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Abatraet-The effect of solution acidity on the rate of the nitric acid oxidation of diphenylmethanes and 

triphenylmethane in 60% dioxan has been studied. The plot of log k (first-order rate constant for the 
substrate) us If,, (acidity function) gave a straight line with a slope of fractional number between - 0.5 and 
- 0.6. This suggests that the rate constant can be expressed as k = k.h,, + kb and that both nitrogen 

dioxide atxi its conjugate acid participate in the reaction as attacking species. It was observed that a polar 
substituent in the benxcne ring mainly affected k, in the nit& acid oxidation of diphenylmethans. The 
mechanism of reaction of these benxyl compounds is discussed. 

IN ~LJR kinetic study’ of the nitric acid oxidation of diphenylmethane we reported 
that the kinetic order with respect to /I,, (acidity function) is approx. 1 in 7aD/, acetic 
acid Further study3 revealed that in 60% dioxan, the order of Jt,, was between 05 and 
0.6. We have also attempted to study precisely whether a similar acidity effect is 
observed in triphenylmethane and benzoin4 as a basis for the elucidation of the 
mechanism. 

RESULTS AND DISCUSSION 

Efict of nitric acid concentration 
Nitric acid oxidation of triphenylmethane is said to give triphenylcarbinol quanti- 

tatively.’ In fact, triphenylcarbinol was isolated in a yield of 95 %, when triphenyl- 
methane was oxidized with 1-O M nitric acid in 60% dioxan at 90” for 8 hr. The 
pseudo-first-order rate constants in excess nitric acid (in the rate equation, v = k 
[Ph,CH]) are given in Table 1. The k value rises with increase of nitric acid concentra- 

l-m 1. FrrtSr-ORDBR RATB CotWTANtS FOR THE NTIRIC ACZD OXIDATION OF TIuPVNB IN 60% 

DIOXAN AT 90”. 

10’ k (set- ‘) lo5 k”_ (Xc-‘) H, 

1.0 0 7.8 
20 0 268 

1.0 CM0 12.5 26 
080 040 9.1 25 
MO MO 7.8 26 

040 CM0 64 26 

’ Initial concentration: [NaNO,] = Ml M, [PhsCH] = 0050 hi 
* The corrected k value for those at Ho = 0 
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tion owing to the accompanying increase in acidity, but the k value at constant acidity 
(H, = 0) is nearly constant (Table 1). Hence, the rate is independent of nitric acid 
concentration. The initial concentration of triphenyhnethane could not be varied 
greatly because of its poor solubility in aqueous dioxan, but the kinetic order with 
respect to the substrate should be unity. 

The oxidation of triphenylmethane was accelerated by increased solution acidity 
in similar way to diphenylmethane.2 The plot of log k us H, gave a straight line with 
a slope of fractional number, -0.6, implying that the rate constant can be expressed 
as summation of first- and zeroth-orders in ho Consequently, the plot of log k vs ho 

10’ k (scc-i) 10’ (k - k,)b @cc- 1) 5 + log (k - kby (xc-‘) H, 

7.9 3.1 049 Q84~ 
100 5.2 071 068 
lZ5 7.7 @89 054 
18.4 13.6 1.13 @26 
23.3 18.5 1.27 015 

* Initial concentration: [HNOJ = 1-O M, [NaNO,] = O-01 M, [HISO,] = 0 
- la M, [Ph,CH] = 0050 M. 

b l@k,=48asshowninFigl 
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FIG 1. Plot of 10” k vs h, in the nitric acid oxidation of triphcnylmethane in 60% dioxan 
at 90”. Initial concentration: [HNO,] = 16 M, [NaNO,] = 01 M, [H,SO,] = 0 - 10 M. 

[Ph,CH] = 0.050 M. 

gave a straight line (Fig l), and hence k can be expressed as follows : k = k,h, + k,. 
Here, kb is determined from the intercept of the line at h,-,. = 0. A plot of log (k - kb) 
us Ho gave a straight line with a slope of approx - 1 (Fig 2). 
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Flo 2. Effect of acidity on rate of the nitric acid ohion dtriphcnylmctham in WA dioxan at 
90”. Initial concentration: [Ph,CH] = 0950 M, [HNO,] = la M, [HISO,] = Cl - 10 M, 

CNaNO,]-~lM.~PlotdlogkwH,;O,Plotoflog(k-k~osH,. 

The nitric acid oxidation of diphenylmethane in 70% acetic acid gave an order in 
he of unity,2 but this order dropped to 0.5 in 60% dioxan for unsubstituted and some 
substituted diphenylmethanes. It is more d&tilt in aqueous acetic acid to keep 
PO,] constant than in 60% dioxan, since stable acetic acid does not reduce nitric 
acid to nitrous acid. Hence, the observed acidity effect in 60 y0 dioxan may be more 
reliable than that in 70 y0 acetic acid. When the acidity effect in the nitric acid oxidation 
of diphenylmethane in 60% dioxan was estimated similarly, the plot of log (k - /q,) 
us H,, gave a straight line with a slope of approx - 1 (Fig 3). The values of k,, i.e. the 
,value of log (k - kb) at zero Ho in Fig 3. together with the value of kh are shown in 
Table 3. 
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FIG 3. Effect of acidity on rate of the nit% acid oxidation of diphcnylmcthanc in W/, 
dioxan at 90”. Initial concentration: [HNO,] = 1.40 M, PaNO,] -0Q2 M, 
[H,SO,] = 0 - 24 M, [Ph,CH,-J - 0.050 M. a Plot d log k us If,; 0 Plot d log 

(k - k,) vs H,. 
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TA~IX 3. RAll? CONSTANTS FCS THE NITRIC ACID OXIDATION OF DlPHEWLMEllUNBS 

IN 60 % DIOXAN AT 90”’ 

X (5 + log kJ (set ‘J (5 + log k*) (set- ‘) 10‘ k,(sec-1) 

p-Me 1Q 032 2.1 
m-Me 05 060 4.0 

p”cl 

02 0.36 2.3 
02 @30 2.0 

’ Initial concentration: [HNOI] = 140 M. [NaNO,] = 001 M. 
[H,SO,] = 0- 240 M, [ArCH,Ph] = WOW M. 

The Hammett plot for k, is shown in Fig 4, giving a p-value of - 2, which is fairly 
large and comparable to the p-value for the nitric acid oxidation of benzyl ethers.6 
The values of k, are nearly constant except for that of m-methyldiphenyhnethane. 
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RG 4. Substituent effect on k, in the nitric acid oxidation of diphenylmethanes in 60% 
dioxan at 90”. 

These observations suggest an overall mechanism for the reaction : 

HNO, + HNOl =t 2N0, + Hz0 

H+ + NO,>HNO; 

RH + HNO; 5 R* + H,NO; 

RH + NO2 4 R* + HNOz 

R* + NO, + RONO”2ROH + HNOl etc. 

R = Ph&H- or Ph,C- 

(1) 

(2) 

(3) 

(4) 

(5) 
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As reported previously, 6* ’ the concentration of NO2 is determined by the solvent 
composition and it is nearly constant during a run. The above mechanism leads to a 
rate law : 

0 = (hKJH+l + k,)PW WI 

In these cases, the observed k, k, and kb correspond to (k,K,[H+] + k,)[NO,], 
k,KJN02], and kJNO,] respectively. The oxidation involves a hydrogen atom 
abstraction, and the selectivity @-value) of the abstraction increases with an increase 
of electrophilicity of the attacking species. 6* * In the hydrogen atom abstraction, the 
transition-state is said to be as follows :g 

RH+.X--+[R:H.XoR+H:X-]+R*+HX 

It is known that substituents on the benzene ring affect the ionization potential of a 
breaking C-H bond though they have little effect on the bonddissociation energy.” 
Hence, in the present reaction, a polar substituent seems to a&t mainly k,,, i.e. k3K2, 
since the transition-state is more polar with protonated species HNO$ . NO, is said 
to be elcctrophilic radical, but its electron atRnity is rather small.” 

It is suggested that NO2 participates in this oxidation besides HNO: (conjugate 
acid of NOJ as shown in the scheme. In this respect, the present oxidation is different 
from that of benzyl ethers6 and benzaldehydes,’ which involve hydrogen atom 
abstraction by HNO: alone. The qualitative order of decreasing reactivity per 
hydrogen atom on the basis of k values is as follows: PhCHzOH > Ph,CH3 > 
PhCH,0CH3* > Ph2CHZ2*’ - PhCHO.S 

It should be explained here why the less powerful species, N02, may participate 
in the oxidation of diphenylmethane, which is less reactive than benzyl methyl ether. 
This can be considered as follows. The reactivity of benzyl compounds may be in- 
fluenced by two factors, i.e. (i) the energy of a one electron transfer from the formed 
radical to the attacking radical and (ii) the stability of the intermediate radical, which 
is probably related to bond dissociation energy, assuming the resemblance between 
the activated-complex in the energy-reaction coordinate profile and the intermediate 
radical. For example, the rates for benzyl methyl ether, i.e. a-methoxytoluene, and 
diphenylmethane, i.e. a-phenyltoluene, are much higher than that of toluene:2* 3* l2 
both methoxy and phenyl groups raise the reactivity of substrates. Methoxy group is 
not so effective for lowering bond energy; the bond dissociation energies of C-H 
for ethane and ethanol are 98 and 90 kcal/mol, respectively.’ 3 However, the reactivity 
of benzyl methyl ether seems to depend mainly on the energy of one electron-transfer. 
This is generally equated with the ionization potential of the radical formed. An 
electron-releasing group lowers the ionization potential,” and this may account for 
the enhanced oxidation. Delocalization of the odd electron over the phenyl group of 
diphenylmethane may stabilize the intermediate radical and lower the bond dis- 
sociation energy of a-C-H, resulting in an effective abstraction of hydrogen atom 
even with N02. 

The rate for the nitric acid oxidation of benzyl compounds is generally expressed 
as u = (k,h, + k,)[RH]. In the oxidation of benzyl alcohol, benzyl ether and ben- 
zaldehyde, k,h, B k,, while in that of diphenylmethane and triphenylmethane, 
kaho - kb. k, and k, may be related to the energy of one electron-transfer and the 
stability of intermediate radical, respectively. 
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EXPERIMENTAL 

Mater&& Triphcnylmcthane was prepared by Friedel-Crafts reaction of bcnzne with carbon tctra- 
chloride.‘* Substituted dipbcnyhncthanea were prepared as rcportcd prcviou~ly.~ Tripbcnylmcthanc had 
m.p. 935-94’, lit” 925-93”. 

Kfnetic procedure. The reaction was initiated by the addition of NaNOl aq to the thermostatad reaction 
mixture. At appropriate time intervals, aliquots were rcmovcd, and extra&d with chloroform, containing 
a given amount of benzophcnonc as an internal standard, and washed with aq NaOH. The extract was 
dried over anhydrous Na,SO, and the rate of disappcarana of triphenylmethane was measured by GLC, 
using a flame ionization detector opcratcd with a 1 m x 3 mm cohunn packcd with PEG 20 M 5% on 
Chamelitc at 200”. 

Identification of products. Triphcnyhnethane (1.17 g) was oxidized with 1 M nitric acid in 60 % dioxan at 
90” for 8 hr and gave triphcnylcarbinol, 1.19 g (95 %) which on rccrystallixation from I&OH gave the pure 
material, m.p. 163-164”, liti 164”. 

’ Contribution No. 146 
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