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lodination with Potassium Permanganate/Hydroiodic Acid/Acetonitrile
Reagent
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Department of Chemistry, National Taiwan Normal University, Taipei, Taiwan 117, R.O.C.

lIodination of various aromatic amines proceeds smoothly with a preformed homogeneous mixture of
hydroiodic acid potassium permanganate in acetonitrile. para-Substituted products were obtained in high
yields (71-78%) within twelve hours at room temperature.

With a slight modification of the permanganate, hydroiodic acid and substrate ratio, iodination of al-
kynes to vic-dilodoalkenes can be carried out at 60 "C in 65-87% yield.

INTRODUCTION

Aryl iodides are less readily accessible than the other
aryl halides because there are fewer synthetic methods."”
Direct todination of aromatic compounds with molecular io-
dine, which is the least reactive halogen in electrophilic sub-
stitution, is difficult as compared to chlorination and bromi-
nation. Moreover, clemental iodine usually requires purifi-
cation and careful grinding for good results."* Actually
most of the synthetic effort has been placed in converting
molecular iodine into a more active species, for example by
employment of silver(1)** or copper(I)"* ions to polarize
the iodine molecule, making it more electrophilic and more
reactive toward the aromatic substrates. Another approach
requires the use of oxidizing agents,' which transform io-
dine or iodide into a stronger electrophilic species. Of the
available methods for synthesizing aryl iodides, very few
can be extended to free amines,”'® Primary aromatic amines
are usually iodinated as N-acyl derivatives.'

While the use of a sodium hypochlorite and sodium io-
dide mixture offers an excellent method for preparing para-
substituted phenols,'® it is less satisfactory with aromatic
amines. Recently Kajigaeshi and coworkers reported’ the
us¢ of benzyltrimethylammonium  dichioroiodate
(BTMAICL) in the presence of calcium carbonate powder
for the iodination of aromatic amines in CH,Cl-CH;OH.
Yields were usually pood, but the addition of methanot and
powder calcium carbonate might cause problems for com-
pounds sensitive to base or transesterification. Accordingly,
a convenient, complementary and direct synthetic procedure
is in need. In continuation of our recent work in halogena-
tion'' we have found that a proper combination of
KMnQW/HI/CH3;CN (vide infra) is an excellent iodinating
agent for aromatic amines. Application of the cheap and
non-toxic potassium permanganate as an in sity oxidizing
agent, allowed the development of a one-pot synthesis of io-

doaryl amines in high yields.

RESULTS AND DISCUSSION

Addition of hydroiodic acid to a solution of potassium
permanganate in acetonitrile caused instantancous dis-
charge of the purple color of potassium permanganate, and
rapid conversion to a homogencous solution of manganese
complex, Todinaticn of aromatic amines with this mixture
proceeded smoothly at room temperture (ca. 20 °C) in high
yields (Table 1}. This reagent is highly selective for ary-
lamines, but unsuitable for phenots, which undergo oxida-
tive coupling'? easily in the presence of electron transfer
agent. The oxidative power of this reagent is relatively
weak, as it does not affect benzylamine nnder normal reac-
tion conditions. Oxidation to benzatdehyde (54%) occurred
only after heating at 60 °C for 12 hours.

Two special features of the present procedure are: (1)
Monoiodination was observed in all cases studied, (2) ex-
clusive para iodination was observed with all monosubsti-
tuted anilines. 2-Methylanitine and 3-methylaniline yielded
4-iodo-2-methylaniline and 4-iodo-3-methylaniline, respec-
tively. The only orthe iodination observed was with 3-
methoxyaniline, which gave 2-iodo-5-methoxyaniline due
to the combination effects of the powerful eletron donating
amino and methoxy groups. The product was identified as
2-indo-5-methoxyaniline instead of 4-iodo-3-methoxyanil-
ine by nuclear Overhauser difference spectroscopy. In the
NODS experiment, two ortho aromatic proton signals were
observed when the methoxy group was irradiated.

Although the addition of iodine""* to alkynes is a well
documented process, only a few recent works™'®"" con-
cerned with the stereochemistry and selectivity. We found
that a slight modification of the permanganate, hydroiodic
acid and substrate ratio can effect iodination of atkynes to
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Table 1. Iodoanilines Obtained by Using KMnO./HI CH;CN Reagent

Substrates Products Conditions  Yields m.p./ Litm.p./
(C,h) (%) {b.p) {b.p.)
aniline 4-jodoanilin 20,6 76 66-68 6768
N-methylaniline 4-iodo-N-methylaniline 20,6 74 30-31 31"
N,N-dimethylaniline 4-jodo-N,N-dimethylaniline 0,12 77 76-78 78-79"°
2-methylaniline 4-iodo-2-methylaniline 20,12 71 86-87 86-88°
3-methylaniline 4-iodo-3-methytaniline 20,12 74 45-47 46’
3-methoxyaniline 2-iodo-5-methoxyaniline 20,12 75 43-44
benzylamine benzaldehyde 60, 12 54 (180) (178-179)"

diiodoalkenes at 60 "C in 65-87% yield (Table 2). This re-
action was highly stereoselective, depending on the steric
environment of the iriple bond. Only a single sterecoisomer
was obtained as checked by NMR spectra of the crade prod-
ucts. The products were purified by column chromatogra-
phy and the structural confirmations were carried out by 'H
and “C NMR spectroscopy. The regiochemistry was deter-
mined based on the “C NMR chemical shift values of the
vinylic carbons that bear the iodine atom. Namely, the °C
NMR chemical shift values of the vinylic carbons can be es-
timated with the additivity rule reported by Hollins and

. . . 14,19,20
Campos.'*” Comparison with literature values con-

firmed the stereochemistry. Since configurational correc-
tion factor differs widely for (E) vs. (Z)-ditodoalkenes, it is
quite easy to assign the correct stereochemistry (Table 3) by
comparison with literature values of (E)-1,2-diiodo-1-
hexene and (Z)-3,4-diiodo-3-hexene reported by Barluenga,
Rodriguez and Campos.™ Furthermore, we have also used
the 'H chemical shift of terminal alkenes'® to obtain better
agreement with configuration assignments (Table 4). These
results gave affirmation to the assigned stereochemistry of
the known compounds,”'** and provided reasonably con-

Table 2. Diiodoalkenes Obtained by Using KMnO4/HI CH3CN Reagent

Substrates Products Isolation 3¢ of I-attach
yield (%) {C2,CI)
I-nenyne (¥)-1,2-diiodo-1-nonene 78 104.4,78.8
1-dodecyne {F)-1,2-dilodo-1-dodecene 87 104.2, 78.6
cylohexylacetylene® {Ey-cyclohexyl-1,2-diiodoethene 75 114.4,76.4
2-methyl-3-butyn-2-o] (E)-3,4-diiodo-2-methyl-3-buten-2-ol 65 114.2,76.0
phenylacetylene (E)-aB-diiodostyrene 71 96.2, 80.8**
1-phenyl-1-propyne® (Z)-o.,B-diiodo-o-methylstyrene 7 96.3, 95.6"
4-octyne (£)-4,5-diiodo-4-octene 76 102.2, 1022
diphenylacetylene® no reaction
Reaction was carried out at 60 °C for 20 hours; except 24 hours for a and 48 hours for b.
Table 3. Observed and Calculated '°C NMR Chemical Shifts of 1,2-Diiodoalkenes
Products Observed Caled. Z Caled. E Assign
C1,Cc2 Ccl1,C2 1,02
(E)-1,2-diiodo-1-nonene 104.4, 78.8 118.1, 94.6" 101, 77.5% E
(E)-1,2-diiodo-1-dodecene 104.2, 78.6 118.1, 94.6'° 101, 77.5"% E
(E)-cyclohexyl-1,2-diiodoethene 114.4,76.4 126.2,91.5'¢ 109.1, 74.4'3 E
{E)-34-diiodo-2-methyl-3-buten-2-0l ~ 114.2, 76 126.2,91.5" 109.1, 744" E
(E)-o,B-diiodostyrene 96.2,80.8 109,85.5" 96.2, 80.9" E"
(Z)-0B-diiodo-ct-methylstyrene 96.3,95.6 100, 97.4% 84.5,81.34 z*
(Z)-4,5-diiodo-4-octene 102.2, 1022 102.3, 102.3% 86.4, 86.4" Z
(E)-1,2-diiodo-1-hexene 1054, 80.9% 118.1,94.6' 101, 775" B
(Z)-3,4-diiodo-3-hexene 103.7, 103.7% 102.3, 1023 86.4, 86.4' z°
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Table 4. Observed and Calculated "H NMR Chemical Shifts of 1.2—Dii0doalkenesm

Products Obscrved Caled. 2% Caled. E* Assign
{E)-1,2-diiodo-1-nonene 6.80 1.05 692 E
{(E)-1,2-diiodo-1-dodecene 6.80 705 6.92 E
{E)-cyclohexyl-1,2-dliodo-ethene 6.80 7.05 6.92 E
{E)-3,4-dilodo-2-methyl-3-buten-2-ol 720 726 7.18 E
(E)-at, B-diiodostyrene 726 7.63 7.13 E*
(E)-1,2-diiodo-1-hexens 6.7° 7.05 6.92 E

clusive assignments for new products. Based on compari-
son of their observed and calculated 'H and °C NMR data,
all terminal alkynes studied gave (E)-1,2-diiodoalkenes.
For (E)-o,B-diiodostyrene, our calculated values are identi-
cal to that reported by Hollins and Campos."*

Terminal alkynes underwent anti-addition, while in-
ternal alkynes gave syn-adducts, although diphenylacety-
lene was unreactive. The stereochemistry depended on
starting atkynes in concordance with the steric and elec-
ronic effects of the substitutents on the triple bond. The
role of manganese was unclear, but a simple mixture of hy-
droiodic acid, iodine and manganese(I1) bromide in acetoni-
wrile is not effective. lodimation of 2-methyl-3-butyn-2-ol
gave the simple addition product without affecting the hy-
droxyl group. Thuas our method provides a direct route 10
3,4-diiodo-2-methyl-3-buten-2-ol.

CONCLUSION

Starting from readily available and inexpensive potas-
sium permanganate, hydroiodic acid and acetonitrile, the
present procedure provides a convenient, simple regiospeci-
fic and high yielding method for preparing monoiodoanili-
nes. With a slight modification in reagent/substrate ratio,
this reagent.converts alkynes to vic-diiodoalkenes in high
yields and with high regio- and stereospecificity. Isolation
procedures are simple because only one stereoisomer was
obtained.

EXPERIMENTAL SECTION

IR spectra {neat or KBr pellet) were run on a JASCO-
IR-700 spectrometer. 'H and '*C NMR were recorded on
JEOL-JNM-EX-400 spectrometer; chemical shifts are re-
ported in parts per million (8} downfield from TMS. Mass
spectra (EI) were recorded on either a JEOL-IMS-D 300 or
a Finnigan TSQ-700 spectrometers, operating at an ionizing

voltage of 70 eV. Melting points were recorded on a Mel-
temp. instrument and were uncorrected. Elemental analyses
were performed with Heracus CHN-O RAPID and Tacussel
Coulomax Instruments by National Cheng Kung University.

KMnO, and HI (E. Merck, analytical grade) were used
without purification. Aromatic amines and alkynes
(Aldrich, reagent grade) were purified by distillation or re-
crystallization before use.

General Procedure for Formation of Iodoanilines

To a mixture of KMnOs (0.395 g, 2.5 mmol) and
CH;CN (80 mL) in a round-bottomed flask under magnetic
stirring was added HI {(57%, 1.65 mL, 12.5 mmol). Stirring
continued for § more min and followed by addition of the
substrate (10 mmol). The reaction usvally last 6 o 12hat
room temperature (ca. 20 “C). Which can be monitered by
TLC (silica gel, CHCl as eluent). After the solvent was re-
moved under vaccum, CHCls (100 mL) was added to the
mixture, the colloidal salts was then filtered. After concen-
tration of the filtrate the product was purified by passing
through a column of silica gel (2.5 cm x 10 ¢m, E. Merck 70-
230 mesh) using CH2Cl as eluent. These products dis-
played satisfactory spectroscopic properties ('H and °C
NMR and MS). Bp or mp values are listed in Table 1.

2-lTodo-5-methoxyaniline

Yield: 1.88 g (75%); mp 43-45 "C. TR vmax (KBr)
1456, 3336 (m, N-H), 1613 (s, N-H), 1596, 1487 (s, aro-
matic C=C), 1295 (s, C-N), 828, 774 (s, aromatic C-H) cm;
'H NMR (CDCls) § 7.47 (4, 1H, J = 8.8 Hz aromatic H meta
to NHy), 6.31 {(d, tH, J =2.5 Hz aromatic H ortho 1o NHz),
6.26 (dd, 1H, J = 8.8, 2.5 Hz aromatic H para to NHz), 4.06
(s, 2H, NHy), 3.73 (s, 3H, OCHa); MS m/z(%) 249 (M*,
100); Anal. Caled. for C;H:INO: C, 33.74; H, 3.24. N, 5.62;
Found: C, 33.68; H, 3.26; N, 5.60.

General Procedure for the Formation of vic-Diiodoalke-
nes
The addition of alkyne (10 mmol) was carried out
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similarily to that described for iodoanilines, except that the
KMnO4/HI ratio is 3 mmol/25 mmol, for reaction of 10
mmol substrate. After the reaction mixture was stirred mag-
netically for 20-48 h at 60 °C, solvent was removed urlder
vacuum. The residue was dissolved in CHCl; (100 mL),
washed with 10% aqueous potassium iodide (3 x 50 mL)
and dried (MgSQ,). After evaporation of CHCl; the residual
oil was purified by passing through a alumium foil covered
column of silica gel (2.5 cm x 10 cm, E. Merck 70-230
mesh) and eluted with CHCls/hexane = 1 : 1 to give the pure
product.

(E)-1,2-Diiodo-1-nonene

Yield: 2.95 g (78%); thermally unstable and light sen-
sitive. TR Vmax (neat) 3072 (m, =C-H), 1215 {m, =C-I}, 1115
(m, =C-) cm™; "H NMR (CDCls) 8 6.80 (s, LH, =C-H), 2.50
(t, 2H, J = 7.3 Hz, =C-CH,), 1.54 (m, 2H, =C-CH;-CHy),
1.33 (m, 8H, 4Cl1L), 0.89 (1, 31, J = 6.4 Hz, CHa); MS m/z
(%) 378 (M™, 83); Anal. Calcd. for CoHyel,: C, 28.59; H,
4.27, Found: C, 28.82; H, 4.23.

(F)-1,2-Diiodo-1-dodecene

Yield: 3.65 g (87%); thermally unstable and light sen-
sitive. IR Vmux (neat) 3074 (m, =C-H), 1213 (m, =C-I), 1117
(m, =C-I) cm™; "H NMR (CDCls) 8 6.80 (s, IH, =C-H), 2.50
(t, 2H, J = 7.3 Hz, =C-CHz), 1.54 (t, 2H, J = 7.3 Hz, =C-
CHp-CHz), 1.32 (m, 14H, 7CH>), 0.88 (t, 3H, J = 6.3 Hz,
CHs);, MS m/z (%) 420 (M™, 90); Anal. Caled. for CpHasl,:
C, 34.31; H, 5.28; Found: C, 34.34; H, 5.37.

(E)-1-Cyclohexyl-1,2-diiodoethene

Yield: 2.82 g (75%). IR v (neat) 3060 (m, =C-H),
1218 (m, =C-1), 1058 (m, =C-I) cm™'; 'H NMR (CDCls) &
6.80 (s, 1H, =C-H), 2.08(ut, 1H, J = 12.7, 13.2 Hz, =C-CH),
1.8 (d, 2H, J = 12.7 Hz, =C-CH-CH.), 1.7 (d, 2H, J = 13.2
Hz, =C-CH-CH), 1.1-1.6 (i, 6H, 3 CHy); MS m/z (%) 362
(M™, 67); Anal. Caled. for CsHyuals: C, 26.54; H, 3.34:
Found: C, 26.71; H, 3.27.

(E)-3,4-Diicdo-2-methyl-3-buten-2-ol

Yield: 2.19 2 (65%); mp 51 "C. IR vy (KBr) 3276 (5,
OH), 3054 (m, =C-H), 1245 (m, =C-I), 1163 (m, =C-1) cm”
'"H NMR (CDCls) § 7.20 (s, 1H, =C-H), 2.32 (s, 1H, OH),
1.62 (s, 611, 2 CHs}; MS m/z (%) 338 (M™, 100); Anal.
Calced. for CsHgl,O: C, 17.77; H, 2.39; O, 4.73; Found: C,
17.78; H, 2.39, 0, 4.79.

(Z)-4,5-Diiodo-4-octene
Yield: 2.76 g (76%); IR Vi (neat) 1232, 1109 cm™; 'H

Chen et al.

NMR (CDClL:) §2.70 (¢, 4H, J=7.5 Hz, 2 =C-CH,), 1.60 (m,
4H, 2 =C-CH,-CHo), 0.98 (t, 6H, J= 7.8 Hz, 2 CH,-CH.);
MS m/z (%) = 364 (M™, 100); Anal. Calced. for Cslliala: C,
26.40; H, 3.88, Found: C, 26.42; H, 3.85.
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