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During a study of the thermal decomposition of di- 
iodoacetylene (C212) in refluxing hydrocarbon solvents at 
150 "C, a high-boiling reddish oil was isolated from each 
of the reaction mixtures, elemental and spectral analysis 
of which suggested it to be triiodoethylene. Previous 
reports of either the thermal decomposition2v3 or photo- 
chemical degradation4s6 of diiodoacetylene do not mention 
this compound as a product. Indeed, a search of the 
literature reveals that triiodoethylene, in fact, has not 
heretofore been reported or characterized as a discrete 
chemical entity at all. In the most recent literature to 
date, only its presence in a mixture along with tetraio- 
doethylene as a product of a reaction between acetylene 
and cupric halides has been described,6 and certain of its 
thermodynamic properties have been estimated by cal- 
culation using group contribution methods.' This omission 
contrasts with the characterization of the other five 
iodoethylenes and the three other trihaloethylenes, all of 
which have previously been reported. We wish, therefore, 
to describe here the isolation, spectral characterization, 
and proof of structure by synthesis of triiodoethylene 
obtained as one of the products of the thermal decomposi- 
tion of C2Iz in three different hydrocarbon solvents 
(cumene, cyclooctane, and n-nonane). 

Results and Discussion 

Refluxing of 1 mmol of (2212 in each of the three solvents 
(bp 150 "C) for 6 h resulted in reddish-violet solutions. 
The rate of disappearance of CZIZ (monitored by GLC) 
followed first-order kinetics and was solvent-dependent, 
the half-life of CZIZ being ca. 10 min, 30 min, and 3 h in 
cumene, cyclooctane, and n-nonane, respectively.8 Mono- 
iodoacetylene (isolated by a gas-sweeping and -trapping 
train), tetraiodoethylene (isolated as solid crystals), IZ 
(determined by titration), and HI (determined by titration 
and by precipitation as yellow AgI) were readily identified 
as products of the decomposition of C~12.~ This evidence 
plus the presence of solvent-derived products (e.g., a-me- 
thylstyrene and dicumyl from cumene and cyclooctyl iodide 
from cyclooctane) supports the operation of a free-radical 
reaction initiated by homolysis of a C-I bond of CZIZ and 
followed by attack of the subsequent free radicals produced 
on hydrogen atoms of the hydrocarbon solvents. 
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In all of the above reactions, an additional high-boiling 
product was always detectable using GLC. Clearly, then, 
this product could not be derived from the solvent. Its 
isolation by preparative GLC from all three reaction 
mixtures yielded a red-brown liquid whose IR, NMR, and 
mass spectra in each case were identical and were 
consistent with it being triiodoethylene. This was deduced 
by assigning IR absorption bands to 4 - H  stretching 
and bending and 4 - 1  stretching modes, by observation 
of a singlet proton NMR absorption band at a chemical 
shift of d 8.5 ppm, and by the appearance of a molecular 
ion at  mlz 406 along with a fragmentation pattern in the 
mass spectrum consistent with this structural assignment 
(e.g., peaks representing [M - I]+, Iz+, [M - I#, and I+). 
The position of the NMR singlet observed for the lone 
alkene proton of the isolated triiodoethylene compares 
with the chemical shift values of 6 7.13 ppm and 6.45 ppm 
reported for the proton of tribromo- and trichloroethylene, 
respectively? and with the value 8.08 ppm calculated for 
triiodoethylene using a table of "additive shielding incre- 
ments for olefins".10 
As further proof of the structure of the isolated oil, 

triiodoethylene was synthesized by the addition of IZ to 
monoiodoacetylene prepared by the reduction of di- 
iodoacetylene via a lithium-halogen exchange reaction. 

MeLi H20 I2 
LiCECI - HC-CI - ICH=CI, 

rt 
CZIZ - 

EkO, 0 "C 

The successful generation of lithioiodoacetylide as an 
intermediate in this scheme was proven in a trial run by 
quenching the first reaction with DzO to yield mono- 
iodoacetylened and by trapping it with cyclohexanone to 
yield l-(iodoethynyl)cyclohexanol.8 The monoiodoacety- 
lene was confirmed spectrometrically prior to its iodina- 
tion.8 The final product was isolated as a pale yellow oil, 
whose elemental analysis corroborated the molecular 
formula CzH13 and whose GLC retention time and IR 
spectrum were identical to those for the product isolated 
from the thermal decomposition of CzI2 in the three 
solvents. 

Triiodoethylene could be expected to arise during the 
thermal decomposition of (2212 in the solvents employed 
via either addition of 1 2  to monoiodoacetylene (vide supra) 
or addition of HI to diiodoacetylene. The low calculated 
dissociation energy of the C-I bond of (2212 (ca. 30 kcal/ 
mol)8 suggests that homolysis of this bond could serve as 
the initial source of free radicals, whose subsequent 
reaction with solvent hydrogen atoms would lead to the 
reactants (HI, HCrCI, and 12) required for generating 
triiodoethylene. In fact, the feasibility of hydroiodinating 
CJZ under our experimental conditions was demonstrated 
by conducting its thermal decomposition in refluxing 
n-nonane with concurrent passage of gaseous HI through 
the reaction mixture. Under these conditions, consump- 
tion of CZIz was complete in 1 h with concomitant rapid 
production of triiodoethylene, compared to its incomplete 
consumption even after 6 h in refluxing pure n-nonane. 

In conclusion, spectral characterization of this product 
of the thermal decomposition of diiodoacetylene, com- 
parison with an independently synthesized sample thereof, 
and consideration of the most likely chemistry responsible 
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the original C212 are accounted for, not counting any contributions 
of "C2" and iodine to the composition of the amorphous solid. 

Isolation and Spectral Analysis of "Common" Compound 
&om Thermal Decomposition of C& Each of the above three 
reaction mixtures was concentrated by distillation through a 
Holtzmann spiral-wire column at the water pump (bp 34 W11 
mm). The residual oil from each reaction st i l l  retained a GLC 
peak representingthe "common" product, which was then collected 
by preparative GLC. The capillary tubes containing the reddish- 
brown oil were washed down with a few microliters of CC4, and 
after centrifugation the resulting solutions were transferred in 
turn to a small-volume 0.1-mm-pathlength NaCl IR cavity cell 
using a 10;uL syringe. The IR spectra of all three recovered oils 
proved to be identical: V 3050, 1190, 720,605 cm-l. The CC4 
solution from the IR cell was then transferred directly to a 
spherical cavity NMR microcell using a long-needle microliter 
syringe. The 'H NMR spectrum of the product from each of the 
three reactions yielded a single sharp absorption band at  6 8.5 
ppm (external Me4Si as reference). Finally, the CC4 solution 
was transferred from the NMR tube to a capillary tube, solvent 
was removed by warmingin a water bath, and the mass spectrum 
of the residual oil was obtained using the direct-probe inlet system 
ofthe spectrometer: MS d z  (re1 intensity) 127 (100, I+), 152 (27, 
[HC%CI]+), 254 (22, I2+), 279 (20, [ICHIcIl+), 406 (9, M+). 

Thermal Decomposition of C& in the Presence of HI. 
The above reaction in n-nonane as solvent was repeated but with 
the following modification: the top of the reflux condenser was 
connected via rubber tubing to the stem of a glass funnel inverted 
over a beaker of water to serve as a gas trap. The no-air stopper 
in the side arm of the reaction flask was replaced by a one-hole 
rubber stopper containing a glass tube which reached to the 
bottom of the flask. The tube was in turn connected via silicone 
rubber tubing to an HI generator (a 200-mL, three-neck, round- 
bottom flask fitted with an addition funnel, reflux condenser, 
and nitrogen inlet tube for sweeping gaseous HI into the reaction 
flask). The generator was charged with 50 g of red phosphorus, 
and a solution of 100 g of I2 in 50 g of 67% aqueous HI was added 
from the addition funnel at such a rate as to cause a steady stream 
of gaseous HI" to pass into the reaction flask containing the 
solution of (3212 in n-nonane. The latter was then refluxed with 
stirring and continuous passage of HI for a total of 4 h. GLC 
analysis of reaction aliquots revealed that consumption of CzIz 
was complete within 1 h, and a peak representing triiodoethylene 
(vide infra) reached maximum intensity within 30 min and then 
gradually diminished in intensity over the remainder of the 
reaction period. After 4 h, flow of HI was stopped by addition of 
water to the generator flask. 

Triiodoethylene. To an ice-cold solution of 0.278 g (1.0 "01) 
of C212 in 7 mL of dry ether was added dropwise with stirring 1.8 
mL ofa 0.55 M solution (1.0 mmol) of CH3Li in ether over a period 
of 2 h. ARer the solution was warmed to room temperature, 
stirring was continued for an additional 30 min, and the reaction 
was then quenched by addition of 2 mL ofwater. The ether layer 
containing HC-I (GLC) was dried over anhyd Na2SO4, and a 
solution of 0.258 g (1.0 mmol) of 12 in 2 mL of ether was added. 
The mixture was stirred in the dark at  room temperature for 72 
h. The reaction was then stopped by adding 2 mL of 0.2 M Na2SpO3 
solution, and the ether layer was washed with water and dried 
over Na2SO4. GLC analysis ofthe solution revealed a peak having 
the same retention time as the "commonA product isolated from 
the thermal decomposition of CzI2 in the three solvents. Evapo- 
ration of solvent at the water pump yielded a brownish oil, which 
was flash-distilled in a small Hickman still at 0.02 Torr using an 
air bath maintained at 40-60 "C to afford the product as a yellow 
oil (40 mg, 10%): IR (CC4) P 3050,1190,720,605 cm-l. Anal. 
Calcd for c2m3: I, 93.83. Found I, 94.17. 

for the reaction serving as its source all are consistent 
with the subject compound's identification as triiodoet- 
hylene. 

Experimental Section 
General. Cumene (Eastman) and cyclooctane (Cities Service) 

were purified by washing with sulfuric acid;'' n-nonane (Aldrich) 
and a-methylstyrene (Aldrich) were used as received. Methyl- 
lithium(0.5-1.0M)waspreparedfromC&Ivialithium-halogen 
exchange in ether solution12 and was standardizedusing a double- 
titration method.l3 Diiodoacetylene was synthesized by the 
reaction of acetylene with NaOI,14 dicumyl by peroxide-induced 
coupling of cumene,16 and cyclooctyl iodide by reaction of 
cyclooctanol with HI.16 

All reactions were carried out in a nitrogen atmosphere in a 
50-mL, side arm, pear-shaped flask fitted with a reflux condenser 
and containing a glass-covered magnetic stirring bar. The side 
arm was closed with a silicone rubber no-air stopper through 
which reagents were added and reaction aliquots removed using 
a syringe fitted with a 20-gauge needle. 

Analytical GLC was performed using a Wilkens Aerograph 
Model 600-B gas chromatograph equippedwith aflame ionization 
detector (FID) and using a 24% x Vs-in. glass column packed with 
1% Carbowax 20M on 80/100 mesh Chromosorb W and operated 
at  100 "C. Preparative GLC was performed using a l/&~. version 
of this same column in an F & M Model 810 gas chromatograph 
equipped with an FID and a 1 O : l  effluent splitter. The desired 
eluates were condensed in capillary tubes cooled in a dry ice- 
acetone bath. 

Infrared and 'H NMR spectra were obtained in CC4 solution 
using a Perkin-Elmer Model 337 IR spectrometer and Varian 
Model A-60 NMR spectrometer, respectively. E1 (70 ev) mass 
spectra were recorded on neat samples using a CEC Model 21- 
130 mass spectrometer. Elemental analysis was performed by 
S. M. Nagy and associates (MIT, Cambridge, MA). 

Procedure for Conducting the Thermal Decomposition 
of Diiodoacetylene. A solution of 0.278 g (1.0 mmol) of C2Iz in 
7 mL ofthe solvent (cumene, cyclooctane, or n-nonane) was heated 
at  reflux (oil bath temp 165 "C) with stirring for 6 h. During this 
time, 0.1-mL aliquots of the reaction mixture were periodically 
withdrawn and analyzed by GLC for starting material and 
products. Both the consumption of C2Iz and production of a 
number of products, one of which was common to all three of the 
reaction systems, were discerned using this procedure. 

Solvent-derived products were identified, after isolation by 
GLC, by comparison of their IR spectra and GLC retention times 
with those for authentic specimens obtained either commercially 
(a-methylstyrene) or by synthesis (dicumyl, cyclooctyl iodide). 
Because of the slow rate of decomposition of C2Iz in n-nonane and 
the resulting low product yields, no attempt was made to 
characterize products derived from this solvent. 

In a typical reaction using cumene as the reaction medium, 
yields ofthe primary products from the decomposition of 1.0 mmol 
of CzI2 (fully consumed) were 0.2 mmol of HCsCI (by GLC), 0.2 
mmol of 12C3CcI2 (isolated), 0.3 mmol ofa-methylstyrene (by GLC), 
15 mg of the "common" compound (isolated) (0.04 mmol of 
IHC=CIz), 0.06 mmol of Iz (by titration), 0.06 mmol of HI (by 
titration), and 10 mgof a black amorphous solid (isolated). Thus, 
ca. 45% of the "C2" content and ca. 65% of the iodine content of 
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