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Abstract: Three easy eco-friendly laboratory procedures are pre-
sented for the oxidative iodination of various activated and deacti-
vated arenes with molecular iodine, in the presence of UHP
(percarbamide), a stable, strongly H-bonded, solid urea-hydrogen
peroxide adduct as the oxidant.
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Aromatic iodides are widely used in organic synthesis;
hence many different methods, direct and indirect, or their
improvements, have been reported for their effective
preparation.? Moreover, they are able to form alarge vari-
ety of stable aromatic hypervalent iodine compounds,
which have found increasing applications in modern or-
ganic synthesis.® Our two latest reviews*® relate and ex-
plain avariety of aromatic iodination methods devised in
our laboratory, aswell as our novel methods of preparing
several classes of aromatic hypervalent iodine com-
pounds, easily attainable from aromatic iodides.

Previously, in a series of experimental work (related and
explained in Ref.*¥) we oxidatively iodinated/diiodinated
anumber of activated and deactivated aromatics (mostly
arenes, ArH) with either iodine(l) species |, or iodine(l11)
species 1%, as intermediates, generated from diiodine
mostly in anhydrous AcOH/Ac,O/conc. H,SO, (acatalyst
and reagent) mixtures. So far we have used the following
oxidants for this purpose: pure Pb(OAC), or that prepared
in situ from minium (Pb;0,),° CrO;,” KMnO, or activated
MnO,,2 NalO, or NalO,,° and (diacetoxyiodo)benzene.X®
In the present work we have used a stable solid ureahy-
drogen peroxide addition compound (UHP) as the safe
and eco-friendly oxidant. The strongly H-bonded* UHP
(H,NCONH,---H,0,), known since 1906, is nowadays
commercially available,*® and its applications in organic
and analytical chemistry, aswell asin industry, are quick-
ly widening. Likewise as sodium percarbonate and sodi-
um perborate, UHP may be considered as a ‘dry carrier’

FtOAc

of the hazardous and unstable hydrogen peroxide, is easy
to handle, safe and stable at room temperature. Its ability
to release oxidative species in reaction media has made it
auseful reagent in organic synthesis.** However, nobody
has so far used UHP as the oxidant in the oxidative iodi-
nation reactions of aromatics, which is the aim of our
present work.

At first, we have tried to oxidatively iodinate several aro-
matic amines, easily oxidizable by most of the oxidants,
hence, e.g. primary and secondary aromatic amines were
usually oxidatively iodinated as N-acyl derivatives.? Pre-
viously,® we succeeded to oxidatively iodinate N,N-dime-
thylaniline (in 65% yield), but for some reason we failed
to likewise iodinate N,N-diethylaniline and aniline. Chen
and co-workers* oxidatively iodinated six aromatic
amines, within 12 hours a room temperature, with a ho-
mogeneous mixture of KMnO,/conc. agqueous HI/MeCN,
and obtained para-substituted products in high yields
(71-78%). Quite recently,™ a new, eco-friendly method
for iodination of eectron-rich aromatics (some phenols
and their O-methy! ethers, acetanilide, and three aromatic
amines) has been published, with a KI/K10; mixture dis-
solved in aqueous methanol, and treated with dilute hy-
drochloric acid. The reactions were run for 2-3 hours
under ambient conditions to give the purified productsin
65-99% isolated yields. For example, aniline, N,N-dime-
thylaniline, and 4-nitroaniline were monoiodinated in 65,
83, and 96% yields, respectively. Only the iodination of
aniline gave a mixture of para- and ortho- iodoaniline in
a ratio of 90:10 as established by GC analysis. In the
present work, we have succeeded to oxidatively iodinate
seven exemplary aromatic amines (in 41-92% yields) by
carrying out the reactions, in the presence of UHP as the
oxidant, in neat ethyl acetate (at room temperature for 30
minutes, and then at 45-55 °C for 1-3 hours), but in the
absence of conc. H,SO, (a catalyst). The stoichiometry
shown in Scheme 1 is obeyed in our Procedure 1.

2ArH + 1 — [urca) HaOr — "5 > 2 Arl + [urea] + 2 11,0 (1)

r.t.0.5h;
then 43-55°C, 1-3 h

Scheme 1
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Supposedly, only some transient iodine(l) species, |* are
acting there as weak electrophiles. The main iodination
reactions were completed when the iodine coloration fad-
ed. Then, the cooled mixtures were poured into excess
aqueous Na,SO; solutions to possibly destroy unreacted
diiodine and any oxidizing species. The following simple
workups, purification procedures, and final yields of the
purified iodinated products are explained in the experi-
mental section, and are listed in Table 1, respectively. To
attain the oxidative diiodination of aniline, we used half of
the amount added to the starting reaction mixture (with re-
spect to that used for its monoiodination), which resulted
in 58% yield of pure 2,4-diiodoaniline.

Recently, we havetried to accel erate the above reactions
with microwave irradiation, under an externaly attached
reflux condenser. We have established that better results
are obtained by replacing ethyl acetate with chloroform as
the solvent of choice. The microwave assisted oxidative
iodination reactions of seven arylamines, with UHP asthe
oxidant, afforded somewhat lower yields than those pre-
sented in Table 1, but the reaction timeswere shortened to
only 10 minutes.

Next, we have devised apossibly optimized method appli-
cable for the oxidative monoiodination of benzene, ha
lobenzenes, acetanilide, uracil, 4-nitrotoluene, 4-
nitroanisole, 4-acetylaminobenzoic acid, anisic acid and
its methyl ester, aswell asfor the diiodination of benzene,
in the presence of UHP as the oxidant. As previously,”1°
the oxidative iodination reactions were carried out in an-
hydrous mixtures of glacial acetic acid with acetic anhy-
dride, with suspended UHP and diiodine, and acidified
with varied quantities'” of conc. (98%) H,SO, added
dropwise to the reaction mixtures, while keeping the tem-
perature at 10-15 °C (see experimenta). The stoichiome-
try given in Scheme 2 is obeyed in our Procedure 2.

Some intermediate iodine(l) species I*, are supposedly
acting as the iodinating agents [in this case, I represents

iodine(l) hydrogensulfate].* After completing the mainio-
dination reactions, carried out within 2 hours at 40 °C, the
strongly acidic final reaction mixtures were poured, after
cooling, into excess agueous Na,SO; solutions. The same
simple workups and purification procedures were applied
asthose in Procedure 1 (see experimental) to give the pu-
rified monoiodinated arenes in 22-87% yields (Table 1).
When benzene was oxidatively diiodinated, we added half
of the amount to the starting reaction mixture (with re-
spect to that used for its monoiodination); the purified 1,4-
diiodobenzene was obtained in 54% yield. However, we
failed to iodinate anisole, in spite of several attempts.

Benzoic acid and its methyl ester, 4-toluic acid, a,o,a-tri-
fluorotoluene, 4-nitrotoluene, as well as (for comparison)
bromo- and iodobenzene were effectively oxidatively
monoiodinated in anhydrous mixtures of glacial acetic
acid with acetic anhydride, acidified with varied
quantities!” of conc. H,SO, (see experimental). UHP was
applied here in a threefold amount in order to generate
more electrophilic iodinating intermediates, I3* in the an-
hydrous and strongly acidic iodinating solutions [in this
case, 1°* representsiodine(l11) hydrogensulfate] . The sto-
ichiometry shown in Scheme 3 is obeyed in our Procedure
3.

After one suspends UHP, an appropriate arene and pow-
dered diiodine in an anhydrous mixture of glacial acetic
acid with acetic anhydride, the conc. (98%) H,SO, should
be added very slowly, with stirring and keeping the tem-
perature at 10-15 °C (strongly exothermic reaction). The
main iodination reactions were carried out for 2 hours at
40 °C, which resulted in the final reaction mixtures con-
taining the assumed, soluble organic iodine(l11) interme-
diates, Arl(OSO;H),,* which were poured, after cooling,
into excess aqueous Na,SO; solutions to destroy any oxi-
dizing and oxidized species and unreacted diiodine
(Scheme 4).

Iy + HyO5 +2 HySOy ——> 2 1(0SO;11) + 2 11,0 (it reacts with Ac,O)

2 Arll + 2 {OSO311) ——> 2 Arl - 211,50,

AcOI/AC,O/11,80,

2 Arll 1 [ 1 [urea] Oy - 2 AcyO W’ 2 Arl + [acclylurca]l‘) +4 AcOH (2)
then 40 °C. 2 h

Scheme 2

12 +3 11202 +6 112504 —_—> 2 l(OSO}I {)3 +6 1120 (lt reacts with ACzO)

2 ArH + 2 [(OSO;H); —— 2 Ar[(OSO;11), + 2 1,80,

AcOH/Ac,0/H,80,
2 AtH + 1, + 3 [urea] “HpyOp + 4 HySO4 + 6 AcyO >
10-15 °C,
then 40 °C, 2 h
——————— 2 Arl(OSO;H), + 3 [acetylurea]* + 12 AcOH 3)
(not isolated)

Scheme 3
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AfI(0SO3H)y + NaySO3 + HyQ e Ar] + 2 NaHSOy + HaS0, %)

(not isolated)

Scheme 4

The crude monoiodinated products were isolated and pu-
rified similarly to those obtained in Procedures 1 or 2 (see
the experimental section) to give pure monoiodoarenesin
18-88% yields. We failed, however to iodinate nitroben-
zene, in spite of many attempts. Using Procedure 3, mod-
ified as above, we diiodinated benzophenone (46%) and,
for comparison, also benzene (44%).

Summing up, our novel easy, relatively inexpensive, and
eco-friendly iodinating Procedures 1-3 presented in this
paper gave mono- or diiodinated products from some
highly activated arylamines, benzene, halobenzenes, and
several activated and deactivated arenes in moderate or
good yields (Table 1). In our opinion, particularly inter-
esting are our iodination experiments with arylamines and
moderately deactivated arenes, except nitrobenzene. It is
also of importancethat no strongly toxic wastesare left af -
ter completing the oxidative iodination reactions reported
in this paper (cf. our two former eco-friendly oxidative io-
dination methods®*°).

The structures of the purified iodinated products (their purity and
homogeneity were also checked by TLC), all known in the litera
ture, were supported by their melting or boiling points (uncorrected)
that were compared with the literature data (Table 1). The structures
were supported by elemental analyses (%), and 'H NMR solution
spectra (not shown here),?® which were compared with the spectra
of authentic samples. Elemental analyseswere carried out at the In-
stitute of Organic Chemistry, The Polish Academy of Sciences,
Warsaw. *H NMR spectrawere run at the Department of Chemistry,
University of Warsaw. The commercial reagents and solvents used
(Aldrich) were purified or dried, if necessary, prior to use. Molecu-
lar iodine should be finely powdered in order to facilitate its disso-
lution in the reaction mixtures.

Possibly Optimized | odinating Procedures

General Procedurel

Applicable for the Oxidative lodination of Some Aromatic Amines:
Finely powdered I, (0.51 g, 2 mmol; 0% excess) [for the diiodina-
tion of aniline, excessl, (0.56 g, 2.2 mmol; 10% excess) was added]
and 98% UHP (0.25 g, 2.5 mmol; 25% excess) were suspended in
neat EtOAc (6 mL). Next, an appropriate arylamine (4.4 mmol;
10% excess) [only 2 mmol (0% excess), when anilinewas diiodinat-
ed] was added and the obtained mixture was stirred for 0.5 h at r.t.,
and then at 45-55 °C for 1-3 h, until the iodine coloration faded.
After cooling to r.t., the reaction mixture was poured into a stirred
solution of Na,SO; (0.5 g, 3.95 mmol) in H,O (70 mL). The precip-
itate was collected by filtration, washed well with cold H,O, air-
driedinthedark, and recrystallized from hexane or EtOH (Table 1).
The oily or semi-solid crude products, sometimes obtained, were
extracted with CHCI; (3 x 10 mL), the collected extracts were dried
(MgSO,) and filtered, the solvent was distilled off, and the solidi-
fied residues were recrystallized from hexane or EtOH (Table 1).

General Procedure?2

Applicable for the Oxidative lodination of Benzene, Hal obenzenes
and Activated Arenes. Finely powdered |, (0.51 g, 2 mmol; 0% ex-
cess) and 98% UHP (0.29 g, 3 mmol; 50% excess) were suspended

inamixture of AcCOH (6 mL) with Ac,O (3 mL). Next, an appropri-
ate arene (4.2 mmol; 5% excess) [only 2.1 mmol (5% excess), when
benzene was diiodinated] was added. The stirred mixture was
cooled to 10 °C, and varied quantities'” (see below) of concd (98%)
H,SO, were dowly added dropwise, with vigorous stirring, while
keeping the temperature at 10-15 °C (exothermic reaction), viz.:

(a) for acetanilide and uracil, 4.00 mL (7.36 g, 75 mmol) of concd
H,SO, was added,;

(b) for benzene, bromobenzene, 4-nitroanisole, anisic acid, and its
methyl ester, 4.27 mL (7.85 g, 80 mmol) of concd H,SO, was add-
ed;

(c) for chlorobenzene and 4-nitrotoluene, 4.53 mL (8.34 g, 85
mmol) of concd H,SO, was added;

(d) for 4-acetylaminobenzoic acid, 5.33 mL (9.81 g, 100 mmol) of
concd H,SO, was added; and

(e) for the diiodination of benzene, 6.93 mL (12.75 g, 130 mmol) of
concd H,SO, was added.

The reaction mixture thus obtained was stirred for 2 h at 40 °C,
cooled tor.t., and poured with stirring into ice-water (50 g) contain-
ing prior dissolved Na,SO; (0.5 g, 3.95 mmol). The crude iodinated
products were isolated, worked up and purified as above in Proce-
dure 1 (Table 1).

General Procedure 3

Applicablefor the Oxidative | odination of Hal obenzenes and Deac-
tivated Arenes. Finely powdered |, (0.56 g, 2.2 mmol; 10% excess)
and 98% UHP (0.87 g, 9 mmol; 50% excess) were suspended in a
mixture of AcOH (8 mL) with Ac,O (4 mL). Next, an appropriate
arene (4 mmol; 0% excess) [only 2.0 mmaol (0% excess), when ben-
zene or benzophenone were diiodinated] was added. The stirred
mixture was cooled to 10 °C, and varied quantities'” (see below) of
conc. (98%) H,SO, were slowly added dropwise, with vigorous stir-
ring, while keeping the temperature at 10-15 °C (exothermic reac-
tion), viz.:

(a) for benzoic acid, 3.20 mL (5.88 g; 60 mmol) of concd H,SO,
was added;

(b) for bromobenzene, iodobenzene, methyl benzoate, and 4-toluic
acid, 4.27 mL (7.85 g; 80 mmol) of concd H,SO, was added;

(c) for 4-nitrotoluene and for the diiodination of benzene, 4.53 mL
(8.34 g; 85 mmol) of concd H,SO, was added;

(d) for the monoiodination of a,a,a-trifluorotoluene and for the di-
iodination of benzophenone, 6.40 mL (11.77 g; 120 mmol) of concd
H,S0O, was added; and

(e) for nitrobenzene, 12.79 mL (23.54 g; 240 mmol) of concd H,SO,
was added, but the following reaction did not proceed.

The reaction mixture thus obtained was stirred for 2 h at 40 °C,
cooled tor.t., and poured with stirring into ice-water (50 g) contain-
ing prior dissolved Na,SO; (2.0 g, 15.8 mmol). The crude iodinated
products were isolated, worked up and purified as above in Proce-
dure 1 (Table 1).

Note: Theyields of the purified iodinated products givenin Table 1
were calculated from the total amounts of those reagents (1, or are-
nes), which were used in the reactions in strictly stoichiometric
quantities (0% excess).
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Table 1 lodinated Pure Products Prepared

Substrate Procedure Product Yield (%)? Mp (°C) (S),? or bp (°C/mmHg); Lit.*¥ mp
(°C), or bp (°C/mmHg)
PhNH, 1 4-1CgH,NH, 64 63-65 (H); 63-65
PhNH, 1 2,4-1,CeHsNH, 58 94-95 (H); 95-96
PhNHMe 1 4-ICH,NHMe 41 29-31 (E); 315
PhNMe, 1 4-1C¢H,NMe, 85 81-82 (E); 82
PhNEL, 1 4-1CH,NEt, 60 26-29 (E); 32
2-MeCgH,NH, 4-1,2-MeC4H5NH, 92 86-88 (H); 88, 91-92
4-1CgH,NH, 1 2,4-1,CeHaNH, 80 95-96 (H); 95-96
2-CIC4H,NH, 1 2-Cl,4-1CgHaNH, 55 70-73 (H): 68, 70-73
PhNHCOMe 2 4-|CgH,NHCOMe 87 183-185 (E); 184
4-RC¢H,CO,H® 2 4-R 3-1-C4H,CO,H® 57 222-224 (W); 230
4-MeOC4H,CO,H 2 3-1,4-MeOC4H,CO,H 38 225-228 (M); 233-234
4-MeOC4H,CO,Me 2 3-1,4-MeOC4H,CO,Me a2 94-96 (N); 95-97
4-O,NC4H,OMe 2 2-1,4-O,NC;H,OMe 81 96-97 (L); 97
4-O,NCgH,Me 2 2-1,4-O,NCH Me 72 54-55 (N); 53-54, 61
uracil 2 5-iodouracil 25 273-274 (E); 272 (dec.)
PhH 2 Ph 45 bp 78-80/25; bp 63-64/8
PhH 2 1,4-1,CeH, 54 127-128 (L); 129
PhH 3 1,4-1,C4H, a4 124-126 (L); 129
PhCI 2 4-CIC;H, 22 54-55 (E); 57
PhBr 2 4-BrCeH,| 83 91-92 (L); 91-92
PhBr 3 4-BrCgH,| 64 89-91 (L); 91-92
Phi 3 1,4-1,CsH, 65 126-128 (L); 129
PhCO,H 3 3-1C¢H,CO,H 81 187-189 (C); 187-188
PhCO,Me 3 3-1C;H,CO,Me 84 50-52 (P); 54-55
4-MeC4H,CO,H 3 3-1,4-MeC4H5COH 88 208-210 (C); 210-212
4-O,NCgH,Me 3 2-1,4-O,NCH;Me 86 53-55 (N); 53-54, 61
PhCF, 3 3-1C¢H,CF; 18 bp 70-72/38; bp 84-88/60
PhCOPh 3 3-1CgH,COCH,I-3 46 141-143 (A); 152-153

aYield of pureisolated product. Satisfactory microanalyses obtained for the purified products: | £ 0.3%,; their purities and homogeneities were
checked by TLC and *H NMR solution spectra (not shown here).°
b S= Solvent used for recrystallization. A: acetone; C: CCl,; E: EtOH; H: hexang; L: EtOH-H,0 (4:1); M: EtOH-H,0 (2:1); N: EtOH-H,0O
(3:2); P: petroleum ether (bp 35-60 °C); W: H,O—EtOH (5:1).

°R=4-MeCONH.
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