Substituted 4-X-2,6-Dinitroanisoles

39 mg (85%) of a light yellow oil. It was found from its NMR spectrum
that the oily residue consisted almost entirely of one component, the
epimer of 8a, syn-3,4-benzobicyclo[4.1.0)hept-3-en-2-0l (12a): IR
(neat) 3350 (OH), 1030, 980, 740 cm~!; NMR is shown in Table .

The other esters (1b and 1¢) were solvolyzed by the method similar
to that used in solvolysis of 1a and the product distribution was de-
termined by the NMR spectrum and its integral intensity for « hy-
drogen or vinyl hydrogen. The results was shown in Table [V. The
NMR spectrum of the epimer of 8b was assumed from that of prod-
ucts 12b and 13b. NMR spectrum for 12b (CDCls): 6 7.12 (s, 4 H, ar-
omatic), 5.00(d,J = 3Hz, 1 H, o hydrogen), 3.20 and 2.88 (ABq, J =
16 Hz, 2 H, benzyl), 1.30 (s, 3 H, methyl), 1.48-0 (m, 3 H, cyclopropyl),
and the other signals.

A mixture containing 100 mg of 8b (0.58 mmol), 300 mg (2.9 mmol)
of 2.6-lutidine, and 100 mg (0.6 mmol) of p-nitrobenzoic acid in 100
mL of 80% aqueous acetone was heated at 45 °C for 1 day. After usual
workup, 93 mg of colorless solid was obtained. A comparison of the
NMR spectrum before and after heating showed that 8b was stable
to the reaction conditions. Similar treatment of 8a and 8c gave the
same results.
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Carbon-13 NMR chemical shifts for various substituted 4-X-2,6-dinitroanisoles 1 (X = SOyCF3, NOo, CN,
SOQCH:}, COCGH5, CFg, Cl, H) and related gem—dimethoxyl adducts 2 (X = SOQCF‘}, NOz, CN, SOQCH:}, COC5H5,
CF3) are reported. In the case of anisoles 1 the deviations from additivity of substituent effects observed for Cag
and C; together with the absence of a deshielding of C4 indicate an inhibition of resonance of the o-nitro groups.
Good linear correlations with the Swain and Lupton reactivity parameters are observed for dc,, 1J13¢,n, 1Jogn, in
these tetrasubstituted benzenes. '3C chemical shifts measured for adducts 2 reveal an increase in the negative
charge located at Cog and Cy, but a decrease at Cy 5, in agreement with SCFMO calculations. However, no relation
exists between these shifts and the known thermodynamic stability of adducts 2.

The reaction of methoxide ions with substituted 4-X-2,6-
dinitroanisoles 1 usually gives the gem-dimethoxyl 1,1-com-
plexes 2 as the stable products.2 From thermodynamic and
kinetic studies on the one hand?-6 and crystallographic and
1'H NMR studies on the other hand,?-"1! it appears that the
electron-withdrawing ability of the ring substituents and the

release of steric compression which exists between the
methoxyl group and the adjacent nitro groups in the parent
ethers 1 are two major factors responsible for the stability of
complexes 2. Since they are known to depend on steric and
charge distribution effects, 13C chemical shifts could be rea-
sonably expected to yield further information on both of these

0022-3263/78/1943-0855$01.00/0 © 1978 American Chemical Society
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Table 1. !3C Chemical Shifts of 4-X-2,6-Dinitroanisoles 1 in Me2SO-dg with Me,Si as Internal Standard

X Registry no. oc, dc, dc, dc, dc, ox
H 3535-67-9 146.25 144.5¢ 129.65 125.05 64.35

YWeon Jegny 3 cans 2Jcgn, Other coupling const

Cl 6302-58-5 145.1g 144.9, 129.3, 128.2, 64.5, 148.9 176 6.05 5.15

CF3 317-70-4 149.2; 144.8; 126.8¢ 124.6, 64.59 122.1, 149.7 173.8 LJcyr = 272.8
2Jor = 354
3Jor = 3.6

CN 19018-96-3 149.73 144.35 133.6; 107.03 64.5¢ 115.3; 149.7 177 7.4 1.95 3Jcyn = 5.4

SO,CHj; 39880-50-7 150.1, 144.1g 128.49 135.8¢ 64.55 43.00 149.9 1755 6.9;

CO—CgH;s 39880-47-2 149.0; 144.04 130.1; 132.4¢ 64.4g a 149.6 1722 765 1.2 2JooH, = 2.55

NO. 606-35-9 150.8;5 143.8; 124.69 141.4, 64.8¢ 150.1 1779 5.5

SO,CF3 19822-29-8 153.1; 14493 131.55 124.0¢ 64.8; 119.13 150.5 177.8 Weyr = 3256

O > )

ocy = 13519, 8¢y = 129.8g, 8¢y = 128.8,, ¢, = 133.64, 6co = 191.2g.

factors. Following a previous 'H NMR study!!, we have
therefore performed a 13C NMR spectroscopic study of ani-
soles 1 and 1,1-complexes 2.

During the course of our work, Olah and Mayr published
a paper in which they reported a similar investigation of iso-
meric 2-X-4,6-dinitroanisoles 3 and corresponding 1,1-com-
plexes 4.12 The constancy of the steric strain in our anisoles
1 allows, however, a more precise structural analysis.

OCH;

1 2
OCH; CH,0 OCH,
0N O (X O.N X
|
NO NO,
3 4
Results

Because of the symmetrical structures of anisoles 1 and
complexes 2, 13C NMR spectra showed four signals for the ring
carbons and one signal for the methoxyl carbon(s). Other
absorptions were observed for carbons belonging to the X
substituent. Assignments were deduced from proton-coupled
spectra and intensity arguments.

Substituted Anisoles 1. The high-field absorption (~64.5
ppm) which gave a quartet in the proton-coupled spectra
(1Jc,u ~ 150 Hz) was unambiguously assigned to the meth-
oxyl C; carbon. Cy, whose resonance was observed at low field
(145-153 ppm), appeared as a poorly resolved multiplet in the
proton-coupled spectra. This unresolved fine structure
suggests that C; is spin coupled through three bonds to the
three protons of the OCHj group and the two protons Hs and
H;.

The shielding of carbons Cgg was expected to be only
slightly affected by the X substituent which is located in a
meta position. Their resonance appeared in a narrow range
around 144 ppm. Furthermore, these carbons have neither
LJcy nor 3J ey but only 2Jcy and 4J/cy coupling constants

which are known to be small. In the proton coupled spectra,
they gave a broad signal, which is probably due to the effect
of the adjacent 14N nucleus.

In the proton-decoupled spectra, the signal belonging to
carbons Cj3; was very intense because of the nuclear Ov-
erhauser effect. This signal became a double doublet in the
proton-coupled spectra due to the Jcy and 3Jcy coupling
constants. For X = CFj3, the Cs5 resonance was a quartet
showing a 3/ coupling constant (3J ¢, = 3.6 Hz).

As expected, C4 which is directly attached to the X sub-
stituent had the most affected shielding; its shift covers a wide
range (107-141 ppm). When X = CF, this signal was a quartet
(?Jc,r = 35.4 Hz). In the proton-coupled spectra, the C4 res-
onance was the X part of an AsX system and gave a triplet
(2Jc,u = 1-5 Hz).

Finally, these assignments were confirmed by the use of
additivity of substituent effects when these effects were known
(vide infra). The results are summarized in Table 1.

Anionic Complexes 2. The intense signal at ca. 52 ppm was
assigned to the methoxyl carbons C;; this assignment was
confirmed by selective irradiation of the corresponding
methoxyl protons.

The resonance of the sp3 carbon C; was observed around
102-104 ppm. In the proton-coupled spectra, it was a poorly
resolved multiplet (compare C; in the parent anisoles). The
low-field absorptions (126-136 ppm) were assigned to Co g and
Cs5 respectively as follows. In the proton-coupled spectra,
each of these carbons appears as the X part of an ABX system
where v5 — vp is very small since it corresponds to a 13C isotope
effect.1323 In the case of C3 5 the magnitudes of Jax and Jpx
are quite different, since these coupling constants are 'Joy
and 3Jcy, respectively, and these carbons gave a double
doublet. On the other hand, in the case of Cy g, both J 4x and
Jgx are small (as expected for 2J/cy and 4Jcy coupling con-
stants), and the resonance of these carbons was a 1:1:1 triplet;
the separation of the outer lines gave the sum |2J¢cy + *Jcy|.
Proton-coupled spectra also allowed an unambiguous as-
signment of the C4 resonance, which appeared as the X part
of an AoX system and gave a 1:2:1 triplet.

When X = SO;CF3, a quartet was observed for the carbon
resonance of the trifluoromethyl group (!Jcr = 326.2) and a
small coupling through three bonds (3J¢,r = 2 Hz) was re-
solved in the Cj4 signal. C-F coupling constants through one,
two, and three bonds were also observed for X = CF3. The
results are summarized in Table II.

Discussion

Substituted Anisoles. (1) Additivity of Substituent
Effects. Conformational Features. The 13C chemical shifts
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Table I1. 13C Chemical Shifts of 1,1-Dimethoxy-2,6-dinitro-4-X-cyclohexadienate Anions 2 in Me;SO-dg with
Me,Si as Internal Standard

Z|J coHy Other
Registry + coupling
X no. oc, dc, oc, oc, 0cy ox  Wem YesHs 2 cans 4 oons) const
CF; 28933-97-3 104.5, 126.35 131.6¢ 94.37; 51.95 125.4; 1425 lJcr = 268.0 2Jc,p = 34.6
3Jc.r = 3.1
CN 25549-13-7 102.74 127.8; 136.3; 73.6g 51.93 120.9; 1426 163 7.2 5.7 3JCX}§3 =47
SO,CH3; 40203-26-7 103.05 126.7¢ 132.6g 103.79 51.99 44.6; 142.3 162.7 6.5 5.6
CO-CgH; 40203-23-4 102.65 128.4, 135.7; 104.2; 51.8; a 1425 1594 7.3 5.5
NO, 12128-30-2 102.05 128.64 1289, 117.4; 52.1, — 1435 1655 5.2 6.3 2Jcu, = 3.7
SO,CF5 35298-04-5 102.1; 128.9, 133.05 87.8; 52.19 120.3; 143.2 1645 6.4 6.2 lJcp = 326.2
3JC4F =~ 2JC4H3 >~ 2
a¥ = C@ 4
" ‘ g ~_T;’

0

bco = 189.65, ¢y = 139,59, 6cy = 128.06, dcy = 128.0g, 60, = 130.16.

Table I11. Observed and Predicted Aryl Carbon Shieldings Relative to Benzene for 4-X-2,6-Dinitroanisoles 1

A6exptl As cated? AS caled — A‘Sexptl
X C, C, C, C, C, C, C, C, C, C, C, C,
H 17.7, 16.0 1.1, —3.4, 21.8 6.5 2.0 —5.9 4.0, —9.5, 0.8, —2.4,
Cl 16.6, 16.4, 0.8, —0.2, 199 7.8 2.4 0.3 3.2, —86, 1.5, 0.5,
CF, (¢) _ _ 25,0 6.8 —0.2 —14.9 4.2 —9.5 1.4 —-11.0
(d) 207, 163, —16, 39 250 68 —1.0 —31 42 —95 0.6 0.8,
CN 21.2, 15.8, 51, —21.4, 257 171 56 —21.3 4.4, —87, 04, 0.1,
SO,CH. 21.6, 156, —0.0, 7.3, 266 7.1 0.5 6.4 5.0 —8.5, 0.5, —0.9,
COCH, 20.5, 15.5, 1.6, 3.9, 254 6.3 3.7 3.5 4.8, —9.2, 2.0, —0.4,
NO, 22.3, 153, —3.9 12,9, 276 74 —28 141 5.2, —7.9, 1.1 1.1,
A‘S/calcdb A(Srcalcd B A‘Sexptl
X C, C, C, C, C, C, C, C,
H
Cl 15.8; 17.3, 1.5, 2.7, —0.8, 0.9, 0.7, 3.0,
CF, (¢c) 20.9, 16.3, ~1.0, —12.4, 0.2, 0.0, 0.5, 8.5,
(d) 20.9, 16.3, —1.8; —0.86, 0.2, 0.0, —0.2, 3.2,
CN 21.6, 16.6, 4.7, —18.8, 0.4, 0.7, —0.3, 2.6,
SO,CH, 22.5; 16.1, —0.3, 8.8, 0.9, 0.4, —0.3, 1.4,
COC,H, 21.3; 15.8, 2.8, 5.9, 0.8, 0.3, 1.2, 1.9,
NO, 23.5; 16.9, —3.6; 18.5; 1.2, 1.5, 0.2, 3.6,
a AS values calculated from benzene. ® AS’ values calculated from 2,6-dinitroanisole. ¢ Values with increments from ref 15

and 16. 4 Values with increments determined in this work.

of polysubstituted aromatics can be calculated by using the
additivity of substituent effects.l4 Provided that the sub-
stituents are not ortho to each other, good additivity rela-
tionships are usually found, with differences between observed
and calculated shifts less than £2 ppm. In ortho-substituted
derivatives, the additivity relation breaks down and 13C
shieldings have been shown to reflect the degree of steric
hindrance to electronic interactions.®

Table III compares the calculated {(Adcaicq) and observed
(Abexpr)) shifts relative to that of benzene (128.5 ppm). Al-
though substituent effects of monosubstituted benzenes were
measured in CC1416:17 or CDCl3!® and our values in Me,SO-dg,
the agreement is quite good for C3 and Cy; the discrepancy
observed for C4 in the case of the trifluoromethyl derivative
will be discussed later. In contrast, strong deviations occur for
C; and Cs. In every case, Cy is more shielded than expected
from the calculations (Adcaled — Abexpu = +4 ppm) whereas
an opposite trend is observed for Co (Adcalca = Abexpts = —9
ppm). These deviations reflect the existence of a severe steric
compression in ortho dinitroanisoles 1, which results in the

steric inhibition of resonance of the o-nitro groups and not in
that of the methoxyl group as was recently concluded by Olah
and Mayr.12

Indeed, a distorted coplanarity of the methoxyl group
should result in an attenuation of the conjugative electron
release by oxygen and therefore in a deshielding of C4. Such
an effect is, in fact, observed in 2,6-dialkylanisoles!® where the
methoxyl group is known to lie out of the aromatic plane. In
contrast, this effect is absent in 2-nitroanisole,l5 2-X-4,6-
dinitroanisoles,!2 and in the 4-X-2,6-dinitroanisoles examined
here. We therefore conclude from 13C chemical shifts that the
methoxyl groups in anisoles 1 and 3 lie in the aromatic plane,
while the adjacent nitro groups are twisted out of this plane.
This conclusion is in full agreement with that obtained from
1H NMR studies!V19 as well as from x-ray data” on 2,4,6-tri-
nitrophenetole; in the solid state, dihedral angles of 32 and 61°
have been observed between the ring and the nitro groups
ortho to the ethoxyl group.

As the X substituent is attached to Cy, it should be em-
phasized that the geometry of C; in all the anisoles 1 must be
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independent of X. Hence, it was of interest to check further
substituent effects by taking into account the distorted ge-
ometry of the o-nitro groups. Assuming additivity effects from
the 4-X substituent, we have recalculated 13C chemical shifts
by using the experimental 13C shifts of 2,6-dinitroanisole 1 (X
= H) as the reference compound. As can be seen in Table I11,
excellent agreement is now obtained between the Ad’.,.q and
the Adexpu values for Cy, Cog, and Cy 5 (A6 caled — Abexptt < 1.6
ppm). However, Cy4 is more shielded than expected from these
calculations and the difference Ad’catcd — Abexpti varies from
2 to 3.6 ppm. Thus, the additivity of substituent effects holds
for C; and Cg and Cgs in these tetrasubstituted benzenes when
the twisting of the o-nitro groups is taken into account but it
fails for C4 which is directly bonded to the X substituent.
Similar nonadditive 13C substituent effects have been recently
observed in para-disubstituted benzenes.20

(2) The Abnormal Behavior of the Trifluoromethyl
Derivative. The large deviation observed for C, in the tri-
fluoromethyl derivative 1 (X = CF3) suggested a possible error
in the reported '3C chemical shift of trifluoromethylbenzene
(5).16:17 A reexamination of the 13C spectrum of 5, using ex-
perimental conditions similar to those previously described,6
gave the following substituent shifts (relative to internal CgHg)
and '3C-F coupling constants.

Cs, +2.8 Co =3 Cp, 0.3 Cp,+3.2  (inppm)
2Jer =324 3Jcp =37 4Jcr <04 SJcp=0.9 (in Hz)

Comparing with reported data shows that the value for C,
(=9 ppm'817) has to be significantly changed. Indeed, our
revised value gives a calculated shift for C4 which is consistent
with experiment (see Table III).

CF,
s
o
m
p
5

(3) Correlation of Substituent Effects with Substituent
Parameters. Recent articles have shown that substituent
effects can be, in some cases, related to substituent constants
by means of a two-parameter equation involving either the
Taft or Hammett constants?!-23 or the Swain and Lupton
reactivity parameters F and R.24+-27 Thus, in monosubstituted
benzenes, good correlations have been obtained between the
13C shifts of the para carbon and the a1, og constants?? as well
as between some Jiscy coupling constants and the oy, oy
constants.?3 Similarly, chemical shifts and coupling constants
in some substituted heteroaromatic compounds have been
found to correlate with F and R.24.25

Since the anisoles 1 are tetrasubstituted compounds, it was
of a special interest to look for the existence of such correla-
tions between their 13C shifts or J13cy coupling constants and,
for instance, the F and R parameters of the X substituent. The
regression equations z, = iy + fF + ripR where z; is the NMR
parameter and fp and r; are the regression constants were
calculated by a linear least-squares multiple correlation
computer program. All substituents were included in the data,
except X = SO4CFj3, for which the F and R parameters are so
far not known.28:27 Good correlations (c, correlation coeffi-
cient; o, standard deviation) were obtained for ¢, 1J13¢,n, and
1J c,Hy The equations are:

6c, = (145.88 + 0.41) + (2.15 + 0.83)F + (11.92 £+ 1.50)R

¢ =0.982, o=0475
LJisc,q = (148.74 £ 0.17) + (0.84 + 0.22)F + (2.06 £ 0.21)R
c =0.985 ¢=0.109

Simonnin, Pouet, and Terrier

Y gH, = (169.08 + 1.36) + (8.94 £ 1.70)F — (4.87 £ 2.64)R
c=0.952, ¢=0.835

As expected, the chemical shift of C; depends on both in-
ductive and mesomeric effects of the X substituent. The
positive signs found for the regression constants indicate that
electron-withdrawing groups (—1, —M) give downfield shifts
while the two contributions are of opposite signs for the (-1,
+M) substituents. In this latter case, upfield shifts can then
be observed, which is the case for X = CL

The correlation obtained for the 1J1s¢,u coupling constant
of the methoxy! group indicates that this coupling is weakly
affected by inductive and mesomeric effects and it increases
when X is electron withdrawing (=I, —=M). The regression
constants f and r have opposite signs in the equation for
1J .1, However, the inductive contribution fF is greater than
the mesomeric one rR, so that both (=1, =M) and (-1, +M)
substituents tend to increase 1Jc, 1, Although a comparison
with monosubstituted benzenes is difficult (the corresponding
Jucn values were correlated with the op, o1 constants), both
results suggest that the coupling constants '/cy in substituted
aromatic compounds are dependent on both inductive and
mesomeric effects of the substituents.?3

The lack of correlation between chemical shifts of Cq, Cs,
and C4 with F and R is in accord with a recent study of Smith
and Proulx.28 These authors have succeeded in correlating 13C,
1H, and 19F chemical shifts in aromatic and olefinic systems
with substituent effects by using a three-parameter equation
of the type:

b=aF+bR+cQ+d

where F and R are the Swain and Lupton parameters and ¢
is the semiempirical parameter initially proposed by Schaefer
et al. to rationalize the ortho effect.2? The equations obtained
for 13C shifts in aromatic systems show that the absolute value
of the ¢Q contribution decreases with increasing the number
of bonds between the X substituent and the considered car-
bon. As a consequence, this factor becomes negligible only for
the para carbon, i.e., C; in the anisoles 1.

Anionic Complexes 2. As can be seen in Table II, the 13C
shifts in anionic ¢ complexes 2 are not significantly affected
by the X substituent, with the exception of C4 which is directly
bonded to X. On the other hand, the number of complexes is
too limited for testing the existence of possible correlations
with the F and R parameters.

Going from anisoles 1 to complexes 2 results in a strong
upfield shift of both C; and the methoxyl carbon. This is
consistent with the change in the hydridization of C;. More-
over, in agreement with SCFMO calculations3%:3! which pre-
dict an increase in the negative charge located at the 2, 4, and
6 positions and a decrease at the 3 and 5 positions, we observed
that resonances of Cy g and C4 move to high field whereas those
of Cg 5 move slightly to low-field.

According to Olah and Mayr,!2 the charge effects would be
essentially responsible for the changes in sp? carbon shifts
between anisoles 1 and complexes 2. In such an hypothesis,
a decrease in the ZAé sum of the changes in the 13C shifts of
sp? carbons should reflect an increase in the electron density
of the olefinic carbons in 2 and therefore a parallel decrease
in the fraction of the negative charge absorbed by the two nitro
groups and the X substituent. As seen in Table IV, the A8
values are decreasing according to the sequence NOg, COC¢Hs,
CF3, SO,CH3, CN, and SO,CF3 indicating that the negative
charge would be delocalized to the greatest extent in the
trinitro compound and to the least extent in the trifluoro-
methylsulfonyl complex.

Such a result is unexpected and difficult to assess for the
following reasons. As previously mentioned, the stability of
gem-dimethoxyl complexes is mainly dependent on the release



Substituted 4-X-2,6-Dinitroanisoles

Table IV. Comparison of the Thermodynamic Stability
of Adducts 2 with the Differences between Their 13C
NMR Shifts and Those of the Parent Anisoles 1

X Adg, Adc, Abc,  TAB“ Kyt
CF; —-18.45 +4.8) —30.23 —-57.59 5
COCgH; -—-156p +5.6p —28.25 —48.2; 45¢
SO,CH; -17.39 +4.2¢ —32.09 —58.4; 101
CN —-16.5, +2.7¢ —33.3; —60.8; 168
NO, -15.23 +4.3p, —24.03 —45.8 19500
SO.,CF; =-16.0; +1.49 -36.25 —653; 1.2X 108

@ TA8 =2 (Adc, + Adcy) + Adc,. ® Values at 20 °C, ref 5. ¢ F.
Terrier, unpublished results.

of steric compression which exists in the parent anisoles and
the electron-withdrawing character of the ring substituents.
Since the former factor is constant in our series, it would be
reasonable that the stability order found experimentally for
complexes 2 be parallel to the above £A6 sequence. That this
conclusion is contradicted by the results is obvious from Table
IV where we list the values measured for the equilibrium
constants for formation of complexes 2 in methanol. In con-
trast, the observed stability sequence SO,CF3 > NO, > CN
~ S0,CHj > COCgH5 > CF3 is entirely consistent with the
known electronic effects of the substituents. We therefore
conclude that 13C NMR chemical shifts are not simply related
to the electron-withdrawing effect of the ring substituents and
that due care must be taken in their analysis. A similar sit-
uation was, indeed, recently observed by Larsen and Bouis in
the case of some benzoyl cations.32

Experimental Section

13C NMR spectra were recorded at 25.17 MHz on a Varian XL-
100-12 W.G. spectrometer in the Fourier transform mode. The in-
strument was equipped with & 620 L-100-16 K on-line computer. All
spectra were run in dimethyl sulfoxide-dg (¢ ~ 0.8 M) using the sol-
vent 2H signal for internal field-frequency lock. The temperature of
the probe was 31 £ 2 °C.

13C chemical shifts were measured relative to internal Me4Si using
standard conditions of 'H noise decoupling and spectral width of 5000
Hz (digital resolution: 1.25 Hz/point). C-H and C-F coupling con-
stants were measured using 2500 or 1000 Hz spectral widths (digital
resolution: 0.68 or 0.25 Hz/point). Proton coupled 13C spectra were
obtained with gated proton decoupling (gated off during the data
acquisition time but on during the pulse delay) to retain the nuclear
Overhauser signal enhancement33,
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Various substituted 4-X-2,6-dinitroanisoles and related 1,1-com-
plexes were prepared as previously described.!!
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