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Theoretical calculations at the B3LYP/6-311+G(d,p) level predict for this arsine

two stable conformers 2a and 2b with an energy difference of AE = 0.55 kcal/mol (AG = 0.30

kcal/mol), the conformer 2a being the most stable (Scheme 1S, Table 1S).
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Assignment of the ionizations is made considering theoretical IP estimations (Tables
1S and 2S) and by analogy with the previously described chloromethylarsine.’> The
introduction of the second chlorine atom on the carbon atom induces only a minor IP shift
(exp. IP: CH3ClI n¢j 11.29 eV; CH,CI; n¢; 11.35 eV; CHCI3 n¢y 11.37 eV). In the case of the
PE spectrum of arsine 2, the first IP is linked with the ejection of an electron from the
molecular orbital corresponding mainly to the antibonding combination of arsenic and
chlorine lone pairs (in the same plane). The following bands are due to the chlorine atoms
lone pairs, bonding combination of arsenic and chlorine lone pairs, and finally cas.n and cas.c

ionizations (Table 2S).

Table 1S. Calculated (B3LYP/6-311G(d,p))
Geometrical Parameters (Distances in A and
Angles in deg) for 2a and 2b.

2a 2b

As-H 1.527 1.522/1.526
As-C 2.018 2.015
C-H? 1.083 1.085

c-ct 1.799 1.805/1.800
C-As-H® 92.9 93.7
As-C-H? 112.9 109.0
CI-C-As 109.7 108.8
Cl-C-H? 106.5 106.0
CI-C-As-H® 725 77.8
H2-C-As-H® 46.1 167.0
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Table 2S: Calculated and experimental ionization potentials for 2a and 2b (all values in eV,
* ASCF, **Exp. IP)

K-S "corrected" IP

2a -g =196 TD-DFT OVGF Exp.
A 7.69 9.65** 9.91* 9.94 9.65
A" 8.47 10.45 10.52 10.86 10.2
A 8.82 10.78 10.94 11.23 11.3
A 9.16 11.12 11.23 11.64 11.6
A" 9.35 11.31 11.79 11.85 11.8
A" 10.46 12.42 12.70 13.20 12.5
K-S "corrected"
2b - IP x=1.75 TD-DFT OVGF Exp. IP
A 7.90 9.65** 10.08* 10.18 9.65
A" 8.53 10.28 10.71 10.85 10.2
A 8.71 10.46 11.04 11.16 11.3
A 9.21 10.96 11.24 11.63 11.6
A" 10.51 12.26 11.43 11.72 11.8
A" 11.59 13.34 12.74 13.18 12.5

Table 3S. Calculated (B3LYP/6-311G(d,p)) Total Energies and Geometrical Parameters of Z
and E isomer of 4.

z E
H\ — H\ /H
o R SE=hs
H Cl
Etotal U.a. -2735.3819574 -2735.3816715
AE= Etot(z) - Etot(E) kcal/mol 0.179
C-As 1.795 A 1.799 A
C-Cl 1.737 A 1.739 A
As-H 1.530 A 1.531 A
C-H 1.084 A 1.083 A
H-As=C 97.7° 92.0°
As=C-Cl 129.3° 123.2°
As=C-H 119.5° 125.2°
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Experimental Section

General: *H (400 MHz) and **C (100 MHz) NMR spectra were recorded on a Bruker
ARX400 spectrometer. Chemical shifts are given in ppm (8) relative to tetramethylsilane
(*H), and solvent (**C, CDCls, & 77.0 ppm). The NMR spectra were recorded using CDCls as
solvent. HRMS (high-resolution mass spectrometry) experiments were performed on a Varian
MAT 311 instrument. The cell containing compound 2 or 3 was directly connected to the
spectrometer. To record the mass spectra of compounds 4 and 1, a cooled cell containing
arsine 2 and the reactor containing sodium carbonate were directly connected to the mass

spectrometer.

UV-Photoelectron Spectroscopy

Photoelectron spectra were recorded with Helectros 0018 spectrometer equipped with a 127°
cylindrical analyzer using 21.21 eV He | radiation as a photon source and monitored by a
microcomputer supplemented with a digital-to-analogue converter. Helium ionization at 4.98
eV and nitrogen ionizations at 15.59 and 16.98 eV were used for calibration. The spectra

contain 2000 points and are accurate to 0.1 eV.

Computational Details

The calculations were performed using the Gaussian 98%° and MOLCAS®® (for CASPT2)
program packages. The 6-311G(d,p) basis set was used for all calculations since the inclusion
of polarization functions is necessary for the accurate description of the neutral molecules
containing arsenic atom and their cations. Geometry optimizations were carried out at DFT*®
level of theory with the B3LYP *° functional and confirmed as true minima via frequency
analysis, which was also used to calculate zero-point energies (ZPEs) without scaling.
lonization energies were calculated with ASCF-DFT which means that separate SCF
calculations are performed to optimize the orbitals of the ground state and the appropriate
ionic state (IE = Ecation — Eneutmol). TDDFT ° approach provides a first principles method for
the calculation of excitation energies within a density functional context taking into account
the low lying ion calculated by ASCF method. The vertical ionization potentials of the

compounds 1, 2, 4 were also calculated at the ab initio level according to OVGF "> method. In
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this case the effects of electron correlation and reorganization are including beyond the
Hartree-Fock approximation and the self-energy part was expanded up to third order.
CASPT2 * refers to multiconfigurational SCF ab initio calculations in which all excitations
are taken into account in a certain orbital space (the active space), with second order
perturbation corrections added afterwards. To compare the ionization potentials resulting
from these rigorous methods of calculation, we proceeded also to the currently used
estimation of ionization potentials. Indeed, quite recent works & have shown that & could
be linked up to experimental vertical ionization potentials (IPy) by uniform shift x = |- &
(HOMO) - IP,*® | . This approach gives a remarkable agreement with experimental values and
is justified by the fact that the first calculated vertical ionization potential lies very close to
experimental values. Stowasser and Hoffman *° have shown that the localization of KS
orbitals are very similar to those obtained after HF calculations.

Density functional theory (DFT) has been shown to predict various molecular properties
successfully.”® The advantages of the most employed method of calculations of the first
ionization energies (ASCF — DFT calculations) have been thoroughly demonstrated.'® On the
other hand, the frequently used estimation of IPs by “shifting” of calculated Kohn-Sham
energies (a not very rigorous process, but nicely working) has also proved its efficacy.
Nevertheless, we have to consider that each theoretical method of approaching ionization
potentials is limited by the calculation procedure. In the ASCF method we have to take into
account that the single-configuration approximation is not valid when several ions of the same
symmetry are near in energy. For TDDFT approach, the configuration interaction processes is
based on the quality of the evaluation of the low lying ion described by ASCF method. In the
Outer Valence Green's Function (OVGF) calculation, the quality of the theoretical results
depends on the validity of the Hartree-Fock approximation. The limitation of CASPT2
methods is the limit of active space (10 electrons or 9 for the ions in 12 molecular orbitals in

our case), so it is reserved for rather small-size molecules.

Synthesis of compounds (1)-(4)

Caution: Low-boiling arsenic compounds are potentially highly toxic molecules. All
reactions and handling should be carried out in a well-ventilated hood.
Dichloromethylarsonic acid dichloride (3). In an 250 mL three necked flask equipped with
a dropping funnel, a low temperature thermometer, an efficient stirring bar and a nitrogen
inlet were introduced dry pentane (15 mL), diethyl ether (15 mL) and THF (60 mL).
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Dichloromethane (4.25 g, 50 mmol) freshly distilled on P,O;o was added and the flask was
immersed in a cold bath. When the temperature of the solution arose -95 °C, n-BuL.i (30 mL,
48 mmol) was very slowly added (30 min). At the end of the addition, the reaction mixture
was stirred at -95 °C for 15 min. The solution was then cooled at -110 °C and a suspension of
arsonic trichloride (11.1 g, 60 mmol) in THF (30 mL) previously cooled at about -50 °C was
quickly added to the reaction mixture. An increase of the temperature up to -70 °C was
observed. After 5 min of stirring, the cold bath was removed and the reaction mixture was
allowed to warm to room temperature. The solvent was then removed in vacuo and a crude
mixture of arsine 3 was obtained. Analysis by *H NMR spectroscopy of this mixture showed
the presence of dichloromethylarsonic dichloride and bis(dichloromethylarsonic chloride) in
a 3:1 ratio. A pure sample was obtained using a vacuum line by removing the solvents in
vacuo and selective trapping of compound 3 in a trap cooled at -20 °C. Compound 3 (2.66 g,
11.5 mmol, yield: 24 %) was kept at low temperature (-30 °C). 1H NMR (400 MHz, CDCl53)

§: 6.01 (s, 1H). 13C NMR (100 MHz, CDCl3) &: 69.0 (t, Lcn = 183.9 Hz). HRMS: M™ for
CHAS*Cl, calcd: 227.8048, found: 227.805. (Spectroscopic characterization of the impurity:
bis(dichloromethyl)arsonic chloride: 1H NMR (400 MHz, CDClI3) §&: 6.11 (s, 1H). 13C NMR
(100 MHz, CDClg) &: 65.6).

Dichloromethylarsine (2). The apparatus already described for the preparation of 2-
propynylphosphine was used.118 A vacuum line was equipped with two cells with stopcocks.

The flask containing the reducing mixture (BuzSnH, 8.7 g, 30 mmol and small amounts of
duroquinone) was attached to the vacuum line, cooled to -10 °C and degassed. Compound 3
(460 mg, 2 mmol) diluted in tetraglyme (5 mL) was then slowly added with a flex-needle
through the septum for about 15 min. During and after the addition, the dichloromethylarsine
2 that formed was distilled off in vacuo from the reaction mixture. A cold trap (-30 °C)
selectively removed the less volatile products and the arsine 2 was condensed in a second
cold trap (-90 °C) to remove the most volatile products (mainly AsHs). This cell was
disconnected from the vacuum line and the dichloromethylarsine 2 (103 mg, yield: 32 %)
was kept at low temperature (77 K). For analysis by NMR spectroscopy, arsine 2 was

distilled in vacuo and condensed with an NMR solvent (CDCI3) on a cold finger equipped at
the bottom with an NMR tube. 1H NMR (CDCl3) &: 4.30 (d, 2H, 3Jyn = 3.7 Hz); 6.27 (t, 1H,
3J4H = 3.7 Hz). 13C NMR (CDCI3) &: 56.4 (t, LJcy = 180.7 Hz). IR (gas phase, v, cm1):
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2962 (m), 2103 (M, vasH), 800 (vs), 665 (s). HRMS: M* for CH3As*Cl, calcd: 159.8828,

found: 159.883. (m/z (%): 162 (20), 160 (24, M*), 126 (20), 124 (65, CICH=AsH"), 91 (25),
90 (80), 89 (80), 85 (70), 83 (100, CHCI,").

Chloromethylidenearsine (4) and Methylidynearsine (1). A cell containing the
dichloromethylarsine 2 (43 mg, 0.27 mmol) was attached to the vacuum line equipped with a
reactor connected to the mass or photoelectron spectrometer. Dry sodium carbonate (30 g),
introduced in a reactor (¢: 2.5 cm, L = 30 cm) in half-section between two pads of glass
wool, was heated to 110 °C (MS experiments) or 200 °C (UV-PES experiments) and, arsine
2 was slowly vaporized in the vacuum line. The gaseous flow was analyzed by photoelectron
spectroscopy or mass spectrometry. Chloromethylidenearsine 4 was unambiguously observed
as the main product (purity ~ 85 %) in the presence of small amounts of the precursor and

carbon dioxide.

With a higher temperature of the base (250 °C in MS and 335°C in UV-PES),
methylidynearsine 1 was observed as the main product (purity ~ 90 %) in the presence of

carbon dioxide.
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Fig. 2S. Mass spectra of compounds (2) and (4)
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Fig. 2S (a). Mass Spectra of dichloromethylarsine 2.
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Fig. 2S(b). Mass Spectra of 2 vaporized on Na,CO3 at 110 °C.
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