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The reactions of 2,4,6-triphenylpyrylium (la) and 2,4,6-triphenylthiopyrylium (lb) with methoxide ion are 
shifted toward the formation of adducts, as shown by ‘H NMR. The former yields practically only a 2H-pyran 
adduct in MeCN, Me2S0, or MeOH. In MeOH, lb yields an adduct with a 2H-thiopyran structure, whereas 
in MeCN .this adduct is obtained together with the isomeric 4H-thiopyran adduct. In MezSO or MeCN, the 
1,2,4,6-tetraphenylpyridinium cation yields a 1,2-dihydropyridine. In contrast, in MeOH this equilibrium is shifted 
toward the reagents. The lower degree of delocalization of the positive charge in the pyridinium cation seems 
to be the main cause of its lower tendency to undergo nucleophilic addition. 

Six-membered heteroaromatic cations can react with 
anionic nucleophilic reagents to give neutral adducts. In 
the absence of a sufficiently good leaving group at the 
reaction center, substitution cannot occur, and adducts can 
be isolated or, a t  least, detected. Addition occurs pref- 
erentially at the a and y positions, where the electron 
density is lower. Furthermore, 2-adducts can undergo a 
thermally allowed, concerted ring-opening reaction, 
yielding dienic valence tautomers. The synthetic relevance 
of these reactions has been recently discussed-l 

In a preceding work2 we have examined the course of 
addition of methoxide ion to 2,6-diphenylpyrylium and 
4-methoxy-2,6-diphenylpyrylium cations and have shown 
that the reaction pattern may be strongly affected by the 
nature of the substrates and the solvent. 

Here we describe the results concerning the role of the 
heteroatom on the .pattern of addition of methoxide ion. 
For this study we have examined the behavior of 2,4,6- 
triphenylpyrylium (la), 2,4,6-triphenylthiopyrylium (lb), 
and 1,2,4,6-tetraphenylpyridinium (IC) cations in different 
solvents (see Chart I). These substrates share the presence 
of three phenyl groups at the ring positions conjugated 
with the heteroatom. A 13C NMR investigation on the 
reaction of l b  in Me2SO-d6 has been recently carried 

(1) (a) Balaban, A. T. In “New Trends in Heterocyclic Chemistry”; 
Mitra, R. B., Ayyangar, N. R., Gogte, V. N., Acheson, R. M., Cromwell, 
N., Eds.; Elsevier: Amsterdam, 1979. (b) Katritzky, A. R. Tetrahedron 
1980, 36, 679. 

(2) Bersani, S.; Doddi, G.; Fornarini, S.; Stegel, F. J. Org. Chem. 1978, 
43, 4112. 

(3) Katritzky, A. R.; Brownlee, R. T. C.; Musumarra, G. Heterocycles 
1979,12,775. Cognate work on the interactions between pyrylium cations 
and nucleophiles has been carried out at the East Anglia University. We 
thank Professor A. R. Katritzky and his co-workers for comments and 
discussions. Precedent work on the reaction of la with MeO- (Balaban, 
A. T.; Silhan, W. Tetrahedron 1970, 26, 743) was not able to indicate 
whether a ZH-pyran or a dienone was formed. 
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Besides the phenylpyridinium cation IC, we have also 
considered the l-(p-nitrophenyl)-2,4,6-triphenylpyridinium 
cation (la), where the presence of an electron-withdrawing 
substituent was expected to increase the electrophilicity 
of the pyridinium cation and to shift the equilibrium to- 
ward a dihydropyridine adduct, as already o b ~ e ~ e d ~  in the 
reaction of 1-arylpyridinium cations with MeO-. 

The choice of an aryl rather than an alkyl group in 
position 1 of pyridinium cations is due to the fact that the 

(4) Berbek, V.; LyEka, A.; StFrba, V. Collect. Czech. Chem. Commun. 
1975,40, 1919. 
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Table I. Chemical Shifts (6 ) and Coupling Constants (Hertz) for Compounds la-c and Their Adducts with Methoxide Ion 

solvent H-3 H-5 C6H5 OCH, J 3 . 5  

l a  (CD,),SO 9.10 9.10 
C:D,CN 8.78 8.78 

l b  c D;CN 9.05 9.05 
CD,OD 9.20 9.20 

I C  CD,CN 8.33 8.33 

I d  C D,OD 8.45 8.45 
3a (CD,),SO 5.83 6.68 

CD,CN 5.76 6.58 
CD,OD 5.63 6.50 
CCl, 5.4 6.30 

3b CD,CN 5.80 7.02 
C13,OD 5.66 6.93 
CCl, 5.59 6.82 

3c CD,CN 5.32 5.65 

4b CD,CN 6.0 6.0 
CCI, 5.85 5.85 

CCl, 5.3 5.5 

Measured at 90 MHz. 

latter are liable to the breaking of the C-N bond at position 
1 under the influence of nucleophilic reagents. The de- 
alkylation reaction, whereby pyridine residues behave as 
leaving groups, has recently found several interesting ap- 
plications. * 

In order to define some lH NMR parameters useful for 
the definition of the structure of the products of the in- 
teraction of the pyrylium derivative, we also took into 
account the behavior of the 2,4-diphenylpyrylium cation 
(2). 

Experimental Section 
The perchlorates of la, lb ,  and 2 were prepared according to 

literature procedures.&' The perchlorate of Ice was prepared 
by allowing la to  react with an excess of aniline at  room tem- 
perature for 2 h. Addition of ethyl ether caused the formation 
of a precipitate of IC, which was purified upon solution in CH3CN 
and reprecipitation with ether. The perchlorate of Id was pre- 
pared upon heating 0.1 g of la with 2 equiv of p-nitroaniline in 
acetonitrile a t  100 OC for 72 h in a sealed tube. The salt was 
precipitated with ethyl ether, purified as described above for IC, 
and characterized through ita 'H NMR s m  in CH30D, which 
shows the expected doublets (J  = 9 Hz) centered at  6 7.60 and 
7.95 and a singlet at 6 8.45, besides the signals of the three phenyl 
groups. 

'H NMR spectra were recorded on a JEOL (2-60 HL instrument 
(unless otherwise stated) at 25 "C. The chemical shift values are 
quoted in S relative to Me4Si. 

In CD,CN, (CD,)aO, and CD30D NMR spectra were recorded 
after the addition of a 4 M solution of sodium methoxide in 
methanol. Unless otherwise indicated, an equivalent amount of 
methoxide was added to the 0.1-0.2 M solution of the substrate. 
The formation of the adducts was immediate and complete, except 
in the case of the reactions of pyridinium cations in CD30D, when 
no adduct is formed. 

Spectra of the adducts in CC14 were obtained after removal of 
the solvent from the CD&N or CD30D solutions containing 
equivalent amounts of the reactanta and after the organic material 
was taken up in CC14. 

Results 
The reactions have been studied by 'H NMR. They 

were started upon addition of 1 equiv of sodium methoxide 
to the solution of the substrate in the appropriate solvent. 
'H NMR data are reported in Tables I and 11. 

(5)  Simalty-Siemiatycky, M.; Fugnitto, R. Bull. SOC. Chim. Fr. 1965, 

(6) Wizinger, R.; Ulrich, P. Helo. Chim. Acta 1956, 39, 207. 
(7) McKinnon, D. M. Can. J.  Chem. 1970,48,3388. 
(8) Dimroth, K.; Reichardt, C. Justus Liebigs Ann. Chem. 1969, 727, 

1944. 
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Table 11. Chemical Shifts (6 ) and Coupling Constants 
(Hertz) for Compound 2 and 

Its Adduct with Methoxide Ion 
coupling 

solvent H-a H-b H-c C,H5 OCH, const 
2 CD,CN 9.16 a 8.82 7.1-7.9, Jab = 4.5, 

8.1-8.5 Jbc = 2, 
J ,  = 0.5 

5 CD,OD 5.8 5.8 6.45 7.1-8.0 
CD,CN 5.8 5.8 6.5 7.1-8.0 
eel, 5.72 5.60 6.22 6.9-7.8 3.45 J a b =  3.7, 

Jbc = 1.5, 
J ,  = 0 

Concealed under the C,H, signal at 6 7.1-7.9. 

k 

e 8 1 8 5 
b wpmi 

Figure 1. 'H NMR spectrum in CD3CN of a 1:l mixture of la 
and the corresponding W adduct 3a, aa obtained by addition of 
0.5 equiv of MeO- to la. 

(A) Reaction of 2,4,6-Triphenylpyrylium (la). In 
(CD3)30 and CD3CN the addition of methoxide ion leads 
to the disappearance of the signals of la and the ap- 
pearance of the signals of 2H-pyran 3a. Besides the 
doublets of 3a, a weak singlet is detected in Me2S0 a t  6 
5.71. Also in CD3CN a singlet can be detected a t  6 5.60, 
but only when the reaction is carried out a t  low temper- 
ature (-40 "C); upon heating, this signal disappears irre- 
versibly. Adduct 3a was the only species detected by 'SC 
NMR in Me2SO-de under comparable conditions after 
longer reaction times.3 As to the origin of this signal, it 
should not belong to an open-chain dienone, which should 
have two scarcely coupled sign& should one of them be 
concealed under the phenyls, the other could be detected, 
but a t  a field somewhat lower than the one actually ob- 
served.2vg The singlet at 6 5.6-5.7 could be ascribed to a 
small amount of 4H-pyran Experiments carried out 
with la and OH- ion allow one to exclude the possibility 

(9) Marvell, E. N.; Gosink, T. J. Org. Chem. 1972, 37, 3036. 
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that the singlet may be ascribed to any product formed 
from la and OH-. Pyran 4a is probably less stable than 
2H-pyran 3a, containing a conjugated dienic system. 
However, both isomers can presumably be formed under 
kinetic control at the beginning of the reaction. 

The addition of 0.5 equiv of MeO- to the CD3CN solu- 
tion of la allows one to observe at the same time the N M R  
signals of la and 3a (Figure 1). The absence of coales- 
cence between them shows that the equilibration occurs 
slowly on the NMFI. time scale. A temperature change 
from -20 to +50 O C  does not affect the NMR pattern 
appreciably. 

The spectrum of the CC14 solution, carried out in the 
absence of MeOH, shows the presence of 3a only. The 
methoxyl group, concealed by MeOH under the above 
reaction conditions, now becomes detectable. The chem- 
ical shift is in agreement with the value expected for a 
methoxyl group bound to an sp3 carbon atom.1° 

In CD30D at room temperature the reaction of la with 
methoxide ion yields only 3a. 

(B) Reaction of 2,4,6-Triphenylthiopyrylium Cation 
(lb). In CD3CN the addition of MeO- yields a 1.2:l 
mixture of 2H-thiopyran 3b and 4H-thiopyran 4b. In 
CD30D only 3b is detected as a reaction product. In CC14 
the spectrum is similar to that observed in CD3CN, except 
for the presence of two singlets corresponding to the dif- 
ferent thiopyrans, in the methoxyl region. 

(C) Reaction of 1,2,4,6-Tetraphenylpyridinium 
Cation (IC). In (CD3)&4O and CD3CN the addition of 
MeO- ion brings about the formation of only 1,2-di- 
hydropyridine 3c. The NMR spectrum of the organic 
residue taken up in CCl, is very similar to that formed in 
situ in the above-mlsntioned solvents, and, moreover, it 
shows the presence of a methoxyl group. When, after 
evaporation of the [solvent from the CCll solution, the 
adduct is dissolved in CD30D, the NMR spectrum taken 
immediately after the preparation of this solution shows 
only the starting substrate IC. Accordingly, on addition 
of MeO- ion to thfb MeOH solution of IC, the NMR 
spectrum of the latter stays unchanged even in the pres- 
ence of an excess of the nucleophile (more than 5 equiv) 
and after several hours. 

(D) Reaction of I -(p-Nitrophenyl)-2,4,6-triphenyl- 
pyridinium Cation (ld). This reaction was investigated 
only in CD30D. No adduct was detected under these 
conditions, although a broadening of the signals of the 
substrate was observed. 

(E) Reaction of 2!,4-Diphenylpyryliurn Cation (2). 
The addition of MeO- leads to the disappearance of the 
signals of 2 and the appearance of 2H-pyran 5,  formed 
upon addition of MeO- to the H bearing CY position. The 
structure of adduct 5 cannot be deduced from the NMR 
spectrum obtained in CD3CN or (CD3)2S0 because the 
signals of the ring protons are by chance overlapping. On 
the contrary, the structure of adduct 5 is supported by the 
spectrum taken in CC4. The coupling constant J3,5 is 
similar to that previously reported in other 2H-~yrans .~  
On the other hand, the coupling constant between the 
hydrogen at the sp3 reaction center and the adjacent sp2 
carbon atom is comparable to those observed in neutral” 
and anionic adductsI2 formed from pyridine derivatives. 
The assignment of the chemical shift values to the ring 
protons of 5 is supported by the multiplicity pattern; on 
the other hand, this assignment is of help in determining 
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the chemical shift of positions 3 and 5 of adducts 3. 

Discussion 
The interaction of MeO- ion with all the cations 1 yields 

adducts having structure 3 and 4. In the reaction mixture 
CY adducts (3) seem thermodynamically favored because 
of the presence of conjugated double bonds. Ring-opening 
products have not been observed, probably because bulky 
groups may have a hindering effect against the attainment 
of coplanarity of the dienic valence tautomers and the 
development therein of a full conjugation. In contrast, 
ring-opening products are formed from la and amines,13 
probably because the conjugation of the carbonyl with 
amino groups is stronger than with alkoxy groups. Ring- 
opening products should be characterized by a methoxyl 
bound to an sp2 carbon atom and by the two uncoupled 
signals of the dienic systema2 From this point of view the 
spectrum of 3b is worth some comment. The low coupling 
observed for the assumed ring positions (3 and 5 )  could 
also be in agreement with an open-chain structure. How- 
ever, the coupling between positions 3 and 5 of 2H-thio- 
pyranes is very small.14 Moreover, judging from the 
chemical shift value, the methoxyl group seems to be 
bound to an sp3 rather than an sp2 carbon atom.1° 

A different interaction of the nucleophile with the 
thiopyrylium ring could also have occurred at  the het- 
eroatom to yield a thiabenzene derivative. Evidence for 
the formation of these compounds is usually given by the 
appearance of a deep purple color and a lH NMR signal 
a t  6 7.6.15 No clean-cut evidence of this kind has been 
obtained so far for the reaction of MeO- with lb ,  even if 
a feeble violet coloration is transiently observed at the 
initial stages of the reaction. Even if in principle a thia- 
benzene derivative could be responsible for this coloration, 
it is likely that it should be rapidly converted into a 
mixture of the more stable thiopyrans 3b and 4b, as ob- 
served in the reaction of cation lb  with alkylmagnesium 
halides.15 

Adducts are formed from the pyrylium and thiopyrylium 
cations la and l b  in all the solvents employed so far. In 
contrast, the pyridinium cation IC undergoes addition in 
aprotic solvents only. Moreover, in methanol adduct 3c, 
as isolated from CD3CN, goes rapidly back to the reactants. 

This result shows that the pyrylium and thiopyrylium 
cations have a stronger tendency than the pyridinium 
cation to undergo nucleophilic addition. Any difference 
in the tendency of pyrylium and thiopyrylium cations to 
undergo addition cannot yet be appreciated by the ‘H 
NMR technique because the equilibria are completely 
driven toward the adducts. 

Under the same reaction conditions unsubstituted 1- 
arylpyridinium cations undergo nucleophilic addition at  
position 2, even if the equilibrium constant for the for- 
mation of the adduct from 1-phenylpyridinium cation is 
not high with respect to that of adducts from 2,6-di- 
phenyl-4-X-pyrylium ~ a t i o n s . ~ J ~  Thus the formation of 
adducts seems to be further negatively affected by the 
presence of a phenyl group at  the reaction center, despite 
the small electron-withdrawing effect of this substituent. 
This effect is probably of steric origin. 

A structural difference must be also pointed out between 
the pyridinium cation IC and the other cations la and lb. 

(10) Jackmann, L. M.; Sternhell, S. “Applications of NMR Spectros- 

(11) Fraenkel, G.; Cooper, J. C. Tetrahedron Lett. 1968, 1825. 
(12) Giam, C. S.; Stout, J. L. Chem. Commun. 1969, 142. 

copy in Organic Chemistry”; Pergamon Press: Oxford, 1969; p 180. 

(13) Katritzky, A. R.; Brownlee, R. T. C.; Musumarra, G .  Tetrahedron 
1980. 36. 1643. 
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(14) Schuijl, P. J. W.; Bos, H. J. T.; Brandsma, L. Recl. Trau. Chim. 

(15) Suld, G.; Price, C. C. J. Am. Chem. SOC. 1962,84, 2090. 
(16) Doddi, G.; Fornarini, S.; Illuminati, G.; Stegel, F. J. Org. Chem. 

Pays-Bas 1969,88, 597. 

1979, 44,4496. 
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In IC the reaction center at position 2 is presumably more 
crowded because of the presence of three vicinal phenyl 
groups, which should be forced out of the heteroaromatic 
cation plane. However, addition is not observed at position 
4 of IC, where the steric requirements appear to be com- 
parable with those of' position 4 of the other cations. 

The observed trend in the tendency to undergo nu- 
cleophilic addition is consistent with that qualitatively 
observed for the nucleophilic aromatic substitution of 
4-chloro heteroaromatic  cation^'^ and was subsequently 
confirmed by kinetic measurements of morpholino de- 
methoxylation of 4-methoxy-2,6-diphenylpyrylium and 
4-methoxy-1-methyl- 2,6-diphenylpyridinium cations.18 

It has been suggested that this trend in reactivity cor- 
responds to the increasing contribution of carbonium ion 
structures in pyridinium, thiopyrylium, and pyrylium 
cations.17 Thus the tendency of pyrylium cation to undergo 

nucleophilic addition is larger than in the other rings just 
mentioned, because of the presence of the electronegative 
oxygen atom which causes a strong charge delocalization. 
13C NMR data and theoretical calculations of the a-elec- 
tron charges agree in indicating a lower electron density 
on the pyrylium ring with respect to the pyridinium 
ring.19.20 Resonance formulas such as 6 and 7, where the 
positive charge is located on the a or y carbon atom, vis- 
ualize satisfactorily the behavior of the pyrylium ring to- 
ward nucleophilic reagents. 
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Thermal rearrangement of 1,l'-spirobiindene (1) in a flow system at temperatures above 300 " C  leads exclusively 
to 3,4-benzofluorene, the product of vinyl migration. The same product is formed by direct irradiation a t  254 
nm or by treatment with potassium in refluxing THF. Determination of the heats of hydrogenation of 1 (-61.0 
kcal/mol) and indene (-23.63 kcal/mol) reveals a destabilization in 1 of 13.7 kcal/mol relative to indene, in agreement 
with literature calculations that spiroconjugated systems like 1 possess high strain energies attributable to 
unfavorable ir-orbital interactions. 

Previous papers in this series have provided evidence 
that 1,l'-spirobiindene (1) is a spiroconjugated' molecule: 
the ultraviolet spectrum2 exhibits a strong bathochromic 
shift compared to that of indene; the NMR spectrum2 
shows an upfield shift for the C-2 proton compared to 
simple indenes; the ORD spectrum2 displays an intense 
Cotton effect at 233 nm; and, most importantly, the pho- 
toelectron spectrum3 shows a splitting of the indene bands 
which correlates quantitatively with splittings in other 
spiroconjugated systems. 

The present investigation was undertaken to add some 
knowledge of chemical stability to these spectroscopic in- 
vestigations. Spiroconjugation does not automatically 
confer stabilization on a molecule, particularly when, as 
in the case of 1 and the parent spiro[4.4]nonatetraene (2): 
the spiroconjugated system is a 4n ?r network. Indeed, 
molecular orbital calculations on 2 have reached contra- 
dictory conclusions on the consequences of spiro- 
conjugation. Using CND0/2 calculations, Tajiri and 

(1) Simmons, H. W.; Fukunaga, T. J.  Am. Chem. SOC. 1967,89,5208. 
Hoffman, R.; Imamura, A.; Zeiss, G. D. Ibid. 1967, 89, 5215. Durr, H; 
Gleiter, R. Angew. Chem., Int. Ed. Engl. 1978, 17, 559. 

f2) Hill. R. K.: Cullison. D. A. J. Am. Chem. SOC. 1973. 95. 1229. 
(3) Schweig, A.: Weidner; U.; Hill, R. K.; Cullison, D. A. J.  Am.'Chem. 

(4) Semmelhack, M. F.; F'oos, J. S.; Katz, S. J. Am. Chem. SOC. 1973, 
SOC. 1973, 95, 5426. 

95, 7325. 

1 2 

Nakajima5 concluded that spiroconjugation has little, if 
any, contribution to the stabilization of molecules like 2 
in their ground state. On the other hand, Gordon et a1.6 
concluded on the basis of CND0/2, MIND0/3, and 
SPINDO calculations that spiroconjugation should impart 
a net stabilization to 2. The opposite conclusion was 
reached by Kao and Radom' from ab initio (STO-3G) 
calculations; they argued that the HOMO-HOMO inter- 
action between the two butadiene fragments of 2 involves 
four electrons and is net destabilizing. Finally, Houk et 
a1.8 have recently come to the broader conclusion that 
homoconjugative interactions in general between neutral 
closed-shell ?r systems are destabilizing. 

We have studied the stability of 1 toward pyrolysis, 

(5) Tajiri, A.; Nakajima, T. Tetrahedron 1971, 27, 6089. 
(6) Gordon, M. D.; Fukunaga, T.; Simmons, H. E. J.  Am. Chem. SOC. 

(7) Kao, J.; Radom, L. J.  Am. Chem. SOC. 1978,100, 760. 
(8) Houk, K. N.; Gandour, R. W.; Strozier, R. W.; Rondan, N. G.; 

1976, 98, 8401. 

Paquette, L. A. J .  Am. Chem. SOC. 1979, 101, 6797. 
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