the
literature on the correlation of chemical shifts of protons on a benzene ring with sub-
stituents since the first report by Corio and Dailey (3). These authors reported the values
8o, Om, 8, for the chemical shifts of the ortho, meta, and para protons in the N.M.R,
spectra of 22 monosubstituted benzenes. Their analysis was of a qualitative nature on
spectra whose resolution was limited by the use of a transmission frequency of 30.00
Mec/sec. Furthermore Bothner-By and Glick subsequently showed that solvent effects
were responsible for inaccuracies of as much as 0.07 p.p.m. in the values for 4, (4). Correla-
tion of their § values with Hammett’'s ¢ constants gave only rough agreement although
Taft later showed that agreement to within 0.07 p.p.m. could be obtained employing the
equation® &, = 40.400;41.0403°+0.02 (5). In this equation ¢y is the inductive sub-
stituent constant of Taft (6) and o5’ Is the resonance substituent constant corrected for
isovalent conjugation (5). Taft has interpreted this agreement to be an indication that
polarization effects in the transition state are sufficiently similar to those in the ground
state to give the correlation betweeun ¢ and 6, (7).

An alternative theory of the origin of chemical shift differences in the ring protons of
monosubstituted benzenes has been suggested in a recent article by Buckingham (8). He
proposes that the screening constant for each proton is determined by the “‘internal
electric field”’ of the molecule. In addition polarization of the surrounding solvent by the
solute produces a “reaction field” whose effect combines with that of the electric field to
give the total effect on the screening constants. He has derived expressions for these two
fields in terms of the dipole moment of the solute, its refractive index, and the dielectric
of the solution from which screening constants can be directly calculated. Calculations
for nitrobenzene gave values of —0.69, —0.40, and —0.51 p.p.m. relative to benzene for
the ortho, meta, and para protons in fair agreement with the values —0.97, —0.30, and
—0.42 observed by Corio and Dailey. In order to provide data which might aid in the
elucidation of the cause of chemical shift differences with different substituents, a series
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of 2,6-dimethyl-1-substituted-benzenes were synthesized and their spectra obtained with
a Varian V-4302 spectrometer using a 60 Mc/sec r.f. unit. These xylene derivatives were
selected for study since they provide spectra which can be accurately analyzed.

RESULTS AND DISCUSSION

The results of analysis of the spectra of 12 substituted xylenes are given in Table I.

TABLE 1

Results of analysis of twelve 2,6-dimethyl-1-substituted benzenes (substituent ¢ values are also given)

Substituent  Awp* App* Avm' om op oR Tongt
CN 12.9 0.3 2.6 0.62 0.68 0.10 7.52
Br 16.8 16.8 6.5 0.39 0.23 -0.22 7.61
1 18.4 14.4 8.1 0.35 0.28 -0.11 7.54
F 22.5 26.5 12.2 0.35 0.08 —0.44 7.76
D 24.8 14.5 14.5 0.00 0.00 0.00 7.73
OH 25.8 39.0 15.5 0.08 ~0.35 —0.60 7.88
NH. 29.0 47.2 18.7 —0.15 —0.66 -~0.76 7.89
NO. 12.5 5.2 2.2 +0.05 7.68
COOH 16.0 7.0 5.7 -+0.06 7.55
OCH; 23.5 29.0 13.2 —0.20 7.75
NHCH; 25.5 35.8 15.2 —0.39 7.76
N(CHa3). 26 26 15.7 —-0.21 7.76

NotE: All the ¢ values for the first seven substituents are taken from R. W. Taft, Jr., N. C. Denog, and A. S. Skell. Ann. Rev.
of Phys. Chem. 9, 292 (1958). The oR values for the last five substituents are calculated from normal e values by correcting for
the percentage of steric inhibition of resonance. The percentage inhibition was taken from the following sources: R. W. Taft, Jr.
and H. D, Evans. J. Chem. Phys. 27, 1427 (1957), who reported NO1 (67%), OCHa (599,), and N(CHa)z (73%); B. M. Wepster.
Rev. trav. chim. 76, 335, 357 (1957}, who found NOa (69%), N(CH3)1 (80%,). and NHCH3 (60%); A, Burawoy and J. T, Chamber-
lain. J. Chem. Soc. 2310 (1952), from whose results the value 629 is calculated for OCHgz; and G. M, Moser and A. I. Kohlenburg.
J. Chem. Soc. 805 (1957), from whose data the value 509, is estimated for COOH. For a discussion of steric inhibition of resonance
in these compounds see B. M. Wepster. Progress in stereochemistry. Vol. 2. Edited by W. Klyne and P. B. D. de la Mare. Butter-
worths Scientific Publications, London. 1958. -

Ay, and Avp are the chemical shifts in cycles/sec at 60 Mc/sec relative to the iuternal reference benzene for the meta and para
protons.

t7cH;g gives the chemical shift of the ortho methyls expressed as parts per million with tetramethylsilane assigned a value 10.00.

The protons attached to the aromatic ring appeared in all but three cases as an A B,
pattern whose general solution has been reported in reference 1. The spectrum consists of
eight transitions whose energies and intensities are dependent only on the ratio J 45/Av,5.*
In Fig. 1 the spectra of 2,6-dimethylphenol, 2,6-dimethylanisole, and N,N-dimethyl-2,6-
dimethylaniline are shown. They illustrate cases where the ratio is less than one, about
one, and much greater than one, respectively. In 2,6-dimethylphenol, as in all AB,
systeins, line 3 gives the position of chemical shift for the .4 nucleus, unmodified by spin
coupling. The corresponding position for the B nuclei is the mean of transitions 5 and 7.
Thus Avsps = Ay,— Ay, can be obtained directly from the spectrum. In the spectrum of
this compound transitions 5 and 6 could not be resolved. To insure accurate results,
theoretical spectra were calculated for various ratios of J/Av,p until agreement with the
observed spectra to within 0.4 cycle/sec for each transition was obtained. In most spectra
the agreement was within 0.2 cycle/sec for each transition. In all spectra J,5 was found
to be 7.7 cycles/sec. The spectra of N,N-dimethyl-2,6-dimethylaniline and 2,6-dimethyl-
bromobenzene showed only a single observable pealk under high gain and it is estimated
that the chemical shift of the meta and para protons in these two compounds is the same
to within 3.0 cycles/sec.

*Tap 1s the coupling constant between the para (A) and meta (B) protons. Avap = vq—vp represents the

chemical shift between the mela and para protons. The symbol Av is used lo denote chemical shifis in units of
cycles per second as recommended by Pople, Schneider, and Bernstein (11).
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F1c. 1. (A) Aromatic proton absorption of 2,6-dimethylphenol (side bands at 40.0 cycles/sec) as a 109,
solution in carbon tetrachloride. (B) Aromatic protons of 2,6-dimethylanisole (side bands at 35.1 cycles/sec)
and (C) I\il,N—dimethyl-2,6-dimethylani1ine (side bands at 25.0 cycles/sec) as 109, solutions in carbon
tetrachloride.

In 2,6-dimethylfluorobenzene coupling of the fluorine atom with the meta and para
protons resulted in the more complex spectrum shown in Fig. 2. By neglecting coupling
of the methyl groups with the ring protons we can classify the aromatic protons and the
fluorine nucleus as an A4B,X system. In order to simplify the calculations we have
considered the aromatic proton spectrum as the sum of two 4B, systems. This type of
simplification has been employed previously by Anet in the analysis of the 2,3-dibromo-
butanes (9). When the X nucleus, fluorine, has a spin of +1/2 the aromatic protons will
form one AB, system. When fluorine has a spin of —1/2 the aromatic protons comprise
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F1G. 2. Aromatic absorption of 2,6-dimethylfluorobenzene (side bands at 30.0 cycles/sec) as a 109
solution in carbon tetrachloride.

a second AB, system of equal total intensity. From the experimentally determined
spectrum we found the chemical shift for the widely separated 4B, system to be 8.6
cycles/sec. Using the values Jpr, = 7.0 cycles/sec, Jrm, = £2.2 cycles/sec, and
Jag = 7.7 cycles/sec, it was then possible to calculate the complete spectrum for the
aromatic protons. Two solutions were obtained, one for the case where the coupling
constants between fluorine and the meta and para protons are of opposite sign (Fig. 3A)
and one where the coupling constants are of the same sign (Fig. 3B). The numerical
values for the fluorine-hydrogen coupling constants were chosen from the results of
Gutowsky, Holim, Saika, and Williams, who observed the coupling between the ring
protons and fluorine in fluoromesitylene to be 7.0 cycles/sec and the coupling between
fluorine and a para proton to be 2.2 cycles/sec in several fluorinated benzenes (10). The
line width of the strongest peak in the observed spectrum suggests that it is due to an
4B, system having a very large ratio of J/Av,5 as depicted in Fig. 3A. In addition failure
to observe the transition at +2.2 cycles/sec shown in Fig. 3B further indicates that the
observed spectrum is due to a system in which the two fluorine-proton coupling constants
are of opposite sign. Unfortunately an element of doubt remains as the differences between
the two theoretical spectra are not large. The spectrum of 2,6-dimethylfluorobenzene was
also measured in acetone, methylene iodide, dimethylsulphoxide, and aqueous methanol.
Only in acetone was the spectrum altered significantly, Ay, for the well-resolved ABs
systen being increased to 10.1 cycles/sec. Again better agreement between observed
and calculated spectra was obtained assuming the fluorine-hydrogen coupling constants
to be of opposite sign. With the values chosen in Fig. 3A, the chemical shift difference
between the meta and para protons is found to be 4.0 cycles/sec with the para proton at
higher field. The alternative assumption increases the difference to 6.2 cycles/sec. The
methyl groups in 2,6-dimethylfluorobenzene appeared as a doublet of spacing 2.05 cycles/
sec due to coupling with the fluorine nucleus.

Before the results are examined it is necessary to malce a correction in the Ay, values.
The spectrum of 2,6-dimethyldeuterobenzene shows that the meta protons are shifted
10.3 cycles/sec more to high field than the para ones by the methyl groups. Whatever
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Fic. 3. Theoretical spectra of aromatic protons in 2,6-dimethylfiuorobenzene.

(A) For Jap = 7.7 cycles/sec, Jr_wy = 7.0 cycles/sec, JF_HA = —2.2 cycles/scc, Avens = 8.6 cycles/sec.

(B) For Jup = 7.7 cycles/sec, Jp-gy = 7.0 cycles/sec, Jp-n, = 2.2 cycles/sec, Avys = 8.6 cycles/sec.
In this diagram transitions of intensity less than 409, of band at +5.6 are not included. The positions
of the 4 and B nuclei in the absence of coupling are shown below the abscissa.

the origin of this preferential shift, it is necessary to assume that it remains constant
throughout the series of compounds measured. If this is true we can assign Ay, values =
Ay —10.3 to the meta protons. Now the effect of the methyls is removed and the substituent
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effect of a deuterium atom appears the same at the meta and para positions. The Ap,’
values are also given in Table I. Let us now consider the chemical shifts observed in 2,6-
dimethylaniline and its N,N-dimethyl derivative, The para proton in 2,6-dimethylaniline
occurs at 47.2 cycles/sec relative to benzene, the meta proton at 29.0 cycles/sec relative
to benzene. The value Ay, —Aw,’ shows that the amino substituent causes the para proton
to be shifted 28.5 cycles/sec to higher field relative to the meta, which is corrected for the
effect of the methyl group. On the other hand the dimethylamino substituent can be
seen to cause only a 10.3 cycles/sec preferential shift of the para proton to higher field.
It has been established by ultraviolet spectroscopy and by chemical reactivity (see
references 1 and 2 in Table [) that two methyl groups ortho to a dimethylamino group
greatly inhibit its resonance interaction with the benzene ring by preventing it from attain-
ing coplanarity with the ring. The large difference in chemical shifts in 2,6-dimethylaniline
can be explained by a resonance effect. That is to say the nitrogen atom donates its
electrons to the para position more than to the meta position in the ground state and the
increase in electron density results in a shift to higher field. The resonance interaction of
the dimethylamino group with the ring is greatly decreased and so the effect on the
shielding of the para and meta protons is also greatly diminished. The screening at the
meta and para positions in the two compounds was calculated from the equations derived
by Buckingham. The values 1.62 and 0.94, which Fischer found (12) for the dipole moments
of 2,6-dimethylaniline and N,N-dimethyl-2,6-dimethylaniline, were used in the calcula-
tion. The dielectric constants for 59 solutions in carbon tetrachloride were estimated to
be 2.5 and 2.4 respectively.

For 2,6-dimethylaniline the equations of Buckingham give values for Ay, and Ay, of
6.4 cycles/sec and 7.2 cycles/sec. For the N,N-dimethyl derivative values of 3.7 and 4.1
cycles/sec were obtained. When these are compared with our experimental results it
can be seen that the agreement is very poor.

A more obvious contradiction of the electric field effect is seen in the data for 2,6-
dimethylfluorobenzene. Its dipole moment will most certainly be greater than zero with
the negative end directed away from the ring.* Electric field theory then predicts that the
para protons will be less screened than the meta when, in fact, the opposite situation has
been found.

A plot of Ay, and Ay, against the Hammett sigma constants for each substituent is
shown in Fig. 4. No linear relationship is seen as the strongly electron-donating sub-
stituents appear at too high field. The same type of behavior was found for the F1®
chemical shifts determined by Gutowsky (14). However, Taft later showed that the
observed chemical shifts could be correlated with the inductive and resonance substituent
constants o and o (7). The measured chemical shifts for the seven compounds whose
substituents are free of steric inhibition of resonance were tested for correlation by the
equation Ay = ao;+Bog+vy where o and B represent the susceptibility of the chemical
shift to inductive and resonance effects of the substituent, respectively, and vy represents
the constant methyl group effect. The chemical shifts [or the meta protons are correlated
by the equation Ap," = 14.5—170;— 100y, with the maximum error being 2.4 cycles/sec
in the case of the bromo compound. The equation Ay, = 14.5—17¢;—460y gives a better
correlation, the maximum error being 1.7 cycles/sec in the iodo compound. As an illustra-
tion of the greater susceptibility of the para protons to og, the value Av,— Ay, for each

*The only available dipole mowment data on fluorobensenes is that of Everard, Kumar, and Sutton (13), who
found the dipole moment of fluorobenzene to be 1.48 Debye units. The introduction of two methyl groups could
lower the dipole moment by no more than 0.6 Debye unit which would lead to a minimuwm estimale of 0.88 Debye
unit for 2,6-dvmethyifliorobenzene.
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F16. 4. Correlation of the shielding of the meta and para protons expressed in cycles per second at
60 Mc/sec from benzene by Hammett’s ¢'s.

F16. 5. Correlation of the separation in cycles per second at 60 Mc of the meta and para protons by
Taft’s or.

compound is plotted against the oy value of the substituent in Fig. 5.* The linear relation-
ship is obeyed to within 2.5 cycles/sec for those substituents free from resonance inhibition
by the adjacent methyl groups. The substituents for which there is experimental evidence
of steric inhibition of resonance are also plotted on the graph using g values corrected
for the percentage of inhibition as listed in Table I. The points for these substituents do
not give a good linear plot, which might be interpreted as failure of the spectral and
chemical methods to give a quantitative measure of the steric inhibition of resonance.
Indeed the theoretical interpretation of the observed decrease in intensity of the ultra-
violet absorption spectrum with increasing resonance inhibition, which was proposed by
Braude, Sondheimer, and Forbes (15), has been invalidated by the recent work of Waight
and Erskine (16). They observed no change in intensity of the ultraviolet spectra of a
series of ortho-methylacetophenones with a 216° temperature change, a finding which
contradicts Braude and co-worker’s theory. It would be too presumptuous on the basis of
our limited findings to propose corrected values for resonance inhibition by assuming the
linear relationship to be valid for our compounds. It is sufficient to say that the deviation
of these compounds from linearity does not refute the proposal that chemical shifts are
determined by the inductive and resonance effects of the substituents.

Our findings can be compared with those of Corio and Dailey for the meta and para
protons. The absence of ortho protons in our spectra is unimportant as Jackman has
pointed out that the ortho shieldings are in many instances misleading (17). Jackman has
found that each of the groups CN, Br, COOH, COCIl, COCHj;, CHO in 2-substituted-1-
propenes causes a shift of the proton cis to it to lower field relative to the trans proton.

*If Avn' = ao1tBor+y and Avy = aoc1+B'orty then Avp—Avw’ = (B’ —B)or and so a linear relationship
between Avp—Avy' and or should be found.



Can. J. Chem. Downloaded from www.nrcresearchpress.com by 129.12.217.83 on 11/10/14
o For personal use only

FRASER: SUBSTITUTED XVLENES 2233

The magnitude of the effect varies from 0.05 to 0.5 p.p.m. We have found that the
nitro group has an even greater effect. Nitroethylene as a 109, solution in carbon tetra-
chloride gave a spectrum with well-separated absorption peaks. Assignments were made
by assuming the coupling to be greater between protons trans to one another than cis
and the results of analysis by first-order perturbation theory are given in Fig. 6. The

(3.45)

NO, H, Jiz e
N4
Cc=C J1 31a6%
/ 0\
Hy H, Jp.3.7.0%
(2.88) (413)

Fi1G6. 6. Chemical shifts (r values) and coupling constants for nitroethylene.

proton cis to the nitro group appears 0.68 p.p.m. to lower field than the proton trans to
the nitro group. This effect of substituents will undoubtedly also be present in mono-
substituted benzenes and will result in ortho protons appearing to lower field than in the
absence of the effect. In instances where the effect is large, e.g. nitro, it could also be
significant in the meta position even though it should fall off with the cube of the distance
(11, p. 176). Our results are generally in agreement with those of Corio and Dailey although
they show much greater sensitivity. For example, phenol showed no resolvable fine structure
at 30 Mc/sec whereas 2,6-dimethylphenol showed signals for the meta and para protons
separated by 13.2 cycles/sec. There is a discrepancy in the case of the iodo substituent.
The values assigned to the para and meta protons in iodobenzene were +.10 and +.17
p.p.m. or 6.0 and 10.2 cycles/sec at 60 Mc/sec respectively. By subtracting the effect
of the methyl groups our results for iodobenzene would be —0.1 and —6.4 cycles/sec
respectively. Presumably, the discrepancy is due to those factors mentioned earlier,
solvent effects and approximate analysis.

In conclusion it can be stated that our findings are not explainable by the Buckingham
electric field theory. They are in agreement with the proposal of Taft that the observed
shifts at the meta and para positions are determined by both the inductive and resonance
effects of the substituent. The theoretical basis for such a relationship has been clearly
discussed by Taft (7). In spite of our findings it should be emphasized that the quantita-
tive value of the correlations is questionable. The meta protons are subject to only small
shifts which could easily be overwhelmed by solvent or anisotropy effects. Indeed the
recent work of Schneider (18) points out the need for caution. He found that the chemical
shifts of the C1 nuclei in monosubstituted benzenes show appreciable variation due to
resonance at the para position and even larger variation due to resonance and anisotropy
effects at the ortho positions. At the meta position the variation in chemical shift was
extremely small and not interpretable by resonance effects.

EXPERIMENTAL

The spectra were measured with a Varian V-4302 high-resolution N.M.R. spectrometer.
Every result reported is the average of at least three determinations. Peak separations
were determined by the side-band technique (11, p. 74) employing a Hewlett—Packard
wide-range oscillator. The frequency of the side band was counted after each determination
with a Hewlett—Packard 521C frequency counter with an accuracy of =0.1 cycle/sec.
If a broad peak was being measured the calibration was carried out by superposition of
the reference signal on the desired peak. Alternatively, several of the spectra were cali-
brated by recording the spectrum of the reference and aromatic compound and their
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side bands, then measuring the separation by interpolation. Both methods were used on
2,6-dimethylphenol and were found to agree to within 0.2 cycle/sec. All calibrations with
respect to the internal reference were made employing 5% solutions of the aromatic
compound in carbon tetrachloride containing 19, of benzene as internal reference.
Measurements of the aromatic proton absorption of 2,6-dimethylanisole were made on
209, 10%, and 59, solutions in carbon tetrachloride. From complete analysis of the
multiplet system it was found that the chemical shift between the meta and para protons
changed only 0.4 cycle/sec over the range studied. The check on effect of dilution was
made since it was necessary to employ a concentration of 109, of some compounds in
order to get reproducible measurements of the 4B, system. For analysis of the deutero,
dimethylamino, carboxyl, bromo, and methoxy compounds 5%, solutions were employed.
It is estimated from the average standard deviation for all compounds that the measured
chemical shift between meta and para protons is accurate to within 0.4 cycle/sec and that
the same accuracy was obtained for reference measurements. This would lead to a
maximum possible error of =0.8 cycle/sec for the chemical shifts in Table I. The 7 values
for the methyl groups as listed in the table were obtained from measurements on 5%,
solutions in carbon tetrachloride containing 19, of tetramethylsilane. The nitroethylene
spectrum was obtained from a 109, solution in carbon tetrachloride containing 19, of
tetramethylsilane.

2.6-Dimethylaniline

Reagent grade 2,6-dimethylaniline (Eastman Kodak Co.) was freshly distilled from
zinc dust to give a liquid, b.p. 79-80° 6 mm, #2® 1.5588 (literature b.p. 216°, 747 mm,
n2? 1.5602 (19)).

2 ,6-Dimethylnitrobenzene

Practical grade 2,6-dimethyl-1-nitrobenzene (Eastman Kodak Co.) was distilled before
use to give a light yellow liquid, b.p. 81°, 7 mm, »2} 1.5203 (literature b.p. 225°, 744 mm
(20, Vol. 3, p. 813)).

2.6-Dimethylphenol
Reagent grade 2,6-dimethylphenol (Eastman Kodak Co.) was twice sublimed before
use to give white crystals, m.p. 43-44.5° (literature m.p. 49° (20, Vol. 4, p. 680)).

2,6-Dimethylanisole

Methylation of 2,6-dimethylphenol with dimethyl sulphate in alkali (21, p. 58) gave 699
of product from which a portion was redistilled to give a colorless liquid, b.p. 54°, 6 mm,
7% 1.5024 (literature b.p. 66-67°, 11 mm, #3} 1.5003 (22)).

N-Methyl-2,6-dimethylaniline

A mixture of 2.55 g (0.021 mole) of 2,6-dimethylaniline and 3.2 g (0.023 mole) of methyl
iodide was heated under reflux for 30 minutes. The solid which formed was recrystallized
from chloroform and acetone. The purified solid, 2.7 g, was then dissolved in 109, sodium
bicarbonate and the solution extracted twice with ether. The ether extracts were dried
over magnesium sulphate, then filtered, and the filtrate was distilled to remove the ether.
The residue, 1.1 g (379,), was distilled through a Holtzmann column to give N-methyl-
2,6-dimethylaniline, b.p. 73.5-74°, 6 mm, »}° 1.5347 (literature b.p. 87°, 13 mm (12)).
N,N-Dimethyl-2,6-dimethylaniline

Following the procedure of Brown and Grayson (19), N,N-dimethy!-2,6-dimethylaniline
was prepared in 419, yield. The product distilled at 64~64.5°, 5 mm, »%! 1.5136 (literature
b.p. 195°, 740 mm, »}} 1.5133 (19)).
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2,6-Dimethylbenzonitrile

The nitrile was obtained in 379, yield from 2,6-dimethylaniline by diazotization and
treatiment with cuprous cyanide (21, p. 514). The product melted from 88-89.3° (literature
m.p. 90-91° (23)).

2.6-Dimethylbenzoic Acid

The nitrile was converted to the amide by treatment with concentrated sulphuric acid
and thence to the acid by heating with 1009, phosphoric acid as described by Berger and
Olivier (24). The acid after recrystallization from benzene melted from 115.5-116.5°
(literature m.p. 115-116° (24)).

2,6-Dimethyliodobenzene

Following the procedure used for the preparation of iodobenzene (25, p. 351), 2,6-di-
methylaniline was converted to the iodo compound in 149} yield. The product was a
liquid, b.p. 98-99°, 9 mm (literature b.p. 228-230° (20, Vol. 3, p. 49)). Calc. for CgH,I:
C,41.4;H, 3.9. Found:C, 41.6; H, 3.7.

2,6-Dimethylbromobenzene

The procedure used for the conversion of o-toluene to o-bromotoluene (21, p. 135) was
employed to convert 2,6-dimethylaniline into 2,6-dimethylbromobenzene in 159, yield.
The product was a liquid, b.p. 74.5-75°, 7 mm, %% 1.5532 (literature b.p. 206° (20, p. 379)).
Calc. for CsH¢Br: C, 51.8; H, 4.9. Found: C, 52.4, 51.9; H, 5.0, 5.0.

2,6-Dimethylfluorobenzene

This compound, although not previously prepared, was readily obtained from
2,6-dimethylaniline following exactly the procedure for the conversion of aniline to
fluorobenzene (25, p. 295). The product was obtained in 409, yield as a liquid, b.p. 85°,
113 mm, =2 1.4762. Calc. for CsHoF: C, 77.4; H, 7.3. Found: C, 77.6; H, 7.4.
2,6-Dimethylbenzene-1-d

The procedure for the preparation of this compound was kindly provided by Dr. L. C.
Leitch (26). A mixture of 5 g of 2,6-dimethylaniline and 8 ml of heavy water (99.9%)
containing a pellet of sodium hydroxide was stirred for 8 hours at 80°. The heavy water
was separated in a separatory funnel and the exchange procedure was repeated twice
more with fresh heavy water. The amine, 4.18 g (0.035 mole), was added to 12.1 ml] of
completely deuterated 509, hypophosphorous acid and 6.2 ml of heavy water and the
mixture was cooled to —5° in an ice—salt bath. To this was added dropwise a solution of
2.38 g (0.035 mole) of sodium nitrite in 4.2 ml of heavy water keeping the temperature
below 0°. The resultant solution was kept at 0° for 20 hours then extracted with ether.
The extracts were dried over magnesium sulphate, filtered, and after removal of the ether
under reduced pressure, distillation of the residue gave 0.7 g of colorless liquid, b.p. 65°
(80 mm), whose N.M.R. spectrum gave no indication of contamination by other products.

Nitroethylene

This compound was prepared by the sequence recommended by Noland (27). The
product was a lachrymatory yellow liquid, b.p. 43° 90 mm, (literature b.p. 38-39°,
80 mim (28)).
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