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eluent. The first fraction collected off the column contained 204 
mg (41%) of a light yellow oil whose structure was identified as 
2 4  (5-butenyl)carboxyJ-3-phenyl-2Zf-azirine (35): NMR (CC14, 90 
MHz) 6 2.03 (dd, 2 H, J = 6.6, 1.0 Hz), 2.37 (s, 1 H), 3.83 (t, 2 
H, J = 6.6 Hz), 4.61-4.89 (m, 2 H), 5.21-5.36 (m, 1 H), 7.16-7.36 
(m, 3 H), 7.50-8.66 (m, 2 H); IR (neat) 3080, 2980, 1820, 1765, 
1727,1625,1445,1330,1238,1185,1012,755 cm-'; MS, m / e  215, 
174,165,161,116; W (cyclohexane) 238 nm (e 9OOO). Anal. Calcd 
for C13H13N02: C, 72.54; H, 6.09; N, 6.51. Found: C, 72.29; H, 
5.98; N, 6.41. 

The second fraction isolated contained a colorless oil that 
crystallized in a 25% ethyl acetate/hexane mixture to afford 167 
mg (34%) of a white crystalline solid (mp 74-75 "C) whose 
structure was identified as 3-aza-l,6-dioxa-2-phenyltricyclo- 
[3.5.05*s]dec-2-ene (36): NMR (CsDB, 90 MHz) S 1.10 (dtd, 1 H, 
J = 13.2, 6.5, 4.2 Hz), 1.50 (ddd, 1 H, J = 13.2, 6.5, 5.4 Hz), 1.75 
(ddd, 1 H, J = 13.2, 6.5, 2.7 Hz), 1.92 (ddd, 1 H, J = 13.2, 9.0, 
3.0 Hz), 2.75 (dddd, 1 H, J = 9.0, 7.8, 5.4, 4.2 Hz), 3.67 (dt, 1 H, 
J = 9.0, 6.5 Hz), 3.87 (dt, 1 H, J = 9.0, 6.5 Hz), 4.36 (ddd, 1 H, 
J = 6.5, 3.0, 1.2 Hz), 7.01-7.29 (m, 3 H), 8.16-8.40 (m, 2 H); IR 
(KBr) 3008,2963,2908,1623,1568,1475,1439,1323,1241,1188, 
1108,1023,974,833 cm-'; MS, m / e  178, 163, 144,123, 119,117; 
UV (cyclohexane) 242 nm (e 11300). Anal. Calcd for C13H13N02: 
C, 72.54; H, 6.09; N, 6.51. Found: C, 72.42; H, 6.08; N, 6.50. 
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A new series of 1-aryl-1-alkyltetrachlorocyclotriphosphazenes has been synthesized. These compounds, which 
contain various Substituents in the meta and para positions of the aryl group, have been characterized by infrared 
and NMR ('H, 13C, l9F, and 31P) spectroscopy and mass spectrometry. The 'H and 13C NMR spectra can be 
used to obtain a value for the Hammett upus parameter of 0.63 for the N3P3C14CH3 group, while l9F NMR can 
be used to obtain Taft reactivity parameters of uI = 0.48 and uR = 0.16. These values are very similar to those 
found for a cyano group, and the similarity of the electron-withdrawing power between the N3P3Cl,CH3 and cyano 
groups is confirmed by a study of the ultraviolet spectra of the new aryl compounds. 

Introduction 
Over the past several years, the nature of the electronic 

interactions between a phosphazene ring and various ex- 
ocyclic substituents has been the subject of much con- 
troversy.2-10 Aryl-substituted phosphazenes have been 
subjected to examination by a wide variety of techniques, 
such as ultraviolet-visible spedroscopy,3 nuclear magnetic 
resonance spectroscopy utilizing nuclei such as lH,* 13G5 
19F,6 and 31P,7 electron-spin resonance spectroscopy,8 nu- 
clear quadrupole resonance spectroscopy observing 35Cl 
nuclei? and, finally, photoelectron spectroscopy.1° The 
results of these various studies have been interpreted as 
indicating no,lo little,3,5*7 or e x t e n s i ~ e ~ ~ ~ . ~  resonance inter- 

actions between the aryl substituent and the phosphazene 
ring. 

However, all of these studies to date have been limited 
to simple aryl- or fluoroaryl-substituted phosphazenes. 
This is due, in no small part, to the problems involved in 
the synthesis of spectroscopically instructive aryl-substi- 
tuted phosphazene compounds. 

In this paper we describe the synthesis and spectral 
characteristics of a new series of para- and meta-substi- 
tuted arylchlorophosphazenes of general structure I. This 

(1) Forpart 3, see: Harris, P. J. Inorg. Chim. Acta 1983, 71, 233. 
(2) Gallicano, K. D.; Oakley, R. T.; Sharma, R. D.; Paddock, N. L. 

'Proceedings of the 1981 International Conference on Phosphorus 
Chemistry" (ACS Symp. Ser. no. 171); American Chemical Society: 
Washington, D.C. 1981, p 301. 

(3) Wagner, A. J.; Moeller, T. J. Inorg. Nucl. Chem. 1971, 33, 1307. 
(4) Allen, C. W.; White, A. J. Inorg. Chem. 1974, 13, 1220. 
(5) Allen, C. W. J. Organomet. Chem. 1977, 125, 215. 
(6) Chivers, T.; Paddock, N. L. Inorg. Chem. 1972, 11, 848. 
(7) Allen, C. W.; Moeller, T. Inorg. Chem. 1968, 7, 2177. 
(8) Allcock, H. R.; Birdsall, W. J. Inorg. Chem. 1971, 10, 2495. 
(9) Whitehead, M. A. Can. J .  Chem. 1964, 42, 1212. 
(10) Allen, C. W.; Green, J. C. Inorg. Chem. 1980, 19, 1719. 
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I 
R = CH,, C,H, , n-C,H, , n-C,H9 ; X = Y = H 
R = CH, ; Y = H ,  X = N(C,H,), , N(CH,), , OCH,,  

R = CH,; X = H; Y = N(CH,), , OCH,, F 
t-C4H9, CH3 9 CeHs, F, C1, CF, 

is the first time that such a wide variety of aryl-substituted 
phosphazene compounds has been synthesized. These 
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1- Aryl-1-alkyltetrachlorocyclotriphosphazenes 

Table I. Arylalkylphosphazenes Characterization Data 
% mpor bp 

compound yield (mm), "C 
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data are listed in Table III. (Tables I1 and I11 are available 
as supplementary material.) The retention of the phos- 
phazene ring in compound I was confirmed by infrared and 
,'P NMR spectroscopy. The infrared spectra showed in- 
tense absorbances between 1100 and 1300 cm-', a char- 
acteristic of the P N  skeleton in cyclic phosphazene com- 
pound~ . '~  The geminal substitution pattern of the phos- 
phazene ring was confirmed by both 'H and ,'P NMR 
spectroscopy. The 'H NMR spectrum always showed the 
resonance for the P-CH, group as a doublet of triplets 
centered a t  6 - 1.8. This is shifted upfield from the res- 
onance for the methylpentachlorophosphazene compound, 
which is found at  6 2.1.14 The ,'P NMR spectrum ('H 
decoupled) in all cases was interpreted as an AB2 spin 
system.15 The PC12 resonance always occurred a t  - 18.5 
ppm, as a doublet, while the P(aryl)(alkyl) resonance ap- 
peared as a triplet, centered between 30.0 and 27.7 ppm. 
This resonance broadened significantly upon 'H coupling. 
For the para-substituted aryl compounds, this resonance 
was found to shift in a manner that was found to be di- 
rectly proportional to the Hammett u constants for the 
various para s~bstituents. '~J' These results have been 
discussed elsewhere.' 

Chlorophosphazene as an Aryl Substituent. In 
order to place the chlorophosphazene ring in a scale with 
other "standard" aromatic substituents, an examination 
of the 'H4, I3C5, and 19F6 NMR spectra of several of the 
new aryl compounds was performed. The NMR chemical 
shifts of para p r ~ t o n , ' ~ J ~  carbon,lgm and f lu~rine '~?~'  nuclei 
have been used in many cases to quantify the nature of 
the interaction between a substituent and an aromatic ring, 
although in some cases i t  is difficult to separate the in- 
ductive and resonance contributions to the NMR chemical 
shift.21722 All three of these techniques have been used 
to probe the substituent effect of the fluorophosphazene 
group, and in all cases this substituent was found to be 
similar to the nitro group in terms of its electron-with- 
drawing power.44 

The 'H NMR spectrum of compound I (R = CH,; X = 
Y = H) showed the resonance for the para hydrogen at  6 
7.51, while the para carbon resonance for this compound 
was observed at  132.45 ppm. Both these chemical-shift 
values are similar to that observed for benzonitrileZ3 and 
indicate that the chlorophosphazene ring exerts a mod- 
erately strong electron-withdrawing effect on the benzene 
ring. A comparison of both these chemical shifts with plots 
of chemical shift vs. the Hammett upma constants for 
various aryl substitutents16 gave a value for the Hammett 
am parameter for the chlorophosphazene of 0.61 (13C) and 
0.65 ('H) (average upma = 0.63). This value is similar to 
that determined for the cyano group [awa (CN) = 0.628].16 

Nature of the Phosphazene-Aryl Interaction. Al- 
though it is relatively simple to obtain a value for the 
Hammett ufima parameter for the phosphazene ring from 
the 'H and C NMR data, this value gives no information 
as to the degree of inductive or resonance interactions 
between the phosphazene ring and the aryl group. This 
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molecules provide an excellent probe for the electronic 
interactions between the chlorophosphazene ring and the 
aryl substituent. 

This work was initiated in order to answer the following 
questions: (1) Could a large and spectroscopically in- 
structive series of aryl-substituted phosphazenes be syn- 
thesized? (2) Is it  possible to classify the chloro- 
phosphazene group with other "standard" aromatic sub- 
stituents with regard to its electron-donating or -with- 
drawing power toward the benzene ring? (3) What is the 
nature and extent of the electronic interactions between 
the aryl group and the chlorophosphazene? 

Results and Discussion 
Synthesis and Characterization of Arylalkyl- 

phosphazenes. The synthesis of aryl-substituted phos- 
phazenes from hexachlorocyclotriphosphazene has been 
successful in only a few limited cases.'l Indeed, attempts 
to synthesize aryl-substituted phosphazenes by the reac- 
tions between hexachlorocyclotriphosphazene and aryl 
Grignard reagents have recently been shown to yield 
ring-coupled phosphazenes and very few substituted 
products.12J3 However, other studies on the reactions 
between methylpentachlorocyclotriphosphazene and var- 
ious amines or alkoxides indicated that the halogen atom 
geminal to the methyl group could be readily, and exclu- 
sively, s~bs t i t u t ed , '~  and it was with this compound that 
we chose to initiate this study. 

The  reaction between methylpentachlorocyclo- 
triphosphazene and phenylmagnesium bromide led to a 
good yield of the 1-phenyl-1-methyl-substituted compound, 
I (R = CH,; X = Y = H). Following the success of this 
reaction, the synthetic scheme was extended to other aryl 
Grignard reagents. These reactions also proved successful 
and led to the isolation of a wide variety of arylalkyl- 
phosphazenes of general structure I. Yields for all of the 
reactions are listed in Table I. 

The molecular structure of these new compounds was 
determined by the use of a combination of 'H and 31P 
NMR, infrared, and ultraviolet spectroscopy, mass spec- 
trometry, and, in representative cases, elemental micro- 
analysis. General characterization data for all new com- 
pounds are listed in Table I. Nuclear magnetic resonance 
data are listed in Table 11 and ultraviolet and m w  spectral 

(11) Acock, K. G.; Shaw, R. A.; Wells, F. B. G. J. Chem. SOC. 1964,121. 
(12) Harris, P. J.; Desorcie, J. L.; Allcock, H. R. J. Chem. SOC., Chem. 

(13) Allcock, H. R.; Desorcie, J. L.; Harris, P. J. J. Am. Chem. SOC. 

(14) Allcock, H. R.; Harris, P. J. Inorg. Chem. 1981,20, 2844. 

Commun., 1981,852. 

1983, 104, 2482. 

(15) Allcock, H. R.; Harris, P. J.; Connolly, M. S. Znorg. Chem. 1981, 
20, 11. 

(16) March, J. 'Advanced Organic Chemistry; Reactions, Mechanisms 
and Structure", 2nd ed.; McGraw Hill: New York, 1977. 

(17) Hammett, L. P. J. Am. Chem. SOC. 1937,59, 96. 
(18) Spiesecke, H.; Schneider, W. G. J. Chem. Phys. 1961, 35, 731. 
(19) Wu, T. K.; Dailey, B. P. J.  Chem. Phys. 1964,41, 2796. 
(20) Nelson, G. L.; Levy, G. C.; Cargioli, J. D. J. Am. Chem. SOC. 1972, 

(21) Adcock, W.; Gupta, B. D. J. Am. Chem. SOC. 1976, 6871. 
(22) Adcock, W.; Khor, T. C. J. Am. Chem. SOC. 1978, 100, 7799. 
(23) Silverstein, R. M.; Baesler, G. C.; Morrill, T. C. "Spectrometric 

Identification of Organic Compounds", 4th ed., Wiley: New York, 1981. 

94, 3089. 
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information is typically displayed by the Taft  a1 and UR 
constants, where a = aI + aR.24 For many groups, this 
information has been obtained by inspection of the I3C 
NMR spectraz5 or of the I9F NMR data for m- and p- 
fluorophenyl-substituted derivative~.6J~*~ The variation 
of the l9F NMR chemical shifts with the ?r electron density 
in the aryl group have been justified t h e ~ r e t i c a l l y , ~ ~ ~  and 
the shielding parameters correlated with the Taft reactivity 
parameters aI and UR.6'27 In order to obtain these Taft  
values for the chlorophosphazene ring, an investigation of 
the I9F NMR of compounds I (R = CH,, X = H, Y = F 
or X = F, Y = H) was carried out. These data are listed 
in Table 11. The shielding parameter, for the para 
compound, I (R = CH,; X = F; Y = H) was found to  be 
-7.49, while that  for the meta compound, I (R = CH,; X 
= H; Y = F), J"H"t".x, was found to be -2.84.3* From these 
data, values for the Taft reactivity constants of aI = +0.48 
and aR = +0.16 can be obtained,, and are confirmed by 
the I3C NMR data. These values are again similar to those 
derived for the cyano group6Vz6 (:I = +0.48, a R  = +0.21) 
and indicate that the inductive urlthdrawing power of the 
chlorophosphazene ring is comparable to the cyano group, 
while the resonance interaction appears to be slightly less. 
However, the magnitude of the UR value for the phos- 
phazene ring compares favorably with that determined for 
other phosphorus groups.28 

Ultraviolet Spectra. In a further attempt to probe the 
resonance interactions between the phosphazene ring and 
the aryl substituent, it  was decided to investigate the ul- 
traviolet spectra of the new phosphazene compounds. 
These data are listed in Table 111. In each case, the ul- 
traviolet spectrum shows an  absorption band similar to 
that observed for other arylphosphazene compounds3 and 
para-disubstituted  aromatic^.,^ It is known that in aro- 
matic compounds in which a resonance donor and a res- 
onance acceptor group are para to each other, the ultra- 
violet spectrum is shifted to longer wavelength when 
compared to similarly substituted meta ~ o m p o u n d s . ~ ~ ~ ~ - ~  

For the compounds I (R = CH,, X = H, Y = N(CH,)*, 
or X = N(CH&, Y = H), differences are found in the 
ultraviolet spectra between the para and the meta com- 
pounds?' 6X,,N(CHd2 = 17. For the methoxy compounds 
I (R = CH,, X = H, Y = OCH, or X = OCH,, Y = H), 
6XmaroCH3 = 8. If these values are compared to  that ob- 
tained for or methoxybenzonitrile@ (6k-N(CHd2 
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= 25; aXmaxoCH3 = 25), it  is clear that  the degree of reso- 
nance interaction between the phosphazene and the aryl 
group is less than the nitrile-aryl interaction. This is in 
complete agreement with the information derived from the 
NMR studies. 

Conclusion 
It is clear from both the NMR and UV studies that the 

phosphazene ring exerts a moderately strong electron- 
withdrawing effect upon the benzene ring. From the 'H 
and I3C NMR data, a value of the Hammett upma param- 
eter of 0.63 was obtained, and this is very similar to that 
of the cyano group. Consideration of the I9F NMR data 
of the m- and p-fluoro compounds gave values for the Taft 
reactivity parameters aI of 0.48 and aR and 0.16 respec- 
tively, which indicated that -75% of the electron with- 
drawal by the phosphazene ring is by an inductive mech- 
anism. These results were confirmed by an ultraviolet 
study of the new compounds. 

Experimental Section 
Hexachlorocyclotriphosphazene was purchased from Aldrich 

Chemical Co. or Alfa-Ventron Corp. and was purified by vacuum 
sublimation (60 "C, 0.1 mm), followed by successive recrystalli- 
zations from n-hexane until a melting point of 112 "C was ob- 
tained. The organometallic reagents and aryl halides were also 
purchased from Aldrich Chemical Co. or Alfa-Ventron Corp. 
m-Bromo-NJV-dimethylaniline was synthesized from m-bromo- 
aniline by standard procedures.4' All aryl halides were distilled 
before use. Tetrahydrofuran (THF) was dried over a sodium- 
benzophenone ketyl mixture and was distilled into the reaction 
flask under an atmosphere of dry nitrogen. Hexane was dried 
and distilled over calcium hydride while dichloromethane was 
dried over P4010. All of the reactions described in this work were 
performed under an atmosphere of dry nitrogen. Methylpenta- 
chlorocyclotriphosphazene14 and the Grignard reagents were 
prepared by standard procedures. The Grignard reagents were 
standardized by titration (performed under an atmosphere of dry 
nitrogen) with 1.0 M sec-butyl alcohol in toluene. The indicator 
used was 1,lO-phenanthroline hydrate.42 

Nuclear magnetic resonance spectra were obtained with the 
use of a Perkin-Elmer EM 390 spectrometer ('H and l9F) or a 
JEOL 200 spectrometer ('H, lSC, slP). All spectra were obtained 
on samples dissolved in CDC13. An internal standard of tetra- 
methylsilane was used as the reference for the 'H and 13C spectra. 
The lgF NMR spectra were referenced to internal CCl,F, while 
31P NMR spectra were referenced to a capillary of 85% 
inserted into the sample.' Infrared spectra were obtained with 
the uae of a Perkin-Elmer 710B spectrometer. The samples were 
prepared as KBr pellets. Ultraviolet spectra were obtained on 
a Hitachi Perkin-Elmer 100-60 spectrophotometer. The samples 
were dissolved in either hexane or methanol. Beer's law plots 
were obtained by succeasive dilutions of a standard stock solution 
(typically lo-' M). Mass spectral data were obtained by the use 
of a Varian MAT 112 magnetic sector instrument operating at 
70 eV.43 
Synthesis of 1-Aryl-1-methyltetrachlorocyclo- 

triphosphazenes (I). All of these compounds were prepared 
by an identical procedure. The following is a typical example: 
Methylpentachlorocyclotriphosphazene'4 (2.0g, 6.1 mmol) was 
dissolved in THF (-150 mL) and cooled to 0 "C. The phenyl- 
magnesium bromide (18 mmol, solution in THF) was added 
dropwise over a period of 15 min, and the reaction mixture was 
then allowed to stir for 24 h at room temperature. The solvent 
was removed under vacuum and the crude product was dissolved 
in CH2C12 (50 mL). This solution was then filtered through neutral 
alumina, and the solvent was again removed under vacuum. 

(24) Taft, Jr., R. W. 'Steric Effects in Organic Chemistry"; Newman, 
M. S., Ed.; Wiley New York, 1956; Chapter 13, pp 578-580 and 594-597. 

(25) Brownlee, R. T. C.; Topsom, R. D. Tetrahedron Lett. 1972,51, 
5187. 

(26) Taft, Jr., R. W. J. Am. Chem. SOC. 1957, 79, 1045. 
(27) Taft, Jr., R. W.; Price, E.; Fox, I. R.; Lewis, I. C.; Andersen, K. 

(28) Rakshys, J. W.; Taft, Jr., R. W.; Sheppard, W. A. J. Am. Chem. 

(29) Karplus, M.; Das, T. P. J. Chem. Phys. 1961,34, 1683. 
(30) Prosser, F.; Goodman, L. J.  Chem. Phys. 1963, 38, 374. 
(31) Boden, N.; Emsley, J. W.; Feeney, J.; Sutcliffe, L. H. Mol. Phys. 

1964, 8, 133. 
(32) The shielding parameters, J H ~ '  or J H ~ ~ ~ - ~  are simply the '9 

chemical-shift value for the compound relative to fluorobenzene. Nega- 
tive values indicate a downfield shift. 

(33) Calculated from the following equations:6t25 A, = 0.1409(0.6 - 

(34) Doub, L.; Vandenbelt, J. M. J. Am. Chem. SOC. 1947,69, 2714. 
(35) Doub, L.; Vandenbelt, J. M. J. Am. Chem. SOC. 1949, 71, 2414. 
(36) Corbett, J. F. Spectrochim. Acta. 1967,23A, 2315. 
(37) bAwR = Am" - Xmumeta for substituent R. 
(38) "Organic Electronic Spectra"; Kamlet, M. J., Ed.; Interscience, 

(39) 'Organic Electronic Spectra"; Ungnade, H. E., Ed.; Interscience: 

(40) "Organic Electronic Spectra"; Wheeler, 0. H.; Kaplan, L. A., Eds.; 

K.; Davis, G .  T. J.  Am. Chem. SOC. 1963,85, 3146. 

SOC. 1968, 90, 5236. 

JHmetl-') and UR = 0 . 0 3 3 9 ( J ~ " ~ ' ~  - JHPU".'). 

New York, 1946; Vol. I. 

New York, 1953; Vol. 11. 

Interscience: New York, 1956; Vol. 111. 

(41) Billman, J. H.; &dike, A.; Mundy, B. W. J. Am. Chem. SOC. 1942, 

(42) Watson, S. C.; Eastham, J. F. J. Organomet. Chem. 1967,9,165. 
(43) Harris, P. J.; Williams, K. B. Org. Mass Spectrom., in press. 
(44) Elemental analyses were performed by MultiChem Laboratories, 

64, 2977. 
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Finally, the product was dissolved in toluene (50 mL), and this 
solution was washed with aqueous HCl (50 mL, 10% solution; 
for the amine compounds, distilled water was used in the wash). 
The layers were then separated, and the organic layer was dried 
over MgS04. The solvent was removed under vacuum, and the 
product, 1-phenyl- 1-methyltetrachlorocyclotriphosphazene, was 
recrystallized from n-hexane. Yields and mp/bp data are listed 
in Table I. The NMR data (lH, lSF, ,lP) are listed in Table 11. 
Ultraviolet and mass spectral data are listed in Table 111. Tables 
I1 and I11 are available as supplementary material. 

Elemental Microanalytical Data.M Compound I (R = CH,; 
X = Y = H): Anal. Calcd for C7H8N3P3C14: C, 22.76; H, 2.17; 
N, 11.38; P, 25.20; C1, 38.48. Found C, 22.71; H, 2.30; N, 11.03; 
P, 24.73; C1, 38.31. 

Compound I (R = CH,; Y = H; X = N(CH,),): Anal. Calcd 
for C&I13N4P3C14: C, 26.21; H, 3.16; N, 13.58; P, 22.57; C1,34.47. 
Found: C, 26.41; H, 3.41; N, 13.46; P, 22.19; C1, 34.51. 

Compound I (R = CH,; Y = H; X = F): Anal. Calcd for 
C7H,N3P,Cl,F: C, 21.71; H, 1.81; N, 10.85; P, 24.03; C1, 36.69. 
Found: C, 21.79; H, 2.13; N, 10.68; P. 24.00, C1, 36.38. 

Compound I (R = CH,, Y = H, X = CF,). Anal. Calcd for 
CSHyN3P3C14Fa: C, 21.97; H, 1.60; N, 9.61; P, 21.28; C1, 32.49. 

1984,49, 409-413 409 

Found: C, 21.36; H, 1.63; N, 9.44; P, 21.03; C1, 32.29. 
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A series of 28 1-X-phenyl-1-Z-phenyl-1-methyl (benzhydryl) carbocations, where the X and Z substituents 
have been varied over the range of electron demand (3,4-CH2CH20, 11; 4-OCH3, 12; 4-CH3, 13; 4-F, 14; 4-H, 1; 
4-CF3, 15; 3,5-(CF&, 16), have been prepared from the corresponding alcohols by ionization in superacids and 
their 13C NMR spectra recorded at low temperatures (-70 to -10 "C). Plots of the substituent chemical shifts 
of the cationic carbons (A6C') at -70 "C against 8' are linear for the electron donors (Z = 3,4-CH2CH20 to Z 
= H) of 13-16 and 1 but deviate upward from this correlation line (relative shielding) for the electron acceptors 
(Z = H to Z = 3,5-(CF3),). The plots of the highly stabilized cations 11 and 12 approximate shallow curves where 
groups more electron demanding than 4-CH3 cause relative shielding of the cationic carbon. All these plots are 
interpreted in terms of competing resonance and localized inductive n-polarization effects. 

Previous 13C NMR studies of 4-substituted benzhydryl 
cations 1 in (Chart I) in superacids indicated that while 
the chemical shifts of the para carbon in the unsubstituted 
ring ( E , )  correlated well with Hammett-Brown u+ con- 
stants derived from solvolysis, those of the cationic carbons 
did not.2 A subsequent investigation of 2-phenylpropyl 
(cumyl) cations 3 revealed a major deviation from linearity 
in the plot of cationic carbon substituent chemical shif? 
(ALE+) against This led to the development of uc 
constants4 which have now been shown to correlate the 
cationic carbon shifts of a wide range of cyclic,'$ 
and multicyclic  cation^.^^^ 
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However, 2-aryl-2-norbornyl (4),'0-12 3-aryl-3-nortricyclyl 
(5),loJ2 l-aryl-l-cyclopropylethyl(6)'o and 1,l-diaryl-1-ethyl 
(2)loJ1 cations showed deviations i? the plots of A6C+ 
against electron demand (either uc or 6C+ of 1-aryl-1- 
cyclopentyl cations4J1J2) such that the cationic carbons of 
those cations with substituents more electron demanding 
then p-H, were more shielded than that  predicted by the 
correlation line for the (a) electron donors.1° These de- 
viations were interpreted in terms of three different effects, 
the onset of nonclassical u bridging,"-13 the onset of in- 
creased cyclopropyl conjugation,12 and steric inhibition of 
resonance," yet the deviations were very similar. 

In the case of 2, Farnum and co-workers attributed the 
deviation to the relative twipting of the two aryl groups 
with respect to  the plane of the trigonal cationic carbon 
as a result of increased electron demand upon the un- 
substituted phenyl ring by the Z substituent. Thus, when 
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