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Selective lodination of Phenols in the ortho-Position 
By Richard C. Cambie,' Peter S. Rutledge, Truis Smith-Palmer, and Paul D. Woodgate, Department of 

Chemistry, University of Auckland, New Zealand 

Treatment of a phenol with thallium(t) acetate and iodine allows selective ortho-iodination. 

DURING an investigation of the use of thallium(1) carb- 
oxylates in the Prevost reactionJ1 we observed that treat- 
ment of o-allylphenol (1) with thallium(1) acetate-iodine 
gave 2-allyl-6-iodophenol (2) as the only identifiable 
product. The method appeared to offer a convenient 
alternative to the mercury(r1)-iodine and silver(1) 
acetate-iodine procedures for iodination of activated 
aryl compounds, and to provide a method for selective 
substitution. In order to determine whether ortho- 
substitution was a general phenomenon, the reactions 
with some other phenols have been examined. 

Iodination of o-cresol with ca. 1 mol. equiv. each of 
thallium(1) acetate and iodine in ' wet ' acetic acid at 
20 "C for 48 h gave 2-iodo-6-methylphenol (3) and, as a 
minor product, 2,4-di-iodo-6-methylphenol (4) .* No 
para-monoiodinated cresol was obtained, indicating that 
the &-iodo-cresol was formed by further iodination of 
2-iodo-6-methylphenol. In contrast , iodination of o-cre- 
sol in the absence of thallium(1) acetate gave 4-iodo-2- 
methylphenol (5) and 2,4-di-iodo-6-methylphenol(4) , but 
only a low yield of 2-iodo-6-methylphenol. 

Iodination of m-cresol, which has two positions ortho to 
the phenolic group, gave only one monoiodinated deriv- 
ative, which from comparison of observed chemical shifts 
(8 6.53, 6.86, and 7.54) with those calculated for the two 
possible products (6) (8 6.34, 6.44, and 7.44) and (7) (6 
6.33, 6.34, and 7.35) was identified as 2-iodo-5-methyl- 
phenol (6). Although chemical shift additivity para- 
meters are likely to be unreliable for highly substituted 
benzenes, a second product was tentatively identified as 
2,6-di-iodo-3-methylphenol (8) by the same means. The 
n.m.r. spectrum of the crude product from iodination 
indicated the formation of a small amount of 2,4,6-tri- 
iodo-5-methylphenol (9). 

Iodination of phenol gave mainly 2-iodophenol (10) ,6 

but also appreciable amounts of 2,6-di-iodophenol (1 1) .7 

However, with higher iodine-to-phenol ratios, di- (12) 
and tri-iodo- (13) derivatives were formed in which 
iodination had occurred in the para-position. 

In the case of p-cresol, with a blocked para-position, 

f. Glacial acetic acid which has not been rigorously dried; 
iodination in dry acetic acid gave a complex mixture including 
acetylation products. 

R. C. Cambie, R. C. Hayward, J. L. Roberts, and P. S. Rut- 
ledge, J.C.S. Perkin I ,  1974, 1858. 

a M. Stefanovic, Lj. Krstic, and S. Mladenovic, Tetrahedron 
Letters, 1971, 3311; A. Hillman-Elies, G. Hillmann, and U. 
Schiedt, 2. Naturforsch., 1953, 88, 436. 

W. G. Dauben and H. Tilles, J .  Amev. Chem. SOC., 1950, 72, 
3185; D. Popa, E. Schwenk, and E. Klinsberg, ibid., p. 2623. 

K. T. Potts, J .  Chem. SOC., 1953, 3711. 
L. M. Jackman and S. Sternhell, 'Applications of N.M.R. 

Spectroscopy in Organic Chemistry,' 2nd edn., Pergamon, Oxford, 
1969, p. 202. 

equal amounts of 2-iodo-4-methyl- (14) and 2,6-di-iodo- 
4-methyl-phenol(l5) were obtained, along with ca. 50% 
of starting material. However, use of a two-fold excess 
of reagents gave the same products in a similar ratio with 
only a trace of starting material. Iodination of the 
diterpenoids methyl 12-hydroxypodocarpa-8,11, 13-trien- 
19-oate (16) and totara-8,11,13-trien-13-01(19), each with 
a blocked $ma-position and in the latter case with a but- 
tressed phenolic group, gave moderate yields of the 
ortho-iodinated products (17) 8 and (20). Attempted 
extension of the method to anisole gave only a low yield 
of fi-iodoanisole, and no reaction was observed with 
methyl 12-methoxypodocarpa-8,1lJ13-trien-19-oate (18) 
or with toluene [cJ reaction with thallium(rrr) trifluoro- 
acetate 9. 

Iodination of the activated substrate NN-dimethyl- 
aniline was also investigated. Treatment with iodine 
and thallium(1) acetate gave 4-iodo-NN-dimethylaniline 
(21),1° but the reaction was complicated by oxidation of 
the starting material. 4,4'-Methylenebis- (NN-dimeth yl- 
aniline) (24) was also isolated, and Methyl Violet cation 
was recognised by its characteristic violet colour in 
aqueous solution. Isolation of the dye was not at- 
tempted, but Bergrnann and Shahak l1 have reported the 
isolation of its crystalline trifluoroacetate from the 
analogous reaction with silver (I) trifluoroacetate-iodine. 
Ghosal and Dutta l2 have studied the oxidation of NN- 
dimethylaniline by iodine in dichloromethane. Their 
reported colour changes corresponded with those ob- 
served in acetic acid during the present work. However, 
although they report formation of NNN'N'-tetramethyl- 
benzidine (25) as a major product, none of this compound 
was isolated or observed in the crude product from the 
reaction with thallium(r) acetate-iodine. Similar re- 
actions occurred when N-methylaniline was treated with 
thallium(r) acetate-iodine, but in the case of aniline the 
products were 4-iodoaniline (22) and 2,4-di-iodoaniline 
(23): compounds which are also obtained in the absence 
of thallium(1) acetate. 

Since iodination of phenols with iodine in acetic acid 
gives mainly para-substitution it must compete with the 
thallium(1) acetate-iodine reaction in this solvent. An 
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alternative solvent was therefore sought in which com- 
petitive reactions would be eliminated so that the ortho- 
directing effect of the thallium(1) acetate would be more 
pronounced. This was found with dichloromethane, in 
which ortho-substitution still occurred but in which no 
iodination was observed if thallium(1) acetate was absent. 
Use of dichloromethane resulted in increased solubility of 
iodine and facilitated the work-up procedure, since 
neutralisation of acetic acid was no longer necessary. A 

yl (26), and only a trace of 2-iodo-6-niethylphenol. No 
benefit was gained by using dichloromethane in place of 
acetic acid in the iodination of aniline other than that of 
easier work-up: the same products were obtained in 
similar ratios both in the presence and in the absence of 
thallium( I) acetate. 

In earlier work,l significant differences were observed 
in the behaviour of thallium ( I) carboxylates and silver ( I) 
carboxylates towards alkenes in the presence of iodine. 

O H  OH OH 

R ' o M e  R'Q:: 
R2 R2 

( 1 1 R - H  ( 6 )  R' = I  , R2:R3: H 
( 2 l R  : I  ( 4 )  R'-R2: I (7 I R' =R3: H R 2 = I  

(31 R ' : I ,  R 2 =  H 

(51 R! =H, ~ 2 -  I ( 8 1 R ' : R 3 = I  R 2 = H  
(91 R ' =  R2=R3: I 

OR > R 

(10) R ' = I ,  R2:R3=H 
( 1 1 1  R ' = R 3 : I , R 2 = H  
(121 R ' : R 2 = I , R 3 = H  
1131 R'= R ~ =  R ~ =  I 
(14 1 R'= I , R2:MeJR3: H 
(151 R ' : R 3 = I J R 2 = M e  

(161 R':R2=H (19) R :H 
(171 R ' = I , R ~ = H  f201R : I 
118) R' :HJR2=Me 

disadvantage was that thallium(1) acetate is less soluble 
in dichloromethane than in acetic acid. However, if the 
ratio of thallium(1) acetate to iodine was doubled the 
yield of 2-iodo-6-methylphenol (3) from o-cresol was in- 
creased by 14%. On the other hand, doubling the 
amount of iodine without increasing the amount of 
thallium(1) acetate drastically reduced conversion into 
2-iodo-6-methylpheno1, presumably owing to the form- 
ation of p01yiodides.l~ Treatment of o-cresol with 2 mol. 
equiv. of iodine and a correspondingly increased amount 
of thallium(1) acetate gave a compound tentatively iden- 
tified as 4,4'-dihydroxy-3,3'-di-iodo-5,5'-dimethylbiphen- 

( 2 5 1  

HOB-GOH M e  

( 2 6 1  
Me 

In the present study, treatment of o-cresol with silver(1) 
acetate-iodine in acetic acid gave 2-iodo-6-methylphenol 
(3) and 2,4-di-iodo-6-methylyhenol (4) in yields similar to 
those obtained with thallium(1) acetate-iodine. Like- 
wise, reaction of o-cresol with silver(1) acetate-iodine in 
dichloromethane gave 2-iodo-6-methylphenol and start- 
ing material in amounts similar to those obtained with 
thallium(r) acetate-iodine. It thus appears that iodin- 
ation with silver(1) acetate-iodine is also regioselective. 

The iodination of phenols, in particular substituted 
l3 A. G. Sharpe, J .  CAeni. SOC., 1962, 2165; M. B. RobinandP. 

Day, Adv.  Iwovg. Chern. Radioclaon., 1967, 10, 371. 
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phenols, has not received much attention,* and few suc- 
cessful mono-iodination procedures are recorded. Thus, 
although the yields from iodinations with thallium(1) 
acetate-iodine are not quantitative, the method offers a 
f avourable alternative to most preparative-met hods, 
many of which cannot be controlled and which lead to di- 
and tri-iodinated products only.4 In the absence of 
thallium(1) or silver(1) carboxylates, aryl iodination of 
phenols probably occurs via free or solvated molecular 
iodine,ls leading, as expected, to predominantly fiara- 
substitution. The selectivity of thallium(1) acetate- 
iodine or silver(1) acetate-iodine substitution can be 
expJained by initial complexing of the reagents or by an 
initial x-complex of iodine with the aryl ring. In  either 
case further co-ordination between the metal and the 
oxygen of the phenolic group then occurs such that only 
ortlzo-at tack is possible. 

EXPERIMENTAL 

General experimental details have been described pre- 
viously.1 G.1.c. was carried out with a Varian Aerograph 
series 1800 instrument [nitrogen as carrier gas and either a + in glass column (8 f t )  packed with 3% OV-17 on 70-80 
mesh Chromosorb W or a $ in column (12 f t )  packed with 
70; OV-17 on 70-80 mesh Chromosorb W]. 

General PYocedure for A ryl Iodinations.-A solution of 
iodine in either acetic acid (ca. 120 ml per g of iodine) or di- 
chloromethane (ca. 60 ml per g of iodine) was added slowly to 
a stirred solution of substrate and thallium(1) acetate, and 
the mixture was stirred a t  ca. 20 "C for 48 h. Unless other- 
wise stated, the molar ratios substrate : iodine : thallium(1) 
acetate were 1 : 1 : 1.2. Precipitated thallium(1) iodide was 
removed, and when acetic acid was the solvent the filtrate 
was neutralised with saturated sodium hydrogen carbonate 
solution (method A) or with 15% sodium hydroxide solution 
(method B) before extraction with ether. When dichloro- 
methane was the solvent i t  was partly removed by evapor- 
ation and ether was added to the mixture (method C). The 
ethereal solutions were washed with water, 5% sodium thio- 
sulphate or sodiuni disulphite solution, and saturated 
sodium chloride solution, and then dried (Na,SO, or MgSO,) 
and evaporated. The product was examined as soon as pos- 
sible by n.m.r. and t.1.c. (in hexane or hexane-benzene). 
Product ratios were determined from integration of the aryl 
methyl peaks for each component in the n.m.r. spectrum of 
the total product and/or by g.1.c. Compounds are recorded 
in order of increasing RF value in t.1.c. 

Iodinations of o-CresoZ.-The reactions shown in Table 1 
were carried out with o-cresol (0.32 g, 3.0 mmol), iodine, and 
thallium (I) acetate. Products were isolated by preparative 
t.1.c. and characterised as (i) o-cresol; (ii) 4-iodo-2-methyl- 
phenol ( 5 ) ,  6 2.20 (3 H, s, ArMe), 6.60 (1 H, d, J 7.8 H z ,  
6-H), 7.35 (1 H, d, J 7.8 Hz, 5-H), and 7.44 (1 H, s, 3-H); 
(iii) 2, 4-di-iodo-6-methylphenol (4), m.p. 58-61' (lit.,* 67")' 
S2.25(3H,s,ArMe),5.40(1H,s,OH),7.37(lH,d, J 2 H z ) ,  
and 7.75 (1 H, d, J 2 Hz, 3-H) ; (iv) 4,4'-dihydroxy-3,3'-di- 

* Reagents used for the iodination of phenols include iodine 
and potassium iodide in ethyla~nine,~ mercury(I1) oxide-iodine,l4 
hypochlorous acid and potassium iodide,15 iodic acid-iodine,16 
sodium phosphate-iodine,16 and nitrogen iodide.17 

l4 H. Hlasiwetz and P. Weselsky, Ber., 1872, 5, 380; G. Kone, 
A ~ z n .  Phys. Chem., 1845, 66, 300; R. L. Taylor, Chew. News, 1897, 
76, 22. 

iodo-5,5'-dimethylbiphenyl(26), m.p. 168-171', 6 2.37 (6 H, 
s, ArMe), 7.21 (2 H, d, J 2 Hz, 6- and 6'-H), and 7.61 (2 H, 

TABLE 1 
Iodination of o-cresol 

Pro- 
Work- duct Product ratios 

Reactant Time UP wt 
ratios Solvent (h) method (g) (1) (11) (111) (IV) (v) 

1:  1 :  1.2 HOAc 48 A 0.42 2 1 5 
1 : l : O  HOAc 23 A 0.46 9 8 7 1 

1 : 1 : 1.2 6 C 0.42 11 9 
1 : 1 : 1.2 23 C 0.44 1 2 

CH,Cl, 48 C 0.41 1 2 
1 : 2 : 1.2 48 C 0.42 3 2 
1 : 1 : 2.4 48 C 0.38 1 2.5 
1 : 2 : 2 . 4  J 23 C 0.51 4 1  
1 :  1 :  1.2 HOAc* 23 A 0.63 6Components 
1 : l :  1 . 2 t  HOAc 23 A 0.35 2 4 4 1 
1 : 1: 1.2 t CH,CI, 23 A 0.33 1 1 

23 C 0.31 1 

* Dried redistilled solvent. Solvolysis of the product with 
methanolic potassium hydroxide for 2 h gave a mixture similar 
to those formed by iodination with ' wet ' acetic acid. Re- 
action with silver(1) acetate. 

d, J 2 Hz, 2- and 2'-H), rn/e 466 (ATt') and 338 ( M  - I, 
m* 245) ; and (v) 2-iodo-6-methylphenol (3), orange oil, 
6 2.32 (3 H, s, ArMe), 5.30 (1 H, s, OH), 6.57 (1 H, M of 
AMX, J 7.8 Hz, 4-H), 7.10 (1 H, d, showing further splitting, 
J 7.8 Hz, 5-H), and 7.51 (1 H, dd, J 7.8 and 1.5 Hz, 3-H). 

Iodination of m-CresoZ.-The reactions shown in Table 2 

TABLE 2 
Iodination of In-cresol 

Products (x) 
Time Work-up Product (-.-ar, 

Solvent (h) method wt (g) (1) (11) (111) (iv) 
HOAc 48 A 0.55 38 4T 12 5 
CH,Cl, 24 C 0.45 30 50 12 8 
CH,Cl, 48 C 0.52 35 38 13 10 

were carried out with m-cresol (0.32 g, 3.0 mmol), iodine, 
and thallium(1) acetate. Products were isolated by prepar- 
ative t.1.c. and characterised as (i) m-cresol; (ii) 2-iodo-5- 
methylphenol (6), an oil, 6 2.30 (3 H, s, ArMe), 5.30 (1 H, s, 
OH), 6.53 (1 H, dd, J 7.8 and 2 Hz, 4-H), 6.86 (1 H, d, J 
2 Hz, 6-H), and 7.54 (1 H, d, J 7.8 Hz, 3-H); (iii) 2,6-di- 
iodo-3-methylphenol (S), 6 2.44 (3 H, s ,  ArMe), 5.85 (1 H, s, 

TABLE 3 
Iodination of phenol 

Product ratios 
Reactant Work-up Product c-.y*-, 

ratios Solvent method wt (g) (1) (11) (111) (1v) (v) 
1 : 1 : 1 . 2  HOAc A 0.47 4 5 1 
1 : 2 : 2 . 4  HOAc A 0.81 
1 : 3 : 3 . 6  HOAc A 1.07 2 25 2 
1 : 1 : 1.2 CH,Cl, C 0.41 1 3  2 

2 1  

OH), 6.57 ( 1  H, d, J 7.8Hz, 4-H), and 7.54 (1 H, d, J 7.8Hz, 
5-H) ; and (iv) 2,4,6-tri-iodo-3-methylphenol (9), 6 2.38 
(3 H, s, ArMe), 5.92 (1 H, s, OH), and 8.0 (1 H, s, 5-H). 

Iodination of Phenol.-The reactions shown in Table 3 

l5 B. Klimenko, 2. phys. Chem., 1897, 23, 552, 688; W. Bray, 

l6 V. Cofman, J. Chenz. Soc., 1919, 1040. 
l7 T. Selivanov, Ber., 1894, 27, 1012. 
l* E. Grovenstein and N. S. Aprahamian, J .  Amer.  Chem. Soc., 

ibid., 1906, 54, 463. 

1962,84, 212; A. R. Butler, J .  Chem. Educ., 1971, 48, 508. 
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were carried out with phenol (0.28 g, 3.0 mmol), iodine, and 
thallium(1) acetate for 20 h. Products were isolated by 
preparative t.1.c. and characterised as (i) phenol; (ii) 2-iodo- 
phenol (lo), m.p. 42-43" (lit.,s 43"), 6 4.90br (1 H, s, OH), 
and 6.5-8.0 (4 €3, m, ArH) (cf. ref.7) ; (iii) 2,4-di-iodophenol 
(12), m.p. 70-71' (lit.,s 72-73"), 6 5.40br (1 H, s, OH), 6.80 
(1 H, d, J 8.8 Hz, 6-H), 7.53 (1 H, dd, J 8.8 and 1.8 Hz, 
5-H), and 7.98 (1 H, d, J 1.8 Hz, 3-H); (iv) 2,4,6-tri-iodo- 
phenol (13), m.p. 161" (lit.,8 156-158'), 6 5.81 (1 H, s, OH), 
and 8.0 (2 H, s, 3- and 5-H) ; and (v) 2,6-di-iodophenol ( l l ) ,  
m.p. 65.5-67.5' (lit.,' 68O), 6 5.78br (1 H, s, OH), 6.42 (1 H, 
t ,  J 7.8 Hz, 4-H), and 7.72 (2 H, d, J 7.8 Hz, 3- and 5-H). 

Iodination of p-CresoZ.+-Cresol (0.32 g, 3.0 mmol) was 
treated with iodine and thallium(1) acetate in acetic acid. 
Work-up by method A gave an orange oil (0.61 g) which was 
separated by preparative t.1.c. into (i) 9-cresol (48%); (ii) 
2-iodo-4-methylphenol (14) (26%), 6 2.27 (3 H, s, ArMe), 

J 8 and 2 Hz, 5-H), and 7.52 (1 H, d, J 2 Hz, 3-H); and (iii) 
2,6-di-iodo-4-methylphenol (15) (26%), needles (from ether), 
m.p. 59-59.5" (lit.,4 60°), 6 2.24 (3 H, s, ArMe), 5.61 (1 H, s, 
OH), and 7.53 (2 H, s, 3- and 5-H). Repetition with sub- 
strate : iodine : thallium(1) acetate ratios of 1 : 2 : 2.4 and 
work-up by method B gave a mixture which was shown by 
g.1.c. to  contain (i) p-cresol(2yo) ; (ii) 2-iodo-4-methylphenol 
(46%) ; and (iii) 2,6-di-iodo-4-methylphenol (52%). 

Iodination of Methyl 12-Hydroxypodoca~pa-8,11,13-trien- 
lg-oate.-Methyl podocarpate (0.29 g, 1.0 mmol) was treated 
with iodine and thallium(1) acetate in acetic acid and the 
mixture was heated a t  cu. 50 "C for 2 h. Work-up by 
method A gave an orange oil (0.40 g) which was separated by 
preparative t.1.c. (chloroform) to give starting material 
(trace) and methyl 12-hydroxy-13-iodopodocarpa-8,11,13- 
trien-19-oate (1 7), which crystallised from chloroform- 
pentane as cream needles (0.25 g, 61%), m.p. 170-173' 
(lit.,s 174-175'), vmx. 3 510 (OH) and 1718 cm-l (CO,Me), 
6 1.03 (3 H, s, 10-Me), 1.30 (3 H, s, 4-Me), 1.20-2.87 (11 H, 
m, CH,), 3.63 (3 H, s, CO,Me), 5.07 (1 H, s, OH), 6.80 (1 H, 
s, 11-H), and 7.16 (1 H, s, 14-H); acetate, m.p. 182.5-183" 
(lit.,8 183-184'). 

Iodination of Totara-8,11,13-trien-l3-oZ.-Totarol (0.41 g, 
1.6 mmol) was treated with iodine and thallium(1) acetate in 
acetic acid and the mixture was worked up by method A to  
give an orange oil (0.56 g) which was chromatographed on 
silica gel. Elution with benzene gave 12-iodototara-8,11,13- 
trien- 13-01 (20), which crystallised from ethyl acetate as 
irregular crystals (70y0),  m.p. 143-144' (Found: C ,  58.2; 
H, 7.0; I, 30.9. C,,H,,IO requires C, 58.3; H, 7.1; I, 
30.8%), [~i],,~~ +57.9" (G 0.85), v- 3 520 cm-l (OH), 6 0.92 
and 0.94 (6 H, 4-Me2), 1.16 (3 H, s, 10-Me), 1.31 (6 H, d, J 
7 Hz, 15-Me2), 5.09 (1 H, s, OH), and 7.43 (1 H, s, 11-H). 

Iodination of Anisole.-Anisole (1.3 g, 5.0 mmol) was 
treated with iodine and thallium(1) acetate in acetic acid for 
48 h and the mixture was worked up by method B to give a 
yellow oil (0.18 g). Preparative t.1.c. gave anisole (34%) 
and 4-iodoanisole (66y0), m.p. 48-50.5" (lit.,lQ 51-52'). 
The n.m.r. spectrum was identical with that recorded.20 

5.23 (1 H, S, OH), 6.87 (1 H, d, J 8 Hz, 6-H), 7.08 (1 H, dd, 

The yield was not improved by refluxing the mixture for 
6 h, or by using method A in the work-up. 

Iodination of NN-DimethyZaniZine.-NN-Dimethylaniline 
(0.73 g, 6.0 mmol) was treated with iodine and thallium(1) 
acetate in acetic acid. A blue-purple solution was obtained 
from which the colour (Methyl Violet) was extracted into the 
aqueous phase during work-up by method A. The product 
(0.87 g) was separated by preparative t .l.c. (benzene-hexane) 
into (i) 4,4'-methylenebis-(NN-dimethylaniline) (24), 6 2.90 
(12 H, s, NMe), 3.83 (2 H, s, CH,), 6.70 (4 H, d, 3-, 3'-, 5-, 
and 5'-H), and 7.33 (4 H, d, 2-, 2'-, 6-, and 6'-H) ; (ii) an un- 
stable green oil which rapidly turned purple (Methyl Violet) ; 
and (iii) 4-iodo-NN-dimethylaniline (2 1), which crystallised 
from methanol as fine plates, m.p. 77" (lit.,lo 79"), 6 2.97 
(6 H ,  s, Me), 6.51 (2 H, d, J 9.5 Hz, 3- and 5-H), and 7.50 
(2 H, d, J 9.5 Hz, 2- and 6-H) ( c j .  ref. 20). The ratio of (iii) 
to  (i) was 5 : 2. Both fractions gradually turned purple 
when left in ether solution. 

Iodination of N-MethyZaniZine.-N-Methylaniline (0.64 g, 
6.0 mmol) was treated with iodine and thallium(1) acetate in 
acetic acid for 50 h. The aqueous phase turned purple 
during the extraction into ether. Work-up by method A 
gave a mixture of a t  least five components (t.1.c.). The 
n.m.r. spectrum showed that the major product was 9-iodo- 
N-methylaniline: 6 2.83 (3 H, s, Me), 3.23 (1 H, s, W )  4 Hz, 
NH), 6.40 (2 H, d, J 9 Hz, 3- and 5-H), and 7.46 (2 H, d, J 
9 Hz, 2- and 6-H). Attempted isolation of other com- 
ponents resulted in their decomposition. 

TABLE 4 
Iodination of aniline 

Products (%) 
Reactant Time Work-up Product r-:-, 

ratios Solvent (h) method wt (g) (I) (11) (111) 

17 A 0.85 10 82 8 
48 A 1.12 2 90 7 
60 A 1.02 86 15 
23 B 0.98 6 84 10 
48 C 0.89 10 67 22 

C 0.94 12 75 13 48 

1 ; 1 : 1.2 

1 : 1 : 1.2 
1 : l : O  
1 : 1 : 1.2 
1: I : 1.2 )CH2c1z 

Iodination of Aniline.-The reactions shown in Table 4 
were carried out with aniline (0.47 g, 5.0 mmol), iodine, and 
thallium(1) acetate. Products were isolated by preparative 
t.1.c. and characterised as (i) aniline ; (ii) 4-iodoaniline, m.p. 
59-62' (lit.,6 62-63'), 6 3.36br (2 H, s, NH,), 6.45 (2 H, d, 
J 9 Hz, 2- and 6-H), and 7.41 (2 H, d,  J 9 Hz, 3- and 5-H) ; 
and (iii) 2,4-di-iodoaniline, m.p. 91-94' (lit.,6 95-96'), 
64.07br (2H, s, NH,), 6.50 (1 H, d, J 9Hz, 6-H), 7.37 (1 H, 
dd, J 9 and 2 Hz, 5-H), and 7.90 (1 H, d, J 2 Hz, 3-H). 
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