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The kinet.ics of the fast disappearance of bromine due to reaction with 2(1H)-pyrimidinone (la) and with 
1-methyl-2-pyrimidinone (lb) in aqueous solutions (pH 0-6) have been measured. The data support bromine 
attack upon the covalent hydrates (3a and 3b) and a change in rate-determining step (rds) with acidity. At high 
acidity (pH <2) the rds is attack of bromine upon the covalent hydrate 3 (a or b), whereas at  low acidity (pH 
>4) formation of 3 (a or b) from the appropriate cation 2 (a or b) is the rds. These results, together with those 
of earlier studies, provide a detailed mechanism for the bromination of la in acidic aqueous solution. In addition, 
it is estimated that la in aqueous solution exists as its covalent hydrate 3a to the extent of about 0.05%. 

Sometime ago we proposed that the bromination of 
B(lH)-pyrimidinones (1) in acidic aqueous solution pro- 
ceeds by the various discrete steps shown in Scheme I.' 
Our initial study' afforded spectroscopic evidence of the 
pseudobases 3c and 6c, the intermediates 5 ,  and the ul- 
timate products 10. In addition, we obtained kinetic ev- 
idence for the steps 5 - 8.' Subsequently, a kinetic 
study carried out in strong acid gave results consistent with 
the steps 8 - 10 shown for the second bromination.2 
More recently, a stopped-flow study of the reaction of 
bromine with the dimethyl cation 2c fully supported the 
hypothesis that this :reaction involves attack of bromine 
upon the pseudobase 3c3 (eq 1). Furthermore, the study3 

showed that the rate-dletermining step (rds) in eq 1 changes 
with acidity. At high (acidity, where k-,[H+] >> kz[Br2], the 
attack of bromine upon the pseudobase 3c is 1;he rds. On 
the other hand, a t  low acidity, where k2[Br2] >> k-,[H+], 
the rds is formation of the pseudobase 3c from the qua: 
ternary cation 2c. Th.is interpretation of the bromination 
kinetics was supported by a separate kinetic Ekudy of the 
equilibration of 2c and 3ca3 

In the present paper we report the result:; of a stop- 
ped-flow study of the reaction of bromine with 2(1H)-py- 
rimidinone (la) and 11-methyl-2-pyrimidinone (lb). The 
kinetic behavior exhibited by these substrates is very 
similar to that previously observed for the quaternary 
cation 2c3 except that it is modified by the presence of the 
protonation equilibria between 1 (a or b) and their con- 
jugate acids 2 (a or ib). Accordingly, the present work 
provides concrete evidence that the substrates la and l b  
react with bromine vi;% their covalent hydrates 3a and 3b, 
respectively. 

Results and Discussion 
We monitored the disappearance of bromine due to 

reaction with an excess of the substrates l a  and lb  in 
aqueous solutions of pH 0 4 .  The kinetic order varies with 
acidity, being pseudo first order at pH <2 and pseudo zero 
order at pH >4. In the region pH 2-4 there is a gradual 
changeover between these orders. This behavior, which 

Scheme Ia 
H, PH 
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a a, R ,  = R, = H; b, R,  = Me, R, = H; c, R ,  = R, = Me. 

matches that previously observed for the cation 2q3  is 
explicable by the rate law expressed by eq 2 which is de- 

rived from eq 1 by assuming a steady-state concentration 
of the species 3.3 The observed change in kinetic order is 
thus attributed to a change in the relative magnitudes of 
the two terms in the denominator of eq 2 with pH. 

At high acidity, when k1[H+] >> kz[Brz], eq 3 holds, and 
rate = klkz[2][Brz]/k-,[H+] (3) 

(1) 0. S. Tee and S. Banerjee, Can. J .  Chem., 52, 451 (1974). 
(2) S. Banerjee, 0. S. Tee, and K. D. Wood, J .  Org. Clem.,  42, 3670 

(3) 0. S. Tee, D. C. Thacluay, and C. G. Berks, Can. J. Chem., 56,2970 

so for an excess of substrate at fixed pH (buffer) pseudo- 
first-order behavior is observed. Conversely, at low acidity, 
when k,[Br2] >> k-,[H+], eq 4 holds, and pseudo-zero-order 

(4) 
(1977). 

(1978). rate = kl[2] 
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Table I. Second-Order Rate Constants for the Reaction 
of Bromine with 2-Pyrimidinones 1 at High Aciditya - 

103[1], hlobd ,  10-3k20bd, substr pH M S - I  M-I s - l  

l a  -0.035b,c 2.0 
0. 264b,d 
0.614b,e 
0.908blf 
0.96 

1.22' 
1.55 

1.99 

2.52 
2.99 

3.51 

0.264b1d 
0.6 14  b,e  
0.908b,f 
0.97 

1.22' 
1.50 

1.97 

2.21 

2.42 

2.90 

3.12 

3.83 

lb -0.035b,C 

2.0 
2.0 
2.0 
0.50 
0.9 54 
2.0 
1.0 
2.0 
1.0 
2.0 
1.0 
1.0 
2.0 
1.0 

2.0 
2.0 
2.0 
2.0 
1.0 
2.0 
2.0 
1.0 
2.0 
1.0 
2.0 
1.0 
2.0 
1.0 
2.0 
1.0 
2.0 
1.0 
2.0 
1.0 

0.140 
0.285 
0.658 
1.37 
2.74 
5.44 
2.65 

19.3 
39.5 
51.7 

106 
113h 
156h 
31 8h 
1 54h 

0.0371 
0.0714 
0.173 
0.365 
1.62 
3.36 
0.755 
5.49 

11.2 
13.7 
28.5 
23.7 
48.4 
33.4h 
67.3h 
4 8. 6h 
98.9h 
57.9h 

1 1 9 h  
71.2h 

1.50 
3.16 
6.96 

14.6 
17.1 
16.9 
28.3 
57.0 
56.8 

153  
152  
334 
461 
4 57 
455 

0.396 
0.792 
1.83 
3.89 
5.09 
5.14 
8.05 

16.2 
16.1 
40.5 
41.0 
70.0 
69.6 
98.6 
96.8 

144 
142  
171 
171 
210 

a At 30 'C, [Br,], = 5.0 X M. [KBrb= 0.1 M and 
p = 0.11 M except where noted otherwise. pH = -log 
[HBr]. [HBr + KBr] = 1.100 M. [HBr + KBr] = 
1.144 M. e [HBr + KBr] = 1.088 M. f [HBr + KBr] = 
1.098 M. [HBr + KBr] = 1.097 M. hlobd from 
mixed-order analysis. See text. 

kinetics are observed for an excess of 2. 
The rate law in eq 2 and its derivatives (eq 3 and 4) fully 

describe the behavior of the dimethyl cation 2ca3 For 
application to the substrates la and lb of the present work, 
account must be taken of the fraction of 1 existing in the 
cationic form 2. For the equilibrium in eq 5 the concen- 

K 
1 + H+$2 (5) 

tration of 2 is given by eq 6, where [ 11, is the stoichiometric 

concentration of the substrate 1 (a or b), and K1 is the acid 
dissociation constant of the protonated form 2 (a or b). 
Substitution of eq 6 into eq 2 , 3 ,  and 4 leads to equations 
which account for th!e pH dependence of the rate constants 
observed for the substrates la and lb.  

pH 0-2. For an iexcess of the substrate 1 (a or b) the 
disappearance of bromine shows good first-order behavior. 
Pseudo-first-order rate constants (kloM) vary linearly with 
substrate concentraton (Table I), indicating overall sec- 
ond-order behavior (eq 7).& Second-order rate constants 

I 

Figure 1. pH dependence of second-order rate constants for 
bromination of la (A, A), lb  (inverted triangles), and 2c ( 0 , O ) .  
The open symbols are for rate constants derived from pseudo- 
first-order behavior, and the closed ones for values derived from 
mixed-order behavior (see text). 

Table 11. First-Order Rate Constants for the Reaction of 
Bromine with 2-Pyrimidinones 1 at Low Aciditya 

103[11, i05k00bd, h,obd', 
substr pH M M s- '  s- 

l a  2.52 1.0 3876 3.87 
2.99 1.0 185b 1.85 

2.0 366b 1.83 
3.51 1.0 84.5b 0.845 
4.00 1.0 27.5 0.275 

2.0 56.4 0.282 
4.52 1.0 11.4 0.114 

2.0 22.8 0.114 

lb 2.42 1.0 283b 2.83 
2.0 558b 2.79 

2.90 1.0 133b 1.33 
2.0 266b 1.33 

3.12 1.0 106b 1.06 
3.83 1.0 21.9 0.21 9 

2.0 43.3 0.217 
4.53 1.0 6.14 0.0614 

2.0 12.4 0.0620 
5.00 1.0 2.04 0.0204 

2.0 4.14 0.0207 
5.45 1.0 0.736 0.00736 

2.0 1.54 0.00770 
6.02 1.0 0.263 0.00263 

a As for footnote a in Table I. From mixed-order 
analysis. See text. 

(kZobsd), derived4b from klobsd, vary with pH as shown by 
the open symbols in Figure 1. 

rate = klobsd[Br21s = kZobsd[ 1],[Br2] (7) 

The acidity dependence of kZoM is given by eq 8. This 
is obtained by setting eq 3 equal to eq 7 and substituting 
for [2] from eq 6. 

In this region of pH (<2 < pK1 = 2.55) the substrates 
la and l b  exist largely as their conjugate acids 2a and 2b, 
and they display reactivities very similar to the dimethyl 
cation 2c (see Figui.e 1). The value of kZoM for 2 increases 
with pH as the equilibrium concentration of 3 increases. 

(4) (a) [Br,], = [Br2] -+ [Br3-]. (b) Derived from klobd by taking into 
account 111, and the depletion of free bromine due to the formation of 
tribromide ionk (see Exiperimental Section). 

(5) D. J. Brown, E. Hoerger, and S. F. Mason, J. Chem. Soc., 211 
(1955). These authors give pK, = 2.24 and 2.50 for la and lb, respec- 
tively, at p = 0.01 M and at an unspecified temperature. 
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be analyzed by linear least- square^.^ 
The slope of the left hand side of eq 12a vs. Rt provides 

2 3 4 5 p l l  6 

Figure 2. pH dependence of first-order rate constants for bro- 
mination of la (A, A), lb  (inverted triangles), and 2c ( 0 , O ) .  The 
open symbols are for rate constants derived from pseudo-zero- 
order behavior and the closed ones for values derived from 
mixed-order behavior (see text). 

pH 4-6. In the presence of an excess of the substrate 
la  or lb  the disappearance of bromine exhibits pseudo- 
zero-order kinetics, and observed rate constants (koobd) 
show a linear dependence upon substrate concentration 
(Table 11), indicating a first-order consumption of the 
substrate (eq 9). The variation of the first-order rate 

(9) 

constants klO” with acidity is shown by the open symbols 
in Figure 2. About pH 5 the order of reaction for la 
changes again, and the rate increases with pH, indicating 
that a new mechanism takes over.6 However, for the 
1-methyl derivative lb  pseudo-zero-order kinetics were 
obtained up to pH 6. 

The results in this region are consistent with the rate 
law in eq 4 and the variation of [2] as given by eq 6. From 
these equations and the observed rate law (eq 9) eq 10 is 

(10) 

obtained. For the dimethyl cation 2c the rate is invariant 
with acidity (Figure 2) since its concentration is invariant 
with acidity in this region. However, for the substrates 
la and lb the rates are diminishing since the concentra- 
tions of their respective cations, 2a and 2b, are decreasing 
with pH, since pH > pKl - 2.L5 Overall, the results are 
understandable in t e r m  of rate-determining formation of 
the covalent hydrates (3a or 3b) or the pseudobase 3c from 
the appropriate cation 2. 

pH 2-4. In this region there is a gradual changeover 
between the two types of behavior just described, with the 
order changing from pseudo first order to pseudo zero 
order as the pH is raised. Analysis of the mixed-order 
kinetics which are observed may be carried out by making 
use of the full rate law in eq 2 and its integrated form,3 
eq 11. As it stands, this equation contains a logarithmic 

rate =I kOobd = kl0bd’[1I8 

klobsd’ = kl[H+I/(Kl + [H+1) 

(first-order) term and a linear (zero-order) term and so 
cannot be analyzed by conventional means.7 However, 
eq 11 may be rearranged to a form8 (eq 12a) which may 

(6) The nature of this mechanism is currently under investigation. 
(7) Our previous approach3 was to assume the zero-order term and find 

the first-order term by fitting, or the converse. The assumed values were 
derived from the studies a t  higher and lower pH. 

R = [ B ~ Z I O / ( [ B ~ ~ I ~  - P51) (1%) 

a value of “kloM” (cf. eq 3 and 7) from which “k OM’’ may 
be derived in the normal Values of kzodobtained 
in this way for substrates la  and lb  are given in Table I 
and plotted in Figure 1 as solid symbols. These data 
continue the trends evident in kzU values obtained at pH 
<2 by analysis of pseudo-first-order data. 

From the intercept and slope of eq 12 and knowing 
[Brzlo, one may calculate a value of ‘‘koob”d” = kl[2] (cf. eq 
4 and 9), from which klobsd’ is obtained by division by [l],. 
Such values are given in Table I1 and plotted as closed 
symbols in Figure 2. They follow the same pattern of 
behavior as values obtained at  pH >4 by the analysis of 
pseudo-zero-order data. 

Despite the deficiencies inherent in the a p p r ~ a c h , ~  
analysis of the mixed-order data by using eq 12 provides 
rate constants kzoM and klO” which agree well with those 
obtained outside the region of pH 2-4. Accordingly, the 
analysis supports the contention that the region of mix- 
ed-order kinetics results from k-,[H+] being of similar 
magnitude to k2[Br2] in eq 2. 

The data from all three pH regions are consistent with 
the substrates 1 (a or b) reacting via their covalent hy- 
drates 3 (a or b) formed from the conjugate acids 2 (a or 
b) (eq 1,2, and 5 and Scheme I). At high acidity, bromine 
attack upon 3 is rate limiting, but a t  low acidity, when 
k-,[H+] << kz[Brz] (eq l), formation of 3 is rate deter- 
mining. 

Quantitative Aspects. On the basis that the experi- 
mental data (Tables I and 11) are compatible with the 
mechanism in eq 1 and the rate law given in eq 2, one can 
consider the magnitudes of the various rate constants kl, 
k-l, and k2. Also, one can estimate the degree to which la 
and lb exist as their covalent hydrates and set an upper 
limit for the rate of direct attack by bromine’O upon la  
or lb. 

The theoretical curves in Figure 1 drawn through the 
data for la and lb  were calculated from eq 8 by using 
klkz/k_, = 1900 and 550 s-l and pKl = 2.44 and 2.58, 
respectively.’l In Figure 2 the curves for la and lb  were 
calculated from eq 10 by using kl = 10 and 4.9 s-l and the 
same pK, values. By way of comparison, the dimethyl 
cation 2c has klk2/k-, = 135 s-l and k l  = 1.3 s-l. 

The equilibrium constant between the cation 2c and the 
pseudobase 3c can be measured, and it was found3 that 
KR+ = kl/k_,  = 6.92 X lo-@ M. Accordingly, the rate 
constant for attack of brominelO upon 3c is k2 = 2 X lo9 
M-’ s-,. The covalent hydrate 3b differs from the pseu- 

(8) G. F. Sheats and A. N. Strachan, Can. J. Chem., 56, 1280 (1978). 
These authors use a similar equation in the treatment of mixed-order 
nitration data. 

(9) Strictly speaking, eq 12 is not well suited to analysis by linear 
least-squares methods in that both sides of the equation contain the 
observable having the major error, [Brz]. However, most of our data is 
sufficiently free from noise, and eq 12 give good fits ( r  > 0.999) to this 
data. 

(10) I t  is implicit in subsequent discussion that the only significant 
brominating species under our experimental conditions is molecular 
bromine. The justification for this assumption is given at  length else- 
where.l2 

(11) Obtained from analyses of the reciprocal plots of l/k20bd vs [H+] 
(from eq 8). The correlation coefficients obtained were 0.999 and 0.998. 
For experimental pK1 values see ref 5. 

(12) 0. S. Tee and C. G. Berks, J. Org. Chem., 45, 830 (1980). 
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gives a value of pKl = 2.24 for la.5 Therefore, we feel that 
our estimate of 0.05% for the extent of hydration of l a  
is probably correct within an order of magnitude.14 

We now consider the question of an upper limit for the 
rate of direct attack of bromine upon la and lb. For this, 
of course, eq 13 applies, where k; is the second-order rate 

rate I k2/[1][BrZ]0 (13) 
constant of interest. At the highest pH studied (6.02) lb  
is still reacting via its covalent hydrate 3b with rate = kOoM 
= 0.263 X M and [Br,], = 5 X 

>> k2'[ lb]- 
[Br2], and so k2/ << 50 M-' s-l. The corresponding value 
for la should be slightly less. 

These considerations serve to emphasize the dramatic 
effect that covalent hydration may have upon the reactivity 
of a heterocyclic system. Even though B(lH)-pyrimidinone 
(la) exists as its covalent hydrate 3a to only a limited 
extent (-0.05%), the covalent hydrate is much more re- 
active than la toward bromine (k2  = lo9 M-l s-l vs. k2/ << 
50 M-' s-l), and so l a  in aqueous solution consumes bro- 
mine >lo4 times faster than it would if its covalent hydrate 
were not present.16 

Conclusions 
The results reported above provide strong evidence that 

2(1H)-pyrimidinone (la) in aqueous solution exists as its 
covalent hydrate (3a) to a limited extent (-0.05%) and 
that bromination of la ensues by way of attack of bromine 
upon 3a. Thus the initial steps 1 e 2 e 3 - 4 of the 
detailed mechanism in Scheme I are supported. Since the 
remaining steps in Scheme I have been justified by earlier 
studies,'r2 the entire sequence 1 - 10 is placed on a 
firm footing. 

In addition, the present work provides rate constants 
for the formation and decomposition of the covalent hy- 
drates 3a and 3b and sets an upper limit for the rate 
constant for direct attack of bromine on la. 

Experimental Section 
The substrates for this study, la and lb, were employed in the 

form of their hydrobromides 2a and 2b (counterion Br-). They 
were made by cyclization of urea or 1-methylurea with malon- 
aldehyde tetramethyldiacetal (Aldrich) according to literature 
procedures1'J8 for the hydrochlorides but by using hydrobromic 
acid in place of hydrochloric acid. The hydrobromides gave 'H 
NMR spectra identical with those of the corresponding hydro- 
chlorides. 

Solutions for kinetic experiments were mainly the same as those 
used previously,3 being 0.1 M in potassium bromide and having 
w = 0.01 M derived from buffer c~mponents.'~ Thus in most cases 
the total ionic strength was p = 0.11 M. For pH <2, solutions 
of hydrobromic acid were used, and in some cases the total 
bromide concentration and ionic strength were much higher (see 
the footnotes to Table I). The reasons for employing high bromide 
ion concentrations have been discussed elsewhere.'2 

Kinetics experiments were carried out (at 30 "C) by using the 
stopped-flow apparatus described in other recent ~ o r k . ~ J ~  The 
acquisition and treatment of data also followed established 
practice3J2 except for the use of eq 12 described in the text. Each 

M s-l (for [lb] = 
M; vide supra). Therefore, 0.263 X 

Table 111. Summary of Rate Constants for the Reaction 
of Bromine with la, lb ,  and 2c" 

value of const 
const unit l a  l b  2Cb 

k,k,lk-, s-l 1900 550 135 
k,  S-l 10  4.9 1.3 
k; lh- ,  190 112 104 
k: ~ - 1  s - ~  - 1 0 9 ~  - 2  x 2 x  

k - 1  

109 c 1 0 9  

kl lk- ld 1 0 - 6  10-7 l o - 8  

- 5 X  -1.8X 2 X  M-1 s-l 

l o 6  107 10' 
KR+ = M - 2  X -2.7 X 6.92 X 

PK, 2.44 2.58 
PKR+ -5.7 -6.6 7.16 
K,/KR+ = -1800 -9700 

111 @I 
a At 30 "C and p = 0.11 M. 

KR,+ = [3][H+]/[2], See ref 3 and 13. 

Data either directly from 
ref 3 or derived therefrom. Estimated. See text. 

dobase 3c only by a hydrogen in place of a methyl at N-3, 
remote from the site of attack. Therefore, for 3b we es- 
timate k2 = 2 X lo9 M-' s- also. For 3a, having hydrogens 
at  N-1 and N-3, t b e  rate is probably somewhat less, say, 

These various co:nstants, and others derived therefrom, 
are collected in Table 111. They appear quite reasonable 
for the proposed mechanism (eq 1 and Scheme I). The 
value of kl diminishes with methyl substitution upon 
cation 2 as expected since methyls should inductively 
stabilize 2 somewhat and, for steric reasons, impede slightly 
the attack of watttr.13 Likewise, k-l increases in that 
methyl substitution should facilitate expulsion of hydroxyl 
from 2 for electronic and steric reasons. The combined 
effect of methyl substitution is then to diminish KR+ = 
k l / k l  from -2 X LO4 to 6.92 X M, that is, to reduce 
the ease of equilibrium formation of 3 from 2. 

The rate constants kz for attack of bromine upon the 
species 3 are - lo9 M-' s-l, close to the diffusion-controlled 
limit. This is to be expected since 3 is essentially a sub- 
stituted enamine which should be very susceptible to 
electrophilic a t t a ~ k . ~  Also it should be noted that the high 
values of k2 and k+ (- lo7 M-ls-l) compared to kl (1-10 
s-l) justify the use of the steady-state approximation in 
deriving eq 2. In the present instance this justification 
seems post facto, but in the earlier work3 on the quaternary 
cation 2c and its pseudobase 3c values of kl, kl, and kz 
were obtained independent of one another, which allowed 
our initial derivation and use of eq Z3 

The extent of covalent hydration of the 2-pyrimidinones 
1 can be estimated from the apparent pK1 values and the 
estimated KR+. Since K1 = [l][H+]/[2] and KR+ = 
[3][H+]/[2]. then [1]/[3] = K,/KR+. From the values in 
Table I11 it appears that [1]/[3] is -1800 for l a  and 
-10000 for lb. Thus we estimate that 2(1H)-pyrimidi- 
none (la) in aqueous solution exists as its covalent hydrate 
3a to the extent of -0.05%. 

The value of pKR+ = 5.7 for la given in Table I11 derives 
from our kinetic determination of k l  and k 2 / k l  and the 
estimate of k2 - IO9 M-' s-l. An independent estimate of 
~ K R +  may be obtained by extrapolation of the correlation 
noted earlier between pKR+ and Taft's u* for symmetrical 
cations 2 (Rl = & = Me, Et, n-Pr, n-Bu, i-Pr).13 From this 
extrapolation pK~x+ = 5.0 (at 24 "C) .  Also, the literature 

tz2 -, 109 M-1 s-1. 

~ ~~ ~~~~~~ 

(13) The effect of substituents upon the pseudobase behavior of var- 
ious quaternary cations 2 (Rl, R2 # H) has been studied previously. 0. 
S. Tee and M. Endo, Can. J .  Chem., 54, 2681 (1976). 

(14) An earlier estimate of 0.1-1.0% was based upon more intuitive 

(15) A. R. Katritzky, M. Kingsland, and 0. S. Tee, Chem. Commun., 

(16) la undergoes hydrogen-deuterium exchange in acidic D20 at  
ridinone, whereas one 

(17) R. R. Hunt, J. F. W. McOmie, and E. R. Sayer, J .  Chem. SOC., 525 

(18) J. J. Fox and D. Van Praag, J. Am. Chem. SOC., 82, 486 (1960). 
(19) D. D. Perrin, Aust. J. Chem., 16, 572 (1963). 

considerations.16 

289, (1968); J. Chem. SOC. B,  1484 (1968). 

-100 O C  about lo' times faster than 2(1H)- 
would expect it would be considerably slower. w 
(1959). 
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rate constant (kloM or kooW) in Tables I and I1 is the average 
of 3-5 runs. 

Each pseudo-first-order rate constant, klOM (Table I), was 
converted to a second-order rate constant, taking into account 
the substrate concentration [l], and the difference between the 
actual bromine concentration, [Br,], and the stoichiometric 

J. Org. Chem. 1980,45, 2076-2079 
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Several unsymmetrical diaryliodonium fluoroborates have been prepared and subjected to reaction with sodium 
ethoxide in ethanol solution at 71 OC. From quantitative determinations of products, it has been possible to 
calculate apparent departure aptitudes of several common aryl radicals from radical cations of type 6. These 
results are compared with similar data obtained from thermolysis reactions of hydroxytetraarylstiboranes. 

Hydroxytetraarylstiboranes of the type XC6H4- 
(C6H5)3SbOH (1) have been r ep~r t ed l -~  to undergo ther- 
molysis a t  30-50 "C b,y a radical chain mechanism. Evi- 
dence has been presented that the following competitive 
reactions occur in the propagation stage of each decom- 
position: 

2 XC6H4(C6H&Sb=O t C6H5' :I 
XC6H4(C6H&SbO. 3 +- 

2 (C&,)3Sb=O + XC6H4. 

4 
XC&(C6H5)3SbOH + Ar. - ArH + 2 

1 
(Ar*=CgH5. and XC6H4') 

Since material balances were realized in these reactions, 
the ratios 3C6H&/C6HB could be used as a measure of the 
apparent relative departure aptitudes of the various aryl 
radicals from 2. These 'departure aptitudes, corresponding 
to each of the substituents X in 1, were determined to be 

4.6; p-CH3, 1.3; m-CH3, 0.78; p-OCH3, 2.6; m-OCH3, 2.5. 
A plot of log (departure aptitude) vs. uo was found to 

be linear for the meta-substituted aryl groups; p = 1.40, 
correlation coefficient := 0.94. The uo values are derived 
from reactions of complounds in which the aromatic ring 
is shielded from the reaction center (e.g., ionization of 
phenylacetic acids) or where the substituent is located in 
the meta position only, Taft5 believes that these values 
are the best for use where only nonconjugative effects are 
involved. Most of the (departure aptitudes for the para- 
substituted aryl groups cannot be correlated by use of the 

a~ follows: X = p-NO:l, 5.6; m-NOz, 9.4; P-Cl, 2.5; m-Cl, 

(1) Briles, G. H.; McEwen. W. E. Tetrahedron Lett. 1966, 5299. 
(2) McEwen, W. E.; Briles, G. H.; Schulz, D. N. Phosphorus 1972,2, 

(3) McEwen, W. E.; Chupka, F. L., Jr. Phosphorus 1972, 1 ,  211. 
(4) Chupka, F. L., Jr.; Knapnyk, J. W.; McEwen, W. E. J. Org. Chem. 

(5) Taft, R. W., Jr. J. Phyri. Chem. 1960, 64, 1805. 
(6) McEwen, W. E.; Lubinkowski, J. J.; Knapczyk, J. W. Tetrahedron 

147. 

1977,42,1399. 

Lett. 1972. 3301. 
(7) Ludinkowski, J. J.; Knapczyk, J. L.; Calderon, J. L.; Petit, L. R.; 

(8) Lubinkowski, J. J.; Gomez, M.; Calderon, J. L.; McEwen, W. E. J. 
McEwen, W. E. J. Og. Chem. 1976,40, 3010. 

Org. Chem. 1978,43, 2432. 
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Hammett equation utilizing uo values, and this suggests 
that there is a conjugative interaction of some type be- 
tween the para substituent and the odd electron. This 
conjugative effect apparently causes an incremental de- 
crease in stability of the radical when a strongly elec- 
tron-withdrawing substituent (e.g., p-N02) is present, but 
an incremental increase in stability when an electron-do- 
nating substituent (e.g., p-Me0 or p-Me) is present. For 
example, the departure aptitude of the p-methoxyphenyl 
group would be 0.76 based on the plot and the uo value 
of the p-Me0 group. Thus, the observed departure ap- 
titude of the p-methoxyphenyl radical is apparently 3.4- 
fold greater than that expected if no conjugative influence 
were operative. In like manner, the departure aptitude 
of the p-methylphenyl radical would be 0.71 based on the 
plot and the uo value of the p-Me group, and the observed 
departure aptitude of the p-methylphenyl group is 1.8-fold 
greater than that expected if no conjugative interaction 
were operative. 

The reaction of a diaryliodonium salt with a metal alk- 
oxide to give an alkyl aryl ether plus an aryl iodide is 
considered to be of synthetic utility; however, an aromatic 
hydrocarbon, an aryl iodide, and an aldol resin (or a ketone 
if the alkoxide is derived from a secondary alcohol) are 
frequently the major products. A mechanism which has 
been proposed for the formation of the latter set of 
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