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A 3C NMR study has been carried out in (CD;),SO on the thiophene derivatives 5 and 7 and the
related Meisenheimer adducts 6 and 8. The data obtained, and in particular the sums of the
chemical-shift changes (XAé8) at C-3, C-4 and C-5, accompanying the formation of the adducts,
are compared with the corresponding data previously obtained for analogous substrates 1 and 3
and adducts 2 and 4. The four series of TAJ values are then examined in the light of the already
reported thermodynamic (K,) and kinetic (k,) constants for the formation of the adducts. For a
given X-substituent, log K, values increase linearly as the corresponding absolute XAd values
decrease. On these grounds, the smaller m-electron-density rearrangement accompanying the
formation of gem-dimethoxy adducts emerges as an important factor, contributing to the larger
observed K, values. A further outcome is that, within a single series of adducts, a linear relationship
of either log K, or log k, with £Ad holds only when excluding the terms with X = Ac or NO..
Such findings are interpreted on the basis of the two-component nature of the substituent —R
effects: while for the nitro and the acetyl substituents the n-electron acceptor component is
prevalent, the stabilizing effect of the other substituents is due mainly to a charge—dipole
interaction. The analysis of some literature data for the benzene series fits the above conclusions.

13C NMR studies ? on 2,4,6-trinitroanisole and 1,1-dimethoxy-
2,4,6-trinitrocyclohexadienyl anion have shown an excellent
correlation between chemical-shift differences at those carbon
atoms retaining the sp? configuration and MNDO-SCF-MO
charge-density variations on the same carbons in going from
the substrate to the adduct. On the other hand, attempts ** to
correlate '*C chemical-shift variations of aromatic carbons
with the thermodynamic stabilities of other Meisenheimer
adducts in the benzene series gave unsatisfactory results. The
data obtained in our previous '*C NMR investigations on the
adducts 2 and 4, formed from 2-methoxy-3-nitro-5-X-thio-
phenes la-g> and 2-methoxy-5-nitro-3-X-thiophenes 3b—f®
with sodium methoxide in methanol or methanol(CD;),SO
mixtures, suggested *>® that such a lack of correlation could
arise mainly from the multiform nature of the stabilizing effect
of the various X-substituents. Comparison of the kinetic and
thermodynamic data obtained for the formation of 2 and 4 with
those relevant to adducts 6 and 8, from 4-nitro-2-X-thiophenes
Sc-g! and 2-nitro-4-X-thiophenes 7b-g,' showed stability
constants for adducts 6 and 8 much lower than those for the
corresponding adducts 2 and 4 respectively. Moreover the
stability of the various adducts appeared to be more sensitive to
the change of substituent at C-5 (as in adducts 2 and 6) than at
C-3 (as in adducts 4 and 8).

The herein reported '*C NMR study of compounds 5 and 7

a X=H e X=S0,Me
b X = CONH, f X=CN

¢ X=CO,Me g X=NO,

d X=Ac

and of their adducts 6 and 8 has been carried out in order to
complete the picture of Meisenheimer-type adducts in the
thiophene series and to contribute to a better definition of the
relationship between the !'*C NMR chemical-shift changes
accompanying the formation of the same adducts and relevant
thermodynamic and kinetic constants.

Experimental
Compounds 5a,” 5b,2 5¢,° 5d,'° Se,'! 5f,'? 5g (identical with
7g),'3 7a,” 7b,! 7¢,'* 7d,'% 7e'® and 7f'7 were pure samples
from our laboratories prepared and/or purified according to
literature methods.

13C NMR spectra were recorded in (CD,),SO on a Varian
XL-200 spectrometer operating at S0 MHz and chemical shifts
are given relative to an internal SiMe, standard.

Results and Discussion
13C NMR chemical shifts of substrates 5 and 7 [0.3 mol dm~ in
(CD,),S0O] are reported in Table 1. For 5a and 7a assignments
followed those reported ! for these compounds in (CD;),CO
solutions. For the other terms unambiguous assignments could
be obtained on the basis of fully coupled spectra and known !®
substituent effects in the thiophene series.

13C NMR chemical shifts of adducts 6 and 8, formed from the
corresponding substrates [0.3 mol dm—3 in (CD;),SO] upon
addition of 1 equiv. of 5 mol dm=* MeONa in MeOH are
reported in Table 2. The !*C NMR signals of 6d and 8d could
not be recorded, possibly because of their short lifetime. For
6a,'° 8b and 8e coupled spectra of reasonable quality were
obtained and signals could be assigned according to their
multiplicity. For the other adducts, assignments were made by
comparison with 6a, 8b and 8e and on the basis of the relative
intensities of the signals.

In Table 3 are reported consistent !*C NMR chemical-shift
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Table 1 '3C NMR chemical shifts® of substrates § and 7 in (CD,),SO
1) dx
Compound X C-2 C-3 C-4 C-5 - Me
Sa® H 129.76 148.01 122.15 128.90 — —
Sb CONH, 133.08 147.10 122.48 141.50 161.32 —
Sc CO,Me 135.00 147.26 126.90 13392 160.53 52.89
5d Ac 135.87 147.52 127.12 144.34 190.81 26.36
Se SO,Me 135.17 146.89 127.18 143.42 — 4443
St CN 136.26 146.92 133.44 110.69 112.77 —
Sg NO, 134.71 145.05 123.16 150.63 — —
Ta H 135.32 127.72 129.79 151.51 — —
b CONH, 136.82 136.67 128.08 151.14 161.81 —
Tc CO,Me 140.04 131.54 128.26 151.64 161.03 52.39
7d Ac 139.46 140.37 127.76 151.59 191.51 27.23
Te SO,Me 138.14 140.39 126.91 152.50 — 43.23
7f CN 144.15 109.30 130.78 152.18 113.60 —
Tg°¢ NO, 134.71 145.05 123.16 150.63 — —
“ 5(ppm) with respect to Me,Si. ® Data from ref. 19. ¢ Identical with Sg.
Table 2 '3C NMR chemical shifts® of adducts 6 and 8
o dx
Adduct X C-2 C-3 C4 C-5 C-o Me MeO
6a® H 86.52 122.97 119.37 114.50 — — 51.84
6b CONH, 86.46 124.27 124.03 121.51 165.16 — 51.88
6¢ CO,Me 87.49 123.61 129.76 109.98 163.52 51.16 51.59
6e SO, Me 90.10 121.36 129.17 116.46 — 4351 51.73
of CN 88.56 122.44 133.66 84.11 117.87 —_ 52.03
6g . NO, 87.70 128.69 129.17 122.84 — — 52.49
8a H 9295 122.85 128.39 120.56 — — 52.58
8b CONH, 90.32 125.15 132.31 119.03 165.87 — -52.13
8c CO,Me 90.33 116.90 13548 119.15 164.75 50.74 52.25
8e SO,Me 89.50 122.86 135.65 116.75 — 45.04 52.32
8f CN 90.81 93.28 13791 117.95 118.79 — 51.57
8¢ NO, 87.70 128.69 129.17 122.84 — — 52.49

@b Refer to corresponding footnotes of Table 1. © Identical with 6g.

Table 3 Differences between the '3C NMR chemical shifts of Meisenheimer complexes 6 and 8 and those of the corresponding substrates 5 and 7

AS Ady

X c-2 c3 c4 c-s C-a Me

6a-5a° H —4324  -2504 —278 —1440 — —
6b-5b CONH,  —4662  —2283 155 —1999 384 —
6c-5¢ CO,Me —4751  —2365 286 —2394 299 —~1.73
6e-5e SO,Me —4507  —2553 199  —2696 — -092
6f-5f CN —4770  —2448 022 —2658 510 —
6g-5g NO, —4701  —1636 601 —27.79 — —
8a-Ta H —4237 —487  —140 —3095 — —
8b-7b CONH,  —4650 —11.52 423 —3211 406 —
8c-Tc CO,Me —4971  —1464 722 —3249 372 —~1.65
8e-Te SO,Me —4864  —1753 874 —3575 — 1.81
8£-7f CN —5334 1602 713 —3423 519 —
8g-7g* NO, —4701  —16.36 601 —27.79 — —

“ Data from ref. 19. ® Identical with 6g-5g.

differences (Ad) between Meisenheimer adducts 6 and 8 and
the corresponding substrates 5 and 7. While the larger figures
obtained for C-2 are mainly a consequence of the hybridization
change at this atom, the values exhibited by the other carbons
are possible indicators of the mn-electron-density changes
accompanying the formation of the adducts. Accordingly, the
expectation that a significant part of the adduct negative charge

is essentially distributed on C-3 and C-5 is supported by the
larger additional shielding of the same nuclet in the adducts. For
the pairs 5a—6a and 7a—8a such additional shielding is much
more marked for the nitrated carbon (C-3 and C-5 respectively)
than for the unsubstituted one (C-5 and C-3 respectively), but
the introduction of electron-withdrawing X-substituents in
positions 5 or 3 of the adducts (pairs Sb-6b to 5g—6g and 7b-8b
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Table 4 Differences between the '3C NMR chemical shifts of Meisenheimer complexes 2 and 4 and those of the corresponding substrates 1 and 3¢

AS ASy

X c2 c3 C-4 c-5 C-x Me
2a-1a H —422 —1142  —111 =031 — —
2b-1b CONH,  -448 ~10.16 229  —883 331 —
2c-1c CO,Me —443 —1047 269  —931 278 —1.53
2d-1d Ac —476 —~9.06 322 —891 —200 —078
2e-le SO,Me —4038 —12.23 135 —11.38 — —1.51
2-1f CN —425 —1134  —034 —1226 475 —
2g-1g NO, —449 —~9.95 491  —13.88 — —
4b-3b CONH,  —445 ~28 30 —134 32 —
de-3c CO,Me —472 17 61  —198 30 —13
44-3d Ac —46.7 12 53 —190 07  —31
de-3e SO,Me —457 —17 79  —228 — 22
4f-3f CN —514 11 58  —219 5.7 —
4g-3g® NO, —449 995 491  —13.88 — —

° Data from refs. 5 and 6. ® Identical with 2g-1g.

Table 5 Sums of the chemical-shift changes (£Ad)? at C(3)~C(5) accompanying the formation of adducts 6, 8, 2 and 4 in (CD;),SO together with
thermodynamic® and kinetic¢ constants for their formation at 25 °C in CH,OH

6 8 2 4
Series X A K¢ ky? TAS K, K, TASC K.* ke TAST K ke
a H —422% i — ~372 —i —i —128 6 00013 — i —i
b CONH, —413 —i —i -394 029 0010 —167 342 00278 —132 2500 0257
¢ CO,Me —447 017 0114 =399 25 0045 —17.1 109 0116 —120 2580 0209
d Ac —i 021  0.146 —i 15 0900 —148 152 0301 —125 3300 0489
e SO,Me  —505 26 063  —445 213 0310 —223 3130 0769 —166 17300 0573
f CN ~508 6.8%  238%  —431 126* 0630 —239 7650 130  —150 72700 290
g NO, —381  850* 149  —38.1 850% 149  —189  350000' 272'  —189  350000' 272

eppm. *dm?® mol}. “dm® mol! s-!. ‘Data from ref. 1. Data from ref. 5. / Data from ref. 6. ¢ At 20°C. *Data from ref. 19. ‘In
CH,OH this adduct could not be detected. / In (CD;),SO this adduct could not be detected. * Data from ref. 31. ‘ Data from ref. 32.

to 7g-8g) causes an increasing negative charge to be localized
on the X-substituted ring carbons. Moreover, as evidence that
substituent effects on m-electron-density changes at the X-
substituted carbons are quite similar in 6 and 8, a good linear
correlation (r = 0.983, n = 6, intercept = 7.2 + 2.0), with a
slope (0.89 + 0.08) close to unity, is obtained by plotting the
Adc.; values accompanying the formation of 8 vs. the
corresponding Adc_s values accompanying the formation of
6. Conversely, an analogous linear correlation does not seem to
hold (r = 0.649) when comparing the Adc; and Adcs
values (Table 4) previously measured 3¢ for the formation of 4
and 2. In our opinion the above results should hinge upon
different proximity effects deriving from the substitution of the
hydrogen at C-2 for a methoxy group in going from the pair 7-8
to 3—4. The possible influence of such proximity effects is further
emphasized by the scattering of points observed on attempting
to correlate the Adc 5 values for series 4 and 8, contrasting
with the linear relationship (r = 0.959,n = 6,slope 0.89 + 0.13,
intercept = 11.3 &+ 3.1) of Adc_s values for series 2 vs. 6.

As a further observation on the data of Table 3, it can be
noted that, unlike the C-3 and C-5 ring carbons, the x-carbons
of the CONH,, COOMe and CN groups are less shielded in
adducts 6b, ¢, f and 8b, ¢, f than in the parent substrates. These
last findings, qualitatively analogous to those previously ob-
served 3¢ for the formation of adducts 2b, ¢, f and 4b, c, f (see
Table 4), appear to confirm our hypothesis that the CONH,,
COOMe and CN substituents stabilize the corresponding
adducts not so much by conjugation with the ring as by
stabilizing a larger negative charge on the X-substituted carbon
by an enhancement of their polarity.>-¢

In Table 5 are reported the overall chemical-shift changes

(ZAJ) at the sp? ring carbons C-3, C-4 and C-5 accompany-
ing the formation of adducts 6 and 8, relevant thermodynamic
and kinetic constants for their formation in methanol at 25 °C
and the corresponding data 3 for adducts 2 and 4. Analysis of
the data of Table 5 shows that: (i) the previously mentioned
greater dependence of the stability constant on the change of
the X substituent at C-5in 2 and 6 than at C-3 in 4 and 8 seems
to be somehow related to the £AJ values which show changes
for substituents at C-5 larger than those induced by the same
substituents at C-3 (cf. series 2 vs. 4 and 6 vs. 8); (ii) in all the
series the adduct-stabilizing effect of the various X-groups also
appears to be related to their capacity for favouring negative
charge delocalization on the ring carbons; (iti) as for the
formation of Meisenheimer complexes in the benzene series,>*
no evident correlation between £Ad and etther equilibrium or
kinetic constants for series 2, 4, 6 and 8 appears to hold; (iv)
while ZAJ values are more negative for series 6 and 8, the
equilibrium constants are greater for the gem-dimethoxy
adducts 2 and 4.

If £Ad values actually reflect the overall n-electron-density
variations on the sp? ring carbons following adduct formation,
point (iv) above suggests that, other factors being equal, the
lower the electron-density variation the larger the corresponding
stability constant. As a matter of fact, a good linear correlation
(r = 0.995, slope = 0.11 + 0.01) is obtained by plotting log K,
vs. ZAd values for adducts 2h, 4h, 6h and 8h (X = CN). The
analogous correlations for X = SO,CH; or COOCHj; are less
satisfactory (r = 0.941 and 0.972), possibly because of the
previously mentioned proximity effects when bulky groups are
bonded at C-3; however, the obtained slope values (0.09 +
0.02 and 0.11 + 0.02), being not significantly different from
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Fig. 1 Plot of log K, vs. the sum of the chemical-shift changes at
C(3)-C(5) relevant to the formation of adducts 2. The points X = Ac
and NO, are excluded from the least-squares regression analysis (see
the text).

that calculated for X = CN, suggest analogous free-energy
relationships for the three substituents examined. Even if no
significative conclusion in this sense can be drawn for the
carbamoyl-, acetyl- and nitro-substituted adducts, because of
the insufficient data available, the dependence of the TAJ
values on log K, indicates a trend consistent with that shown
by the other X substituents. The positive slope values confirm
that, substituents being the same, and independent of their
positon with respect to C-2, the stability constants increase as
the corresponding £AJ absolute values decrease. On these
grounds the larger stability constants of gem-dimethoxy
adducts appear to be related to the smaller w-electron
rearrangement accompanying adduct formation.* A hint that
the above-mentioned relation between thermodynamic con-
stants and the extent of £Ad variations could be more general
comes from the analysis of literature data®2° concerning
Meisenheimer adducts in the benzene series. Consistently, the
formation of 9 from 2,4,6-trinitroanisole in (CD;),SO causes an

overall shielding of sp? ring carbons (£A8 —44.2 ppm) lower
than the formation of 10 from 1,3,5-trinitrobenzene (XAd
—57.5 ppm),® the equilibrium constant in methanol being
larger in the former case (K, = 17000 and 23.1 dm?® mol™!
respectively).?®

With regard to the kinetic constants for the formation of
adducts, in going from 2 to 4, 6 and 8 for a given substituent, no
firm dependence of log k, on £Aé values is observed and this
can be possibly ascribed to different extents of bond-formation
in the relevant transition states.

The above-mentioned relation between log K, and ZAJ
values also suggests that within each series of adducts such

* As expected, on going from substrates 5 to 1 and from 7 to 3, the
introduction of a methoxy group at C-2 causes an overall shielding of
the other ring carbons, mainly determined by the marked shielding
(15-20 ppm) of the conjugated carbons C-3 and C-5.
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parameters should not be independent of each other, as a
superficial glance at the data would indicate [see point (iii)
above]. Actually a deeper analysis of the experimental data
relevant to series 2 (for which a larger set of parameters is
available) reveals an excellent linear correlation [eqn. (1) and

log K, = —0.29(+0.02)ZAS — 3.03(+0.39)
(n=5r=0993) )

Fig. 1] provided that the terms X = Ac and NO, are excluded.
The negative slope value of eqn. (1) and the data of Table 5
confirm that, within a single series of adducts and for the five
substituents considered, the equilibrium constants increase as
both the additional shielding of sp? ring carbons accompanying
the formation of adducts and the electron-withdrawing power
of X increase. Therefore such K, variations appear to depend
mainly on the different ability of the various substituents to
favour delocalization of the increased electron density among
the sp? ring carbons of the adducts. Such findings, including the
correlation expressed in eqn. (1) and the scattering of the points
corresponding to X = Ac and NO, can be rationalized by
considering the multiform nature of the substituent stabilizing
effect. In previous '*C NMR studies on the real nature of the
resonance (—R) effect of some electron-withdrawing groups in
aromatic derivatives (acetophenones, benzonitriles and methyl
benzoates,”! benzamides?? and analogous 2-thienyl deriv-
atives®) we concluded that the conjugative component of the
—-R effect, dominant in the case of the acetyl group, is of
negligible importance for the cyano, methoxycarbonyl and
carbamoyl groups. In the last three cases the main component
of the resonance effect appears to be the n-polarization of the
group itself, induced by the charge density on the X-substituted
carbon. On these grounds, as the n-electron-acceptor effect of
the methylsulphonyl group can be neglected,'!?* while that of
the nitro group can be important at least in the adducts,® the
present results find a straightforward rationale: while in 2a the
negative charge is essentially distributed on C-3 and the nitro
group (structure A), the introduction at C-5 of a substituent
such as CN, CONH,, COOMe or SO, Me causes an increase in

-5 -8
5 /NO: 5 /02 NO:
@OMe X 7T\ aOMe  §=g __CX,OMe
§ OMe S OMe OMe
A B c

both the adduct stability and the absolute £Ad value through
a delocalization of the negative charge onto C-5 (structure B).
The negative charge on C-5, which increases with the electron-
withdrawing power of X, is related to the substituent ability to
stabilize it by a charge—dipole interaction ** as, e.g. for X = CN,
in the limit resonance structure C. Consistent with this, the
marked contribution of charge-induced polarization to the
stabilization of adducts 2b, 2¢ and 2f is evidenced by the
increased shielding of C-5, and by the concomitant significant
deshielding of the C-« of the X substituents, accompanying the
formation of the adducts. Conversely, in the cases of 2d and 2g
the X-substituent appears to stabilize the corresponding adduct
by delocalizing part of the negative charge through a true
conjugative interaction. This is in agreement with the observed
increased shielding of the C-« of the acetyl group (see Table 3)
and with the finding that, for both 2d and 2g, the £Ad values
are less negative than expected (Fig. 1): in this line, the
differences observed between the LA values calculated by
eqn. (1) and the experimental ones can give a rough estimate of
the fractional charge on the X substituent.

Another significant result has been obtained by nlotting
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Fig. 2 Plot of logk, vs. the sum of the chemical-shift changes at
C(3)-C(5) relevant to the formation of adducts 2. The points X = Ac
and NO, are excluded from the least-squares regression analysis (see
text).

Table 6 Sums of the chemical-shift changes (£Ad)® at C(2)-C(6)
accompanying the formation of adducts 11 in (CD;),SO together with
thermodynamic® and kinetic® constants for their formation at 20 °C in
CH,0H

X A K.* ky®
CF, 576 5 04
COPh —483 45

SO,Me —585 101 1.75
CN —609 168 282
NO, —459 19 500 118
SO,CF,  —653 12 x 106 141

¢ ppm.® dm* mol*.¢ dm*mol~'s!.¢ Data fromref. 4. Data from ref. 25.

log k, vs. the £Ad values for adducts 2 (Fig. 2). Provided that
adducts with substituents of similar stabilizing effect are
considered (and therefore excluding the terms 2d and 2g for
which, in this case also, £AJ values are less negative than
expected) a reasonable linear correlation is observed [eqn. (2)].

logk, = —0.26(1+0.04)ZAé — 5.89(+0.79)
(n=5,r =0.964) 2)

This result indicates that the rates of adduct formation increase
with the possibility of charge-delocalization on the sp? ring
carbons. Interestingly, the calculated slope value, being very
similar to that of eqn. (1), suggests a marked extent of bond-
formation in the relevant transition states.

An analogous rationale can be applied to the electronic effect
of X substituents on the dependence of K, and k, on the £Ad
values for adducts 4, 6 and 8, even if the more restricted set of
experimental data for each of these series and the possible
involvement of proximity effects for 4 and 8 prevents a more
detailed analysis.

Further support for the interpretation given comes from the
comparison with literature values of £Ad,* K.* and k,2* for
adducts 11, structurally similar to 2 (Table 6). On plotting
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log K, or logk, values vs. the corresponding ZAJ, satisfac-
tory linear correlations [eqns (3) and (4)] are obtained when

log K, = —0.65(+0.12)ZAé — 36.75(+7.14)
(n = 4,r = 0.969) 3)

~0.31(£0.05)ZAS — 18.08(+2.85)
(n = 4,r = 0.978) @)

log k,

excluding the terms with X = NO, and COPh, an outcome
which can be given an interpretation analogous to that of 2d
and 2g. The larger difference between the slope values of eqns. (3)
and (4) than between those of eqns. (1) and (2) may be indicative
of a different extent of bond-forming in the relevant transition
states.

Conclusions

The present study reveals unprecedented close relationships
between !3C NMR chemical-shift variations accompanying the
formation of Meisenheimer adducts and the relevant thermo-
dynamic and/or kinetic constants. Such relationships hold only
if substituents of similar stabilizing effect (n-polarization) are
considered, in agreement with the two-component nature of the
—R substituent effect.

The results obtained, moreover, allow us to obtain a clearer
picture of the factors contributing to the observed differences
in the stability constants of gem-dimethoxy and non-gem-
Meisenheimer adducts. Such factors are commonly 26-28 con-
sidered to be: (i) the steric interaction between the methoxy
group and an ortho substituent, which destabilizes the substrate
with respect to the adduct; (ii) the conjugation of the methoxy
group with the aromatic system in the substrate, which would
disfavour the formation of gem-dimethoxy adducts; (iii) the
electron-withdrawing effect of the methoxy group favouring
attack of the methoxide ion by lowering the electron density at
the reaction centre; (iv) the F-strain, which is larger in gem-
dimethoxy adduct formation; (v) the stabilizing effect of geminal
substitution by oxygen atoms at the same carbon atom (double
bond-no bond resonance).

In our opinion the results of the present !*C NMR study
point out the importance of a factor which has been previously
suggested > but not considered further, namely the extent of
electronic reorganization on going from the starting materials to
the transition states or to the c-adducts. We think that, in
determining the higher stability constants of gem-dimethoxy
with respect to non-gem-adducts, the conjugation between the
methoxy group and the aromatic moiety in the starting
compounds is a factor of relevance. According to point (ii)
above, such conjugation would increase the activation energy
on going to the transition state and to the s-adduct.?” On the
contrary, we believe that this effect induces in the substrate
an electronic distribution which decreases the energy barrier
for adduct formation by lowering the extent of electron
rearrangement necessary. Such an effect could also decrease
the energy content of the adduct with respect to the parent
compound. The relative stability of the former is further
enhanced by the gem-dimethoxy substitution effect, which
lowers the rate of the reverse reaction.

As a final comment, it is interesting to note that this effect
could also contribute to favour the formation of five-membered-
ring gem-dimethoxy adducts with respect to six-membered-ring
analogues (compare, for example, the K, values of adducts 2
and 11 of Tables 5 and 6). As a matter of fact, because of the
different geometries of the aromatic rings, in ortho-substituted
nitrothiophenes 1 the steric inhibition to coplanarity of the
nitro group is much lower than in 2,6-dinitro-4-X-anisoles.°
Consequently, the higher through-conjugation between the
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methoxy group and the ortho-nitro group in 1, by lowering the
demand of electron reorganization, may help to decrease the
activation energy for the formation of adducts 2.

Acknowledgements

We thank Dr. Mario Norziglia of 3M-Italia, Ferrania (Savona),
for the high-field spectra. Financial support from C.N.R. and
M.U.R.S.T. is also gratefully acknowledged.

References
1 Part 6. C. Arnone, G. Consiglio, D. Spinelli, C. Dell'Erba, F.
Sancassan and F. Terrier, J. Chem. Soc., Perkin Trans. 2, 1989, 1609.
2 N. Sbarbati-Nudelman and P. MacCormack, J. Chem. Soc., Perkin
Trans. 2, 1987, 227.
3 G. A. Olah and H. Meyr, J. Org. Chem., 1976, 41, 3448.
4 M.-P. Simonnin, M.-J. Pouet and F. Terrier, J. Org. Chem., 1978, 45,
855.
5 G. Consiglio, D. Spinelli, C. Arnone, F. Sancassan, C. Dell’Erba, R.
Noto and F. Terrier, J. Chem. Soc., Perkin Trans. 2, 1984, 317.
6 G. Consiglio, C. Arnone, D. Spinelli, F. Sancassan, C. Dell’Erba, G.
Leandri and F. Terrier, Gazz. Chim. Ital., 1987, 117, 267.
7 C. Dell’Erba, M. Novi, G. Guanti and D. Spinelli, J. Heterocycl.
Chem., 1975, 12, 327.
8 C. Dell’Erba, F. Sancassan, M. Novi, D. Spinelli, G. Consiglio, C.
Arnone and F. Ferroni, J. Chem. Soc., Perkin Trans. 2, 1989, 1779.
9 I. J. Rinkes, Recl. Trav. Chim. Pays-Bas, 1933, 52, 538.
10 P. Fournari and P. Chané, Bull. Soc. Chim. Fr., 1963, 479.
11 P. Hurtel, B. Decroix, J. Morel and F. Terrier, J. Chem. Res., 1983,
(S) 58; (M) 725.
12 P. Reynaud and R. Delaby, Bull. Soc. Chim. Fr., 1955, 1614.
13 P. J. Newcombe and R. K. Norris, Aust. J. Chem., 1978, 31, 2463.
14 1. J. Rinkes, Recl. Trav. Chim. Pays-Bas, 1934, 53, 643.
15 S. Gronowitz and C. Roos, Acta Chem. Scand., Ser. B, 1975, 29, 990.

J. CHEM. SOC. PERKIN TRANS. 2 1991

16 D. Spinelli and G. Consiglio, J. Chem. Soc., Perkin Trans. 2, 1975, 989.

17 G. Baldini, G. Doddi, G. Illuminati and F. Stegel, J. Org. Chem.,
1976, 41, 2153.

18 S. Gronowitz, I. Johnson and A.-B. Hornfeldt, Chem. Scr., 1975, 7, 76.

19 F. Sancassan, C. Dell’Erba, S. Gronowitz, G. Consiglio and D.
Spinelli, Chem. Scr., 1988, 28, 349.

20 G. Doddi, G. Illuminati and F. Stegel, J. Chem. Soc., Chem.
Commun., 1972, 1143.

21 C. Dell’Erba, F. Sancassan, M. Novi, G. Petrillo, A. Mugnoli, D.
Spinelli, G. Consiglio and P. Gatti, J. Org. Chem., 1988, 53, 3564.

22 C. Dell’Erba, A. Mele, M. Novi, G. Petrillo, F. Sancassan and D.
Spinelli, J. Chem. Soc., Perkin Trans. 2, 1990, 2055.

23 C. Dell’Erba and D. Spinelli, Tetrahedron, 1965, 21, 1061.

24 R. W. Taft and R. D. Topsom, Prog. Phys. Org. Chem., 1987, 16, 1.

25 F. Terrier, F. Millot and J. Morel, J. Org. Chem., 1976, 41, 3892.

26 E. Buncel, M. R. Crampton, M. J. Strauss and F. Terrier, Electron
Deficient Aromatic- and Heteroaromatic-Base Interactions. The
Chemistry of Anionic Sigma Complexes, Elsevier, Amsterdam, 1984,
pp. 178-182 and refs. therein.

27 G. Illuminati and F. Stegel, Adv. Het. Chem., 1983, 34, 305.

28 D. Spinelli, G. Consiglio, C. Dell'Erba and M. Novi, in The
Chemistry of Heterocyclic Compounds, Vol. 44: Thiophene and Its
Derivatives, Part 4, ed. S. Gronowitz, Wiley, New York, 1991, p. 295.

29 D. Spinelli, G. Consiglio and R. Noto, J. Chem. Res., 1978, (S) 242;
(M) 2984,

30 A. Mugnoli, D. Spinelli, G. Consiglio and R. Noto, J. Heterocycl.
Chem., 1988, 25, 177.

31 F. Terrier, A.-P. Chatrousse and C. Paulmier, J. Org. Chem., 1979, 44,
1634.

32 F. Terrier, A.-P. Chatrousse, C. Paulmier and R. Schaal, J. Org.
Chem., 1975, 40, 2911.

Paper 1/00908G
Received 26th February 1991
Accepted 10th June 1991



