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A convenient synthesis of 1-iodoalk-1-ynes is reported, involving copper(i)-catalysed iodination of terminal alkynes
with molecular iodine under solid-liquid phase-transfer conditions.

1-lodoalk-1-ynes are useful synthetic intermediates,! they
may also have fungicidal? and antimicrobial® activity.
Although several routes to this type of compound are
known,*7 the more usual preparative methods involve
iodination of metal acetylides RC=CM (M = Li, Na, Mg, Hg,
Cu, or Ag) preformed from alk-1-ynes. Among the various
procedures available, the most convenient is that based on the
stoicheiometric formation of lithium acetylides from readily
available n-butyl-lithium and alk-1-ynes followed by iodina-
tion with molecular iodine5 (Scheme 1). This communication
describes a catalytic procedure for the direct iodination of
terminal alkynes.

RC=C-H B""Y, Re=C_Li + BunH -2 RC=C_I + Lil

Scheme 1

As shown in Table 1, good yields of 1-iodoalk-1-ynes can be
obtained by treating terminal alkynes with a solution of iodine
in N,N-dimethylformamide (DMF), in the presence of a
catalytic amount of copper(1) iodide, under solid-liquid
phase-transfer conditions, with potassium or sodium carbo-
nate as base and tetra-n-butylammonium chloride as phase-
transfer agent (Scheme 2).

cat. Cul, K,CO; or Na,CO;

RCG=C-H + I,
cat. Bu,NCl, DMF

RC=C-]

R = C¢Hy3, CsHyy, CI[CH,]3, Me;Si, Ph,
Me,(OH)C, cyclo-CsH,o(OH), or EtO(CO)

Scheme 2

Table 1. Copper(1)- and phase-transfer-catalysed synthesis of 1-iodoalk-1-ynes from terminal alkynes.2

Cul Bur,NCl Inorganic
Run no. Alk-1-yne (equiv.) (equiv.) base Product® % Yielde
1 C.H,,C=CH 0 0 K.CO, C4H,,C=CI 0
2 C.H,,C=CH 0 1 K,CO, C H,,C=CI 0
3 CH,>,C=CH 0.1 0 K.CO, CeH,,C=CI (18)
4 C¢H,,C=CH 0.1 1 K,CO, CeH,,C=CI (98)
5 C.H,,C=CH 0.05 0.20 K,CO, C¢H,5C=CI 90¢
6 C.H,,C=CH 0.1 0.30 K,CO, C.H,,C=CI 704
7 CI[CH,],C=CH 0.1 0.20 Na,CO, CI[CH,],C=CI 88
8 Me,;SiC=CH 0.05 0.20 Na,CO, Me;SiC=CI 82d.e
9 PhC=CH 0.1 0.25 K,CO; PhC=CI 80d
10 Me,C(OH)C=CH 0.1 0.30 Na,CO; Me,C(OH)C=CI 77
11 [CH,}sC(OH)C=CH 0.1 0.30 K,CO; [CH,]sC(OH)C=CI 85
12 Et0,CC=CH 0.05 0.30 Na,CO;4 EtO,CC=CI 80

a Reactions were carried out in DMF with terminal alkyne (1 equiv.), Na,CO; or K,CO; (2 equiv.), Bun,NCI (as indicated), copper(1)
iodide (as indicated), and molecular iodine (1 equiv.) at room temperature overnight unless otherwise noted. b All compounds were characterised
by mass spectra, i.r., 'H and 3C n.m.r. data. < Yield of spectroscopically pure product isolated by flash chromatography for small-scale
reactions (5—15 mmol of alkyne) or by distillation for larger scale reactions (30—50 mmol of alkyne). Yields in parenthesis were determined by
g.l.c. analysis. ¢ Reaction performed with 30—50 mmol of alkyne. ¢ After 6 h at room temperature. f After 4 h at —30°C and overnight at

room temperature.
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The reaction does not take place without copper(1) iodide
(run 1 and 2). The rate is greatly enhanced by tetra-n-
butylammonium chloride (run 4), which is also effective in
catalytic amounts (run 5). No attempts were made to
minimize the amounts of the two catalysts. It has been
observed however, that the reaction yields are directly
influenced by the addition rate of the iodine solution and, to
maintain good yields, lower percentages of copper(1) iodide
and tetra-n-butylammonium chloride must be accompanied by
a lower rate of addition.

Only traces of dimers and/or 1,2-di-iodoalk-1-enes were
observed under the conditions described, as evidenced by
coupled g.l.c.—mass spectrometric analysis of the crude
products, whereas mixtures of 1-iodoalk-1-ynes, 1,2-di-
iodoalk-1-enes, and di-iodo ketones have been obtained when
terminal alkynes were treated with iodine in methanol, even in
the presence of a stoicheiometric amount of silver nitrate.8 No
halogen exchange was observed with w-halogenoalk-1-ynes; a
1-iodoalk-1-yne having a hydroxy or a carbonyl moiety in its
structure can also be prepared in good yield by the described
procedure without protection of the functional group.

The reactions were carried out under an inert atmosphere; a
typical procedure is as follows. A solution of iodine (30 mmol)
in DMF (20ml) was added very slowly (3—4h) to a well
stirred suspension in DMF (15ml) of potassium or sodium
carbonate (60 mmol), tetra-n-butylammonium chloride (6—
9mmol), terminal alkyne (30 mmol), and copper(1) iodide
(1.5—3 mmol). Decolorisation of the iodine was generally
observed until almost the end of the addition. Stirring was
continued for 2h or overnight, after which ether was added
and the mixture was rapidly filtered through a bed of Celite.
Water was added and the mixture extracted with ether, and
the organic layer was successively washed with aqueous
0.05 M-sodium thiosulphate and brine and dried (MgSO,).
Removal of solvent under reduced pressure and purification
by distillation or chromatography on silica gel gave the pure
product.

The described procedure compares well with other methods
in terms of yield. Moreover it has the advantages of being
catalytic and tolerant towards functionalities. The simplicity
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of the operation and the availability of the starting materials
should also make it synthetically useful.
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