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Sodium p-Toluenesulfinate/KI-Mediated Aerobic Oxidative lodination
of Terminal Alkynes for Synthesis of 1-lodoalkynes and 1,3-Diynes

Zhou, Peng* Feng, Shangwei Qiu, Huihua Zhang, Jiantao™
(College of Chemistry, Guangdong University of Petrochemical Technology, Maoming, Guangdong 525000)

Abstract A practical and environmentally friendly protocol for the synthesis of 1-iodoalkynes was developed via sodium
sulfinate-KI mediated aerobic oxidative iodination of terminal alkynes. This transformation features simple operation, high
efficiency, broad functional-group tolerance and mild reaction conditions. Especially, dioxygen was used in these reactions
which avoided the addition of hazardous or toxic oxidants. Moreover, for the purpose of increasing the synthetic utility of this
method, an efficient transition-metal-free synthetic approach to symmetrical 1,3-diynes was developed via the iodination/ ho-
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mocoupling of terminal alkynes in a one-pot manner.
Keywords
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1 Introduction

Due to the synthetic adaptability, 1-iodoalkynes have at-
tracted considerable attention as key precursors and build-
ing blocks in the field of organic chemistry and material
chemistry.!! What’s more, some 1-iodoalkynes have po-
tential applications in the preparation of radio-iodinated
probes for imaging applications."”! In view of their broad
significance, many studies have been directed toward the
development of efficient methods for their preparation.”
Among the known synthetic methods, the direct oxidative
iodination of terminal alkynes, as a most straightforward
approach, has been extensively explored. As classical io-
dinating reagents, molecular iodine can react with terminal
alkynes with the assistance of Ag(I) salts,”* Cu(I) saltst*"!
and bases**? to access the corresponding 1-iodoalkynes

* Corresponding author. E-mail: zzd83@aliyun.com; 1351248781 @qq.com

(Scheme 1, path a). Indeed, taking the advantages of high
reactivity, mild conditions and excellent selectivity, hy-
pervalent iodonium saltssuch as PhI(OAc),,”) N-iodosuc-
cinimide,'”  bis(sym-collidine)iodine(I) hexafluorophos-
phate,’”” HMBMIBDCI (an ionic liquid iodinating rea-
gent)® and Me;SI(OAc),,”’ as iodinating reagents and
oxidants, can also be used for the direct oxidative io-
dination of terminal alkynes (path b). To develop economic
and environmentally benign oxidative reactions, the use of
iodide salts like KI, Nal, Znl, and (n-Bu)4NI as iodo-
sources is highly attractive, owing to the low cost and low
toxicity of these compounds. In this regard, several proce-
dures have been documented for the similar transformation
with iodide salts as the iodo-source by anodic oxidation!'”
or in the presence of oxidants, such as bis(trimethylsilyl)
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peroxide (BTMSPO),""™ #-butyl hydroperoxide (TBHP),!''"
PhI(OAc),,!"'! oxone,"'" chloramine salt,!''®! fers-butyl
nitrite!"'" and copper(Il) sulfate’®” (path c). Though signif-
icant progresses have been made, some crucial issues have
remained fairly unsolved, including the harsh reaction
conditions and the use of large amounts of hazardous oxi-
dants and iodo-sources which makes them environmentally
unfavourable. Thus, any pratical and environmentally
friendly access to provide 1-iodoalkynes with good func-
tional group compatibility in high yields would be extraor-
dinarily valuable. Recently, some iodine or iodide salt/
green oxidant systems were proved to be effective in the
construction of C—X (X=0, N, S, etc.) bonds.!" Inspired
by these works, we sought to develop a more efficient and
straightforward route to 1-iodoalkynes with low cost and
low toxicity iodo-sources and oxidants. There is no doubt
that dioxygen is the cheapest and most environmentally
friendly oxidant. In line with our interests in alkynes,'"* we
herein disclose a sodium sulfinate/ KI-mediated oxidative
iodination of terminal alkynes to 1-iodoalkynes with diox-

ygen.

Path a: I /strong base

Path b: hypervalent iodonium salts

Path c: KI/[O] (PhI(OAc),, chloramine
salt, TBHP and copper(ll) sulfate, etc.)

This work: Kl/air/TolSO,Na/EtOH

¥ Green oxidant: O, from air
i}Green jodo-source: Kl
i}Green solvent: EtOH

¥ At room temperature

Scheme 1 Direct oxidative iodination of terminal alkynes to 1-
iodoalkynes

2 Results and discussion

At the outset of our studies, phenylacetylene (1a, 0.5
mmol) was employed as a model substrate to react with KI
(1.2 equiv.) to identify the optimal reaction conditions, and
the results were summarized in Table 1. Initially, the
reaction was explored by examining the iodination of 1a
with KI in methanol under air condition at room
temperature. Not surprisingly, no desired product (2a) was
obtained under such conditions (Tablel, Entry 1). It was
delighted to find that 67% yield of 2a could be afforded
when the reaction was carried out with sodium
p-toluenesulfinate (TolSO,Na, 1 equiv.) as an additive
(Entry 2). Encouraged by the promising result, the amount
of TolSO,Na was subsequently examined, and the results
showed that 1.5 equiv. of TolSO,Na gave the best results
(Entries 3~5). Then, various iodide salts such as Nal, Znl,
and NHyl were screened, but none of them could give
comparable results as the run with KI (Entry 4 vs Entries
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6~8). As the next optimization step, the solvent effect was
examined by screening a variety of reaction media (Entries
9~15). It could be found that the solvent played a
significant role in the process of this reaction. Among all
the tested solvents [C,HsOH, CH3;CN, CH,Cl,, p-xylene,
N,N'-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO) and H,0], C,HsOH showed the highest efficiency
for the present transformation (Entry 9). In addition, a
control experiment confirmed that the target product was
not observed when the reaction was carried out under N,
atmosphere (Entry 16), suggesting that O, is essential for
the reaction. Thus, the optimized reaction conditions were
affirmed as follows: 1.2 equiv. of KI as iodo-source, 1.5
equiv. of TolSO,Na as the additive in C,HsOH at room
temperature under air atmosphere.

Table 1 Screening of reaction conditions”

iodide salt
TolSO,Na
Ph———H Solvert Ph———I
12 airrt,5h 2a
Entry lodide salt n(TolSO,Na)/mmol  Solvent Yield®/%
1¢ KI — CH;O0H NR
2 KI 0.5 CH;0H 67
3 KI 0.6 CH;OH 80
4 KI 0.75 CH;0H 89
5 KI 0.85 CH;0H 88
6 Nal 0.75 CH;0H 85
7 Znl, 0.75 CH;O0H 68
8 NH,I 0.75 CH;OH 64
9 KI 0.75 C,H;0OH 93
10 KI 0.75 CH;CN 87
11 KI 0.75 CH,Cl, 84
12 KI 0.75 p-Xylene 83
13 KI 0.75 DMF Trace
14 KI 0.75 DMSO Trace
15 KI 0.75 H,O Trace
167 KI 0.75 C,H;OH  Trace

“ Reaction conditions: 1a (0.5 mmol), iodide salt (0.6 mmol), TolSO,Na in
solvent (4 mL) at room temperature under air condition. ® Isolated yield. ¢ NR
is no reaction. ¢ Under N; (with a balloon, 101 kPa).

Under the optimized reaction conditions, a range of ter-
minal alkynes 1 were applied in the transformation to es-
tablish the scope and generality of this protocol (Table 2).
It was noticed that various aryl- and alkyl-substituted ter-
minal alkynes were found to be suitable substrates for the
TolSO,Na-mediated aerobic oxidative iodination. A series
of substituted phenylacetylenes bearing electron-rich
groups (Me, Et, n-Pr, i-Pr, OMe, t-Bu, OCF; and N(CHs),)
and electron-poor groups (F, Cl, Br, CN and CF;) were
found to be suitable substrates for this reaction, and the
corresponding 1-iodoalkyne products 2a ~ 2q were
achieved in good yields (80%~92%). Notably, halo sub-
stituents (F, Cl and Br), trifluoromethoxy, methoxy and
cyano groups were also compatible with this transfor-
mation which might offer the opportunity for further syn-
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thetic modification. It was noteworthy that the reaction
efficiency wasn’t significantly affected by the steric effect.
Sterically hindered substituted phenylacetylenes (2-F, 2-C1
and 2-Br) proceeded smoothly to furnish the desired prod-
ucts in good yields (20~2q, 87%~89%). Furthermore,
heteroarylethynes like 3-ethynylpyridine (1r) and 3-
ethynylthiophene (1s) were also employed as the substrates
and the corresponding 1-iodoalkyne products (2r and 2s)
were produced with no detriment in yields (90% and 87%,
respectively). We turned our attention to alkyl- substituted
terminal acetylenes, pleasingly, alkyl-substituted terminal
acetylenes could also be transformed into the desired
1-iodoalkyne products 2t~2v successfully in good yields
(81% ~ 88%). When ethynyltriisopropylsilane (1w), an
important reagent for the construction of carbon-carbon
triple bonds, was applied to this reaction, the expected
product (2w) was formed in excellent yield (90%), which
indicated good availability of this protocol.

Table 2 Synthesis of 1-iodoalkynes™®

Kl (0.6 mmol)
TolSO,Na (0.75 mmol)
R———H |
1 C,HsOH (4 mL) 2

air,rt,5~12h

Ry N

P = 4 N—=m i =i
— _ =
2a,R=H, 93%

2r, 90% 2s, 87%

2b, R = 4-CHs, 86%
2¢, R = 4-C,Hs, 82%
2d, R = 4-n-Pr, 83%
2e, R = 4-t-Bu, 80% Ph—0 HQ

2f, R = 4-i-Pr, 80% = =1
2g, R =4-OCHg, 81% 2t, 87%
2h, R = 3-CHs, 86%

2i, R = 4-OCF,, 88%

2, R = 4-N(CHj),, 89%°

2k, R = 4-Cl, 92% Y
21, R = 4-CF, 89%
2m, R = 4-CN, 85%
2n, R = 3-F, 90%
20, R =2-F, 89%
2p, R =2-Cl, 89%
2q, R = 2-Br, 87%

2v, 88%

“ Reaction conditions: alkyne (0.5 mmol), KI (1.2 equiv.), TolSO,Na (1.5
equiv.), in C;HsOH (4 mL) at room temperature under air condition. ® Isolated
yield. © At room temperature for 24 h.

As an effective and mild method, the scale-up of the so-
dium sulfinate-mediated aerobic oxidative iodination might
have great practical significance for the large-scale prepa-
ration of 1-iodoalkynes in the laboratory, and even in the
industry. As demonstrated in Scheme 2, gram-scale ex-
periments were successfully conducted by employing 1a
and 1w as the substrates, and the corresponding 1-iodo-
alkynes 2a and 2w was obtained in 86% and 84% yields,
respectively, demonstrating its great potential for large-
scale synthesis in the industry.
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Kl (1.2 equiv.)
TolSO,Na (1.5 equiv.)
C,H5OH (40 mL) R = Ph, 2a, 86%
air, r.t. R= (i-Pr)3Si, 2w, 84%

R——=—I

10 mmol

Scheme 2 Large-scale experiment

In 2010, Jiang’s group!"” developed an efficient syn-
thetic approach to symmetrical 1,3-diynes from 1-halo-
alkynes under transition-metal-free conditions in DMF.
Based on Jiang’s work, we examined the in situ transi-
tion-metal-free coupling of 1-iodoalkynes to symmetrical
1,3-diynes in one-pot for the purpose of increasing the
synthetic utility of our methods. To our delight, It turned
out that treatment of crude 1-iodoalkynes in DMF at
120 C delivered corresponding 1,3-diynes (Scheme 3,
3a, 3e, 3n and 3u) in moderate yields (53%~79%) for the
one-pot process.

(1) Kl (1.5 mmol)
TolSO,Na (0.75 mmol)
C,H50H (2 mL)
air,rt., 5~12h
R———H R——==— R
(2) DMF (3 mL), air
1(05mmol) " 4550¢ for 121 3
3a, R=Ph, 79%
3e, R = 4-Bu-CgH,, 72%
3n, R = 3-F-CgHy4, 77%
3u, R = C(CH;),0H, 53%

Scheme 3 Transition-metal-free approach for symmetrical 1,3-
diynes from terminal alkynes in one pot

To gain insight into the transformation, some control
experiments were carried out (Scheme 4). The radical
trapping experiments were conducted by adding 2,2,6,6-
tetramethyl-1-piperidinyloxy (TEMPO) into the model
reaction under the standard conditions. Obviously, the
formation of product 2a was completely suppressed, indi-
cating that a free radical pathway might be involved in this
process (Scheme 4, a). Gratifyingly, the reaction between
1a and p-toluenesulfonyl iodide (Tsl) was examined instead

(@) standard conditions
TEMPO (2.0 equiv.) _
Ph———-o-~H Ph—=——I No reaction
1a 2a
b
(b) O C,HsOH
Ph:H+OS—I - Ph———I
|O| air, r.t.
1a 4 2a, 43%
1.5 equiv.
(c) 0
Q C,HsOH I
S-ONa +KI ————= 5!
air, r.t. Il
(0]
4

Observed after 0.5 h
but disappeared after
stirring overnight

Scheme 4 Mechanism experiments
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of TolSO,Na and KI, yielding the corresponding product 2a
in moderate yield (43%) (Scheme 4, b). And the result indi-
cated that sulfonyl iodide was likely to be a key intermediate
to react with 1a to lead to the iodoalkyne 2a. Interestingly,
trace Tsl (4) could be detected under standard reaction con-
ditions by thin layer chromatography (TLC) analysis, but
disappeared after being stirred overnight which was in ac-
cordance with the literature (Scheme 4, c)."”!

On the basis of the results above and previous re-
ports,'*'"1 a plausible mechanism for this aerobic oxida-
tive iodination was proposed as outlined in Scheme 5. Ini-
tially, TolSO,Na was converted into sulfenyl iodide (4) by
a combination of air/KI. Subsequently, sulfur-centered
sulfonyl radical A, oxygen-centered sulfonyl radical B,
together with iodine radical were generated via the homo-
lytic cleavage of sulfenyl iodide (4). The iodine radical
underwent direct addition to the alkyne 1 to generate the
vinyl radical intermediate C. Finally, assisted by dioxygen
and B, intermediate C underwent elimination of hydrogen
to provide the iodoalkyne 2 with the release of TolSO;H.

Step 1: Formation of TolSI and corresponding radical
(0]

It air (Oy) I
s + Kl ——2>  Tol—S—I —>
Tol” ~~ONa I
o)
. 72 g
I+ TOI—S\-\ = To- ~o
o)
A B
Step 2: g B + air (Op)
H
R—= H¥> /=< \ R—I
R Y
1 c TolSOzH 2

Scheme 5 Possible reaction mechanism

3 Conclusions

In conclusion, a practical and environmentally friendly
protocol for the synthesis of 1-iodoalkynes via sodium
sulfinate mediated aerobic oxidative iodination of terminal
alkynes without metal catalysts was developed. This strat-
egy was not only featured with simple operation, remarka-
ble efficiency, but also was highlighted with broad func-
tional-group tolerance. Especially, air, the cheapest and
most environmentally benign oxidant, was used in our re-
actions which avoided the addition of hazardous or toxic
oxidants. Besides, an efficient and transition-metal-free
synthetic approach to symmetrical 1,3-diynes was devel-
oped via the iodination/homocoupling of terminal alkynes
in a one-pot manner.

4 Experimental section

4.1 General information.

'H NMR and "*C NMR spectra were recorded on a 400
MHz (100 MHz for *C NMR) spectrometer taking CDCl;
as solvent. And the chemical shifts were referenced to tet-
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ramethylsilane (TMS). Melting points were determined on
a micromelting point apparatus and uncorrected. MS was
obtained using electron ionization (EI). All products were
isolated by thin-layer chromatography (TLC) prepared
with 600 mesh silica gel plates (GF254). All known prod-
ucts and their spectra were in agreement with authentic
samples. All chemicals were purchased from commercial
suppliers and were used without further purification.

4.2 General Procedure for the Synthesis of 1-iodo-
alkynes

A 25-mL round-bottom flask with a magnetic stir bar
was charged with KI (0.6 mmol), TolSO,Na (0.75 mmol)
and C,HsOH (4 mL). After stirring of the mixture for 5
min, the terminal alkyne was added and the resulting mix-
ture was stirred at room temperature for 5~12 h. After the
reaction was complete as monitored by TLC, the solution
was diluted with ethyl acetate (20 mL), washed with brine
(10 mL X 3), dried over MgSQ,, filtered, and evaporated
under vaccum. The crude product was purified by TLC on
silica gel (taking ethyl acetate and petroleum ether as elu-
ent) to afford the products 2.

1-Todo-phenylacetylene (2a):°¢%" Pale yellow oil, 93%
yield. "H NMR (400 MHz, CDCl;) J: 7.42~7.44 (m, 2H),
7.35~7.28 (m, 3H); "C NMR (100 MHz, CDCl;) o:
132.34, 128.79, 128.24, 123.39, 94.14, 6.04; MS (ESI) m/z:
229 [M+H"].

1-(Iodoethynyl)-4-methylbenzene (2b):1*¢" Pale yellow
oil, 86% yield. '"H NMR (400 MHz, CDCl;) : 7.32 (d, J=
8.1 Hz, 2H), 7.11 (d, J=7.9 Hz, 2H), 2.35 (s, 3H); "*C
NMR (100 MHz, CDCl;) ¢: 139.02, 132.20, 128.98,
120.37, 94.25, 21.52, 4.84; MS (ESI) m/z: 243 [M+H"].

1-Ethyl-4-(iodoethynyl)benzene (2¢):** Pale yellow oil,
82% yield. '"H NMR (400 MHz, CDCl;) d: 7.34 (d, J=8.1
Hz, 2H), 7.13 (d, J/=8.0 Hz, 2H), 2.64 (q, J/=7.6 Hz, 2H),
1.21 (t, J=7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
145.29, 132.31, 127.80, 120.61, 94.30, 28.85, 15.29, 4.90;
MS(ESI) m/z: 257 [M+H'].

1-(Iodoethynyl)-4-propylbenzene (2d):°*! Pale yellow
oil, 83% yield. '"H NMR (400 MHz, CDCl;) 6: 7.34 (d, J=
8.0 Hz, 2H), 7.11 (d, J=8.4 Hz, 2H), 2.57 (t, J=7.2 Hz,
2H), 1.57~1.67 (m, 2H), 0.92 (t, J=7.3 Hz, 3H); "°C
NMR (100 MHz, CDCl;) ¢: 143.78, 132.20, 128.39,
120.60, 94.30, 37.96, 24.29, 13.75, 4.86; MS (ESI) m/z:
271 [M+H"].

1-(tert-Butyl)-4-(iodoethynyl)benzene ~ (2¢):!'')  Pale
yellow solid, 80% yield. m.p. 89~91 C (lit.”! 90~
92 C); '"H NMR (400 MHz, CDCl;) 6: 7.35 (d, J=8.5 Hz,
2H), 7.31 (d, J=8.5 Hz, 2H), 1.29 (s, 9H); *C NMR (100
MHz, CDCl;) d: 152.14, 131.93, 125.28, 120.45, 94.30,
34.85,31.20, 5.15; MS (ESI) m/z: 285 [M+H'].

1-(Iodoethynyl)-4-isopropylbenzene (2f): Pale yellow
oil, 80% yield. '"H NMR (400 MHz, CDCl;) J: 7.33~7.36
(m, 2H), 7.15~7.19 (m, 2H), 2.85~2.92 (m, 1H), 1.23 (d,
J=6.9 Hz, 6H); >C NMR (100 MHz, CDCl;) J: 149.88,
132.32, 127.42, 126.60, 126.46, 126.38, 120.73, 94.29,
34.09, 23.77, 4.84; HRMS calcd for C;H,I [M+H]"
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270.9984, found 270.9980.

1-(Iodoethynyl)-4-methoxybenzene (2g):°**" Pale yel-
low oil, 80% yield. '"H NMR (400 MHz, CDCl;) J: 7.34~
7.38 (m, 2H), 6.80~6.83 (m, 2H), 3.79 (s, 3H); °C NMR
(100 MHz, CDCl;) 6: 160.13, 133.96, 115.75, 114.04,
94.17, 55.49, 4.09; MS (ESI) m/z: 259 [M+H"].

1-(Iodoethynyl)-3-methylbenzene (2h):!"'®: Pale yellow
oil, 86% yield. '"H NMR (400 MHz, CDCl;) d: 7.22~7.26
(m, 2H), 7.19 (t, J=7.5 Hz, 1H), 7.12~7.14 (m, 1H), 2.31
(s, 3H); *C NMR (100 MHz, CDCl;) d: 137.95, 132.89,
129.71, 129.38, 128.11, 123.19, 94.32, 21.19, 5.44; MS
(ESI) m/z: 243 [M+H"].

1-(Iodoethynyl)-4-(trifluoromethoxy)benzene (2i): Pale
yellow semisolid, yield 88%. '"H NMR (400 MHz, CDCl5)
J: 7.44~7.47 (m, 2H), 7.15~7.17 (m, 2H); *C NMR (100
MHz, CDCl;) d: 149.27 (d, J=1.9 Hz), 133.88, 122.09,
121.62, 120.70 (d, J=1.0 Hz), 119.06, 92.68, 7.73; HRMS
caled for CoHsF510 [M+H]" 312.9337, found 312.9331.

4-(Iodoethynyl)-N,N-dimethylaniline  (2j):"*!  Brown
solid, 89% yield. m.p. >120 ‘C (Dec.) [lit.*! 120~
125 C (Dec.)]; '"H NMR (400 MHz, CDCL;) d: 7.29~
7.31 (m, 2H), 6.58~6.60 (m, 2H), 2.96 (s, 6H); °C NMR
(100 MHz, CDCl;) 6: 150.28, 133.34, 111.47, 110.20,
95.01, 40.11, 1.78; MS (ESI) m/z: 272 [M+H"].

1-Chloro-4-(iodoethynyl)benzene (2k): 1" Pale yellow
solid, 92% yield. m.p. 84~86 C (lit.*) 83~84 C); 'H
NMR (400 MHz, CDCl;) d: 7.37~7.37 (m, 2H), 7.27~
7.30 (m, 2H); *C NMR (100 MHz, CDCl3) o: 134.94,
133.55, 128.62, 121.87, 93.00, 7.67; MS (ESI) m/z: 263
[M+H"].

1-(Iodoethynyl)-4-(trifluoromethyl)benzene ~ (21):1°¢°"
Pale yellow viscous liquid, 89% yield. '"H NMR (400
MHz, CDCl5) §: 7.52~7.58 (m, 4H); *C NMR (100 MHz,
CDCly) 6: 132.61, 130.49 (d, J=32.8 Hz), 127.05 (d, J=
1.5 Hz), 125.21 (q, J=3.9 Hz), 122.44, 92.82, 10.13; MS
(ESI) m/z: 297 [M+H"].

4-(Iodoethynyl)benzonitrile (2m):**%" Pale yellow sol-
id, 85% yield. m.p. 170~172 C (lit.*! 169~170 C);
'H NMR (400 MHz, CDCly) d: 7.59~7.62 (m, 2H),
7.49~7.52 (m, 2H); C NMR (100 MHz, CDCL) o:
132.89, 131.97, 128.08, 118.26, 112.13, 92.57, 13.21; MS
(ESI) m/z: 254 [M+H"].

1-Fluoro-3-(iodoethynyl)benzene (2n):'*%" Pale yellow
oil, 90% yield. '"H NMR (400 MHz, CDCl3) d: 7.19~7.30
(m, 2H), 7.12 (ddd, J=9.3, 2.4, 1.4 Hz, 1H), 7.03 (tdd, J=
8.5, 2.6, 1.2 Hz, 1H); “C NMR (100 MHz, CDCl3) o:
162.16 (d, J=246.9 Hz), 129.82 (d, J=8.6 Hz), 128.24 (d,
J=3.2Hz), 125.11 (d, J=9.4 Hz), 119.16 (d, J=22.9 Hz),
116.29 (d, J=21.2 Hz), 92.87 (d, J=3.4 Hz), 8.07; MS
(ESI) m/z: 247 [M+H"].

1-Fluoro-2-(iodoethynyl)benzene (20):1"! Pale yellow
oil, 89% yield. '"H NMR (400 MHz, CDCl;) J: 7.41~7.45
(m, 1H), 7.27~7.31 (m, 1H), 7.04~7.11 (m, 2H); "*C
NMR (100 MHz, CDCLy) o: 163.74 (d, J=252.3 Hz),
134.20 (d, J=1.1 Hz), 130.48 (d, J=8.0 Hz), 123.85 (d,
J=3.8 Hz), 115.50 (d, J=20.8 Hz), 111.94 (d, J=15.7
Hz,), 87.36, 11.73 (d, J=3.4 Hz); MS (ESI) m/z: 247 [M+
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H'.

1-Chloro-2-(iodoethynyl)benzene (2p):*" Pale yellow
oil, 89% yield. '"H NMR (400 MHz, CDCl;) 6: 7.46 (dd,
J=17.5,19 Hz, 1H), 7.38 (dd, J=7.5, 1.9 Hz, 1H), 7.18~
7.30 (m, 2H); *C NMR (100 MHz, CDCly) é: 136.71,
134.17, 129.76, 129.32, 126.36, 123.24, 90.90, 12.30; MS
(ESI) m/z: 263 [M+H"].

Bromo-2-(iodoethynyl)benzene (2q):°" Pale yellow
oil, 87% yield. '"H NMR (400 MHz, CDCl;) 6: 7.56 (dd,
J=8.0, 1.1 Hz, 1H), 7.45 (dd, J=7.7, 1.7 Hz, 1H), 7.24
(dt, J=7.6, 1.2 Hz, 1H), 7.16 (dt, J=7.8, 1.7 Hz, 1H); "*C
NMR (100 MHz, CDCly) J: 13428, 132.36, 129.93,
126.96, 126.08, 125.46, 92.69, 12.09; MS (ESI) m/z: 308
[M+H'].

3-(Iodoethynyl)pyridine (2r):1" Pale yellow solid,
90% yield. m.p. 107~109 C (lit.”) 104~106 C); 'H
NMR (400 MHz, CDCl3) J: 8.68 (s, 1H), 8.54 (d, J=3.8
Hz, 1H), 7.71~7.74 (m, 1H), 7.24~7.27 (m, 1H); "*C
NMR (100 MHz, CDCly) J: 152.94, 148.86, 139.31,
122.97,90.71, 11.39; MS (ESI) m/z: 230 [M+H"].

3-(Iodoethynyl)thiophene (2s):1°¢" Pale yellow oil,
87% yield. '"H NMR (400 MHz, CDCl;) d: 7.47 (dd, J=
3.0, 1.2 Hz, 1H), 7.27~7.24 (m, 1H), 7.11 (dd, J=5.0, 1.2
Hz, 1H); *C NMR (100 MHz, CDCl;) d: 130.30, 130.00,
125.16, 122.52, 89.15, 5.67; MS (ESI) m/z: 235 [M+H"].

((3-Todoprop-2-yn-1-yl)oxy)benzene (2t):"*!! Pale yellow
oil, 87% yield. '"H NMR (400 MHz, CDCl;) J: 7.33~7.27
(m, 2H), 7.02~6.94 (m, 3H), 4.82 (s, 2H); *C NMR (100
MHz, CDCLy) d: 157.56, 129.54, 121.63, 114.87, 89.22,
57.31, 4.65; MS (ESI) m/z: 259 [M—+H"].

4-Todo-2-methylbut-3-yn-2-0l (2u):1®! Clear oil, 81%
yield. '"H NMR (400 MHz, CDCly) d: 1.52 (s, 6H); "°C
NMR (100 MHz, CDCLy) o: 99.11, 66.89, 31.34, 29.70,
—0.79; MS (ESI) m/z: 211 [M+H"].

(4-Iodobut-3-yn-1-yl)benzene (2v):*¢" Clear oil, 88%
yield. "H NMR (400 MHz, CDCl;) §: 7.27~7.32 (m, 2H),
7.19~7.23 (m, 3H), 2.84 (t, J=7.6 Hz, 2H), 2.64 (t, J=
7.6 Hz, 2H); “C NMR (100 MHz, CDCl;) §: 140.26,
128.44, 128.40, 126.40, 93.90, 34.92, 23.02, —6.09; MS
(ESI) m/z: 257 [M+H"].

(Iodoethynyl)triisopropylsilane (2w):!"*! Clear oil, 90%
yield. "H NMR (400 MHz, CDCly) §: 1.07 (s, 21H); "*C
NMR (100 MHz, CDCl;) J: 100.84, 18.50, 11.41; MS
(ESI) m/z: 309 [M+H"].

Supporting Information 'H NMR and C NMR spectra
of compounds 2a~2w, 3a, 3e, 3n, 3u and 4. The Support-
ing Information is available free of charge via the Internet at
http://sioc-journal.cn.
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