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Abstract: lodine(I) was anodically produced from I2 at platinum in acetonitrile and in methylene chloride. This product was 
then used as an iodinating reagent for substituted benzenes. Compounds as unreactive in electrophilic substitutions as ethyl 
benzoate were monoiodinated in high yield on a scale as large as 1Og. Relative reaction rates for substituted benzenes were 
measured in acetonitrile by a competition method. A linear Hammett plot with p + = -6.27 was obtained. Deuterium isotope 
effects (kH/ko) were measured using 4-deuterioanisole (1.45), 4-deuteriotoluene (1.54), benzene-</6 (2.25), 4-deuteriochlo-
robenzene (4.46), and ethyl 3-deuteriobenzoate (1.50). The data are interpreted in terms of electrophilic substitution via a 
<r-complex with rate-limiting deprotonation of this intermediate. The nonlinear variation of kn/ko as a function of substitu-
ent is discussed. 

It has been previously shown that an iodine(I) species can 
be generated by the electrochemical oxidation of iodine in 
acetonitrile.1 This product is stable in solution, and it was 
proposed that it is complexed with acetonitrile. It can, how
ever, be used as a reagent.1'2 The present paper discusses 
one aspect of its reactivity, the scope and mechanism of the 
iodination of aromatic compounds. 

Results 

Aromatic iodination with electrochemically generated io
dinating agents was investigated for a variety of substituted 
benzenes. In a typical experiment, the oxidation of iodine 
was performed at a platinum sheet anode in acetonitrile-
lithium perchlorate. A cell1 divided into compartments for 
anode, cathode, and reference electrode was employed, and 
all oxidations were carried out potentiostatically at 1.9 V.3 

Passage of 2.4 faradays/mol of iodine resulted in a stable, 
pale-yellow solution, and the oxidation was terminated. A 
tenfold excess of the aromatic substrate was added to the 
stirring solution, and after workup a high yield of monoiodi
nated product(s) generally resulted (Table I). Analysis of 
isomeric mixtures was accomplished by GLC and/or NMR 
using comparisons with data from authentic samples or the 
literature. 

The mechanism was explored by measuring product 
yields from experiments in which a known amount of iodi
nating agent was added to a mixture of two aromatic sub
strates. In this way the relative reactivities were evaluated. 
Competitive reactions of benzene and toluene where the ini
tial molar ratios were varied from approximately 1:1 to 4:1 
were performed (Table II). GLC analysis indicated a ratio 
of products directly proportional to the initial substrate con
centration ratio. 

The product composition was also found to be indepen
dent of the initial ratio of substrates to iodinating agent for 
the benzene-toluene competition. Reaction of the oxidized 
iodine solution with an equal molar mixture of anisole and 
toluene, however, resulted in a change in relative yields of 
the para-iodinated aromatics, depending on the ratio of sub
strates to iodinating agents (Table II). When equivalent 
amounts of each substrate and iodinating agent were used, 
analysis of the products indicated that toluene was prefer
entially iodinated. In contrast, reaction of a tenfold excess 
of each of the substrates to the iodinating agent gave prefer
ential attack on anisole. 

The relative rates of iodination were determined for a se
ries of substituted benzenes (Table III). Equal molar mix
tures of substrates, both in tenfold excess, were competitive
ly iodinated. The relative product yields were determined by 

GLC after work up. The ratio of ortho to para products was 
determined by NMR in cases where the isomers were not 
separated by GLC. The ortho to para ratio for any sub
strate was independent of the presence of other substrates. 
Kinetic isotope effects were measured by iodinating para-
deuterated substrates (Table IV). The change in the ortho 
to para ratio in comparison to the protio substrate was mea
sured by NMR and MS to calculate the isotope effect. 

Stability of the product was determined for anisole by re
acting a mixture of anisole, 4-iodoanisole, and iodinating 
agent in a molar ratio of 1:10:1. The observed ortho to para 
product ratio of 19:81 indicated that the product is stable in 
the reaction mixture. It was also determined that the prod
uct ratio was unchanged if oxidation was terminated before 
all the iodine was consumed. Analysis of the products after 
reaction from a benzene-toluene competition with an iodine 
solution oxidized to 1 faraday/mol gave a product ratio of 
20:1, the same as after passage of 2 faradays/mol. 

The above results were obtained with acetonitrile-tetra-
ethylammonium perchlorate. In acetonitrile-lithium per
chlorate it was found that the coulometric n value was con
siderably greater than 2.0 faradays/mol of I2. It has been 
previously determined that anhydrous lithium perchlorate 
contains sufficient water to result in a damp electrolyte so
lution. Oxidation of this solution always resulted in the for
mation of a small amount of white precipitate which was 
identified as A'-iodoacetamide. If a tetraethylammonium 
perchlorate electrolyte solution was used, the current de
cayed to background after 2.3 faradays/mol, and no precip
itate was found. The wet solution was effective in iodina
tion, and an estimate of p was obtained (Table V). 

It was found that the oxidation of I2 in methylene chlo
ride also generated an iodine(I) product. This species 
monoiodinated a variety of aromatics in high yield. An esti
mate of its selectivity was obtained by competition experi
ments (Table V). 

The iodination of larger amounts of material was investi
gated. The following method proved practical. The oxida
tion was performed with a simple variable dc power supply. 
The cell was constructed by suspending a porous ceramic 
cup in a beaker containing acetonitrile-lithium perchlorate, 
a stirring bar, and a 150-cm2 platinum sheet anode. A 
stainless steel spatula placed in the porous cup served as a 
cathode. This cell allowed oxidation of 8.0 g of I2 in a peri
od of 90 min. The cell was placed in an ice bath to prevent 
boiling of the solvent when currents of 1.5 A were passed. 
The potential was monitored using a Ag|AgNC>3 reference 
electrode and was not allowed to exceed 2.5 V during the 
course of the oxidation. The concentration of iodinating 
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Table I. Iodination Yields from Oxidized Iodine Solution0 Table II. Product Dependence on Reagent Concentrations 

Isomers, % 

Substrate* Yield'' Ortho Meta Para Substrates (mmol) 

Iodinating 
agent," 
mmol 

Obsd 
product ReI rate 

ratio* para'' 

Anisole"''' 
Biphenyl"' 
rm-Butylbenzenea'« 
Phenyl ether*-* 
Toluene'' 
Benzene 
Fluorobenzene'' 
Chlorobenzene'* 
Bromobenzene'' 
Iodobenzene*" 
Phenyl acetate'' 
Benzoic acid'' 
Ethyl benzoate"^ 
Acetophenone"' 
3,4-Dimethoxybenzoic 

acid"1 

1,3-Dichlorobenzene1, 

p-Xylene"1 

m-Xylene"'^ 

Ferrocene'' 
Nitrobenzene'' 
Benzonitrile'' 

90 
95 
90 
75 
93 
91 
85 
80 
60 
70 
55 
40 
65 
15 
20 

21 
90 
84 

0* 
0 
0 

33 
/ 
25 
17 
48 

10 
20 
24 
33 
36 

/ 
/ 

a- lodoacetophenone 
3,4-Dimethoxy-5-iodobenzoic acid 

1,3-Dichloro-4-iodobenzene (96%) 
2-lodo-/)-xylene 
4-lodo-m-xylene (83%) 
2-lodo-m-xylene (17%) 

10 
/ 
/ 
/ 
4 

f 
I 
t 
f 
I 

100 
100 

57 
100 
74 
82 
48 

90 
80 
76 
67 
64 
/ 
/ 

" Oxidation of 0.5 g (1.95 mmol) of 12 in lithium perchlorate-aceto-
nitrile at 1.9 V vs. Ag|Ag+ to 2.4 faradays/mol. * 35-50 mmol. 
' Based on 3.9 mmol iodinating agent. d Product analysis by NFvIR. 
*• roduct analysis by GLC. f Less than detectable limit of analysis. 
* Oxidation of L in tetraethylammonium perchlorate-acetonitrile. 
* Reaction resulted in oxidation to ferrocenium ion. 

agent in the solution was assayed by reaction of 10 ml with 
an excess of benzene. The yield of iodinating agent was 75% 
by this method if the yield of iodobenzene was assumed to 
be 90%. The low yield of iodinating agent may be due to 
diffusion of some material into the cathode compartment. 
Iodination of toluene with this solution resulted in an 88% 
yield of iodotoluene. 

Discussion 

Scope. The scope of the electrochemical iodination has 
been explored, and it has been shown that aromatics as un-
reactive as ethyl benzoate can be iodinated in high yield. In 
acetonitrile there is an apparent cutoff point at am = 0.35 
since we have not been successful in iodinating compounds 
such as benzaldehyde and nitrobenzene. It has also been 
shown that methylene chloride is a suitable solvent for effi
ciently generating and reacting an iodine(I) species. The se
lectivity of this iodinating system is not as high as that of 
the acetonitrile system. From the viewpoint of synthesis, the 
wet acetonitrile system seems most attractive. The conduc
tivity of this solution is somewhat higher than either dry ac
etonitrile or methylene chloride, and the yields are high. Al
though a major effort to develop large-scale synthesis was 
not pursued, we have prepared several grams of iodo aro
matics in a divided cell (ion-exchange membrane or porous 
cup) using manually controlled potentials. 

There are, of course, a number of other methods for per
forming iodinations.4 These all involve electrophilic attack, 
and the more reactive systems have selectivities and scope 
similar to those described here. The present technique is ad
vantageous in that it gives excellent yields, employs mild 
conditions, and is extremely rapid. Indeed, low tempera
tures could be used. 

Mechanism. The substituent and isotopic effects can be 
interpreted in terms of the classical mechanism of electro
philic substitutions. The high positional and substrate selec
tivity point toward rate-determining formation (k\) or de
struction (/C2) of the 0 complex via transition states with 
considerable positive charge localized in the ring. 

Toluene (0.47) 
Toluene (0.47) 
Toluene (0.47) 
Toluene (0.47) 
Toluene (4.7) 
Anisole (0.46) 
Anisole (2.30) 
Anisole (4.60) 

Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Toluene 
Toluene 
Toluene 

(0.56) 
(1.12) 
(1.68) 
(2.24) 
(5.6) 
(0.47) 
(2.35) 
(4.70) 

0.39 
0.39 
0.39 
0.39 
0.99 
0.39 
0.39 
0.39 

17.7 
9.02 
5.96 
4.41 

17.8 
d 

168 
452 

63.0 
63.9 
64.5 
63.3 
63.2 
d 

208 
558 

" Oxidation of 0.5 g of h in 160 ml of acetonitrile-tetraethylammo-
nium perchlorate. Reaction of each pair with 16 ml of oxidized solu
tion. * GLC analysis of product mixture: (mmol of isomeric iodoto-
luenes)/(mmol of iodobenzene) or (mmol of isomeric iodoanisoles)/ 
(mmol of isomeric iodotoluenes). c [mmol of /7-IC6H4CH3 X (init 
mmol of C6H6) X 6]/[mmol of C6H5I X (init mmol of C6H5CH3)]; 
[mmol OfZ)-IC6H4OCH3 X (init mmol of C6H5CH3)]/[mmol of p-
IC6H4CH3 X (init mmol of C6H5OCH3)], d Analysis of products indi
cated quantitative iodination of toluene and less than 5% iodoanisole. 

The nature of the iodinating agent or the base, B, are not 
defined. It is, however, suggested that in acetonitrile the 
iY-iodonitrilium ion or protonated A-iodoacetamide are 
most reasonable possibilities for the former.1 

The relative rate data from the acetonitrile-tetraethyl-
ammonium fluoroborate system were treated according to 
the method introduced by Brown.5 A plot of log kTC\ vs. o+ 

was linear with a value of p = —6.27 ± 0.34 (Figure 1) with 
a correlation coefficient of 0.99. 

The observed isotope effects strongly indicated that the 
carbon-hydrogen bond is broken in the rate-limiting step. 
Therefore, A:2 is suggested to be partially or totally rate lim
iting in all cases. The variation in isotope effect with sub
stituent is extremely interesting in that a plot of ku/ko vs. 
(J+ goes through a maximum of ^ H M D = 4.45 for chloro
benzene. 

One interpretation of these data would assume that A: 2 is 
rate limiting in all cases and that the secondary isotope ef
fect on the equilibrium (k)/k-\) is negligible. These are ra
tional assumptions in that a number of aromatic iodination 
reactions are proposed on the basis of isotope effects to have 
ki rate limiting,6 and the equilibrium secondary isotope ef
fect should be on the order of kn/ko = O.9.7 The variable 
primary isotope effect would then result from the varying 
structure of the transition state as a function of substitu
ent. 8 The chlorobenzene transition state would be relatively 
symmetrical (nearly equal force constants /1 , /2) a n d a " 
others less symmetrical. Most reasonably the least stable <r 

C—H—B 

/ 1 / 2 

complex from ethyl benzoate would have/) > fi, and reac-
tants like toluene and anisole would have f\ < fj- If the 
base were, for example, an oxygen which forms strong O-H 
bonds compared to C-H bonds, this could be interpreted in 
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Substrates 6 ReI yield'' (% para) ReI rate para iodination 

Benzene 
Fluorobenzene 
Chlorobenzene 
Chlorobenzene 
Biphenyl 
te/7-Butylbenzene 
Toluene 
Toluene 
Toluene 
Phenyl ether 
Anisole 
Anisole 
Bromobenzene 
Bromobenzene 
Bromobenzene 

Chlorobenzene 
Chlorobenzene 
Bromobenzene 
Iodobenzene 
Benzene 
Benzene 
Benzene 
Biphenyl 
Jerf-Butylbenzene 
Toluene 
Phenyl ether 
Toluene 
Benzoic acide 

Ethyl benzoate 
Methyl benzoate 

15.72 
8.24 (90) 
2.66 (80) 
1.29(80) 
2.61 (95) 
7.07 (74) 

21 .10(50) 
8.08 (50) 
2.98 (50) 

10.50(83) 
48 .20(62) 

407.00 (62) 
15.9(80) 
18.8 (80) 
20.1 (80) 

1(80) 
1(80) 
1(75) 
1(67) 
1 
1 
1 
1(95) 
1 (74) 
1 (50) 
1 (83) 
1(50) 
1 (100 / 
1 (100 / 
1 (100 / 

3.82 
9.29 
2.84 
1.54 

14.86 
31.38 
63.24 

4.26 
2.02 

17.44 
36.06 

504.0^ 
25.44 
30.08 
32.16 

" Oxidation of 2.0 g of I2 in 160 ml of acetonitr i le-tetraethylammonium perchlorate at 1.9 V vs. Ag |Ag + to 2.2 faradays/mol. Reaction of each 
pair with 10 ml of the oxidized solution. * 7-10 mmol. c G L C analysis of product mixture. d This value not used in calculation of p. e G L C analysis 
as the trimethylsilyl ester, f Only the meta isomer was formed, and the relative rate is calculated for para iodination of bromobenzene vs. iodination 
of one meta position of the benzoate ester. 

Table IV. Kinetic Isotope Effect" 

Substrate* 

Anisole r 

Anisole-4-rf'" 
Toluene0 

Toluene -<W 
Chlorobenzene ' 
Chlorobenzene-4-^ 
Benzene-rfe^ 
Ethyl benzoate-i-rf« 

% ortho 

37.8 
54.7 
50.5 
77.2 
26.1 
83.4 

% para 

62.2 
45.3 
49.5 
22.8 
73.9 
16.6 

ku/ko 

\ASd 

1.54<* 

4.46 
2.25 
1.50 

"Oxidat ion of 0.5 g of h in acetonitr i le-tetraethylammonium per
chlorate to 2.4 faradays/mol. Reaction of each substrate with 0.39 
mmol of iodinating agent. * 0.46-0.56 mmol. c Analysis by N M R . 
d Average of two trials. ' Analysis by GLC. f GLC analysis of compet
itive iodination of benzene and benzene-^ vs. chlorobenzene. * Mass 
spectral analysis of peaks (m/e) 277 and 276 of the product from iodin
ation of ethyl benzoate-5-a'. 

Table V. Effect of Solvent on Competitive Iodination 

Substrates" 

Benzene-chloroben-
zene 

Fluorobenzene-chlo-
robenzene 

Chlorobenzene-bro-
mobenzene 

Chlorobenzene-iodo-
benzene 

Toluene-benzene 

Rho (p) 

CH2Cl2-

11.0 

3,11 (95) 

1.30(87) 

1.15(87) 

2.83(45) 

2.85 ±0.15 

Relative yield (% para)* 

T B A F 

1(87) 

1(87) 

1 (88) 

1(95) 

1 

CH3CN-

24.8 

13.1 (90) 

1.59(80) 

1.10(80) 

7.33(50) 

6.25 ±0.42 

LiClO/ 

1(80) 

1(80) 

1(75) 

1(67) 

1 

" 4.7-5.7 mmol of each substrate. * Analysis by GLC after work-up. 
c Oxidation of 0.5 g of I2 in methylene chloride-tetrabutylammonium 
tetrafluoroborate to 2.0 faradays/mol. d Oxidation of 0.5 g of I2 in ace-
tonitrile-lithium perchlorate to 2.4 faradays/mol. 

terms of transition states in which the hydrogen was still 
near the carbon in all cases.9 All transition states would 
then resemble the a complex, and a linear Hammett plot 
with a high negative p+ value would be reasonable. Indeed, 
such an explanation abrogates an apparent dichotomy con
cerning linear Hammett plots and variable transition-state 
structures. If one considers wide variations in transition-
state structure, e.g., hydrogen much less and much more 
than half transferred, a linear Hammett plot should not re
sult. Similar problems have been treated by several au
thors.14-16 

The nature of the proton acceptor is of course very im
portant in this scheme. Unfortunately, it is not simple to 

4 

3 

_ 2 
© 

JC 

° I 

O 

-I 

-2 

-3 

-OCH3 

I 

3 -OC6H5 

I 

CH3 

J-C(CH3J3 

\ " C 6 H 5 

\ o - F 

ND -H 

\ > - - C l ' 
XD-Br 

-COOH \ 
-COOEf0Sv 
-COOMe N 

-0.6 -0,3 0.3 

o- + 
Figure 1. Hammett plot for iodination. 

vary this independently. Changing the medium does affect 
the selectivity of the reaction. The p value determined for a 
few points using methylene chloride is -2.85. This solvent 
is less basic than acetonitrile, should complex the iodine(I) 
differently, and should have different bases for proton ab
straction. Interpretation of the differences is, however, im
possible because the observed rate ratios are determined by 
six rate constants, and we cannot dissect the solvent effect 
on each of these components. 

Although the data from reactions in acetonitrile seem to 
provide an example of the predicted maximum isotope ef
fect for "symmetrical" transition states,7<12'15 we have 
sought an alternative explanation involving a change in the 
rate-limiting step. More explicitly, this argument assumes 
that chlorobenzene and ethyl benzoate have k?. < k-\ (Fig
ure 2b) and reflect a full isotope effect. Toluene and anisole 
would, however, have &2 > k-\ (Figure 2a) so that a sizable 
isotope effect on kj would show up as a relatively small ob
served isotope effect, k\\°jkv°. 
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Figure 2. Reaction coordinate and energy plots; (a) k\ rate limiting, 
e.g., toluene; (b) ki rate limiting, e.g., chlorobenzene. 

The isotope effect and rate data can be used to test the 
validity of this explanation. If a steady-state concentration 
of a complex is assumed, the dependence of ky^jk^ on 
k2

H jk-P and k2/k-\ can be expressed as follows: 

k0 = kik2/(k-] + k2) 

kH° =kl"k2"(k-]
D + k2

D) 

k0° k]
Dk2

D (k-^ + k2
H) 

Assume k\H = k\D, i.e., no secondary isotope effect on k\ 
or k-\. 

kH°_k2"(\ + /c 2
D / / c - , D ) 

kD° k2
D(\+k2

H/k-,H) 

Solving these equations for two examples, toluene with k\ 
rate limiting, k2

H/k2
D = Y, k2

H/k-iH = / t2
Y / /c_,Y , and 

chlorobenzene, k2
H/k2

D = Z, k2
H/k-{

H = k2
z/k-}

z (K = 
concentration to toluene; Z = concentration of chloroben
zene), leads to 
Toluene: 

_ K(I + k2
Y)/k-[

YY 

Chlorobenzene: 

Then 

i + £ 2
Y M - i Y 

Y- \.6 = 0.6k2
Y/k-l

Y 

Z - 4 . 5 = 3.5£2
z /£-i z 

Y- 1.6 _0.6Ar2
Y/^_,Y 

Z - 4 . 5 3.5k2
z/k. 

(1) 

It is also true, however, that a change in rate-limiting 
step as a function of substituent requires a nonlinear Ham
mett plot reflecting the different p values for reactions in 
which k\ is rate limiting and reactions in which k2 is rate 
limiting. In Figure 3 we have constructed a two-line plot 
consistent with the proposed change in the rate-limiting 
step. 

In this plot, line a is determined by all substituents with 
(T+ > 0. The p = —8.1 ± 1.3 is assumed to be the value for 

4 

3 

2 

0> 

° i 

O 

-I 

-2 

-3 

-

-

-OCH3 

a \ 

i 

5-OC6H5 

I 

CH3 

\ -C(CH 3 ) 3 

VC 6 H 5 

-HtK 

I 

D-Cl 
V - I 
O-Br 

-COOHV^ 
-COOEt°© 

-COOMeX 

I 

-0.6 -0.3 0.3 
crt 

Figure 3. Hammett plot for iodination. 

reactions with k\ rate limiting (Figure 2a). Line b for sub
stituents with (T+ < O has p = —5.9 ± 0.2 and is assumed to 
be the value for reactions with k2 rate limiting (Figure 2b). 
It can be shown that the difference, Ap = 2.2 can be taken 
as Apk-^2 f° r the reactions k-\ and k2. 

Since 

P =• 

log kY — log kz 

then 

Apab -
l0g^2YM2Z- l0g/V-|YA-

Identifying Y as toluene, Z as chlorobenzene, and Apab = 
2.2 (Figure 3) 

/ t2
vAr-1

z / / t ,Y /c2
z = 8.3 

Therefore, from eq 1: 

Y- 1.6 = 0.6(8.3) 

Z - 4 . 5 ~ 3.5 

1 . 4 Z - 4 . 7 = Y 

In order to have Y > Z 

1.4K-4 .7 > K K > 12 

This indicates that in order to have k^/kn2 larger for 
toluene than for chlorobenzene (avoiding the maximum), 
k2

H/k2
D for toluene must be greater than 12. In the ab

sence of tunneling, this is an unrealistically large number. 
The proposition that the rate-limiting step is changing with 
substituent, therefore, is ruled out, and we conclude that Zc2 

is primarily rate limiting in all cases. 

Experimental Section 

General. All oxidations were carried out in a three-compartment 
cell.1 AU electrochemical potentials are reported vs. Ag|0.1 M 
AgNO3 in acetonitrile. A Model 70 HV 1/90 Wenking potentio-
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stat was employed. Coulometry was performed with an Acromag 
Model 212-LX-l current integrator. The acetonitrile (Fisher Re
agent Grade) was distilled twice from P2O5 and stored over Fisher 
4A molecular sieves. Methylene chloride (Fisher Reagent) was 
passed through a column containing alumina (Woelm, super activ
ity grade, 20 g/100 ml) directly into the cell. Tetraethylammo-
nium perchlorate and anhydrous lithium perchlorate (0.1 M, G. F. 
Smith Chemical Co.) and tetrabutylammonium fluoroborate (0.1 
M, Southwestern Analytical Chemicals, Inc.) were used as electro
lytes without purification after drying in vacuo at 80° for 48 h. 
Dry nitrogen presaturated with solvent was continuously bubbled 
through the anode and cathode compartments. The cell was ther-
mostated by a water bath at room temperature during the electrol
ysis. Rapid stirring of the anolyte during the electrolysis was 
achieved by a magnetic stirring bar. 

GLC analyses were performed on a Model 720 F & M gas chro-
matograph equipped with thermal conductivity detectors. A 12 ft 
X 0.25 in. aluminum column packed with 15% Carbowax 20M on 
Chromosorb W was used. The oven temperature was generally 
programmed from 150 to 230° at 10°/min. Products collected 
were analyzed as CDCI3 solutions by NMR on a Varian T-60 in
strument, and chemical shifts are reported in <5 units. Mass spectral 
analysis were recorded with an A.E.I. Model MS-12 spectrometer. 

The following examples are representative of the general tech
nique for oxidation of iodine and subsequent reaction with aromat
ic substrate. The two examples selected are representative of the 
preparative iodination of one activated and one deactivated aro
matic substrate in each of the two solvent-electrolyte systems. 

The procedure for determining the rates of competition iodina
tion is given for iodine oxidized in acetonitrile-tetraethylammo-
nium perchlorate only, because the same technique was used for 
the other solvent-electrolyte systems. 

The procedure for determining the isotope effects is described 
for 4-deuteriochlorobenzene and is analogous to the technique for 
preparation of 4-deuterioanisole and 4-deuteriotoluene and their 
subsequent reaction with iodinating agent. 

Iodoanisole. Oxidation of iodine (0.487 g, 1.91 mmol) at 1.90 V 
in acetonitrile-lithium perchlorate over a period of 49 min (2.30 
faradays/mol) resulted in a slightly cloudy pale-yellow solution. 
The current decreased smoothly from 245 to 25 mA before the oxi
dation was terminated. Anisole (995 mg; 9.2 mmol) was added to 
the stirring anolyte solution. The solution color remained yellow 
but the precipitate disappeared. After 10 min of additional stir
ring, the solution was reduced to about 15 ml on a rotary evapora
tor. The residue was taken up in water, and the organic products 
were extracted into ether. The extracts were washed with 10% 
NaHSO*3 and 15% NaHCO 3 solutions before drying over anhy
drous magnesium sulfate. The solution was filtered and evaporated 
to give a pale-yellow viscous oil (822 mg, 90%). GLC analysis of 
the oil indicated the presence of only the monoiodinated product. 
NMR gave an isomer ratio of 33% ortho (OCH3 , & 3.80), 10% 
meta (OCH3 , 5 3.72), and 57% para (OCH3 , 5 3.70) after compar
ison with authentic samples. 

Ethyl /n-Iodobenzoate. Oxidation of iodine (0.502 g, 1.97 mmol) 
at 1.90 V in tetraethylammonium perchlorate-acetonitrile over a 
period of 68 min (2.08 faradays/mol) resulted in a clear pale-yel
low solution. The current decayed smoothly from 210 to 4 mA 
while the color went from dark purple to pale yellow. To the stir
ring anolyte solution was added ethyl benzoate (1.052 g, 7.0 
mmol). After 20 min of additional stirring, the mixture was 
worked up as previously and resulted in 2.50 g of a pale-yellow liq
uid. Distillation yielded 0.693 g (2.5 mmol, 65%) of ethyl m-\odo-
benzoate: bp 97-99° (2.0 mmHg) [lit. 153.5° (14 mmHg)];1 7 

NMR, 8.36 (t, 1 H), 8.00 (m, 2 H), 7.20 (t, 1 H), 4.46 (q, 2 H), 
1.43 (t, 3 H). 

Competitive Iodination. Oxidation of 2.0 g of iodine (7.9 mmol) 
in 160 ml of tetraethylammonium perchlorate at 1.90 V for a peri
od of 190 min (2.2 faradays/mol) yielded a pale-yellow anolyte so
lution. A 10-ml aliquot of the anolyte (0.99 mmol of iodinating 

agent) was added dropwise to a stirring solution of 1 ml of acetoni
trile containing toluene (0.433 g, 4.7 mmol) and benzene (0.437 g, 
5.6 mmol). After stirring for 10 min, the solution was light-orange 
in color. Work-up and analysis by GLC indicated a product ratio 
(iodotoluenes/iodobenzene) of 17.8. NMR analysis of the product 
indicated that the iodotoluenes contained 46% ortho (methyl, <5 
2.43), 6% meta (methyl, <5 2.30), and 48% para (methyl, <5 2.26). 

Partial Oxidation. Iodine (0.5 g, 1.9 mmol) was oxidized in 160 
ml of tetraethylammonium perchlorate-acetonitrile at 1.90 V for 
20 min (1.18 faradays/mol) and a 10-ml aliquot of the anolyte 
(0.12 mmol of iodinating agent) was removed and added to a stir
ring solution containing 1 ml of acetonitrile, toluene (0.433 g, 4.7 
mmol), and benzene (0.437 g, 5.6 mmol). The remaining anolyte 
was oxidized for an additional 50 min (2.15 faraday/mol), and a 
second 10-ml aliquot (0.21 mmol) of the anolyte was removed and 
added to the toluene-benzene mixture. Both reaction mixtures 
were worked up by the standard procedure and analyzed by GLC. 
The first mixture gave a product ratio (iodotoluenes/iodobenzene) 
of 17.3 and the second mixture a ratio of 18.0. 

4-Deuteriochlorobenzene. To a stirring solution of H-butyllithi-
um (1.28 g, 20 mmol) in 100 ml of ether was added dropwise 4-
iodochlorobenzene (2.18 g, 10 mmol). The reaction was carried out 
in a dry nitrogen atmosphere over a period of 15 min. Excess D2O 
was added dropwise to the reaction, and the mixture was stirred 
for an additional 15 min. The ether solution was washed with 
water and dried over anhydrous MgS04. Fractional distillation 
yielded 0.95 g (8.2 mmol, 82%) of 4-deuteriochlorobenzene: bp 
120-124 0 C. Mass spectral analysis indicated that the product was 
94% deuterated. 

Iodination of 4-Deuteriochlorobenzene. Iodine (0.5 g, 1.9 mmol) 
was oxidized at 1.90 V in 160 ml of tetraethylammonium perchlo
rate-acetonitrile for 75 min (2.4 faradays/mol). A 10-ml aliquot 
of the anolyte (0.24 mmol iodinating agent) was added to a stirring 
solution of 1 ml of acetonitrile and 4-deuteriochlorobenzene (545 
mg, 4.8 mmol). GLC analysis after workup indicated a product 
ratio (2-iodo-4-deuteriochlorobenzene/4-iodochlorobenzene) of 
5.02. A second 10-ml aliquot of the anolyte was added to a stirring 
solution of 1 ml of acetonitrile and chlorobenzene (553 mg, 4.9 
mmol). GLC analysis after workup indicated a product ratio (2-
iodochlorobenzene/4-iodochlorobenzene) of 0.353. 
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