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The reaction of sodium 9-fluorenone oximate with methyl iodide in 33.6% acetonitrile and 66.,5y0 tert-butyl 
alcohol solvent at 2.5.0' gives a concentration dependent second-order rate constant and ratio of oxygen to nitro- 
gcr: alkylation. The addition of stoichiometric amounts of dibenao-18-crown-6 polyether eliminates the con- 
ccntratiori dependence of the kinetic parametei-z over the region investigated, presumably by increasing the 
effective degree of dissociation of the sodium oximate. Sodium tetraphenylboride serves to depress the dis- 
soci:Ltion of the oximate salt and permits cvaluatich of the kinetic parameters for associated oximate. Methyl 
iodide is found to be more reactive toward the free ion than methyl p-toluenesulforiate, ki(MeOTs)/ki(iMeI) = 
0.68, while the two reagents have nearly the samo reactivity toward the asociated sodium oximate, k,(MeOts)/ 
k,(MeI) = 1.2. 

An understanding1e2 of the interplay of the effect of 
catio11,~8~ solvent,3-6 and alkylating  agent^^-^ in the 
reactions of ambident anions is facilitated by studies 
which allow the dissectionlf4t7 of the overall reaction 
rate and product ratios into terms due to associated and 
dissociated ions. Failure to make this separation re- 
sults in atternpts to provide theoretical treatmentssse 
of rat(. levels and product] selectivities of a series of 
reactions, cwh member of which may be proceeding 
through a different blend of reactants. 

In  a prcvious paper,' the alkylation'" of sodium 9- 
fiuorenone oximate (1) with methyl iodide in 3 3 3 4  
acetonitrilc-66.5% terl-butyl alcohol solvent at 25.0' 
(cq 1) \vas reported. This system displays a second- 
order rate constant which decreascs by 51 factor of 8 as 
thc concentration of sodium 9-fluorenone oximate is in- 
creased from 1 X hf to 88 X I O A 3  J f ,  suggesting 
that tlie dissociated ion is more reactive than the asso- 
ciated species. E'urthermore, oxygen alkylation to 
form the 0-methyl ether 2 was found to decrease from 
65 to 46% over this concentration range. 

Quantitative dissection of these data into contribu- 
tions from free and associated ions requires extrapola- 
tion to very low and very high sodium oximnte concen- 
tr:it,ions based on the shape of rate and product vs. 
concentration curves. I n  the present \vork, the use of 
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dibenzo-18-crown-6 polyether" (4) to promote disso- 
ciationl2 and of sodium tetraphenylboride to suppress 
di~sociation'~ is outlined. 

4 

Results and Discussion 

The degree of dissociation of salts in a given solvent 
is influenced by, among other things, specific cation- 
mion i~iteractions and the effective size of each ion.l4 
Therefore, it is anticipated that the addition of dibenzo- 
18-crown-6 polyether (4) to a solution of sodium 9- 
fluorenone oximate in 33.5% tert-butyl alcohol-66.5% 
acetonitrile solvent would greatly increase the degree of 
dissociation12 of the oximate salt. 

Spectra.--A marked change in the color, indicativeI2 
of a change in the degree of dissociation, of a solution of 
the dissociation of sodium oximate 1 is observed upon 
addition of an equivalent amount of crown ether 4. 
The visible absorption spectrum (Figure 1) indicates 
that the presence of crown ether results in a shift of a 
shoulder a t  424 nm in sodium oximate 1 to a separate 

(11) C. J. Pederson, J .  Amer.  Chem. Sac., 89, 7017 (1967). 
(12) (a) K. €1. Wong, G. Koniaer, and J. Smid, ibid. ,  92, 666 (1070); 

(b) J. Almy, D. C. Garwood, and D. J. Cram, ibid. ,  91, 4321 (1970); (c) 
W. T. Ford, ibid. ,  92, 2857 (1970). 
(13) C. Carvajal, K. J. Toelle, J. Smid, and M. Sswarc, ibid. ,  87, 5548 

(1965). 
(14) (a) C .  A. Kraus, J .  Chem. Educ., 36, 324 (1958); (b) C .  A. Kraus, 

J .  Phus. Chem., 60, 129 (1956). 



1932 J. Org. Chem., Vol. $6, No.  l4,187l SMITH AND HANSON 

Oo8 t n 
0.6 

A 

0.4 

0.2 

ether I 

~ 

450 500 

wavelength, nu 
Figure 1.-Plot of absorbance v s .  wavelength for 5 X 10-3 M 

sodium 9-fluorenone oximate in 66.5y0 acetonitrile-33.5% tert- 
butyl alcohol solvent with and without added dibenzo-18- 
crown-6 ether. 

band with Amax a t  470 nm. Such shifts of absorption to 
longer wavelengths are characteristic of increased ion 
separation. l 2  

Methyl Iodide.-Reaction kinetics provide further 
indications that the apparent degree of dissociation of 
sodium 9-fluorenone oximate in acetonitrile-tert-butyl 
alcohol solvent is markedly increased by the addition 
of stoichiometric amounts of crown ether 111. As sum- 
marized in Table I, the observed second-order rate 
constant for alkylation with methyl iodide at 25.0" in 
the presence of the crown ether is constant, within ex- 
perimental error, over a 14-fold variation in initial salt 
concentration. In the absence of the complexing ether, 
the observed second-order rate constant would have 
changed by a factor of ca. 2 over this concentration 
range. In  addition, the rate level is substantially in- 
creased by added crown ether. For example, with 7 X 

M sodium oximate solutions, complexing the so- 
dium ion increases the observed rate constant by a factor 
of about 15. 

The products of the reaction of methyl iodide with 
sodium 9-fluorenone oximate in the presence of the 
crown ether also reflect the properties of dissociated 
ions, with 64% alkylation on oxygen being observed, in 
agreement with previous estimates based on extrapola- 
tion to infinite dilution of 65% 0- and 35% K-alkyla- 
tion. 

The addition of a salt such as sodium tetraphenyl- 
boride which has a large anion is the counterpart to 
increasing the effective size of the sodium ion to promote 
dissociation. l 3  Sodium tetraphenylboride serves as a 
good source of free sodium ion to depress the dissocia- 
tion of sodium g-fluorenone oximate and permits ex- 
ploration of the properties of the aggregated species. 
The data, summarized in Table I, indicate that with 
a ca. tenfold excess of Na(CeHS)4B the second-order rate 
constant for reaction with methyl iodide in this solvent 
system is depressed by a factor of 70 from that  observed 
in the presence of the crown ether. In  the presence of 
excess sodium ion the products now have the composi- 

TABLE I 

OF SODIUM FLUORENONE OXIMATE WITH METHYL IODIDE OR 

METHYL TOSYLATE IN 33.5% ACETONITRILE- 

SUMMARY OF RATE CONSTANTS AND PRODUCTS FOR THE REACTION 

tert-BuTYL ALCOHOL AT 25" 

103 [oxi- 
mate], M 

50 
46 
24.3 
14.9 
7 .5  
3.6 
9 . 0  
9 . 3  
9 .7  
9.7 
9 . 1  
9 . 5  

55.8 
53.0 
25.5 
21.4 
17.4 
10.0 
9 .8  
5 .3  
5.2 
9 . 0  
9 .3  
9 . 7  
9 . 5  
9 . 1  
9 . 5  

103 [CPE],a 
M 

51 
48 
25.6 
15.5 
8 .2  
4 .1  

56.1 
52.5 
28.0 
22.5 
19.0 
11.0 
10.5 
5 . 6  
5 . 1  

102[NaBPhrl, 102k2, 
l./mol seo M 

Methyl Iodide 
97 i 5b 
88 i 9 

105 f 4 
110 f 20 
108 & 5 
99 f 5 

7.7 1.37 f 0.02 
10.1 1.44 i 0.02 
10.6 
14.0 
15.0 1.34 
17.0 

1 . 4  i 0.1 

Methyl Tosylate 
66 i 1 
54 f 3c 
61 f 1 
69 f 0 . 1  
67 f 4 
67 f 4 
69 
69 
60 f 1 c  

7 . 7  1 . 5  i 0 . 1  
10.1 1.59 f 0.04 
10.6 1.67 i 0.01 
14.2 1 .9  * 0 .1  
15.0 
17.0 

Oxygen- 
methyla- 

tion, 
% yield 

64 
65 
61 
66 
65 
65 
46 
43 

41 
41 
40 

97 

98 

99 
99 

99 
95 
48 
45 

42 
43 

a Dibenzo-18-crown-6 polyether. Error given is average 
deviation. CPE not in excess. 

tion expected from the alkylation of the ion pair, with 
N-methylation (68%) dominating. 

Although supporting direct measurements of the 
state of aggregation of the crown ether complex of so- 
dium 9-fluorenone oximate in this mixed tert-butyl alco- 
hol-acetonitrile solvent are lacking, the spectral shifts, 
high rate levels, concentration independent second- 
order rate constants, and high fraction of oxygen alkyla- 
tion suggest either that  the salt is essentially completely 
dissociated under the conditions employed in these ex- 
periments or that, because of the properties of the com- 
plexed cation, associated species have kinetic reactivi- 
ties closely approximating those of dissociated ions. 

Methyl p-To1uenesulfonate.-The nature of the leav- 
ing group is known to affect the relative rate of alkyla- 
tion a t  the two sites of an ambident a n i ~ n . ~ - ~  The 
tendency of enolate ions to give largely oxygen alkyla- 
tion with alkyl toluenesulfonates, carbon alkylatiorl 
with alkyl toluenesulfonates, and carbon alkylation with 
alkyl iodides has been rationalized by a symbiotic ef- 
fect* in which the hard oxygen center of the enolate 
ion reacts preferentially with alkylating agents with a 
leaving group such as toluenesulfonate which is classed 
as hard; and, in this terminology, the relatively soft 
carbon atom has enhanced reactivity toward those al- 
kylating agents, such as methyl iodide, which have a 
soft leaving group. 
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Pearson and Songstads have suggested that  the ratio 
of rate constants for reaction with alkyl tosylates com- 
pared to alkyl iodides, kOTs/kI, is a rough guide to the 
hard-soft character of a reactant. Since the observed 
rate constant and composition of the product mixture re- 
sulting from the alkylatioii of oximates is a function of 
the state of association of the oximate salt, it is of inter- 
est to compare the reaction of methyl iodide with 
me t,hyl p -  toluenesulf onate. 

As summarized in Table I, the reaction of methyl p -  
toluenesulfonate, like methyl iodide, gives a second- 
order rate constant which is essentially independent of 
oximate concentrations from 5 X to 5 X lo+  M 
when 1 equiv of dibenzo-1S-crown-6 polyether is pres- 
ent. Only O-methylation was detected over the con- 
centration region investigated when the sodium ion was 
complexed with crown ether. Excess sodium tetra- 
phenylboride depresses k,bsd by a factor of ea. 40 and 
changes the product from 99% oxygen to 54% nitrogen 
methylation. 

To the extent that the observed rate constant in the 
presence of crown ether may be identified as ki, the rate 
constant for reaction of dissociated oximate ion, and to  
the extent that  those rate constants measured in the 
presence of excess sodium tetraphenylboride correspond 
to k,, the rate constant for reaction of sodium 9-fluore- 
none oximate ion pair, it  is possible to compare the 
reactivities of methyl p-toluenesulfonate and methyl 
iodide toward the free and associated ion. Toward the 
free ion, methyl tosylate is not so reactive as methyl 
iodide, ki(iUeOTs)/ki(NeI) = 0.68, while the two rea- 
gents have nearly the same reactivity toward the asso- 
ciated sodium oximate, Ic,(;\IeOTs)/k,(MeI) = 1.2. 
That is, the gap between Ici and k,, as measured by these 
techniques, is smaller for methyl tosylate than for 
methyl iodide. Although many additional factors may 
be involved, this result may be rationalized by postulst- 
ing an enhanced reactivity for the sodium oximate ion 
pair with methyl tosylate because of the formation of a 
relatively tight sodium p-toluenesulfonate ion pair. 

Dissecting the values of ki and k, further into rate 
constants for reaction on oxygen and nitrogen by multi- 
plying the observed rate constants by the corresponding 
fraction of reaction a t  each site indicates that for the 
free ion the major difference between the two alkylating 
agents lies in the reactivity a t  nitrogen. Both reagents 
react a t  oxygen at the same rate, within experimental 
error; e.g., kp(l\IeOTs)/kp(R!teI) = 1.0. Methyl io- 
dide, however, gives an additional 35% N-alkylation, 
while no reaction a t  nitrogen through the free ion is ob- 
served with methyl tosylate, kiN(R'leOTs)/kiN(R4eI) = 
0. 

In marked contrast to the properties of the free ion, 
the associated sodium 9-fluorenone oximate reacts with 

methyl tosylate and methyl iodide a t  nearly the same 
rate and gives essentially the same ratio of oxygen to 
nitrogen alkylation. This behavior is reflected in the 
value of kN(RiIeOTs)/kN(MeI) which is zero for the free 
ion and 1.2 for the associated species. Therefore, the 
classification of the hard-soft character of the two sites 
in this oximate, by the criterion of Pearson and Song- 
stad,8 depends on the state of aggregation of the ambi- 
dent ion, possibly because of an  interactio~i between the 
leaving group and the cation of the ion pair. 

Experimental Section 
Materials.-Dibenzo-18-crown 6 ether was prepared by method 

X of Pederson" in 24y0 yield, mp 162-163' (lit." mp 164') after 
recrystallization from tetrahydrofuran. 9-Fluoreneone oxime 
was prepared as previously described.' The solvent mixture 
used (33.5% CH&N-66.5% tert-butyl alcohol) has also been 
described.' 

Solution Preparation.-Solutions of appropriate approximate 
concentrations were made by adding measured volumes of sodium 
tert-butoxide solution, acetonitrile, and mixed solvent to weighed 
amounts of oxime and crown ether or sodium tetraphenylboride 
in bottles equipped with silicon rubber serum caps. The precise 
oximate concentration was then determined by titrating an 
aliquot with standard HCl, with metacresol purple being used 
as an indicator. Prepared solutions were used immediately. 

Kinetics.-Samples of the prepared solutions were placed in 
silicon rubber serum capped spectrometer cells or, in the case of 
slow-reacting solutions, into small bottles similarly capped. 
These samples were equilibrated in a thermostated bath a t  25.0'. 
An appropriate amount of methyl iodide or met,hyl tosylate was 
added to an equilibrated sample with a microliter syringe and a 
cell filled with the mixture was placed in a spectrometer. The 
absorbance change was followed a t  an arbitrarily selected wave- 
length between 435 and 470 nm. A scale expander was used to 
increase the apparent change for dilute solutions. The tempera- 
ture of the cell block was controlled to 25.00 i 0.02' with a 
proportional temperature control. 

The oximate remaining after a t  least ten reaction half-lives 
was titrated with standard HC1 and the quantity of alkylating 
agent was determined by difference. For the dilute solutions, a 
5-ml sample was titrated; 1 ml was titrated for the more con- 
centrated solutions. An excess of methyl iodide was added to 
the reacting solution after the infinity value had been determined 
and a base)ine correction had been found and applied to all 
absorbance readings. 

Spectra.-The spectra of the ion pair and the free ion were re- 
corded with a l-cm cell in a Perkin-Elmer Model 202 spec- 
trometer. 

Product Determination.-Products were determined by the 
method described by Smith and Milligan.1 

Registry No. -4, 14157-32-7; sodium 9-fluorenone 
oximate, 20474-42-4; methyl iodide, 74-88-4; methyl 
tosylate, 80-48-8. 
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