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Ultraviolet photolysis of low concentrations of CH2I2 in methanol solution found that CH2I2 is converted into
dimethoxymethane and some H+ and I- products. Picosecond time-resolved resonance Raman (ps-TR3)
experiments observed that the isodiiodomethane (CH2I-I) photoproduct decayed faster as the concentration
of methanol increases, suggesting that isodiiodomethane is reacting with methanol. Ab initio calculations
indicate isodiiodomethane is able to react with methanol via an O-H insertion/HI elimination to form an
iodoether (ICH2-O-CH3) and HI products. The iodoether can then further react via another O-H insertion/
HI elimination reaction to form the dimethoxymethane (CH3-O-CH2-O-CH3) observed in the photochem-
istry experiments. A reaction mechanism consistent with these experimental and theoretical observations is
proposed.

Introduction

Polyhalomethanes such as CH2I2 have been widely used as
reagents for addition (such as Kharasch addition) and cyclo-
propanation of olefins and diiodomethylation of carbonyl
compounds.1-29 The ultraviolet photolysis of CH2I2 in the
presence of olefins9,17,19,20leads to formation of cyclopropanated
products with a high stereospecificity and a lack of C-H
insertion that indicates the carbenoid species is not a free
carbene. Ultraviolet photolysis of some other polyhalomethanes
such as CHFBr2, CHClBr2, CHBr3, and CHI3 in the presence
of olefins was also found to produce some halocyclopropanated
products.11,12Polyhalomethanes can also be activated by metal
atoms to form Simmons-Smith type reagents1-8,10,14,15,21-29 to
carry out a wide range of cyclopropanation reactions. We have
recently used a variety of experimental and theoretical methods
to elucidate the mechanism of cyclopropanation of olefins that
occurs via ultraviolet photolysis of CH2I2 in the presence of
olefins and have shown that isodiiodomethane (CH2I-I) is the
main carbenoid responsible for this type of cyclopropanation
reaction.30-35 Similar studies also showed that several other
isopolyhalomethanes act as effective carbenoid species for
cyclopropanation reactions with olefins.31,35-38 Comparison of
the structures and properties of the isodiiodomethane (CH2I-
I) species with the ICH2ZnI Simmons-Smith carbenoid species
showed that their different structures and mode of activation of
the methylene carbon could account for their different chemical
reactivity toward olefins.33-35

Carbenes and carbenoids such as singlet methylene and
dichlorocarbene (:CCl2) can react with O-H bonds of water to
form CH3OH and CHCl2OH products, respectively, and can also
react with O-H bonds in alcohols.39-48 This and the recent
direct observation of the isobromoform O-H insertion reaction
with water to make a CHBr2OH reaction product49,50 indicate
isopolyhalomethanes can also readily undergo O-H insertion
reactions with O-H bonds such as other highly reactive
carbenoid species. This prompted us to begin to explore the

chemical reactivity of isopolyhalomethanes toward the O-H
bonds of alcohols. Here we report a study on the ultraviolet
photolysis of CH2I2 in methanol solution and find that CH2I2 is
converted into dimethoxymethane (CH3-O-CH2-O-CH3) and
some H+ and I- products. Picosecond time-resolved resonance
Raman (ps-TR3) spectroscopy experiments done in varying
concentrations of methanol found that isodiiodomethane (CH2I-
I) photoproduct was formed within several picoseconds after
photolysis and decayed faster as the concentration of methanol
increases. This suggests that the isodiiodomethane intermediate
is reacting with methanol. Ab initio calculations indicate that
isodiiodomethane can react with methanol to form an iodoether
(ICH2-O-CH3) and HI products. The iodoether can then
undergo further reaction with methanol to form the dimethoxy-
methane observed experimentally in the photochemistry experi-
ments. We propose a reaction mechanism consistent with these
experimental and theoretical observations and briefly discuss
implications for the chemical reactivity of isopolyhalomethanes
toward O-H bonds in alcohols.

Experimental and Computational Details

Photochemistry Experiments.Sample solutions were pre-
pared using commercially available CH2I2 (99%),13CH2I2, and
spectroscopic grade acetonitrile and methanol solvents. Samples
of about 1× 10-5 M CH2I2 in acetonitrile, acetonitrile/methanol,
and methanol solvents were contained in a 10-cm path length
glass cell with quartz windows. The sample solution was excited
by an approximately 3-mJ 266-nm unfocused laser beam from
the fourth harmonic of a Nd:YAG laser in the laser photolysis
experiments. The absorption spectra for the photolyzed samples
were obtained using a 1-cm UV grade cell and a Perkin-Elmer
Lambda 19 UV/vis spectrometer. The pH of the photolyzed
samples was monitored by a THERRMO Orion 420A pH meter
and a 8102BN combination pH electrode.13C and 1H NMR
spectra were obtained from a Bruker Advance 400 DPX
spectrometer andφ ) 5 mm sample tubes at room temperature.
The 13CH2I2 concentration was 1× 10-3 M in methanol and
acetonitrile/methanol solvents.* Corresponding author. E-mail: phillips@hkucc.hku.hk.

1247J. Phys. Chem. A2005,109,1247-1256

10.1021/jp046060z CCC: $30.25 © 2005 American Chemical Society
Published on Web 01/22/2005



Picosecond Time-Resolved Resonance Raman (ps-TR3)
Experiments.The ps-TR3 experiments utilized a newly devel-
oped ultrafast laser system in our laboratory that has been
described elsewhere,49,50 and only a short description will be
given here. The pump and probe wavelengths in these experi-
ments were 267 and 400 nm with∼15 and 8µJ/pulse energy,
respectively, and about 1-ps pulse lengths and∼15 cm-1 line-
widths. The time-resolution of the system was determined to
be about 2 ps, and the time delay between the pump and probe
pulses was varied using an optical delay line. The laser beams
were lightly focused (about 250 and 150µm for the pump and
probe beams) onto a liquid stream of a re-circulated sample
solution with a CH2I2 concentration of∼30 mM. The Raman
light was acquired using a backscattering geometry and de-
tected by a liquid-nitrogen-cooled CCD detector. The ps-TR3

spectra were found from subtraction of the appropriately scaled
probe-before-pump spectrum from the corresponding pump-
probe spectrum. The known Raman bands of the solvents were
used to calibrate the spectra with an estimated(5 cm-1

accuracy.
Ab Initio Calculations. The MP2 method was utilized to

investigate the CH2I-I + nCH3OH and ICH2-O-CH3 +
nCH3OH reactions wheren ) 1,2,3. Both the geometry
optimization and frequency calculations were done using the
6-31G* basis set for all the C, H, and O atoms and the lanl2dz
with an additionald polarization of 0.26651 used for I atoms.
All of the computations employed the GAUSSIAN 98 pro-
grams.52 Intrinsic reaction coordinate (IRC) calculations were
performed to confirm the transition states connected the relevant
reactants and products.53 The Cartesian coordinates, total
energies, and vibrational zero-point energies for the calculated
structures are given in the Supporting Information.

Results and Discussion

Photochemistry Experiments.Figure 1(A) shows ultraviolet/
visible absorption spectra obtained after 266-nm ultraviolet
photolysis of 1× 10-5 M CH2I2 in methanol solvent. Examina-
tion of Figure 1(A) shows that the absorption bands due to CH2I2

in the 280-320-nm region decrease in intensity, while those
due to the I- ion in the 220-nm region increase in intensity as
the time for photolysis increases. The clear isosbestic point near
253 nm indicates that the I- is directly produced from the CH2I2

parent molecule. The measured molar absorption extinction
coefficients for CH2I2 and I- in methanol were used to find the
changes in the concentrations of these species as a function of
photolysis time, and Figure 1(B) displays a plot of∆[I-] versus
-∆[CH2I2] derived from the spectra of Figure 1(A). The
increase in [I-] versus the decrease in [CH2I2] during the
photochemistry experiments in Figure 1 shows that there is a
linear relationship with a slope of about 2 (1.9( 0.2 in Figure
1(B)). This indicates that ultraviolet photolysis of CH2I2 at low
concentrations in methanol solvent releases two I- products.
The pH was also measured during the photochemistry experi-
ments whose results are shown in Figure 1, and the pH was
found to decrease noticeably during the experiment. This
indicates that some [H+] is also produced during the photo-
chemistry experiments.

To learn more about what product is formed from the carbon
atom of the CH2I2 product molecule after 266-nm photolysis in
methanol, we used a13C-labeled sample of CH2I2. The 266-nm
photolysis experiments were repeated, and1H NMR and 13C
NMR spectra were acquired before, during, and after photolysis
of 13CH2I2 in CD3OD, as shown in Figures 2(A)-2(C).
Examination of Figure 2(A) shows that, before photolysis, there

is only the parent13CH2I2 band around 3.9 ppm in the1H NMR
spectrum and-63.9 ppm in the13C NMR spectrum. During
photolysis, the parent13CH2I2 band decreases in intensity and
a new photoproduct band appears at about 4.7 ppm in the1H
NMR spectrum and at 97 ppm in the13C NMR spectrum. After
almost complete photolysis (that is, where the UV-vis absorp-
tion spectrum shows the parent13CH2I2 bands have almost
disappeared and converted into the I- band), the parent13CH2I2

band has almost disappeared and the photoproduct bands
becomes larger at 4.7 ppm in the1H NMR spectrum and at 97
ppm in the13C NMR spectrum. The characteristic 4.7 ppm band
in the1H NMR spectrum and 97 ppm in the13C NMR spectrum
of the photoproduct formed after ultraviolet photolysis of
13CH2I2 in CD3OD matches that for dimethoxymethane (CH3-
O-CH2-O-CH3) in the literature. This assignment was
confirmed by comparison to an authentic commercial sample
of dimethoxymethane, whose1H NMR and13C NMR spectra
are shown in Figure 2(D) for comparison purposes.

The preceding experimental photochemistry results indicate
that ultraviolet photolysis of CH2I2 at low concentrations (such
as 1 × 10-5 M) in methanol leads to the following overall
reaction:

The experimental results shown in Figures 1 and 2 suggest that
this reaction can convert almost all the parent CH2I2 compound
under low concentration conditions into CH3-O-CH2-O-CH3

and 2I- products (with some accompanying H+ formation).
What species produced by ultraviolet photolysis of CH2I2 in
methanol solutions can lead to efficient reactions to make CH3-

Figure 1. (A) Absorption spectra obtained after varying times of
photolysis of a 1× 10-5 M CH2I2 sample in CH3OH; (B) plots of [I-]
versus [CH2I2] determined from the spectra of part (A).

CH2I2 + hν + nCH3OH f CH3-O-CH2-O-CH3 +

2I- + some H+ + (n - 2)CH3OH (1)
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O-CH2-O-CH3 and 2I- products accompanied by some H+

formation? To help answer this question, time-resolved experi-
ments and ab initio calculations were done to investigate the
chemical intermediates and their reactions with methanol, and
these results are detailed in the next two sections.

Picosecond Time-Resolved Resonance Raman (Ps-TR3)
Experiments. Figure 3 presents ps-TR3 spectra acquired for
the photoproducts produced after 267-nm photolysis of CH2I2

in acetonitrile, 90% acetonitrile/10% methanol, and methanol
solvents using a 400-nm probe wavelength. The spectra shown
in Figure 3 are in excellent agreement with those reported for
the isodiiodomethane species (CH2I-I) in mixed acetonitrile/
water solvents and water/methanol solvents.54,55 The Raman
bands observed in Figure 3 are readily assigned to the CH2I-I
intermediate, and the reader is referred to refs 32, 54, 56, and
57 for details of the vibrational assignments. Inspection of Figure

Figure 2. 1H NMR and 13C NMR spectra obtained (A) before, (B) during, and (C) after 266-nm photolysis of13CH2I2 in CD3OD. See text for
details of the spectra.1H NMR and 13C NMR spectra are also shown in (D) for an authentic commercial sample of CH3-O-CH2-O-CH3. (*
indicate solvent peaks).
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3 shows that the CH2I-I photoproduct Raman bands appear
within several picoseconds and then decay faster as the
concentration of methanol increases.

The resonance Raman band near 715 cm-1 assigned to the
fundamental nominal C-I stretch mode (ν3) was integrated at
different time delays in order to extract the kinetics of the growth
and decay of the CH2I-I species. Figure 4 display plots of the
relative integrated area of theν3 Raman band from 0 to 6000
ps in the acetonitrile (open circles), 90% acetonitrile/10%
methanol (solid triangles), and methanol (open squares) solvents.
The relative integrated areas of theν3 Raman bands were fit to
a simple function (the solid, dashed, and dotted lines in Figure
4 represent these fits):

whereI(t) is the relative integrated area of theν3 Raman band,
t is the time,t1 is the decay time-constant of theν3 Raman band,
t2 is the growth time-constant of theν3 Raman band, andA and
B are constants. The fits to the data in Figure 3 determined that
the CH2I-I photoproduct had similar time-constants (t2) of 20,
18, and 15 ps for its growth. However, the decay of CH2I-I
varied greatly as a function of the methanol concentration and
(t1) of >20 000, 7641, and 3654 ps for its decay in the
acetonitrile, 90% acetonitrile/10% methanol, and methanol

solvents, respectively. The CH2I-I Raman bands decay with
the lifetime decreasing significantly as the methanol concentra-
tion increases, suggesting CH2I-I may be reacting with the
methanol molecules.

A recent study found the CH2I-I species decays with a rate
constant of 4.3× 106 s-1 in pure acetonitrile solvent where
this decay was attributed to CH2I-I decaying into a CH2I radical
and I atom accompanied by some decay into an I- product.58

We note that the decay of CH2I-I in pure methanol,k ) 1.3×
108 s-1 from ref 54 and from our present study, is more than 2
orders of magnitude faster than in pure acetonitrile even though
the dielectric constants of these solvents are similar (33.1 for
methanol and 38.8 for acetonitrile at 20°C). It is interesting
that the decay of CH2I-I in methanol is similar to that for 25%
to 50% water in acetonitrile solvent that had measured decay
times of 4640 ps to 1860 ps and corresponding rate constants
of k ) 2.2 × 108 s-1 and 5.4× 108 s-1, respectively.54,55 This
similarity is consistent with the CH2I-I species undergoing
O-H insertion reactions with the O-H bond of methanol and
the O-H bonds of water, while there is no possible O-H
insertion reaction for the acetonitrile solvent. These O-H
insertion reactions would help explain why the decomposition
of CH2I-I is much slower in acetonitrile solvent than in pure
methanol or mixed water/aceotnitrile solvents.54,55,58The recent
direct observation of the isobromoform O-H insertion reaction
with water to produce a CHBr2OH reaction product49,50suggests
that CH2I-I would likely also undergo a similar O-H insertion
reaction with water and methanol, insofar as CH2I-I has a
chemical reactivity similar to isobromoform and other carbenoid
species. Recent ab initio calculations also indicate that CH2I-I
undergoes O-H insertion/HI elimination reactions with water
to produce iodomethanol (CH2IOH) and HI products.55 In the
next section, we have done similar ab initio calculations to
explore the chemical reactivity of CH2I-I toward the O-H
bonds of methanol.

Ab Initio Calculations. Figures 5 and 6 present the optimized
geometry and Figure 7 presents schematic diagrams of the
relative energy profiles (in kcal/mol) obtained from the MP2
calculations for the reactant complexes, transition states, and
product complexes of the following reactions: CH2I-I +
nCH3OH f CH3-O-CH2I + HI + (n - 1)CH3OH, and
ICH2-O-CH3 + nCH3OH f CH3-O-CH2-O-CH3 + HI
+ (n - 1)CH3OH wheren ) 1,2,3.

Inspection of Figure 7 reveals the CH2I-I + CH3OH f
CH3-O-CH2I + HI reaction occurs with an estimated barrier
of 9.9 kcal/mol from its reactant complex to its transition state.
As more methanol molecules are explicitly considered in the
reaction, the barrier reaction decreases to 7.7 kcal/mol forn )
2 and then to 6.1 kcal/mol forn ) 3 methanol molecules. This
suggests that additional methanol molecules can catalyze or
accelerate the O-H insertion/HI elimination reaction. As the
starting materials for the first reaction (SM) proceed to the
reactant complex, the C-I-I angle of isodiiodomethane goes
from 118.0 degrees in SM to 114.5 degrees in RC11, 116.3
degrees in RC12, and 115.7 degrees in RC13. In addition, the
I-I bond length gets a little weaker, going from 3.030 Å in
SM to 3.043 Å in RC11, 3.052 Å in RC12, and 3.057 Å in
RC13. These changes are consistent with complex formation,
moderate stabilization of the reactant complex, and moderate
solvation of the terminal I atom.

The optimized geometry structures in Figure 5 show that, as
the reactant complexes go to their transition states, the I-I bonds
lengthens, the C-O bond distance decreases, the H-I distance
decreases, and the O-H bond of the methanol closest to the

Figure 3. Ps-TR3 spectra obtained for the photoproducts produced after
267-nm photolysis of CH2I2 in acetonitrile, 90% acetonitrile/10%
methanol, and methanol solvents using a 400-nm probe wavelength.
The time delay between the pump and probe beams is shown in
picoseconds to the right of each spectrum.

Figure 4. Plots of the relative integrated area of theν3 Raman band
of CH2I-I at different delay times (from 0 to 6000 ps) obtained in
CH3OH (open squares), 90% CH3CN/10% CH3OH (solid triangles),
and CH3CN (open circles) solvents, respectively. The dotted line
(CH3OH), dashed line (90% CH3CN/10% CH3OH), and solid line
(CH3CN) represent least-squares fits to the data.

I(t) ) Ae-t/t1 - Be-t/t2 (2)
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terminal I atom becomes longer. For example, the I-I bonds
go from a bond length of 3.043 Å in RC11 to 3.297 Å in TS11,
from 3.052 Å in RC12 to 3.270 Å in TS11, and from 3.057 Å
in RC13 to 3.235 Å in TS13. The C-O bond distance decreases
from 3.167 Å in RC11 to 2.134 Å in TS11, from 3.100 Å in
RC12 to 2.187 Å in TS12, and from 3.147 Å in RC13 to 2.274
Å in TS13. The H-I distance decreases from 2.882 Å in RC11
to 2.401 Å in TS11, 2.709 Å in RC12 to 2.523 Å in TS12 and
2.660 Å in RC13 to 2.560 Å in TS13. The O-H bond of the
methanol closest to the terminal I atom goes from 0.975 Å in
RC11 to 1.003 Å in TS11, from 0.978 Å in RC12 to 0.987 Å
in TS12, and from 0.979 Å in RC13 to 0.985 Å in TS13. These
structural changes indicate that there is partial bond formation
of the C-O and H-I bonds in the TSs accompanied by partial
bond cleavage and/or weakening of the I-I and O-H bonds.
These changes are consistent with an O-H insertion/HI
elimination reaction taking place to produce CH3-O-CH2I +
HI products. This was confirmed by IRC calculations, and a
vibrational frequency of 395.7i cm-1 was found for TS11. These

results are very similar to those previously found for the
analogous O-H insertion/HI elimination reaction of iso-
diiodomethane with water (CH2I-I + nH2O f HO-CH2I +
(n - 1)HI) from its reactant complexes to their respective
transition states.55 As the number of methanol molecules in the
reaction increases, there are generally smaller structural changes
occurring from the RCs to their respective TSs, suggesting that
less energy is needed to go from the RC to the TS as more
methanol molecules are present. This is consistent with the
barrier-to-reaction decrease as more methanol molecules are
incorporated into the reaction system and very similar to the
behavior previously observed for the water-catalyzed O-H
insertion/HI elimination reaction of isodiiodomethane with water
(CH2I-I + nH2O f HO-CH2I + (n - 1)HI).55 The low barrier
to reaction near 6.1 kcal/mol forn ) 3 methanol molecules is
consistent with the fast reaction of CH2I-I with methanol
observed in the ps-TR3 experiments and suggests that the O-H
insertion/HI elimination reaction of methanol with CH2I-I can
account for this.

Figure 5. Schematic diagrams are shown for the reactant complexes (RC11-RC13), transition states (TS11-TS13), and product complexes (PC11-
PC13) for the reactions of CH2I-I + nCH3OH f CH3-O-CH2I + HI + (n - 1)CH3OH wheren ) 1,2,3. The optimized species for these species
were obtained from MP2 calculations using the 6-31G* basis set for all the C, H, and O atoms and the lanl2dz basis set with an additionald
polarization of 0.266 for the I atoms. Selected bond length (in Å) and bond angle (in degrees) parameters are shown.
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The iodoether (CH3-O-CH2I) product can then undergo
further reaction with a methanol via a similar reaction.
Examination of Figure 7 shows that the CH3-O-CH2I +
CH3OH f CH3-O-CH2-O-CH3 + HI reaction occurs with
an estimated barrier of 35.2 kcal/mol from its reactant complex
to its transition state. As more methanol molecules are consid-
ered in the reaction, the barrier to reaction decreases to 24.3
kcal/mol forn ) 2 and then to 15.8 kcal/mol forn ) 3 methanol
molecules and may decrease further as more methanol molecules
are added. This suggests that additional methanol molecules can
catalyze or accelerate the O-H insertion/HI elimination reaction.
The optimized geometry structures in Figure 6 reveal that as
the reactant complexes go to their transition states, the C-I
bonds lengthens, the C-O bond distance decreases, and the H-I
distance decreases. These structural changes indicate that there
is partial bond formation of the C-O and H-I bonds in the
TSs, accompanied by partial bond cleavage and/or weakening
of the C-I bonds. These changes are consistent with an O-H
insertion/HI elimination reaction taking place to produce CH3-

O-CH2-O-CH3 + HI products. These results are very similar
to those previously found for the preceding O-H insertion/HI
elimination reaction of isodiiodomethane with methanol (CH2I-I
+ nCH3OH f CH3-O-CH2I + HI + (n - 1)CH3OH) and
the analogous O-H insertion/HI elimination reaction of iso-
diiodomethane with water (CH2I-I + nH2O f HO-CH2I +
(n - 1)HI) from its reactant complexes to their respective
transition states.55 As the number of methanol molecules in the
reaction increases, there are generally smaller structural changes
occurring from the RCs to their respective TSs, suggesting that
less energy is needed to go from the RC to the TS as more
methanol molecules are present and is also consistent with the
barrier-to-reaction decrease as more methanol molecules are
incorporated into the reaction system.

Proposed Reaction Mechanism.The ab initio calculation
results in conjunction with the time-resolved spectroscopy
experimental results suggest a probable reaction mechanism for
formation of the CH3-O-CH2-O-CH3 and 2I- products (plus

Figure 6. Schematic diagrams are shown for the reactant complexes (RC21-RC23), transition states (TS21-TS23), and product complexes (PC21-
PC23) for the reactions of ICH2-O-CH3 + nCH3OH f CH3-O-CH2-O-CH3 + HI + (n - 1)CH3OH wheren ) 1,2,3. The optimized species
for these species were obtained from MP2 calculations using the basis sets described in Figure 5. Selected bond length (in Å) and bond angle (in
degrees) parameters are shown.
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some accompanying H+) observed in the photochemistry
experiments. This reaction mechanism is shown below.

Step 1. Photodissociation of CH2I2:

Step 2. Solvent-induced geminate recombination to produce
isodiiodomethane:

Step 3. O-H insertion/HI elimination reaction of CH2I-I
with methanol:

Step 4. O-H insertion/HI elimination reaction of iodoether
with methanol:

Add steps 1-4 to obtain the overall reaction.
Overall Reaction:

The proposed reaction mechanism shown above can help
explain how the ultraviolet photolysis of low concentrations of
CH2I2 in methanol leads to formation of the CH3-O-CH2-
O-CH3 and 2I- products (plus some accompanying H+)
observed in the photochemistry experiments described in this
work. It is well-known that ultraviolet excitation of CH2I2 in
both gas and solutions phases leads to direct C-I bond cleavage
to form a CH2I radical and I atom, and this indicates that step
1 is the primary photochemical initiation of the reaction.59-65

Time-resolved experiments have established that solvent-induced
geminate recombination of these CH2I and I fragments can form
appreciable amounts of the isodiiodomethane (CH2I-I) inter-
mediate in a number of solvents including methanol (see Figure
3), and this indicates that step 2 of the proposed reaction
mechanism occurs to a significant degree. In addition, a very

nice theoretical study by another group used molecular dynamics
simulations to elucidate how the initially formed CH2I radical
and I atom fragments recombine in acetonitrile solution to
produce the CH2I-I intermediate.66 This provides additional
support for step 2 of the proposed reaction mechanism. The
substantially faster decay of the CH2I-I species in the presence
of methanol (see Figures 3 and 4) suggests that CH2I-I is
reacting with methanol. This, in conjunction with the ab initio
calculation results, indicates that CH2I-I reacts with CH3OH
via an O-H insertion/HI elimination reaction to produce an
iodoether (CH3OCH2I) product and HI product, consistent with
step 3 of the proposed reaction mechanism.

We note that iodoether (CH3OCH2I) is a commercially
available compound. We dissolved an authentic sample of
iodoether in methanol (CD3OD) and acetonitrile (CD3CN)
solvents and acquired1H NMR spectra as shown in Figure 8.
The parent CH2IOCH3 bands appear at about 3.3 and 5.8 ppm
in the 1H NMR spectrum obtained in acetonitrile (CD3CN)
solvent (Figure 8(B)). When iodoether (CH3OCH2I) is dissolved
in methanol (CD3OD), it is converted into CD3-O-CH2-O-
CH3 product with its characteristic 4.7 ppm band (Figure 8(A)).
We then obtained1H NMR spectra for 10µL of iodoether
(CH3OCH2I) dissolved in CD3CN with amounts of CD3OD
added from 2µL to 10 µL as shown in Figure 9. As the amount
of CD3OD added increases, more of the parent iodoether
(CH3OCH2I) is converted into CD3-O-CH2-O-CH3 product
with its characteristic 4.7 ppm band. The results in Figures 8
and 9 indicate that iodoether (CH3OCH2I) may react with
methanol to produce the CD3-O-CH2-O-CH3 dimethoxy-
methane product. These experimental results, in conjunction with
the ab initio results in Figures 6 and 7 for the O-H insertion/
HI elimination reaction ofnCH3OH with iodoether, provides
support for step 4 of the proposed reaction mechanism. The
proposed reaction mechanism is consistent with a range of
experimental and theoretical results shown here and in the
literature for the photodissociation of CH2I2 in room-temperature
solutions and provides a reasonable explanation for how the
ultraviolet photolysis of CH2I2 in methanol leads to formation
of CH3-O-CH2-O-CH3 and 2I- products (plus some ac-
companying H+) observed in the photochemistry experiments.

Brief Discussion of Chemical Reactivity of Isopolyhalo-
methanes toward O-H Bonds of Alcohols.Our present study
indicates that isodiiodomethane (CH2I-I) reacts with methanol

Figure 7. Schematic diagrams of the energy profile (in kcal/mol) obtained from the MP2 calculations for the reactions of CH2I-I + nCH3OH f
CH3-O-CH2I + HI + (n - 1)CH3OH and ICH2-O-CH3 + nCH3OH f CH3-O-CH2-O-CH3 + HI + (n - 1)CH3OH wheren ) 1,2,3.

CH2I2 + hν f CH2I + I

CH2I + I f CH2I-I

CH2I-I + CH3OH f

nCH3-O-CH2I + HI (or H+ + I-) + (n - 1)CH3OH

CH3-O-CH2I + (n - 1)CH3OH f

CH3-O-CH2-O-CH3 + HI + (n - 2)CH3OH

CH2I2 + hν + nCH3OH f CH3-O-CH2-O-CH3 +

2HI (or 2H+ + 2I-) + (n - 2)CH3OH
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via an O-H insertion/HI elimination reaction to produce an
iodoether (CH3-O-CH2I) product and a HI (or H+ and I-)
product. This is very similar to the reaction of isodiiodomethane
(CH2I-I) with water via an O-H insertion/HI elimination
reaction to produce an iodomethanol (HO-CH2I) product and
a HI (or H+ and I-) product.55 The bond strength of the O-H
bond of methanol (D0

298 ) 104.4( 1 kcal/mol) is modestly
weaker than the O-H bond in water (D0

298 ) 119 ( 1 kcal/
mol), and this suggests that the O-H bond in methanol may
be easier to break and undergo an O-H insertion reaction than
an O-H bond in water. This appears consistent with the results
of the MP2 calculations that show the CH2I-I + CH3OH f
CH3-O-CH2I + HI reaction has a barrier height of about 9.9
kcal/mol from its RC11 to its TS11 while the CH2I-I + H2O
f HO-CH2I + HI reaction has a barrier height of about 13.6
kcal/mol from its RC to its TS.55 This suggests that an
isopolyhalomethane carbenoid may more readily undergo an

O-H insertion/HX elimination with an alcohol O-H bond than
with a water O-H bond. However, the explicit incorporation
of additional water molecules in the reaction system (that is,
the CH2I-I + nH2O f HO-CH2I + HI + (n - 1)H2O
reaction) found that water substantially catalyzes the reaction
through its O-H bonding interactions with the reaction system
and the barrier to reaction decreased to only 3.8 kcal/mol forn
) 3 water molecules. However, the methyl moiety may add
significant steric hindrance for forming an effective solvent
O-H bonding structure to best catalyze the reaction system,
and this effect may account for why the CH2I-I + CH3OH f
CH3-O-CH2I + HI reaction has a barrier height that decreases
more slowly as the number of water molecules increases (for
example, to 6.1 kcal/mol forn ) 3 methanol molecules). This
steric effect would be expected to become more noticeable for
larger alcohols. Further experimental and theoretical work is
needed to address the relative ability of the larger alcohols
compared to methanol to catalyze these types of O-H insertion/
HX elimination reactions.

Conclusion

A combined experimental and theoretical study was done to
examine the ultraviolet photolysis of low concentrations of
CH2I2 in methanol solution. Photochemistry experiments ob-
served that CH2I2 was converted into CH3-O-CH2-O-CH3

and some H+ and I- products. Picosecond time-resolved

Figure 8. 1H NMR spectra obtained CH2IOCH3 in (A) CD3OD, (B)
CD3CN, and (C) CD3CN with a small amount of CD3OD added. The
parent iodoether bands appear at about 3.3 and 5.8 ppm in the1H NMR
spectra in CD3CN. In CD3OD solvent, iodoether is converted into
CD3OCH2OCH3 product whose characteristic band is at 4.7 ppm (A).
With the addition of small amounts of CD3OD in CD3CN, iodoether is
also converted into CD3OCH2OCH3 product whose characteristic band
is at 4.7 ppm (C). (* indicate solvent peaks).

Figure 9. 1H NMR spectra obtained for 10µL of iodoether
(CH2IOCH3) in CD3CN solvent with varying amounts of CD3OD added
to the solution: 0µL (A), 2 µL (B), 4 µL (C), 6 µL (D), 8 µL (E), and
10 µL (F). The parent iodoether (CH2IOCH3) bands appear at about
3.3 and 5.8 ppm, and the CD3OCH2OCH3 product band is at 4.7 ppm
in the 1H NMR spectra. See text for more details.
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resonance Raman (ps-TR3) spectroscopy experiments observed
that the isodiiodomethane (CH2I-I) photoproduct was produced
within several picoseconds after photolysis and then decayed
faster as the concentration of methanol increases, suggesting
that isodiiodomethane is reacting with methanol. Ab initio MP2
calculations indicate that isodiiodomethane can undergo an O-H
insertion/HI elimination reaction with methanol to produce an
iodoether (ICH2-O-CH3) product accompanied by a HI
product. The ab initio calculations also indicate iodoether can
then further react with methanol (nCH3OH) via an O-H
insertion/HI elimination reaction to form another HI leaving
group and the CH3-O-CH2-O-CH3 observed experimentally
in the photochemistry experiments. Further experiments showed
that an authentic commercially available sample of iodoether
readily reacts with methanol to produce a CH3-O-CH2-O-
CH3 product, consistent with the predictions of the ab initio
calculations and iodoether being an intermediate in the photo-
chemistry experiments. A reaction mechanism consistent with
these experimental and theoretical observations was proposed.
Likely implications for the chemical reactivity of isopoly-
halomethanes toward O-H bonds in alcohols was very briefly
discussed.
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