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Abstract: Carboxylic acid 1 and its derivatives 2, 2 treated vith 

triflic acid belov -zo% afford the dications l&+z-~z+2. 

Cyclodehydration above 20°C (or in the gas-phase, CIWS of 3) leads 

to the diprotonated ketone s2'2. 

INTRODUCTION 

a,B-Unsaturated carboxylic acids undergo G-protonation under strongly 

acidic conditions at room temperature.' The thermochemistry of these 

species in the temperature range of -60 to 160' in 98% sulfuric acid or 

triflic acid is characterized by formation of transient C-protonated - 
intermediates from which rearrangement and/or cyclization to 0-protonated 

products occurs.2 In the search for a substrate suitable to experiment 

C-protonation at moderate temperature we explored the behavior of 

dibenzo[a,e]cycloheptatrienylideneacetic acid (1) in triflic acid. This 

led us to observe the unexpected formation of the C,c-diprotonated acid 
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2!!2 +2 which is stable below -2O'C but cyclizes to the diprotonated ketone 
4H2+2 at higher temperatures. 

1: X-OH 2: X-NHCH2Ph 3: X-OEt 

RESULTS AND DISCUSSION 

Compound & was prepared according to the method described in the 
literature.3 Protonation of 1 was carried out by treatment with triflic 
acid at -4O'C giving a characteristic purple solution which was studied by 
'Ii and l3 C NRR in the temperature range of -40 to +lOO'C (see Table). The 
13 C RRR spectrum recorded below -2O'C showed a symmetrical pattern with 
only ten signals corresponding to four guaternary, five tertiary, and one 
secondary carbon atoms. The high symmetry and the presence of a methylene 

group evidenced the occurrence of C-protonation to afford a 
dibenzotropylium ion, which is in agreement with the deep colour of the 
solution. The alternative structures M&' and G2'2 might be compatible at 
first with the spectral data. For both ions the down field signals at 
6184.6 and 166.3 ppm in the spectrum recorded at -2O'C should be assigned 
to the carbonyl and the C-5 carbon atoms.' To allow an unambiguous 
assignment of these signals the amide 2 was synthesized and protonated 
under the same conditions for comparison (for spectral parameters see 
Table). In this case, the corresponding peaks appeared at 6 175.3 and 
167.0 ppm, clearly demonstrating that the signals at ca. 167 ppm must be 
assigned to the C-5 carbon in the dibenzotropylium system. This carbon is 
abnormally sbielded if compared to 5-alkyl subtituted model analogues in 
which the reported values are around 190 ppm,' indicative of protonation 
on the carbonyl oxygen since it is known that the p-carbon in protonated 
carboxylic acids and derivatives becomes shielded with respect to the 
neutral precursors.5 However, the observed deshielding of the carbonyl 
carbons did not appear by itself large enough to ensure a high degree of 
protonation unless the positive charge at the (3-tropylium moiety could 
account for the relative small chemical shift increment found. 
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Table. 13CNMR Spectral Data for the Observed Ionic Species and their Precursors 

Precursor@’ Temp. 
bc(ppm) for indicated C 

and Ions (OC) co CHaCO c-5 COO!i!$or Others 

-!$ 

1 

11fz*2 

2 

w2+2 

3 

3H2+2 

4H2+2 

20 167.2 

-40 186.9 

-20 184.6 

20 166.6 

-20 175.3 

20 166.8 

-20 187.2 

20 182.7 

-20 216.0 

20 211.7 

55 210.8 

70 209.6 

80 208.9 

100 207.6 

154.1 

41.9 164.9 

42.2 166.3 

148.8 

44.5 167.0 

157.0 

45.1 167.4 

45.6 170.4 

47.1 172.9 

47.1 175.1 

47.0 175.1 

47.1 175.6 

47.0 175.9 

47.3 176.5 

43.4 

49.6 

61.1 

78.9 

74.1 

139.9, 136.5, 133.8. 133.6. 132.0 
131.0, 129.8, 129.2. 129.0. 128.9 
128.8. 128.6, 127.3, 124.4 

145.6, 145.3, 139.8, 137.9. 135.4 
133.8, 130.9 

145.4, 144.8, 139.6, 137.8. 135.1 
133.5, 130.8 

139.6, 137.5, 135.3, 133.6. 133.4 
131.3, 130.6, 129.1, 128.8, 128.5 
128.4, 128.1, 127.8, 127.6, 127.3 
126.8 

147.8. 142.4, 140.4, 137.7, 136.4 
132.3. 132.1. 131.6, 130.2, 129.5 

140.7. 136.8, 134.5, 134.2, 132.4 
131.4. 129.8, 129.6, 129.3, 129.0 
127.6, 123.4, 15.0 

147.9. 147.5, 142.2, 140.2, 137.7 
136.2, 132.8. 12.9 

147.5. 146.6, 141.8, 140.1. 137.1 
135.6, 132.9, 13.8 

150.6, 149.4, 149.2, 146.0, 145.5 
145.2, 145.0, 141.9, 140.0, 139.6 
138.0, 137.4, 137.1, 136.3 

149.3, 148.7, 146.4, 145.2, 145.0 
144.9, 144.8, 141.9, 139.1, 139.0 
137.1, 136.8, 136.7, 136.1 

149.1, 148.7, 146.1, 145.1, 144.9 
144.9, 144.7. 141.9, 139.1. 139.0 
137.1, 136.7, 136.5, 135.8 

148.8, 148.6, 145.4, 144.8, 144.7 
144.6, 144.5, 141.9, 139.4, 138.9 
136.9. 136.6. 135.7, 135.7 

148.6, 148.5, 145.0, 144.8, 144.6 
144.6, 144.4, 141.9, 139.6, 138.8 
136.8, 136.5, 135.7, 135.3 

148.5, 148.4, 144.9, 144.7, 144.5 
144.4, 144.3, 142.0, 140.0, 138.8 
136.7, 136.5, 135.7, 134.7 

‘In CDC13, bin CF3S03H 



8468 G. ASENSIO et al. 

A fact usually associated to protonation on the carbonyl oxygen in 
carboxylic esters is the deshielding of the carbon bound to the ether 
oxygen due to the contribution of oxonium ion structures.5 For this 
reason, in order to ascertain the dicationic character of the species 
formed upon protonation of compound 1 in triflic acid, we synthesized and 
submitted to protonation under the same conditions the ethyl ester z.3 In 
this case ion s+2 was obtained as evidenced by the 17 ppm deshielding of 
the methylene carbon of the ethyl group (see Table). 

It is evident from the temperature dependent 13C NMR spectra that i) 
a reversible protonation of lH* 

+- 
between -40 and -20°C and ii) an 

irreversible cyclization of lI& above 2O'C takes place in the temperature 
range studied. Thus, a 2.3 ppm deshielding of the carbonyl carbon is 
observed at the lower temperatuu-e indicating a small increment in the 
degree of c-protonation. This effect should be expected according to the 
exothermic nature of the protonation which is consistent with the 
displacement of the equilibrium to the right. The parallel 1.4 ppm 
shielding of C-5 in the tropylium ring can be attributed to the S-effect 
(see above) due to the higher degree of protonation at the carbonyl site. 
The same trend was observed in the temperature dependent spectra of all 
the ions studied (see Table). On the other hand, compound 1 dissolved in 
triflic acid cyclized above 20°C to the diprotonated ketone ,Ye2. The 
same transformation took place in compound 2 although at slower rate which 
allowed to record the spectrum of s2+2 at this temperature. The most 
striking spectral feature associated to this intramolecular acylation was 
the increase in the number of peaks due to the unsymmetrical nature of the 
new ion (see Table). 

For comparison of these results in solution with the gas-phase 
behavior of protonated species we recorded the CIMS spectrum" of the ester 
2 with methane as reactant gas. The base peak was that corresponding to 
the [MH'] ion from which water or ethanol were lost, to give the ions with 
m/z 259 (14%) and 231 (53%) respectively. 

OEt -Hz0 

m/z 231(53%) 3H.' m/z 259 (14%) 
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In summary, treatment of the carboxylic acid 1 or its derivatives 2 
and 2 with triflic acid at low temperature affords the corresponding 
g,C-diprotonated species s'2-3H*2. 
to the diprotonated ketone Ix_ l 2- 

At higher temperatures cyclization 
is observed. The gas-phase ion chemistry 

(CIMS of 1) can be correlated with this latter behavior observed in 
solution. 
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EXPERIMENTAL 

'Ii and 13C NMR spectra were recorded with a Varian Gemini 200 NMR 
spectrometer. Dioxane or acetone (used for spectra recorded at low 
temperatures) served as the external standard (capillary tube). Chemical 
shifts (6) are reported in ppm relative to TMS. CIMS spectra were recorded 
with a Hewlett Packard 5988A spectrometer, using methane as reagent gas. 
Electron impact mass spectra were recorded, at a 70 eV by magnet scan, on 
a magnetic sector VG-Autospec. 

Ions were prepared by slowly adding, with efficient stirring, the 
cooled compound to a quantity of neat trifluoromethanesulfonic acid 
sufficient to give a ~a. lM solution. 

Ethyl dibenzo[a,e]cycloheptatrienylideneacetate 2 (C#&02): This 
compound was prepared according to the literature method, by reaction of 
dibenzo[a,e]cycloheptatrienone with triethyl phosphonoacetate, in the 
presence of sodium hydride, using DMBO as solvent. IR and W spectral data 
were in agreement with the literature values. The compound was obtained as 
a solid and was recrystallized from hexane, (m.p. 68 "C) (lit.:3 viscous 
oil). The 'Ii NMR spectral data (not previously reported) were as follows: 
Gk(CDC13) 7.5-7.3(m, ali), 7.0(d, lH), 6.9(d, lH), 5.9(s,lH), 4.O(q, ZH), 
l.l(t, 3H) ppm. 

Dibenzo[a,e]cycloheptatrienylideneacetic acid A (C1#f1202): This compound 
was prepared by hydrolysis of the ethyl ester following a literature 
method.3 Physical, IR and W-spectral data were in agreement with the 
literature values.' The 'H NMR spectral data (not previously reported) 



8470 G. ASENSIO etal. 

were as follows: Ga(DMSO-de) 7.5-7.3(m, 8H), 7.05(d, 1H) 6.95(d, lIi), 
5.9(s, 1H) ppm. 

N-Phenylmethyldibenzo[a,e]cycloheptatrienylideneacetamide 2 (C24H19NO): 

Ammonium chloride (50 mg) was added to a stirred mixture of ethyl 
dibenzo[a,e]cycloheptatrienylideneacetate (2.66 g, 0.01 mol) and 
phenylmethylamine (4.94 g, 0.05 mol). The reaction mixture was refluxed 
for seven hours. Then, the mixture was treated with water, extracted with 
ether and the organic layer dried with anhydrous sodium sulfate. Solvent 
was removed under reduced pressure to give a white solid (1.56 g, 99%) 
which was recrystallized from hexane, (m.p. 149k). High-resolution MS 
calcd for C24H1gN0 (M+) 337.1467, found 337.1448. 
V max(KBr) 3440, 3060, 3020, 1660, 1510 cm-l; GH(CDC13) 7.5-7.2(m, 13H), 
6.9(s, 2H),' 6.05(s, lH), 5.3(s, lH), 4.35(dd, lH), 4.25(dd, 1H) ppm. 
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