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Chemical Shifts of Methyl Protons
in Polymethylnaphthalenes

FOCH FU-HSIE YEW, ROBERT J. KURLAND, and BEVERIDGE J. MAIR
Pefro/ouin Research Lpborafoqr, Camegh InstHvfe of Tedmo/ogy, Pittsburgh, Pa,

~ The proton chemical shifts of the
methyl groups in 24 methyl-substituted
naphthalenes hove been determined.
Those chemical shifts ore correlated
with empirically derived parameters
related to the effects of m ~y|l group
substitution on the oromotic nucleus and
to steric efl*cts. The prediction of
chemical shifts made possible by this
correlation is vahiable for the identifi-
cation of the polymethylnaphthalenes
in petroleum.

s PAST of a program on the

identification of dinucleu aro-
matic hydrocarbons from petroleum, the
nuclear ma”~etic resonance spectra of
24 polymethylnaphthalenes were ob-
tained. A correlation of the data has
provided an in~ht into the structural
factors which affect the chemical shifts
of the methyl protons.

EXPEHMBfTAI

Nuclear magnetic resonance spectra
were obtained for 24 methyl-substituted
naphthalenes with a Varian Y-4203
H i~ Resolution NMK spectrometer,
operating at a frequency of 60 mega-

cycles per second and a field strength of
1 4 ,gauss. The measurements were
m e on solutions containing 2 to 5
mole % of hydrocarbon in carbon
tetrachloride, witli tetramethylsilane
(TMS) as an internal reference. The
TMS signal was taken at 10 r units (S).
Tlie chemical shifts were measured by
means of the audio frequency side
band technique. The effect of con-
centration change, in the ran” 1 to 10
mole %, on the “emical shifts of the
methyl protons of 1- and 2-methyl>
naphtlialenes is given in Figure 1
The chemical shifts decrease 0.0" unit
as the concentration is decreased from
5 to 2 mole %. According to Pople,
Schneider, and Bernstein (10), smaller
shifts due to change in concentration
may be expected with increadi® sub-
stitutions—i.e., greater moleciilar vol-
ume—of the aromatic ring. Therefore,
the uncertainty due to concentration
differences for the pol}~ethylnaphtha-
lenes is expected to be within :£0.01
p.p.m.

RESULTS

The 48 chemical shift values meas-
ured for methyl groups from 24 methyl
naphthalenes are given in Table 1
The lettering and numbering system
for tiie naphthalene nucleus is:

10
«fi

The methyl groups fall into three
categories: (a) “-methyl groups, for
which chemical shifts are between
750 and 7.70 r units; (b) ot-methyl
groups (except for dimethyl substitution
in the 1,8- and 4,5-podtions), for which
chemical shifts are between 7.36 and
7.50 r units; and (e) o-meihyl groui»,
disubstituted in the 18- and 45-
positions, for which chemical shifts are
in lhe range 7.14 to 7.26 r units.

In addition, two general trends nuky
be observed: (a) The chemical shifts
tend to increase as the number of sub-
stituents on the nucleus is increased;
and (b) this increase in the chemical
shifts, for a given number of sub-
stituents depends on the poation of the
other methyl groups. For example, the
increase in the chemical shift of any
methyl group with an adjacent sulv
stitution is greater than that caused by
a nonadjacent substitution in the same
ring, which in turn is greater than that
resulting from substitution in
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7.6C - 2*m«thyln<iplithoitn«
T.40- I'm*thylnaphthaltn«
7.20. J L

mole percent

Figure 1.

Table I.

Poiymethylnaphtholenes
M)
Posi- Meas-

Type Compound* tion ured Calculated™
1-Methyl-" 1 7.36M™
2-MethyP

a 1,4-Dimethyl-* 1,4 741
1,5-Dimethyl-~ 16 7.38
1,8-Dimethyl-' 1,8 7.18
2,3-Dimethyl-*
2,6-Dimethyl-*
2,7-Dimethyl-~
1,2-Dimethyl-/ 1 7.48
1,3-DimethyI® 1 7.41
1,7-Dimethyl-* 1 7.38

3a 1,4,5-Trim”hyl-* 1 7.43

4 7.18
5 7.14

n 2,3,6-Trimetliyl-*

2a,0 1,2,4-Trimethyl-* 1 7.49
4 7.43
1,3,5-Trimethyl-* 1 7.42
5 7.42
2a,8 1,4,6-Trimethyl-* 1 7.42
4 7.42
a,29 1,6,7-Trimethyl-* 1 7.41
4a 1,4,5,8-Tetramethyl-* 1,4 7.26
58 7.26

2,3,6,7-Tetramethyl-*
2a, 25 1,2,3,6-Tetramethyl-* 1 7.46
5 7.40
1,2,3,4-Tetramethyl-* 1 7.44
4 7.44
3a,(J 1,35,8-Tetramethyl-* 18 7.20
5 7.47
3a, 2p 1,2,3,5,8-Pentamethyl-* 1 7.25
5 7.44
8 7.23
2a,4fi 1,2,3,4,6,7-Hexamethyl-* 14  7.47

* Letters indicate source of compound.

*Values giveo in parentheses contain an additional correction for Bteric effect (see text).

* API Research Project 58.
At a concentration of 3 mole % in CCU.

*G. Dana Johnson, Kftnaa« State University.

f Richard W. King, The Sun Oil Co.
CommeTcial sources.

* From Petroleum by API Research Project 6.
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Chemical shifts of the mert>yl protons of the 1- and 2-meHiyinaph>
thalenes with respect to the concentration in carbon tetrachloride

Measured and Calculated Voiues for Chemical Shifts of Methyl Protons in

V(1)

Meas-
ured Calculated*

7.52-

7.54
7.54
7.60
7.55

7.65
7.55
7.62
7.58

7.53

N
o Y]
wa

NNONAN NNANANANNN
O ON DONDDOD
OCWWOORD

o
JIN N

7.53
7.53
7.62
7.57

7.63
7.54
7.67
7.58

7.54

NN
oY)
NN

NNONN NNNNNNN
ON ON ONNONOOD
WO O WN~NOWHD

oppoute ring. These two trends are
also ot"ervable in the case of 1,8- and
4,5-dimethyl substitution.

By asdgning suitable valu” to the
substitutional and steric facton sug-
gested by the foregoii®; trends, an
empirical equation was developed to
permit the calculation of the chemical
shifts for all the methylnaphthalen”.
The values of the coitants were ad-
justed by the metiiod of least squares;

(1)
where

7.36 r for I-methylnaphthal«ie
= 7.52 r for 2-methylnaphthalene

ASi  0.10 p.p.m., contribution to the
chemical shift of any methyl
group by™an adjacent me~/yl
substitution

A3t = 0.05 p.p.m., contribution to the
chemical shift of any methyl
group for each nonadjacent
methyl group substitute on
the same riin

ASs = 0.01 p.p.m., contribution to the
chemical shift of any methyl
group for each additicMia}
methyl group substituted on
the opposite rin™ (excepting
1,8- and 4,5-eubstitutioD)

ABL = —020p p.m., contribution to the
chemi® Aft of a metiiyl
group at (3-1 by the subetitu-
uon of a methyl group at C-8
and vise versa

The chemical shifts calculated for
each compound are listed in Table I.
The differences between experimental
and calculated values are less than
0.04 p.p.m., except for 1,2,3- and 1,2,3,
4-multisubstituted compounds. Those
cases are discussed later.

DISCUSSION

The constants in the empirical equa-
tion provide some insight into the
factors responsible for the differences in
the chemical shifts of the methyl groups.

The positive contribution to “e
chemical shift of any methyl group has
been noted for the methyl substituted
benzenes {11) and for some dimethyl-
naphthalenes {6). It has also been
noted that the NMR signals of aro-
matic ring protons shift upfield as the
number of methyl suli*titutions in-
creases {6, 7). There are several factors
which may give rise to this upfield
shift: (a) the perturbation of ring cur-
rent by the substitutions; (6) the
redistribution of charges called by the
resonance and inductive or field effect
of methyl substitutions; (c) a possible
magnetic anisotropy of the m«tbyl
group. Each of these effects may be
both distance and direction dependent.
Our attempt to interpret quantitatively
the chemical shifts of Uie methyl
protons in terms of one or the other of
the effects individually was not buc-
cessful; for example, Hammet con-



stants, derived from the expression
given by Dewar (f) for substituted
naphthalenes and from the electronic
atom-atom polarizabilities calculated
by CoulBon and Daudel (i), did not
correlate with the shifts nor did plots of
the form (1 — 3 cos*M)//J*, a formula
representing anisotropy effects, correlate
with the chemical shifts. We feel that
any attempt to combine quantitatively
the effects giving rise to the shifts
would not be meaningful in view of the
large number of parameters involved;
we therefore prefer to interpret these
shifts on a qu”tative basis.

The abnormally low chemical shifts
for 1,8- and 4,5-methyl groups may be
interpreted in terms of a steric effect.
Held {It) and MacLean and Mackor (6)
have observed that protons which are
sterically hindered give NMR signals at
lower fields them those which are un-
hindered. They also found that 4,8-
aromatic protons in 1,4-dimethyl-
naphthalene give lower chemical ~ fts
than the corresponding protons in
naphthalene. The downfield shift re-
sulting M>m steric hindrance may be
satjfifactorily explained in terms of
Pople’s treatment of nuclear magnetic
de”elding in an electrostatic field (P),
since distortion of the electron clouds in
hindered groups is alwa” expected.
The relatively large negative contribu-
tion —0.20) to the 1,8- or 45>

methyl shifts is probably due to the
strong steric interaction between the
methyl groups at the 1 and 8, and at the
4 and 5 petitions. One may note that
this interaction can be represented by
Hirschfelder"Taylor molecular models.
The strain is probably sufficient to
distort the naphthalene nucleus into a
nonplanar  configuration. Intra-
molecular distortions of this kind have
been revealed by both x-ray diffraction
(%) and ultraviolet spectrometry (V.

Where three or four methyl groups are
substituted on one ring, as in 1,2,3- and
1.2,3,4-methyhiaphthalenes, dif-
ferences between the calculated and
measured chemical shift values are
observed. These also are probably due
to steric interaction and distortion of
the ring (10). [X-ray measurements
show, though not concluavely, that
adjacent methyl groups in 1,2,4,5-
tetramethylbensene cause a slight dW
tortion of the ring (*).] If negative
contributions to chemical shift (—0.06
p.p.m. for 1,2,3-8ubstitution and —0.13
p.p.m. for 1,2,3,4-substitution) are at-
tributed to this increasing steric effect;
the calculated chemical shift values are
in satisfactory agreement with the
experimental values (values in the
parentheses in Table 1). Methyl
group shifts for additional compounds
are needed to determine this effect with
greater accuracy.
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