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23 H), 3.52-4.27 (m, 2 H), 5.03-5.68 (m, 3 H), 6.0 (s,3 H); IR (mull) 
3480,3340,3140,2720,2640,2560,1725,1675,1265,1250,1090, 
1075,970 cm-'; mass spectrum, calcd for CBHESi304 [M+ - CH3 
for the tris(trimethylsily1) derivative] m / e  551.3408, found m / e  
551.3387 (other ions at  m l e  566,495,476,405,386,73); [aID +9l0 
(c  0.964, CH30H). Anal. Calcd for C21H3404: C, 71.96; H, 9.78. 
Found: C, 71.80; H, 9.68. 

Compound 2 was also identical by TLC with authentic material 
(mixture melting point 60-61.5 oC).6a*21 
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(24) Since the completion of this work the synthesis of 5-methyl-6- 
oxobicyclo[3.3.0]oct-l-en-3-one has been reported utilizing an intramo- 
lecular Wittig reaction of a stabilized phosphorane with potassium car- 
bonate at 40 "C: Trost, B. M.; Curran, D. P. J. Am. Chem. SOC. 1980, 
102, 5699. Since a stabilized phosphorane is generally less nucleophilic 
than the corresponding 0-ketophosphonate anion, this route would 
Drobablv not be effective for the formation of bicvclol3.3.0loctenone 7. 

(25) For a very recent review of the intramolecuiar Wittigieaction see: 
Becker, K. B. Tetrahedron 1980,36, 1717. 
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As a part of our general s tudies  of electrophile-nucleo- 
phile reactions,' we have studied the reactions of two 
t r i -or tho-subst i tuted t r iarylmethyl  cations with several 
nucleophiles in  aqueous solution. The resulta are reported 
i n  the present paper. 

Experimental Section 
Synthesis  of Tris(2,4-dimethoxyphenyl)methyl Alcohol. 

To  a solution of 0.094 mol of phenyllithium in ca. 50 mL of 
absolute ether was added 0.092 mol of 2,4-dimethoxybromo- 
benzene (Aldrich) in ca. 30 mL of ether. The resulting solution 
was stirred a t  room temperature for 4 h, and then a solution of 
0.025 mol of dimethyl carbonate in ca. 10 mL of ether was added 
dropwise. The reaction mixture was heated to reflux for ca. 20 
min and then cooled to ice bath temperature. Excess lithium 
reagent and salts were decomposed by the addition of ca. 75 mL 
of 6 M acetic acid followed by 25 mL of concentrated ammonium 
hydroxide. The aqueous layer was separated and washed with 
several portions of ether, and the combined ether solutions were 
then washed with dilute sodium carbonate and dried over po- 
tassium carbonate. The ether was removed on a rotary evaporator 
and the remaining oil was dissolved in the minimum amount of 
hot ethanol. On cooling, the ethanol solution yielded crystals 
which were recrystallized once from ethanol and then once from 
acetone to give ca. 3.5 g of purified product, mp 153.0-153.5 "C 

(1) For the previous paper in this series, see C. D. Ritchie and T. C. 
Hofelich, J.  Am. Chem. SOC., 102, 7039 (1980). 
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(lit? mp 149 "C). The 'H NMR spectrum of the material in CDC13 
solution showed the methoxy singlets a t  3.42 and 3.73 ppm, the 
OH singlet a t  5.2 ppm, and the aromatic multiplets a t  6.3-7.1 ppm, 
with the expected relative intensities. A solution of the compound 
in 0.1 M HC1 showed absorbance peaks a t  552 nm (e 3.1 X lo4 
M-' cm-'), 415 (1.4 X lo4), and 277 (1.9 X lo4), and a strong 
shoulder a t  ca. 515 nm (3.0 X lo4). 

Synthes is  of Tris(2-methyl-4-methoxyphenyl)methyl 
Alcohol. The Sandmeyer reaction of 2-methyl-4-metho~yaniline~ 
was used for the preparation of 2-methyl-4-methoxybromobenz,ene. 

To ca. 30 g of the aryl bromide in 60 mL of anhydrous ether 
under argon was slowly added a 10% excess of n-butyllithium 
in hexane at  0 "C. The solution was allowed to stand at ice-bath 
temperature for ca. 1 h, and then a solution of 6 g diethyl car- 
bonate in ether was added dropwise over the period of 0.5 h. The 
reaction mixture was stirred at 0 "C for ca. 1.25 h. Water was 
then added, the layers were separated, and the ether layer was 
washed with water and then dried over potassium carbonate. The 
carbinol crystallized from the remaining hexane when most of 
the ether had been removed by evaporation, giving ca. 3.0 g of 
a slightly red solid. The product was repeatedly recrystallized 
from hexane, mp 172-173 "C. Anal. Calcd for C&,04: C, 76.50; 
H, 7.19. Found: C, 76.35; H, 7.20. The 'H NMR spectrum of 
the compound in CDC13 solution showed the methyl singlet a t  
2.17 ppm, the methoxy singlet a t  3.77 ppm, the OH singlet a t  2.71 
ppm, and the aromatic multiplet a t  6.4-6.8 ppm, with the expected 
relative intensities. A solution of the carbinol in 0.1 M HC1 showed 
absorbance peaks a t  512 nm (e 6.1 X lo4 M-' cm-') and 265 (1.6 

Rate a n d  Equilibrium Studies. All measurements were 
carried out a t  room temperature of 23 f 1 OC. 

The PKR measurements for both cations utilized cation con- 
centrations of 1-2 X lo4 M and 10-cm pathlength spectropho- 
tometer cells. Absorbances of the solutions at the wavelength 
of maximum absorbance were measured with a Cary Model 14 
spectrophotometer. For the tris(2,4-dimethoxyphenyl)methyl 
cation, both chloroacetic acid and succinic acid buffers were used 
with ionic strengths ranging from 0.01 to 0.1 M. There was no 
detectable effect of buffer or ionic strength change on the 
equilibrium. All of the measurements showed a precision of ca. 
f0.04 pK units. For the tris(2-methyl-4-methoxyphenyl)methyl 
cation, both chloroacetic acid and citric acid buffers were utilized. 
Again there was no detectable effect of buffer change or ionic 
strength change (0.014.1 M) on the equilibrium, and the precision 
was ca. f0.04 pK units. 

With the exceptions of the reactions of water and hydroxide 
ion with tris(2-methyl-4-methoxyphenyl)methyl cation, reaction 
kinetics were studied by stop-flow spectrophotometry, using 
techniques analogous to those reported in earlier papers.' The 
extreme insolubility of the tris(2-methyl-4-methoxyphenyl)methyl 
alcohol caused problems a t  the concentrations necessary for ac- 
curate stop-flow measurements (ca. M). The reactions of the 
corresponding cation with water and hydroxide ion were, therefore, 
studied in 10.0-cm cells, using the Cary Model 14 spectropho- 
tometer. It was possible to begin observation within ca. 15 s of 
mixing the cation solution, and, even in the fastest reactions 
studied, this was no more than one half-life of the reaction. 

The reactions of both cations were followed by observations 
of the visible absorbance peaks of the cations and, in separate 
experiments, the ultraviolet absorbance peaks. The spectra of 
the reaction solutions immediately after reaction showed no ev- 
idence for formation of quinoid structures. 

The rate and equilibrium constants obtained are reported in 
Table I. 

x 104). 

Results 
Previous work' and literature reports4 concerning re- 

actions of ortho-substituted triarylmethyl cations had led 
us to expect some difficulties from reactions of nucleophiles 

(2) H. Kaufmann and F. Kieser, Chem. Ber., 45,2333 (1912); G. Wittig 

(3) R. A. B. Bannard and L. C. Leitch, Can. J. Chem., 34,1464 (1956). 
(4) R. Breslow, L. Kaplan, and D. LaFollette, J. Am. Chem. Soc., SO, 

and U. Pockels, ibid., 72B, 89 (1939). 

4056 (1968). 
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Table I. Rate and Equilibrium Constants for Reactions in Watero 
(o,p-di-MeO),trityl cation (o-Meg-MeO),trityl cation 

nucleophile log k log K C  log k log K C  
water 0.30 i 0.04 -3.24 + 0.04 -2.00 t 0.04 -3.80 * 0.04 
glycinate 3.80 i 0.04 0.73 i 0.04 -7.4 i 0.3 
H, NCH, CH,NH, 2.96 i 0.04 0.52 i 0.04 -7.6 t 0.3 

0 H- 1.24 i 0.04 10.76 i 0.04 1.00 + 0.04 10.20 t 0.04 

CN- 1.53 i 0.04 

All reactions at 23 t 1 “C and ionic strengths from 0.01 to 0.1 M. Rate constant for the water reaction is in units of 
seconds”; all others are in units of molar-’ seconds-’. 
Ar,c’ + BH 

Equilibrium constants for the water and amine reactions are for 
Ar,CB + H’. Those for hydroxide ion reactions are for Ar ,F  + OH‘ 3 Ar,COH and are in units of molar-’. 

a t  the para positions of the cations studied here. No ev- 
idence for such reactions was found; all reactions showed 
excellent pseudo-first-order kinetics for changes in ab- 
sorbances in both the visible and ultraviolet spectra, no 
appreciable formation of absorbance above 350 nm was 
observed, and the pKR measurements indicated a clean 
conversion of the cations to carbinols. Some initial dif- 
ficulties with reactions of the tris(2-methyl-4-methoxy- 
pheny1)methyl cation proved to be due to sample impur- 
ities and extreme insolubility of the carbinol in aqueous 
solutions. The first source of difficulty was removed by 
careful, repeated, recrystallizations of the carbinol sample, 
and the second was eliminated by using cation concen- 
trations of ca. lo* M for studies of the carbinol-forming 
reactions. 

The reactions of both cations with nucleophiles were 
found to be accurately first order with respect to nucleo- 
phile concentration (with the exception of water, of course). 
No evidence for kinetic terms second order with respect 
to amine concentrations5 was found for amine reactions. 

Considerable effort was expended in a search for gen- 
eral-base catalysis of the reaction of water with the tris- 
(2,4-methoxyphenyl)methyl cation by Dabco (1,4-diaza- 
bicyclo[2.2.2]octane). We were unable to detect any such 
catalysis at Dabco concentrations up to 0.25 M. Since we 
would certainly have observed any increase in rate greater 
than lo%, the Dabco general-base catalysis of water re- 
action must have a rate constant less than 0.8 M-ls-l, and 
the ratio of “uncatalyzed” to Dabco-catalyzed rate con- 
stants must be greater than unity. 

Discussion 
In the previous paper of this series, we reported’ that 

the introduction of a single o-methylsulfonyl group on a 
triarylmethyl cation caused no change in the relative rates 
of reactions of nucleophiles with the cation but did lead 
to a substantial decrease in rate of reactions of all nu- 
cleophiles. These observations are in accord with the ex- 
pectation that nucleophiles will attack the unhindered face 
of the cation, with the ortho group on the opposite face 
exerting its influence by hindering the compression of the 
aryl rings on going from trigonal cation to tetrahedral 
product. 

For the present cations, with ortho groups on all three 
rings, one expects, on the basis of statistics, models, and 
precedence,* that the most stable conformation will have 
two of the groups on one face, with the third on the op- 
posite face. This expectation provides the simplest ra- 
tionalization of the observed rates of reactions of nucleo- 
philes with the tris(2-methyl-4-methoxyphenyl)methyl 
cation. Both glycinate and ethylenediamine react more 
slowly than hydroxide ion with this cation, whereas these 
amines react faster than hydroxide ion (by factors of 4 to 
10) with trianisylmethyl ~ a t i o n , ~  Malachite Green,’ or 

(5) C. A. Bunton and S. K. Huang, J.  Am. Chem. SOC., 96,515 (1974). 

aryltropylium cations.6 The relative reactivities of hy- 
droxide ion and water with this cation are almost identical 
with those for trianisylmethyl cation in accord with pre- 
vious observations of an absence of steric influence on the 
relative reactivities of these reactants.’ It is also interesting 
to note that the effect of introducing the three o-methyl 
groups onto the trianisylmethyl cation is nearly the same 
on the equilibrium constants as on the rate constants for 
water and hydroxide ion reactions; the pKR is increased 
by 3 units and the log k’s are decreased by 2.9-3.2 units. 

A much more complex situation exists for reactions of 
the tris(2,4-dimethoxyphenyl)methyl cation. The most 
immediately striking point is that hydroxide ion reacts only 
8.7 times faster than does water (ratio of the second-order 
to pseudo-first-order rate constants). This is the smallest 
rate ratio for reactions of these nucleophiles of which we 
are aware; the ratio is usually greater than lo3. Just as 
striking, on further examination, is the observation that 
k,, cinate/kOH- = 102.6 for the present cation but is only ca. 
7 &r the trianisylmethyl cation. Ethylenediamine reacts 
nearly a factor of ten more slowly than does glycinate with 
the present cation, whereas the two amines react a t  nearly 
the same rates with other triarylmethyl cations: including 
the tris(2-methyl-4-methoxyphenyl)methyl cation of the 
present study. 

The reactions of water with triarylmethyl cations gen- 
erally show general-base catalysis, with the rate constant 
for Dabco-catalyzed reaction ca. 10 greater than that for 
the “uncatalyzed” reaction.’ We were unable to detect 
general-base catalysis for the reaction of water with the 
tris(2,Cdimethoxyphenyl)methyl cation and can set an 
upper limit of unity on the ratio of Dabco-catalyzed and 
“uncatalyzed” rate constants. 

Any postulate of involvement of the o-methoxy groups 
as intramolecular general-base catalysts for either the water 
or amine reactions discussed above can be discarded on 
the basis of Jencks‘ rules.* We are, in fact, unable to offer 
any consistent rationalizations of the rates of reactions of 
the tris(2,4-dimethoxyphenyl)methyl cation with nucleo- 
philes. We can point out, however, that the fact that 
cyanide ion reacts faster than hydroxide ion with this 
cation, whereas the reverse is true for other cations and 
neutral electrophiles,’ indicates that the high knuc/koa- 
ratios discussed above may be at least partially due to an 
“abnormally” low hydroxide ion rate constant. We also 
offer the purely ad hoc suggestion that the o-methoxyl 
groups may be influencing the water structure in the im- 
mediate vicinity of the reaction site. 
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In 1971 Allinger and Tribble2 calculated, using a force- 
field approach, that in 1-methyl-1-phenylcyclohexane (1, 
Scheme I) the conformational energies3 of methyl (1.7 
kcal/mol) and phenyl (3.0 kcal/mol) should not be addi- 
tive, the conformation with the larger phenyl group in the 
axial position being preferred at  equilibrium by 0.9 
kcal/mol. This comes about because the most stable 
conformation of the axial phenyl group (phenyl perpen- 
dicular to the bisector plane of the cyclohexane chair) is 
not perturbed by introduction of a geminal methyl sub- 
stituent, whereas considerable perturbation occurs upon 
introduction of geminal methyl into equatorial phenyl- 
cyclohexane whose phenyl substituent is (in the absence 
of the geminal methyl) most stable in the bisector plane 
of the cyclohexane chair. The Allinger-Tribble prediction 
was in qualitative agreement with contemporary NMR 
data4 but was not quantitatively borne out by low-tem- 
perature proton NMR work subsequently carried out with 
l-methyl-l-phenyl-4,4-dimethoxycyclohexane.5 This 
work5 indicated a preference for the axial phenyl group of 
only 0.34 kcal/mol. However, the experimenters stated5 
"Whether this discrepancy is due to the presence of the 
gem-dimethoxy group or to some computational insuffi- 
ciency remains a moot point". 

In view of the importance of the prevalence of axial 
phenyl over geminal methylene in a number of alkaloids 
of the mesembrine6 and amarillidacea' families, which we 
are presently investigating, we felt that confirmation of 
the result of Anteunis' group5 by low-temperature 13C 
NMR spectroscopy was desirable. At  the same time we 
decided to reinvestigate the conformational energy of the 
phenyl group itself, since three discrepant values, 2.0: 2.6: 

~ ~~ 

(1) Part 39: Eliel, E. L.; Kandasamy, DiYen,  C Y . ;  Hargrave, K. D. 

(2) Allinger, N. L.; Tribble, M. T.  Tetrahedron Lett. 1971, 3259. 
(3) Hirsch. J. A. Too. Stereochem. 1967. 1. 199. 

J .  Am.  Chem. SOC. 1980,102, 3698. 

(4) Shapiro, B. L.; Gattuso, M. J.; Hepfinger, N. F.; Shone, R. L.; 
White, W. L. Tetrahedron Lett. 1971, 219. 

(5) De Beule, H.; Tavernier, D.; Anteunis, M. Tetrahedron 1974,30, 
3573. 

(6) (a) Jeffs. P. W.; Hawks, R. L.; Farrier, D, S. J. Am. Chem. SOC. 
1969, 91, 3831. (b) Capps, T. M. Ph.D. Dissertation, Duke University, 
Durham, NC, 1977. (c)  Capps, T. M.; Hargrave, K. D.; Jeffs, P. W.; 
McPhail, A. T.  J.  Chem. SOC, Perkin Trans. 2 1977, 1098. 

(7) See, for example: Danishefsky, S.; Morris, J.; Mullen, G.; Gammill, 
R. J. Am. Chem. SOC. 1980, 102, 2838 and references cited therein. 

(8) Allinger, N. L.; Allinger, J.; DaRooge, M. A.; Greenberg, S. J.  Org. 
Chem. 1962,27, 4603. 
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and 3.0 kcal/mol,1° were in the literature. Although the 
last -AGO value is the now generally accepted 01-18,~ it is 
the composite (at 25 "C) of a rather larger -AHo of 3.61 
kcal/mol and an unexpectedly large -AS" of 2.09 gibbs 
that is not anticipated by the force-field calculations which 
predict uniquely stable conformations for both equatorial 
and axial phenylcyclohexane.2 

Finally we have investigated the conformational energy 
of the vinyl (CH2=CH-) group which could previously 
be obtained?" only by assuming the very additivity of AGO 
values in geminally substituted compounds which is absent 
in the 1-phenyl-1-methyl case; the two values so computed 
were 1.5 kcal/mo15 and 1.4 kcal/mol.l' 

Results 
The room-temperature 13C NMR spectral data of 1 is 

given in Table I (entry 1) as are the low-temperature 
spectral data of conformers A and B (Scheme I) at  -100 
"C (entries 2, 3). The two conformational isomers are 
present in quite unequal amounts and the configurational 
assignment can be readily made from the upfield shift of 
the methyl in conformer A and the ipso carbon of the 
phenyl in B. Measurement of relative areas of various 
peaks12 (Table 11) gives a K of 2.53 f 0.33 and -AGO of 0.32 
i 0.04 kcal/mol, favoring conformer B. This result is in 
excellent quantitative agreement with that of Anteunis' 
group: whose equilibrium measurement was evidently not 
perturbed by the presence of the dimethyl ketal function 
at  C(4). The force-field calculations2 are thus only qual- 
itatively correct in that they overestimate the axial pref- 
erence of phenyl by nearly 0.6 kcal/mol. 

The conformational equilibria in phenyl- and vinyl- 
cyclohexanes are too one-sided to be measured directly. 
We therefore turned to a technique previously used by one 
of us13 as well as Booth,14 involving determination of the 
conformational equilibrium in a cis-4-methylcyclohexyl-R 
instead of in cyclohexyl-R itself (cf. Scheme 11). The 
technique is particularly attractive since additivity in such 
1,4-disubstituted systems does seem to obtain in the cases 
where it has been tested13J4 and since a very accurate 
determination of the conformational energy of the methyl 
group used as counterpoise-1.74 f 0.06 kcal/mol-is now 
a~ai1able.l~ 

~~ 
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H.; Griffiths, D. V. Ibid. 1975,111; (c)  Booth, H.; Jozefowicz, M. L. Ibid. 
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