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TBHP. The reaction does not involve the use of a metal and base combination. A variety of substituted
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lodoalkynes are useful synthetic precursors in organic chemis-
try! and are found to possess several biological activities.?
Numerous methods have been developed for the preparation of
1-iodoalkynes employing various metal catalysts,> anodic oxida-
tion,* hypervalent iodonium salts,® ionic liquids,® bases,’ phase
transfer catalysts (PTC),® ultrasound,” iodine oxide,'° Grignard re-
agent,'! and n-BulLi.'? Similarly, iodophenols are used as building
blocks for the synthesis of various organic compounds that have
importance in medicine, bio-chemistry, and pharmaceutics'® and
are useful for C-C and C-N bond forming reactions.!* Several re-
ports have appeared for the iodination on phenols using iodinating
agents such as, N-iodosuccinimide, bis(pyridinium)iodonium(I)
tetrafluoroborate (IPy,BF,), iodochloride (ICl), and potassium io-
dide (KI).> Though, these reagents are excellent iodinating agents,
they have disadvantages, like involving the complex synthetic pro-
cesses, use of expensive reagents and moreover generates consid-
erable amount of waste materials.

Molecular halogens and related reagents are well known for
various organic transformations due to their simple operation
and low cost.'® Several reports have appeared recently on the
use of iodine and iodine-based reagents for the electrophilic iodin-
ation of organic compounds.!” The main drawback of these meth-
ods is the use of only 50% of iodine for the iodination. On the other
hand, oxidative-iodination proves to be more promising where
100% iodine atom-economy is achieved. Though some amount of
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work has been achieved on the oxidative-iodination of phenols,
less is explored on the oxidative-iodination of alkynes.

As part of our ongoing study on iodine/iodide-mediated oxida-
tive functionalization, we have recently shown that the catalytic
amount of KI in combination with TBHP works well for the amida-
tion of aldehydes and alcohols, selective oxidation of aromatic
amines to nitro compounds, oxidative conversion of alcohols and
aldehydes into nitriles and oxidative esterification of aldehydes
and alcohols.’® In continuation, we would like to present a mild
and efficient method for the oxidative-iodination of alkynes and
phenols as shown in Eqgs. 1 and 2.

Oxidant _
R-C=C-H + KI R-C=C—I (1)
Solvent
R\
783\ OH + I Oxidant </_\>—OH (2)
= Solvent _\I

Initial optimizations were carried out by treating phenyl acety-
lene under different reaction conditions and the results are tabu-
lated in Table 1. No product was observed with the blank
reactions in the absence of either oxidant or iodine source (Table
1, entries 1 and 2). Under similar reaction conditions, with
1.1 equiv of KI and 1.5 equiv of TBHP, 91% of the desired 1-iodoalk-
yne was obtained (Table 1, entry 3), which clearly proves that both
KI and TBHP are essential for the formation of product. Among the
various solvents screened, methanol provided the best results (Ta-
ble 1, entries 3-7). Reaction with H,0, as an oxidant in both meth-
anol and CH3CN does not yield the required product (Table 1,
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Table 1
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Optimization condition for the synthesis of 1-iodoalkynes®

7\ I, source , oxidant ( ) —
— _ solvent , temp _
S.No. Iodine source (mmol) Oxidant (mmol) Solvent Conversion® (%)
1 KI(1.1) - CHOH —
2 = TBHP (1.5) CH,OH -—
3 KI(1.1) TBHP (1.5) CHsOH 91 (99)
4 KI(1.1) TBHP (1.5) CHsCN 75 (98)
5 KI(1.1) TBHP (1.5) H,0 16 (95)
6 KI(1.1) TBHP (1.5) DCM 04 (96)
7 KI(1.1) TBHP (1.5) PhCH; 53 (70)
8 KI (1.1) H,0, (1.5) CHCN  —
9 KI(1.1) H,0, (1.5) CH;OH 01 (81)
10 L (1.1) TBHP (1.5) CH;OH -°¢

@ Reaction conditions: phenyl acetylene (1 mmol), solvent (3 mL), 6 h, rt.
b Conversion based on GC. Selectivity mentioned in parentheses.
¢ 1,2-Diiodo-vinylbenzene was the major product (72% selectivity).

Table 2
Synthesis of 1-iodoalkynes using KI-TBHP?
Entry  Substrate Product Yield (%)
GC Isolated
2 ;:: — ;:: =1 90 88
4 >©/\\\ ;@% 85 83
1
5 H3CO©E H3CO—©%1 90 89
< \>—: < \>—: 1
6 80 78
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— |
7 65 63
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13 _I_— — 98 97
= I
/\/\//
14 HO /\/\/ 80 79
HO
5 = T\ — g 65 63
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17 >¥Si——: >—Si—:—l 68 66
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entries 8 and 9). We could not observe the desired product when
the reaction was carried out with I, and TBHP, instead we observed
that 1,2-diiodo-vinylbenzene was the major product (Table 1,
entry 10), which was also observed even in the absence of TBHP.

Table 3
lodination of phenols

OH
OH KI, TBHP
methanol , rt I +

a

%

CrL
1

Entry Substrate Product Yield (%)
GC Isolated
OH
1 ©/ [ OH 80 78
OH
I OH
2 71 69
OH I OH
3 @( 82 80
OH
I OH
4 78 76
NO, NO,
OH
I OH
5 82 80
Br Br
OH
I OH
6 89 87
c cl
OH
I OH
7 93 92
¥ F
OH OH OH
3 + a=53 a=51
I I p=22 p=21
(a) (b)
9 72 71
I
Br@OH Br OH
10 58 55
I
F—QOH F OH
11 60 59
I
CIOOH Cl OH
12 66 65
I
OZN—QOH O,N OH
13 66 64
I
OH
14 1 66 65
t-Bu OH
t-Bu OH
15 u 90 88

w

=
w
=

OH

2 Reaction conditions: alkyne (1 mmol), KI (1.1 mmol), TBHP (1.5 mmol), CH;0H

(3mL), 6h atrt.

2 Reaction conditions: phenol (1 mmol), KI (1.1 mmol), TBHP (1.5 mmol), CH;0H
(3mL), 8 hatrt.
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Scheme 1. Synthesis of 5-iodo-1,4-disubstituted-1,2,3-triazoles.

To explore the generality and scope of the reaction, the reaction
was carried out with various aromatic and aliphatic alkynes under
the optimized reaction condition and the results are shown in
Table 2.!° The yields varied from good to excellent for aromatic
alkynes. Generally aromatic alkynes having electron-donating
groups gave excellent yields (Table 2, entries 1-5). Aromatic al-
kynes with electron-withdrawing substituents in ortho position
gave the desired 1-iodoalkynes in moderate yields (Table 2, entries
6 and 7). The reaction proceeds well even with alkynes having dif-
ferent functional groups like alcohol and ether with moderate
yields (Table 2, entries 8 and 9). When a hetero-aromatic alkyne
was taken as the substrate (2-ethynylpyridine), the yield was good
and gave 77% of the desired product (Table 2, entry 10). The yields
were excellent, when iodination was carried out with aliphatic
alkynes having alcohol moiety (Table 2, entries 11-14). Simple
aliphatic alkynes gave moderate yields (Table 2, entries 15-17).

To widen the scope of this methodology, we have applied the
same protocol for the iodination of phenols and the results are
shown in Table 3.2° Good to excellent yields were observed with
both phenols having electron-withdrawing groups and electron-
donating substrates. Usually, iodination takes place at para-posi-
tion. But when a substituent was present at para-position, iodo
substitution occurs at ortho position.

The synthetic utility of 1-iodoalkynes was tested by carrying
out the 1,3-dipolar cyclo-addition between 1-iodoalkynes and ben-
zyl azide resulting in 5-iodo-1,4-disubstituted-1,2,3-triazoles in
very good yields (Scheme 1).2!

On the basis of the above-mentioned results, we tentatively
propose the mechanism as shown in Scheme 2. In the first step
TBHP oxidizes the potassium iodide to generate molecular iodine
and base, which subsequently iodinates phenylacetylene and phe-
nols. This hypothesis was further confirmed by performing the
reaction with iodine under alkaline conditions. For example, the
reaction with phenylacetylene, iodine and base (K,CO3) in 1:1:1 ra-
tio led to 85% of the desired product. On the other hand, 45% of the

Ph—C=CH Ph—C=CI+KI

H,0
2KI + aq. TBHP ——> 1, + 2KOH

~__ -Ho0
HO—@

Scheme 2. Plausible reaction mechanism.

HO—@—I +KI

desired product was observed with 1:0.5:1 ratio of phenylacety-
lene, iodine, and base. Similarly the reaction with phenylacetylene,
iodine, and KOH provided 62% of the desired product. This clearly
demonstrates that under the present oxidative conditions, the gen-
erated KI is oxidized to iodine leading to complete consumption of
iodide, thus accounting for 100% atom-economy of iodide.

In conclusion, we have developed an efficient method for the
synthesis of 1-iodoalkynes and iodophenols with KI and TBHP. This
method does not require the combination of a metal and base. The
synthetic utility of 1-iodoalkynes has been tested for the prepara-
tion of triazoles.
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