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Previous studies of phenyl substituted tropylium3 and cyclopropenylium4 cations have in- 

dicated relatively little interaction of the phenyl substituent (s) with the central kharged 

ring In the ground state. In a few cases %,c,e phenyl substitution was reported to exert an 

apparent destabilizing effect particularly when the phenyl group could not achieve coplanarity 

with the charged ring. In order to further examine this curious "phenyl effect" and to provide 

more quantitative data on twisted phenyl interactions with stable carbonium ions, we have pre- 

pared the interesting hexaphenyl- and tetraphenyltropylium ions I and II and now describe their 

spectral properties and relative stabilities compared to the previously reported heptaphenyl ion 

III? 

After limited success with other synthetic routes the following method was developed for 

the synthesis of the hexaphenyltropylium cation (I). Hexaphenylcycloheptatrienecarboxylic acid 

(IV),5 m.p. 252.5 - 254Q 2; 260 mu (loge 4.311, prepared from the Ciels-Alder, reaction of 

2,3-diphenylcyclopropenecarboxylic acid and tetraphenylcyclopentadienone; was oxidatively de- 
.' ’ .* carboxylated with lead tetraacetate according to Corey's procedure 6 ':c' to give !:Lgt: yields (>90$) 

of hexaphenylcycloheptatrienyl acetate (V),' m.p. 185cX 2," 262 rnp (c.19). Thir ace'late wa; 
. 

quantitatively converted to the bright yellow hexaphenyltropylium perchlorate (I, Cl~i),' m.p. 

228' hMe: 244 (4.97), 273 (4.281, 322 mu (4.131, by addition of concentrated perchloric acii 

to a cold solution of V in 50% acetonitrile-acetic anhydride. 
1. 

Y&e NMR spectrum of 1 in ‘Pi_ 

fluoroacetic acid showed three phenyl spikes of approximately equal area atT 2.75, 3.\J, ( n:. 1 

3.17 corresponding to the three types of twisted phenyls in I. In~~comparison tile l,~_di;,:;.:~.;:- 

3J 
: 

tropylium and heptaphenyltropylium ions VI and111 show singlet phenyl proton absorptio- :I' 
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T 2.60 and 3.14 respectively. The higher field aromatic signals for I are thus assigned to the 

protons of the inner phenyl rings which are internally shielded by the neighboring twisted 

phenyls. The lone tropylium ring proton of I appeared as a singlet at T 0.78 as expected. 

Oxidation of I with hydrogen peroxide' afforded hexaphenylbenzene as the only isolable product. 

The perchlorate of the 1,2,3,4-tetraphenyltropylium cation (II) was synthesized in high 

yield by the following three step sequence. Freshly generated cyclopropene' was bubbled into a 

stirred chloroform solution of tetraphenylcyclopentadienone at room temperature until disappear- 

ance of the characteristic purple color of the dienone. Workup afforded an 82% yield of a 

colorless, micro-crystalline ketone (VII),5 m.p. 168' after gas evolution and resolidification 

at 155', vC* 1778 cm-'. Decarbonylation of VII under vacuum at 135 - 140' for 4 hours af- 

forded hydrocarbon VIII,5 m.p. 168' (no gas evolution at 155'),X max, 245 mu (4.40). Hydride 

abstraction from VIII with trityl perchlorate in acetonitrile 9 gave, after workup and re- 

crystallization from methylene chloride-ether, a 69 yield of bright yellow tetraphenyltropy- 

lium perchlorate (II, C10i),5 m.p. 157' (dec.)Xgy, 238 (4.81, 275 (4.11, 351 mu (3.9). The 

NMR spectrum of II in trifluoroacetic acid revealed two sharp phenyl proton spikes of equal 

intensity at~2.76 and 3.07 in accord with the successive arrangement of twisted phenyl groups 

on the tropylium ring. The protons on the seven-membered ring appeared as a singlet atr 0.94. 

The pK's of cation I - III were determined spectroscopically in sulfuric acid-methanol 

solutions using the diphenylcyclopropenium cation (pK = 0.32 in water 
4b 

) as indicator.1' 

gwamination of the pK values in Table I reveals a marked effect of phenol substitution on the 
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TABLE I 

pK Data for Some Phenyltropylium Cations 

Cation 

Tropylium (C,+) 

PhC7+ (IX) 

Ph4C7+ (II) 

Ph6C7+ (I) 

Ph7C7+ (III) 

Solvent 

H2° 

50% MeCN-H20 

50% M&N-H20 

MeOH-H2SC4 

MeOH-H2S04 

MeOH-H2S04 

pK 

4.7 

4.01 

3.87 

O.lP 

-l.llb 

-0.54.b 

Reference 

a 

3c 

3c 

this work 

this work 

this work 

a W. von E. Doering and L. H. Knox, J, Am. w. G., $, 3203 (1954). 

b 
pK value adjusted to the water scale. 

half-neutralization point of the tropylium ion, but unfortunately reveals very little about the 

relative free energies of the ions in question. In order to assess the effect of a given phenyl 

substituent one must evaluate its stabilizing effect. on the covalent tropilidene system as well 

as the corresponding cation. Cairncross has recently presented convincing evidence that although 

the pK of IX is less than that of the tropylium ion by ~a. 0.1 - 0.5 pK urlits. the phenyl group 

actually stabilizes the ion by 4.4 kcal./mole 3b compared to 3.7 kcal./mole stabilization pro- 

vided by a methyl group. 
11 

The greater acidity of ions I - III cannot then be ascribed 

entirely to phenyl destabilization by the often invoked phenyl inductive effect. 

A further point of interest is the higher pK of the heptaphenyl ion compared to the hexa- 

phenyl ion. Since the seventh phenyl in the heptaphenyl system cannot make a resonance con- 

tribution to the covalent compound but only to the cation, this result could be construed as 

evidence for a stabilization effect provided by a severely twisted phenyl. However, steric 

crowding in covalent heptaphenyltropyl derivatives is more severe than in the corresponding 

hexaphenyl compounds, and relief of steric crowding on ionization may well be the important 

factor in this comparison. 
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