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Amct--Kinetics of the iodination of p-cresol, 2.6dimethylphenol. imidazole and dimethylamino- 
benzcnesulfonic acid in aqueous solutions was studied using various baaea as a catalyst. For the reactions 
showing an isotope effect (i.e. with the phenols and imidazole), the acceleration seems to follow the “nucleo- 
philicities” somewhat better than the basicities of the bases applied. However, in the iodination of dimethyl- 
aminobenzenesulfonic acid, a reaction in which no isotope effect is observed, the catalytic action appears 
to be proportional lo the basicities. This may be caused by the occurrence of an iodinating agent BII. 

INTRODUCTION 

ELECTROPH~LIC aromatic iodinations are subject to general base catalysis not only in 
those cases where a deuterium isotope effect is exhibited,14 but also in the absence of 
such an effect.’ If the same mechanism operates in both cases-in the first case the 
proton abstraction step being rate determining and in the second case the introduction 
of an iodine atom into the aromatic nucleus-a molecule of the base should be active 
in both steps. For the action of the base in the first reaction step the formation of an 
alternative iodinating agent has been proposed.4* ’ 

In order to obtain a better understanding of the base’s function in both the first 
and the second reaction step, the catalytic effect of various bases was studied in the 
iodination of p-cresol (PC), 2,Cdimethylphenol @MP)-i.e. iodination on the ottho 
and pa position of phenols respectively-imidazole (Im) and dimethylamino- 
benzmesulfonic acid (DMABS). Only in the iodination of DMABS is no isotope 
effect observed,’ suggesting that in this case the introduction of iodine in the aromatic 
nucleus is the rate determining step. 

RESULTS AND DISCUSSION 

The logarithms of the specific rateconstants k2 for the base catalysed iodination of 
PC, DMP, Im and DMABS found in the present study are summarized in Table 1. 
For oomparison the dissociation constants pK, and the “nucleophilicities” log 
(k,Jq) of the bases are included in Table 1. The “nucleophilicities” are derived arbi- 
trarily from the rateconstants k, for the base catalysed solvolysis of pnitrophenyl- 
acetate.6* g 

In Figs 1 to 4 log (kJq) is plotted against the corrected pK values of the bases 
according to the Breasted relation.* In Figs 5 to 8 log (k,/q) is plotted against the 

l Prcrsnt ad&no : Unikver Research Laboratory Duiven, Postbox 7, &venaar, The NetherIanda. 
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~ABLEl.vARlDUSMS5WIlHlHElRD lSXKXAllON CONSTANTS,6 THBlR -NUCLL?DFHlLtC~” AND m 
!JPBCllW M’IB CONSrAHIs POR THE BASB CATALYSPD IODINAllONS OF PC. DMP. IM AND DMABS 
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Twnqwat’wMwed. 

%ucleophilicities” log (k,Jq) for the various bases.’ In Fig. 9 the iodide dependence 
of the iodination of DMABS is evaluated. This is [I-]- ’ both for the ‘Uncatalysed” 
reaction and for the reaction catalysed by acetate ions. For the reaction catalysed by 
pyridine this dependence seems to be [I-]-O”. 

From Figs 1 to 3 it appears that the electrically neutral ‘nitrogen” bases have a 
greater catalytic e&t than the negatively charged “0xygen” bases on the basis of 
their pK values. However, iflog (kJq) is plotted against the ‘nUc1eophilicit.k” a more 
satisfactory linearity is obtained (Figs 5 to 7). This may be due to the fact that in these 
reactions the rate detenninin g step consists of the nucleophilic attack of the base on 
the H-atom being abstracted from the sigmacomplex. As the sigmacomplex is neutral 
in the case of PC, DMP and Im, the diminished reactivity of charged bases may be 
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Ro 1 Tie iodination of PC Brmuted plot. 
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Pk *ha (P/d 

Rca 2 Tk iodination of DMP. &mstcd plot. 

caused by the better salvation of the small base ion compared with the larger transition 
state complex, wkre the charge is distributed over a more exten&e system. 

The rather good description fWnished by the %ucleophilEtien” derived from 
solvolysia rate constants for base catalysis in aromatic iodination, suggests a possible 
simiMtyinthemecha&nofthetwopr- 

Only imidazok ie an exception : no autocatalysis interfered in the iodination at Im 
in spite of tk large value of log (k,Jq)-&out l+-computed from tk data of Jcncks 
and Carriuo1o.’ This hi& value is likely to arise from a rather specific action of 
imidazole on ester hydrolysis. 

In the iodination of DMAB!& where the introduction of an I-atom in the aromatic 
nucleus is ratedeterminin &basecatalysisispreaumedtokcausadbyapraequilibrium 
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FIG 4 Tbe iodination of DMABS Brmstcd plot. 

between the base with iodine and an alternative iodinating agent.’ In this case the 
closer correlation of the rate constants with the dissociation constants of the bases 
is to be expected. Indeed Fig. 4 is more adequate than Fig. 8. As the rate of k&nation 
is proportional to [I-]-‘, rather than to p-]-z (Fig. 9), the iodinating agent is likely 
to be B12. This is supported by the fact that Hz0 falls on the same slope of Fig. 4. 
Thus, in the ‘%mcatalysed” reaction HzOIl would be the iodinating agent rather 
than 12.’ 
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FIG 5 The iodination of PC. Rate dependence on “nuclcophilicitics”. 
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FIG. 6 The iodination of DMP. Rate dcpmdcoce on “nuclcophilicities”. 
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Fro. 7 The iodinatioo of Im. Rate dqxzhnce oo “ouclcophilicitica”. 
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FIG. 8 The iodimtion of DMABS. Rate dependence on “nucleophilicities”. 

The following mechanism is in agreement with the experimental data : 

Is- # 12 + I- 

I2 + B rt 12B 

WJ 

(&I 

12B + ArH k! (@)+ + I- + B 
C 

(A$)+ +B&rI+HB+ 

- !i!?$ = kdKaKb k. W-II l-b-1 PI 
k-e D-l2 + (W-J U-l 

For PC, DMP, Im: k-, S kd ; for DMABS: k_, 4 k,,. 
The catalytic &a% of NH3 on the iodination of Im is considerably lower than 

expected. This is consistent with the results of the iodination of pyrazole catalysed 
by HPOt- and NHJ.lop I1 

In all cases the catalytic effect of ~-c&dine is low with regard to its pK value. This 
may be attributed to the steric effect of the neighbouring Me groups.” In the value 
log (kJq) for the “nucleophilicity*’ this effect is included. 

It is somewhat surprising that bases show an accelerating elkct on iodination. It 
might have been expected that the introduction of a more negative charge in the 
iodinating agent would deactivate it. Possibly, the polarizing ability of the complex 
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FIG. 9 Tbc iodide dependence of the iodination of DMABS @H = 76-W. 
[DMABS.] = 5.io-’ m~l/lj. 

iodinating reagent, formed by iodine and base, contributes to thiseffect deserves closer 
study. Further detailed studies seem neceswy to a more precise and quantitative 
description. 

EXPERIMENTAL 

The kin&h were studied spcctrophotomctrically as described3 The iodine conccntrhon was kept 
constrat(0#)0MforPC~DMP,OOZSMforImand00028MforDMABSrTheionicrtrengtbMs 
OS. the temp 2Y and the solns were butTeral in borate, which itself doea not noticubl~ ahlysc the 
iadination 

Im (Fhka). KH,PO. (BDHX KI, borax, boric acid, sodium acetate., NaHCO, NH@ and NapHPO, 
(allcxMerdr)wac~withouthutherpuri8cption.DMP~PCweredirtilledPnda~ 
Pyridine and y-picoline were dhillcd from &‘DMABS we prcpmed by sulfonation of dimethy= 
~tzW.Sincctheacidisveryhygmoco~tbebuiumnltwutmcd. 

lllepwudofhtor&ramWltk.&iamad!eupfromtwoputs: 

wherrSrepreaentethcaromatics~beissiodinatedAsforPC,DMPmdImtbot~are 
anioni~,*~ kh depends invcracly on [H+]. Betwem pH7 and pH8 the rate of iodinahoa of DMABS was 
found (0 be indqxndcnt d [H+]. 
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For each combination of aromatic spa&s and base, L was dsterminod at four diff-t base con- 
CcntdOM. 

In each case k&/p] was plotted ag4iMt tn]. The slope of the plot apmls &s ; tlhe intercept ill equal to kI 
from which ks for water could be cakuhtcd. Standerd deviation of ks was always leas than 8 “/, Valuea of 
k2 thus obtained wcrt used to derive 108 (k,/q) (see Table I). 
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