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Table 11. Dependence of the Values of p on the 
Concentration of Solubilized Water' 

HzO, M P X  PYb PY I P X  

0 2.043 2.36 1.16 
0.1 1.848 2.58 1.40 
0.2 1.877 2.72 1.45 
0.3 1.848 2.80 1.51 
0.4 1.910 2.86 1.50 
0.6 1.910 2.94 1.54 
0.8 1.877 2.97 1.58 

a [DAP] = 0.2 M, at 35 O C  in cyclohexane. bBased on up. 

As expected, both px and py were independent of the 
concentration of the surfactant since we have less than one 
ester molecule/DAP aggregate. Consequently, ester sol- 
ubilization is not likely to change the nature of the reaction 
site, i.e., the micellar core (however, vide infra when water 
was solubilized). The fact that py > px shows that the 
reaction is more susceptible to the nature of the LG and 
is in agreement with eq 2 representing the rate limiting 
step. Two important differences exist, however, between 
the results of aminolysis by DA in cyclohexane and by 
DAP or by DA + DAP in the same solvent. First the 
values of p x  and py are different, and the micellar p y / p x  
ratios are, a t  a first glance, disappointingly small. The 
nature of the reaction "medium" is, however, very different 
in both cases. Unlike the nonpolar, aprotic cyclohexane, 
the micellar core is protic and highly ~ o l a r . ~ J ~  As a con- 
sequence the ionic tetrahedral intermediates, and the in- 
cipient transition states, will most likely be H-bonded to 
the DAP headions.14 In fact, only in cyclohexane is the 
aminolysis by DAP second order in the surfactant,2y6 
showing that the intermediate I of eq 1 is associated with 
a second molecule of the detergent. This H-bonding will 
stabilize the transition state and attenuate the dependence 
of hobad on the nature of the LG, Le., decrease py. 

The preceding idea can be neatly verified by examining 
the behavior of px and py when the H-bonding ability of 
DAP is progressively decreased. Solubilization of water 
is known to hydrate the +NH3 and C02- groups of DAP 
and to decrease their tendency to form H-bonds.ls2J3 We 
have studied the aminolysis of 3 esters (X/Y = H/N02; 
N02/H; N02/N02) by DAP in the presence of solubilized 
water and the results are given in Table 11. The re- 
markable feature of this table is the constancy of px as a 
function of increasing the concentration of the solubilized 
water. On the other hand, py (and hence p y / p x )  steadily 
increased. From this table it is clear that as the H-bonding 
ability of DAP decreases (due to its hydration), the reac- 
tion becomes more sensitive to the structure of the LG, 
as argued before. The fact that only py showed a notice- 
able dependence on [H20] is in clear agreement with eq 
2 being the slow step.l6 Compared to acyl transfer reac- 
tions in bulk organic solvents,loJ1 it seems, therefore, that 
the observed enhancement of the reaction rates by micellar 
alkylammonium carboxylates2+ is not due to changes ei- 

(13) Fendler, J. H.; Liu, L. J. J. Am. Chem. SOC. 1976, 97, 999. 
(14) 'H NMR studie.P have clearly shown the strong H-bonding 

ability of alkylammonium carboxylate reversed micelles in organic sol- 
vents. 

(15) El Seoud, 0. A.; Fendler, E. J.; Fendler, J. H. J. Chem. SOC., 
Faraday Trans. 1 1974, 70, 549. El Seoud, 0. A.; Ribeiro, F. P. J. Org. 
Chem. 1976,41, 1365. 

(16) It has been argued that the aggregation number of DAP reversed 
micelles increases as a function of increasing R.I7' Evidence to the con- 
trary is also a~ailab1e.l~~ It is not expected, however, that any changes 
in the micellar parameters due to water solubilization will affect the 
validity of the preceding discussion. The similarity of the structures of 
the aeries of esters used here guarantees that any additional perturbance 
(for example, that induced by water solubilization) will affect p., p y ,  and 
hence their ratio, in a similar way. 
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ther in the reaction mechanism or in the nature of the slow 
step. 

Experimental Section 
Cylohexane (Merck) was kept on activated 4-A molecular sieves; 

DA (Merck) was distilled from CaH2 DAP was prepared as given 
elsewherels and dried to a constant weight in vacuo, over PZOb 
The esters were prepared by refluxing the appropriate acyl 
chloride (from the acid and SOClZ)'* and sodium phenoxide (from 
the phenol and NaH)lB in dichloroethane for 5 h. After filtration 
of the precipitated NaC1, and evaporation of the solvent, the crude 
esters were crystallized from ethanol-hexane. Their purity w a  
established from their melting points"J9 and 'H NMR spectra. 

Ester aminolysis was studied with a Zeiss PM6KS spectro- 
photometer under pseudo-first-order conditions as given beforeS4p6 
The values of k a  were obtained from the absorbance-time data 
with a Burroughs 6900-B computer. The percentage relative 
standard deviation of k a  (i.e., the standard deviation X l O O / k ~ )  
was <2%. 
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In nucleophilic aromatic substitutions the leaving group 
order NO2 >> C1> Br is commonly observed when anionic 
nonpolarizable nucleophilic reagents such as methoxide 
ion react with activated aromatic derivatives such as 1-X- 
2,4-dinitrobenzenes1 or l-X-4-nitroben~enes.~ The greater 
reactivity of the nitro group reflects a two-step addition- 
elimination mechanism, in which the attachment of the 
nucleophile to the aromatic ring is the rate-determining 
step. The high rate of attachment to the NO2-bearing 
position can thus be explained on the basis of the ipso 
effect: the highly electronegative nitro group favors the 
formation of a bond between the anionic nucleophile and 
the ipso carbon atom, which has a relatively low electron 
density.' 

(1) Bartoli, G.; Todesco, P. E. Acc. Chem. Res. 1977, 10, 125. 
(2) Bob,  B. A.; Miller, J. Aust. J.  Chem. 1956, 9, 74. 
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Table I. Second-Order pate Constants, Activation 
Parameters, and Reactivity Ratios of the Substitution 

Reactions of Compounds la-c and 28-c with MeO- Ion, in 
MeOH at 25 O C  

AH'," -As','cal 
compd X k, M-' s-l kcal mol-' OC-' mol-' k,,/k, 

lab Br 6.97 X IOa 20.6 (0.6) 8.4 (1.7) 20 
lb" C1 1.22 X lo-' 19.3 (0.4) 11.8 (1.2) 11 
lcdR NOz 1.36 X lo" 20.4 (0.2) 3.4 (0.7) 1 

20'6 NOz 1.69 X lo4 21.8 (0.1) 2.5 (0.4) 1 

2af Br 2.67 X lo-' 24.0 (0.25) 7.6 (0.7) 633 
2bf C1 3.78 X 23.2 (0.2) 9.8 (0.5) 447 

"Standard deviation in parentheses. *k X IO7, M-' s-l ("(2): 3.1 
(38.3), 7.4 (45.9), 17.0 (53.7), 33.7 (61.6). " k  X lo', M-' 8' (OC): 4.9 
(38.2), 11.3 (45.8), 23.8 (53.9), 46.5 (61.5). dReference 3. 
Corrected for the statistical factor. f Calculated from data re- 

ported in ref 4. * calculated from data reported in ref 5. 

We have been interested in comparing the relative re- 
activities of nitro, bromo, and chloro groups in pyrroles 
with those in benzenes. With this aim we have measured 
the rate of substitution of l-methyl-2-X-5-nitropyrroles 
(la,b; X = Br, C1) with methoxide ion in methanol. Ki- 
netic and activation data have been compared with our 
previous data on the related reaction of l-methyl-2,5-di- 
nitropyrrole3 (IC) and the literature data on the reaction 
of 1-X-4-nitrobenzenes 2a-c (X = Br,4 Cl,4 N025) under 
the same conditions. 

Results and Discussion 
1-Methyl-2-nitropyrrolee was brominated with Br2 in 

AcOH, giving low yields of both 2-bromo-1-methyl-5- 
nitropyrrole (la, 3.7 % ) and 3-bromo-1-methyl-5-nitro- 
pyrrole (12.6%). T h i s  bromination procedure was not very 
reproducible: in some experiments we obtained only po- 
lybromo derivatives or 3-bromo-l-methylmaleimide. At- 
tempted brominations with Br2 in CF3COOH or CCl, were 
unsuccessful. A mixture of the two bromonitro derivatives 
was also obtained by bromination with N-bromosuccin- 
imide in tetrahydrofuran,' but the somewhat higher yield 
of la was accompanied by an even larger amount of the 
3-bromo isomer, making the separation more difficult. The 
reaction of 1-methyl-2-nitropyrrole with C12, S02C12, or 
N-chlorosuccinimide did not yield the desired chloronitro 
derivative lb. However, we were able to prepare lb by the 
reverse sequence of nitrating 2-chloro-l-methylpyrrole, 
which was prepared according to a literature method? No 
attempt was made to prepare la by this sequence because 
2-bromo-1-methylpyrrole is reported to decompose more 
easily than 2-chloro-l-methylpyrrole.8~9 

Kinetic data for the methoxy denitration of IC were 
available from our previous work3 and for the methoxy 
substitution of the benzene derivatives 2a-c from the 
l i t e r a t ~ e . ~ , ~  Activation enthalpy and entropy data for the 
benzene compounds were calculated by using Eyring's 
equation. Kinetic measurements were carried out on the 
methoxy dehalogenation of la and lb. Rate constants and 
activation parameters for the reactions of la-c and 2a-c 
are reported in Table I, together with the calculated 
kNo2/kx ratios a t  25 "C. 

(3) Bazzano, F.; Mencarelli, P.; Stegel, F. J. Org. Chem. 1984,49, 2375 
and references cited therein. 
(4) Briner, G. P.; Miller, J.; Liveris, M.; Lutz, P. G. J. Chem. SOC. 1954, 

1265. 
(5) Tommila, E.; Murto, J. Acta Chem. Scand. 1962,16, 53. 
(6) Anderson, H. J. Can. J. Chem. 1957, 35, 21. 
(7) Grehn, L. Chem. Scr. 1980, 16, 72. 
(8) Cordell, G. A. J. Org. Chem. 1975, 40, 3161. 
(9) Gilow, H. M.; Burton, D. E. J. Org. Chem. 1981,46, 2221. 

The pyrrole ring affects markedly the relative rate of 
substitution, as shown by the kNO f k x  ratios, whereas the 
relative rates of the bromo and cdoro compounds are not 
very different. The reactivity order in the pyrrole series 
(NO2 > C1> Br) is qualitatively similar to that observed 
in the benzene series. However, the increased reactivity 
of the nitro compounds IC and 2c, compared with their 
halogenated analogues, is much higher in the benzene 
derivative than in the pyrrole. 

Some interesting information can also be obtained from 
the activation parameters. The denitration reaction in the 
benzene derivative requires an activation enthalpy lower 
by nearly 2 kcal mol-' than that of the dehalogenation 
reactions, whereas the activation enthalpy for each reaction 
in the pyrrole ring is virtually the same. As for the acti- 
vation entropy, the change in the calculated AS* between 
denitration and dehalogenation is nearly the same in both 
the benzenes and the pyrroles. Therefore the difference 
in the activation enthalpy is the factor that seems to be 
mainly responsible for the fact that denitration of the 
benzene derivative occurs more rapidly than the dehalo- 
genation reactions. The formation of a new bond at  the 
reaction center and the change of sp2 to sp3 hybridization 
require a major reorganization of the ?r and u electron 
systems. Thus the departure of the nitro group from the 
aromatic ring piane because of the attachment of the nu- 
cleophile occurs with an interruption of the conjugation 
between the nitro group and the rest of the molecule. 
Therefore the formation of the anionic intermediate from 
the pyrrole substrate should be disfavored with respect to 
the corresponding step in the benzene ring because more 
energy is required to interrupt the conjugation between 
the nitro group and the heteroatom, which is stronger than 
that between the nitro group and the benzene ring. For 
the same reason the reactions of nucleophilic reagents with 
2-acylpyrroles occur less easily than those with acyl- 
benzenes.'O 

The problem can be examined from another point of 
view. Even if the primary driving force for the nucleophilic 
attachment is provided by the electrostatic interaction 
between the nucleophile and the reaction center, the 
electronegativity factor may be counterbalanced because 
the electron density of the nitro group may repel the in- 
coming nucleophilic reagent.' Increased conjugation of the 
nitro group should increase the electron density at the nitro 
group and decrease reactivity because of the increased 
repulsion between the nucleophile and the reaction site. 
170 NMR chemical shift measurements indicate that the 
electron density a t  the oxygen atoms of the nitro group 
in 1-methyl-2-nitropyrrole is higher than that in nitro- 
benzene because the conjugation in the former is signifi- 
cantly higher." 

In contrast to the pyrroles, the conjugation in 4-halo- 
pyridines is higher than that in 4-nitropyridine, leading 
to an increase in the kNo2/kx .  The relative ratio for re- 
action of methoxide ion with these pyridines, calculated 
from literature rate c~ns tan t s , ' ~ J~  is 1.1 X lo4 at  25 "C. 

Finally, we note that the reactivity ratio of the struc- 
turally related pyrrole and benzene compounds is strongly 
affected by the nature of the leaving group: at 25 "C the 
ratio is 261 in the debromination, 322 in the dechlorination, 

(10) Jones, R. A.; Bean, G. P. "The Chemistry of Pyrroles"; Academic 
Press: London, 1977. 

(11) Lippmaa, E,; Migi, M.; Novikov, S. S.; Khmelnitaki, L. I.; Pri- 
hodko, A. S.; Lebedev, 0. V.; Epishina, L. V. Org. Mag?. Reson. 1972,4, 
1 KR 

(12) Dondoni, A.; Mangini, A.; Mossa, G. J. Heterocycl. Chem. 1969, 

(13) Liveris, M.; Miller, J. J. Chem. SOC. 1963, 3486. 
6, 143. 
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and 8.0 in the denitration reaction. 

Experimental Section 
Melting points are uncorrected. UV spectra were recorded on 

a Cary Model 219 instrument. lH NMR spectra were obtained 
with a JEOL C6O-HL apparatus. Low-resolution mass spectra 
were obtained with an AEI MS 12 spectrometer, high-resolution 
mass spectra with a Kratos MS 80 spectrometer. 
2-Bromo-1-methyl-5-nitropyrrole (la). A solution of bromine 

(420 mg, 2.63 mmol) in 5 mL of AcOH was rapidly added at room 
temperature to & solution of 340 mg of 1-methyl-2-nitropyrrole 
(2.70 mmol) in 5 mL of AcdH. After 1 h the reaction mixture 
was poured into water and kept overnight in a refrigerator. The 
petroleum ether extract (10 X 80 mL) was washed with a NaHC03 
solution and water and dried (NazS04). After removal of the 
solvent the residue was subjected to column chromatography on 
silica gel. The first eluent was benzene, which was progressively 
enriched with CHzCl2 up to a 1:l ratio (vol). Four fractions were 
collected. The first and fourth were not further examined because 
their 'H NMR spectra were not consistent with the presence of 
any simple bromination product. The second fraction (125 mg) 
showed (TLC) the presence of two compounds. Its 'H NMR 
spectrum in CC14 was consistent with the presence of two mo- 
nobromo derivatives of the starting compound. The third fraction 
(80 mg) was 3,4-dibromo-l-methylmaleimide, identified through 
its mp (119-120 OC, lit." mp 121 "C) and MS spectrum (mle 267, 
269,271 (M+)). The second fraction was again subjected to column 
Chromatography (silica gel, CCh). Two subfractions were obtained. 
The first (20 mg) was identified as 2-bromo-1-methyl-5-nitro- 
pyrrole (la): mp (petroleum ether, 40-70 "C) 93.5-94.5 OC; 'H 
NMR (CC14) 6 4.02 (s,3 H, N-Me), 6.25 (d, 1 H, J = 4.5 Hz, H-3), 
7.10 (d, 1 H, J = 4.5 Hz, H-4); UV (MeOH) A, 343 nm (e 1.3 
X l e ) ;  mass spectnun, calcd for Cd-I,&OzBr (M+) mle 203.9534, 
205.9514, .9514, found 203.9520,205.9503; yield 3.7%. The second 
subfraction (70 mg) was identified as the isomeric 3-bromo-l- 
methyl-5-nitropyrrole: mp 62-63 OC; 'H NMR (CDClJ 6 3.99 (8, 
3 H, N-Me), 6.80 (d, 1 H, J = 2.25 Hz, H-B), 7.17 (d, 1 H, J = 
2.25 Hz, H-a); mass spectrum, m / e  205, 207 (M+); yield 12.6%. 

The structure assignments for these isomers were based upon 
their J values, by taking into account the fact that in the presence 
of nitro groups the J values are generally higher than those in 
other pyrrole  derivative^.'^ 
2-Chloro-1-methyl-5-nitropyrrole (lb). A solution of SOzClz 

(850 mg, 6 mmol) in 2 mL of EhO was slowly added to a solution 
of 1-methylpyrrole (500 mg, 6 mmol) in 2 mL of E t 0  at  0 OC. 
The reaction mixture was kept a t  10 OC for 1 h. A 10% K&O3 
solution (7 mL) was added, and the ether layer was separated and 
washed with water, and dried (NazS04). The solvent was cau- 
tiously removed at  room temperature at nearly 300 mmHg, and 
the crude residue containing presumably 2-chloro-1-methylpyrrole 
was dissolved in 30 mL of AqO for nitration. A nitrating mixture, 
made up from 100% HN03 (290 mg, 4.6 "01) and AqO (10 mL), 
was 8lowly added (1 h) under stirring to the AczO solution of the 
chloro derivative at -10 "C. After 15 min the reaction mixture 
was poured on ice. The resulting black solution was repeatedly 
extracted with EhO, and the ether extracts were washed with 
NaHC03 and water, dried, and concentrated. The residue was 
subjected to column chromatography (silica gel, benzene-1:l 
benzenelethyl acetate). Seven fractions were collected. The f i t  
one (50 mg) was identified through its 'H NMR spectrum as 
2,5-dichloro-l-methylpyrrole! The second fraction (50 mg) was 
identifed as 2-chlor+l-methyl-5nitropyrrole (lb): mp (petroleum 
ether, 40-70 "C) 72-72.5 OC; 'H NMR (CClJ 6 4.00 (s,3 H, N-Me), 

(MeOH) A, 340 nm (e 1.2 x lo4); mass spectrum, calcd for 
C&ISNPOPC1 (M+) m / e  160.0040, found 160.0035; yield 5 % .  The 
third fraction (40 mg) had a 'H NMR spectrum consistent with 
the presence of l b  and 1-methyl-2-nitropyrrole. The other 
fractions were not further examined. 

Substitution Products. 2-Halogeno-1-methyl-5-nitropyrroles 
la,b were kept with the equivalent amount of sodium methoxide 

6.15 (d, 1 H, J = 4.5 Hz, H-3), 7.11 (d, 1 H, J = 4.5 Hz, H-4); UV 

in methanol a t  40 OC for 4-5 days. 2-Methoxy-1-methyl-5- 
nitropyrrole3 was obtained in good yields from both substrates. 
However, the yields were not quantitative because under the 
reaction conditions the methoxy derivative decomposes slowly. 
A similar behavior can be observed during the substitution of 
2-bromo-5-nitrofuran with piperidine or benzenethiolate ion.ls 
It must be obgerved that during the methoxy denitration of IC 
the decomposition reaction of the product does not interfire with 
the kinetic experiments because the denitration reaction occurs 
more rapidly than the dehalogenation reactions of la or lb.  

Kinetic Measurements. The kinetics were followed spec- 
trophotometrically in the thermostated compartment of a Cary 
219 instrument, under pseudo-first-order conditions in the 
presence of an exceas of sodium methoxide. Kinetic experiments 
were carried out at the absorbance maximum of the product (375 
nm). Rate constants were corrected for the thermal dilatation 
of methanol. The substrate concentrations were in the range 3-5 
X M, the MeO- ion concentration in the range 0.03-0.25 M. 
The reactions were second order, f i s t  order in both substrate and 
nucleophile. Because of the instability of the reaction product 
under the reaction conditions, absorbance values at infi i te time 
were calculated by Mangelsdorf s method." The rate constants 
a t  25 OC and the activation parameters were calculated with 
Eyring's equation. 
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In  connection with our interest in the intramolecular 
photochemistry of vinylogous imides we decided to in- 
vestigate the similar reaction of a secondary vinylogous 
amide. Previously we had found that irradiation of vi- 
nylogous imide la  produced the  expected photocyclo- 

0 

l a . R . A c : n * l  
l b ,  R = A c ; n = 2  
IC. R * Ac, n -  3 
I d .  R - H ; n . 2  

addition product1 while irradiation of vinylogous imides 
lb and IC provided major photoproducts formally arising 
via an ene-type reaction.2 We now report on  the photo- 
chemistry of the nonacetylated vinylogous amide Id and 

(14) de Varda, G. Chem. Ber. 1888,21, 2871. 
(15) Devincenzis, G.; Mencarelli, P.; Stegel, F. J. Org. Chem. 1983,48, 

162. 
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