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Lewis-acid-assisted methyl/chlorine, methyl/azide, and methyl/triflate exchange reactions between silicon and arsenic
centers have been studied and applied to different silylated aminoarsane species leading to a number of new
methylarsane compounds: bis(trimethylsilyl)amino(dichloro)arsane (3) was reacted with GaCl3 yielding a bis(chlo-
rodimethylsilyl)-tetramethyl-cyclo-disilazane (4) accompanied by the release of Me2AsCl, while trimethylsilyl(m-
terphenyl)amino(dichloro)arsane (5) (m-terphenyl ) 2,6-Mes2-C6H3, Mes ) 2,4,6-Me3C6H2) reacted with GaCl3 to
give dichloromethylsilyl(m-terphenyl)aminodimethylarsane (6). In the presence of trimethylsilylazide, trimethylsilyl(m-
terphenyl)amino(dichloro)arsane displays a methyl/azide exchange triggered by the action of GaCl3 yielding
azidodimethylsilyl(m-terphenyl)amino(chloro)methylarsane (7). Moreover, methyl/triflate exchange reactions have
been observed in the reaction of trimethylsilyl(m-terphenyl)amino(dichloro)arsane (i) with 1 equiv of AgOTf (OTf )
triflate) yielding N-(trifluoromethylsulfonatodimethylsilyl)-N-(m-terphenyl)amino(methyl)chloroarsane (8) and (ii) with
2 equiv of AgOTf yielding N-(trifluoromethylsulfonatodimethylsilyl)-N-(m-terphenyl)trifluoromethylsulfonatomethylarsane
(9). All new compounds (3-9) have been fully characterized by means of vibrational spectroscopy, X-ray, CHN
analysis, MS, and NMR studies. A possible reaction mechanism is discussed starting from an initial chloride abstraction
and the intermediate formation of a cationic iminoarsane species. In a second step, a methyl shift from the silicon
to the arsenic center occurs.

Introduction

In a series of papers, Lewis-acid-assisted Me3Si-Cl
elimination reactions followed by [3 + 2] cycloadditions1

have been established in phosphorous/nitrogen chemistry
only recently.2 This reaction type was also successfully
applied in arsenic/nitrogen chemistry to the reaction of
silylated supermesityl(dichloro)arsane, Mes*-N(Me3Si)AsCl2,
(Mes* ) 2,4,6-tBu3C6H2) and Me3Si-N3 in the presence of
GaCl3 resulting in the formation of neutral tetrazarsole, Mes*-
N4As, stabilized as a GaCl3 adduct (Scheme 1).3 Lewis acids

such as AlCl3, GaCl3, or B(C6F5)3
4 are needed to release the

“disguised” dipolarophile and 1,3-dipole by catalyzing the
Me3Si-Cl elimination.

Astonishingly, in contrast to the analogous phosphorus
species, N,N′,N′-[tris(trimethylsilyl)]hydrazino(dichloro)ar-
sane, (Me3Si)2N-N(SiMe3)-AsCl2 (1), did not react to the
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(1) (a) Huisgen, R. In 1,3-Dipolar Cycloaddition Chemistry; Padwa, A.,
Ed.; Wiley: New York, 1984; pp 1-176. (b) Padwa, A. In Compre-
hensiVe Organic Synthesis; Trost, B. M., Ed.; Pergamon, Oxford, 1991;
Vol. 4, pp 1069-1109. (c) For a review of asymmetric 1,3-dipolar
cycloaddition reactions, see: Gothelf, K. V.; Jorgensen, K. A. Chem.
ReV 1998, 98, 863–909. (d) For a review of synthetic applications,
see: Mulzer, J. Org. Synth. Highlights 1991, 77–95.

Scheme 1. Lewis-Acid-Assisted [3 + 2] Cycloaddition Utilizing
Disguised Dipolarophiles and 1,3 Dipolesa

a LA ) Lewis acid ) AlCl3, GaCl3, or B(C6F5)3; E ) P, As; R )
N(SiMe3)2, m-terphenyl5 ) Ar# ) 2,6-Mes2-C6H3, supermesityl6).
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triazadiarsole according to Scheme 1 (reaction B), but instead
1 was transformed into the corresponding N-trimethylsilyl-
N′,N′-bis-(dimethylchlorosilyl)hydrazinodimethylarsane (2)
(Scheme 2).7 Obviously, in case of the arsenic compound
(1), there is a second reaction channel that is faster and results
in a methyl/chlorine exchange at the silicon and the arsenic
centers induced by the action of the Lewis acid. The
thermodynamic stabilization of this chlorinated system in 2
appears in the important antiperiplanar interactions between
nitrogen/chlorine lone pairs and adjacent σ* acceptor orbitals.

In this study, we report that this methyl/chlorine exchange
reaction triggered by the action of GaCl3 can be generalized
and applied to different silylated amino(dichloro)arsane
species.

Results and Discussion

Reactions with Si-C bond cleavage catalyzed by the
action of GaCl3 are known.8 For instance, a methyl migration
from silicon to gallium was found in the reaction of GaCl3

and SiMe4 for which an intermediate with bridging Cl and
Me between Si and Ga was suggested, finally resulting in
the formation of Me3SiCl and (MeGaCl2)2. In the intramo-
lecular Me/Cl exchange reaction of 1 (Scheme 2), GaCl3

mediates the substitution and forms an adduct (2) at the end
of the exchange reaction. Reaction of 2 with a Lewis base,
for example, 4-(dimethylamino)pyridine (DMAP), yields the
adduct-free hydrazinodimethylarsane,7 so GaCl3 can be
considered a catalyst in contrast to the Si-C bond cleavage
reaction described above where methylgalliumchlorides are
formed. Carmalt et al. have observed a similar Si-C bond

cleavage in the reaction of GaCl3 with (Me3Si)3N yielding
among other things dimeric (MeGaCl2)2.9

Methyl-Exchange Reactions in Bis(trimethylsilyl)ami-
no(dichloro)arsane (3). To gain further insight into GaCl3-
assisted methyl/chlorine exchange reactions, we applied this
reaction type to 3 and other arsenic species. In a modified
synthetic procedure,10 bis(trimethylsilyl)amino(dichloro)arsane
(Figure 1) is easily prepared from N-lithio-N,N-bis-(trim-
ethylsilyl)amide and AsCl3 in n-hexane at -40 °C. Filtration
and removal of the solvent and the excess of AsCl3 gave a
viscous liquid of 3 (yield ) 70%, mp ) -11 °C, bp ) 53
°C (10-3 mbar)).

According to Scheme 3, amino(dichloro)arsane 3 dissolved
in CH2Cl2 was added dropwise to a solution of GaCl3 in
CH2Cl2 at -20 °C resulting in a yellowish solution. Removal
of CH2Cl2 yielded a residue, which was extracted with
n-hexane. Subsequent sublimation gave the unexpected 1,3-
bis(chlorodimethylsilyl)-2,2,4,4-tetramethyl-cyclo-disila-
zane (4) (Scheme 3) in good yields (75 %). The formation
of 4 was unequivocally proven by NMR and X-ray studies,
and it was fully characterized. Furthermore, the methyl/
chlorine exchange was confirmed by the identification of
Me2AsCl (1H NMR). cyclo-Disilazane 4 has been reported
before and was prepared, for example, in the condensation
reaction of dichlorodimethylsilane, Me2SiCl2, with either
2,2,4,4,6,6-hexamethylcyclotrisilazane, [Me2SiNH]3, or 2,2,
4,4,6,6,8,8-octamethylcyclotetrasilazane, [Me2SiNH]4.11

Presumably, the unexpected formation of 4 in the reaction
of 3 with GaCl3 is triggered by a chloride abstraction
(formation of GaCl4

-) in the first reaction step as illustrated

(2) (a) Herler, S.; Villinger, A.; Weigand, J.; Mayer, P.; Schulz, A. Angew.
Chem. 2005, 117, 7968-7971; (b) Angew. Chem., Int. Ed. 2005, 44,
7790-7793. (c) Fischer, G.; Herler, S.; Mayer, P.; Schulz, A.;
Villinger, A.; Weigand, J. Inorg. Chem. 2005, 44, 1740–1751. (d)
Mayer, P.; Schulz, A.; Villinger, A. Chem. Commun. 2006, 1236–
1238. (e) Brand, H.; Schulz, A.; Villinger, A. Z. Anorg. Allg. Chem.
2007, 633, 22–35. (f) Schulz, A.; Villinger, A. J. Organomet. Chem
2007, 692, 2839–2842. (g) Michalik, D.; Schulz, A.; Villinger, A.
Angew. Chem. 2008, 120, 6565-6568; (h) Angew. Chem. Int. Ed.
2008, 47, 6465-6468.

(3) Schulz, A.; Villinger, A. Angew. Chem. 2008, 120, 614-617; Angew.
Chem., Int. Ed. 2008, 47, 603-606.

(4) Kowalewski, M.; Krumm, B.; Mayer, P.; Schulz, A.; Villinger, A.
Eur. J. Inorg. Chem. 2007, 5319–5322.
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1999, 44, 1. (b) Clyburne, J. A. C.; McMullen, N. Coord. Chem. ReV.
2000, 210, 73–99. (c) Wright, R. J.; Steiner, J.; Beaini, S.; Power,
P. P. Inorg. Chim. Acta 2006, 359, 1939–1946. (d) Rivard, E.; Powers,
P. P. Inorg. Chem. 2007, 46, 10047–10064.
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8322.
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2002, 268–275.
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J. W. Inorg. Chem 2001, 40, 6035–6038.

(10) (a) Gynane, M. J. S.; Hudson, A.; Lappert, M. F.; Power, P. P. J. Chem.
Soc., Dalton Trans. 1980, 2428–2433. (b) Flynn, K. M.; Murray, B. D.;
Olmstead, M. M.; Power, P. P. J. Am. Chem. Soc. 1983, 105, 7460–
7461. (c) Vasisht, S. K.; Sood, M.; Verma, P. K.; Kaur, T.; Usha, K.
Phosphorus, Sulfur Silicon Relat. Elem. 1990, 47, 349–355. (d)
Miqueu, K.; Sotiropoulos, J.-M.; Pfister-Guillouzo, G. P; Romanenko,
V. D. New J. Chem. 2001, 25, 930–938.

(11) (a) Geymayer, P.; Rochow, E. G. Angew. Chem. 1965, 77, 618. (b)
Breed, L. W.; Elliot, R. L.; Wiley, J. C. J. Organomet. 1970, 24, 315–
325.

Scheme 2. GaCl3-Assisted Methyl/Chlorine Exchange in
Hydrazino(dichloro)arsane, (Me3Si)2N-N(SiMe3)-AsCl2.

Figure 1. ORTEP drawing of the molecular structure of 3 in the crystal.
Thermal ellipsoids with 50% probability at 173 K (hydrogen atoms omitted
for clarity).

Scheme 3. GaCl3-Assisted Methyl/Chlorine Exchange in
Bis(trimethylsilyl)amino(dichloro)arsane (3), Yielding cyclo-Disilazane
(4) via Release of Me2AsCl
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in Scheme 4. The formed cationic As-N species undergoes
a shift of one methyl group from the Me3Si unit to the
cationic arsenic center. Now GaCl4

- transfers the chloride
to the Me2SidN moiety. The same process can be discussed
for the second methyl/chlorine exchange, which is followed
by a release of Me2AsCl and the dimerization of the in situ
generated Me2SidN-SiMe2Cl.

Methyl/Chlorine Exchange Reactions in Trimethylsi-
lyl(m-terphenyl)aminodichloroarsane (5). Compound 5
(Figure 2) may be regarded a “disguised” dipolarophile, since
an intrinsic elimination of Me3Si-Cl should give an imi-
no(chloro)arsane, Ar#-NdAs-Cl, which can react with a
1,3 dipole molecule such as Me3Si-N3 to give a tetrazarsole
(m-terphenyl5d ) Ar# ) 2,6-Mes2-C6H3, Mes ) 2,4,6-
Me3C6H2).3 This at least was the idea, which worked well
for the analogue phosphorus compound but not for 5.2f Upon
adding a solution of GaCl3 in CH2Cl2 to a solution of 5 in
CH2Cl2, the formation of an iminoarsane was not observed
but again a chlorine/methyl exchange reaction occurred as
displayed by 29Si, 1H, and 13C NMR studies. Recrystallization
from toluene gave crystals suitable for an X-ray structure
determination, revealing again a methyl/chlorine exchange
product, now with two chlorine atoms attached to the silicon
and a dimethylarsane unit according to Scheme 5 (Figure
3). Obviously, when only one Me3Si unit is present in the
molecule, a double methyl/chlorine exchange at this Si center
(Scheme 5) occurs, while a single methyl/chlorine exchange
at two different Si centers is observed when two Me3Si
groups are present (Schemes 2 and 3). The novel dichlo-
romethylsilyl(m-terphenyl)aminodimethylarsane (6) is soluble

in toluene, CH2Cl2, and ether and is thermally stable up to
156 °C. Aminodimethylarsane 6 is air- and moisture-
sensitive, but under argon, it is stable over a long period in
both solid and common organic solvents. Interestingly, in
contrast to 1, which forms a GaCl3 adduct 2, compound 6
does not form an adduct presumably due to steric reasons.

Methyl/Azide Exchange Reactions in Trimethylsilyl(m-
terphenyl)aminodichloroarsane. Although we noticed that
GaCl3 already reacts with 5 in a methyl/chlorine exchange
reaction, we changed the synthetic approach with respect to
the order of adding the Lewis acid to determine whether a
formal [3 + 2] cyclization2,3 is faster than the methyl/chlorine
or methyl/azide exchange reaction. Hence, in a further
experiment, a solution of GaCl3 in CH2Cl2 was added to a
solution of 5 and Me3Si-N3 in CH2Cl2 at -70 °C, resulting
in an orange solution (Scheme 6). After being stirred at -30
°C for 30 min, the solution was concentrated and recrystal-
lized at -80 °C yielding a colorless, crystalline solid (yield
) 95%). A Raman experiment immediately revealed the
existence of a covalently bound azide (νas ) 2141 cm-1),
and by means of X-ray structure determination, the formation
of azidodimethylsilyl(m-terphenyl)amino(chloro)methylar-

Scheme 4. Suggested Reaction Mechanism of the GaCl3-Assisted Methyl/Chlorine Exchange in Bis(trimethylsilyl)amino(dichloro)arsane (3), Yielding
cyclo-Disilazane (4) via Release of Me2AsCl

Figure 2. ORTEP drawing of the molecular structure of 5 in the crystal.
Thermal ellipsoids with 50% probability at 173 K (hydrogen atoms omitted
for clarity).

Scheme 5. GaCl3-Assisted Methyl/Chlorine Exchange in
Trimethylsilyl(m-terphenyl)amino(dichloro)arsane (5), Yielding
Dichloromethylsilyl(m-terphenyl)aminodimethylarsane (6)

Figure 3. ORTEP drawing of the molecular structure of 6 in the crystal.
Thermal ellipsoids with 50% probability at 173 K (hydrogen atoms omitted
for clarity).
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sane (7) was unequivocally proven (Figure 4).12 It is
interesting to note that in the presence of Me3Si-N3 the
Lewis acid GaCl3 facilitates a methyl/azide exchange even
at low temperatures (T always below -30 °C). Without
GaCl3 no reaction was observed between 5 and Me3Si-N3.
Interestingly, the novel azidodimethylsilyl(m-terphenyl)ami-
no(chloro)methylarsane (7) represents one of the rare ex-
amples of structurally characterized neutral azidosilanes.13

Compound 7 is thermally stable to over 149 °C and is neither
heat- nor shock-sensitive. Moreover, 7 is extremely air- and
moisture-sensitive, but under argon, it is stable over a long
period in solid at ambient temperatures and in common
organic solvents (e.g., toluene, CH2Cl2, ether) at low tem-
peratures (T <-40 °C). It is interesting to mention that when
an excess of Me3Si-N3 was used, a Me3Si-N3 ·GaCl3 adduct
crystallizes together with 7. This adduct was first described
by Kouvetakis et al.14

Azidosilanes are frequently used for the introduction of
azide groups, for the generation of silylenes and the synthesis
of silyl-iminophosphoranes via Staudinger reaction.12b,15-20

Methyl/Triflate Exchange Reactions in Trimethylsi-
lyl(m-terphenyl)aminodichloroarsane. In a second series
of experiments we studied the reaction of silver triflate,
AgOTf (OTf ) SO3CF3 ) trifluoromethylsulfonate )
triflate), with 5, again observing interesting methyl exchange
reactions, this time triggered by the action of the Lewis acid
Ag+ (Scheme 7 and 8). First, 1 equiv of AgOTf was added
to a solution of 5 in CH2Cl2 at -30 °C under exclusion of
light, resulting in the formation of N-(trifluoromethylsul-
fonatodimethylsilyl)-N-(m-terphenyl)amino(methyl)chloroar-
sane (8) (mp ) 163 °C) in high yields (98 %) (Scheme 7,
Figure 5). Usage of 2 equiv of AgOTf led to the formation
of N-(trifluoromethylsulfonatodimethylsilyl)-N-(m-terphenyl)-
amino-trifluoromethylsulfonatomethylarsane (9) (yield )
96%, mp ) 186 °C). Both compounds (8 and 9) have been
fully characterized. As expected, when 1 equiv AgOTf was
added a methyl/triflate exchange occurs at the silicon center
(Scheme 7). However, when 2 equiv of AgOTf are used,
again only one methyl/triflate exchange was observed. The
second equivalent of AgOTf attacks the arsenic center finally
forming an As-OTf bond (Scheme 8).

Both novel amino(methyl)chloroarsanes (8 and 9) are
thermally stable to over 160 °C. Both crude products (of 8
and 9) are easily purified by recrystallization and are
extremely air- and moisture-sensitive, but under argon they
are stable over a long period.

Generalized Reaction Mechanism of Methyl Exchange
Reactions in Amino Substituted Dichloroarsanes. Inde-
pendent of the Lewis acid, the first reaction step is character-
ized by a chloride abstraction and the intermediate formation
of a cationic species with the formal positive charge localized
at the nitrogen atom as displayed in Scheme 9. According
to NBO analysis for the cationic model compound
Me3Si-N(R)-AsCl+ (R ) H), the As-N bonds and the
Si-N bonds are highly polarized, and the calculated partial

(12) (a) Brand, H.; Schulz, A.; Villinger, A. Z. Anorg. Allg. Chem. 2007,
633, 22–35. (b) Götz, N.; Herler, S.; Mayer, P.; Schulz, A.; Villinger,
A. Eur. J. Inorg. Chem. 2006, 2051–2057. (c) Kessenich, E.; Polborn,
K.; Schulz, A. Z. Anorg. Allg. Chem. 2001, 627, 2506–2510. (d)
Aubauer, Ch.; Karaghiosoff, K.; Klapötke, T. M.; Kramer, G.; Schulz,
A.; Weigand, J. Z. Anorg. Allg. Chem. 2001, 627, 2547–2552.

(13) Ohtaki, T.; Kabe, Y.; Ando, W. Heteroat. Chem. 1994, 5, 313–320.
(14) Kouvetakis, J.; McMurran, J.; Matsunaga, P.; O’Keeffe, M.; Hubbard,

J. L. Inorg. Chem. 1997, 36, 1792–1797.
(15) Staudinger, H.; Hauser, E. HelV. Chim. Acta 1919, 2, 635–646.
(16) (a) Sasse, K. Houben-Weyl, Methoden der Organischen Chemie, Bd.

12, Teil 1, (Organische-Phosphor-Verbindungen), Georg Thieme
Verlag: Stuttgart, Germany, 1963; p 73. (b) Hudson, R. F. Structure
and Mechanism in Organophosphorus Chemistry; Academic Press:
London and New York, 1965; p 198. (c) Johnson, A. W. Ylid
Chemistry; Academic Press, London and New York, 1966; p 219. (d)
Bestmann, H. J.; Zimmermann J. In Organic Phosphorus Compounds,
Bd. 3; Kosalapoff, G. M. and Maier, L. (Eds.); Wiley-Interscience:
New York, London, Sydney, and Toronto, 1972; p 11. (e) Regnitz,
M., Ed. Houben-Weyl, Methoden der Organischen Chemie, Bd. E II
(PhosphorVerbindungen); Georg Thieme Verlag: Stuttgart, Germany,
1982; p 96.

(17) Johnson, A. W. Ylides and Imines of Phosphorus; Wiley: New York,
1993.

(18) Dehnicke, K.; Weller, F. Coord. Chem. ReV. 1997, 158, 103–169.
(19) Dehnicke, K.; Krieger, M.; Massa, W. Coord. Chem. ReV. 1999, 182,

19–65.
(20) Köhn, M.; Breinbauer, R. Angew. Chem., Int. Ed. 2004, 43, 3106–

3116.

Figure 4. ORTEP drawing of the molecular structure of 7 in the crystal.
Thermal ellipsoids with 50% probability at 173 K (hydrogen atoms omitted
for clarity).

Scheme 6. GaCl3-Assisted Methyl/Azide Exchange in
Trimethylsilyl(m-terphenyl)amino(dichloro)arsane (5), Yielding
Azidomethylsilyl(m-terphenyl)amino(chloro)methylarsane (7)

Scheme 7. Methyl/Triflate Exchange in
Trimethylsilyl(m-terphenyl)amino(dichloro)arsane (5), Yielding
N-(Trifluoromethylsulfonatodimethylsilyl)-N-(m-terphenyl)amino-
(methyl)chloroarsane (8) (Utilization of 1 equiv of AgOTf)

Scheme 8. Methyl/Triflate Exchange in
Trimethylsilyl(m-terphenyl)amino(dichloro)arsane (5), Yielding
N-(Trifluoromethylsulfonatodimethylsilyl)-N-(m-terphenyl)amino-
trifluoromethylsulfonatomethylarsane (9) (Utilization of 2 equiv of
AgOTf)
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charges are +1.93 for Si, +1.30 for As, and -1.28 e for
N.21 As further indicated by NBO analysis,22 there are
significant interactions of the π(NdAs) bond with two
unoccupied, antibonding σ* orbitals of the Si-C bond
system.7 This intramolecular donor-acceptor interaction
(hyperconjugation)23 accounts for the rather long Si-C bond
and describes the delocalization of the π(NdAs). This rather
long Si-C bond presumably facilitates the methyl group shift
from the Si to the As center, while the basic anion X- (X )
Cl, N3, OTf) attacks the positively charged Si atom, finally
forming an As-C and a Si-X bond.

X-ray Structure Determination. The solid-state structures
of the aminoarsane derivatives 3 and 5-9 are shown in
Figures 1-6. Selected bond lengths and angles are listed in
Table 1; crystallographic details are given in Tables 2 and
3.24 X-ray quality crystals of 4-9 were selected in Kel-F-
oil (Riedel deHaen) at ambient temperatures, while an X-ray
quality crystal of 3 had to be selected in Galden-HT230 oil

(Solvay Solexis) at 173 K due to the low melting point of 3
(mp )-11 °C). All samples were cooled to 173(2) K during
the measurement. To the best of our knowledge, only a few
silyltriflates25 and dichloromethylsilanes have been structur-
ally characterized.26

In all aminoarsane derivatives, as expected, the central
nitrogen atom is almost trigonal planar, the arsenic atom is
trigonal pyramidal, and the silicon atom is tetrahedrally
coordinated. The sum of the bond angles at the amino
nitrogen atom N is always very close to 360° indicating a
planar environment and hence a formal sp2-hybridization
(Table 1). The sum of the bond angles at the arsenic atom
ranges between 300-302° for compounds 3-8, while in the
triflate-subtituted aminoarsane 9 a sum of 292° is found. The
R1-As-N and R2-As-N angles are all between 91° and
108° with the smallest angle (∠O-As-N ) 91.42(6)°) and
the largest (∠C-As-N ) 107.96(8)°) in case of triflate
substitution in compound 9. Obviously, a more electroneg-
ative substituent allows a smaller bond angle.27

As depicted in Figures 2-6, in all m-terphenyl-substituted
aminoarsanes, the N-AsR2-Si moiety sits almost central
inside the pocket formed by the m-terphenyl group but
always twisted (the torsion angle between the N-Si-As
plane and the central phenyl ring of the m-terphenyl group
is always between 45° and 65°).

It should be mentioned that the AsCl2 unit in 3 is twisted
towards Si1 (∠Si1-N-As-Cl2 ) 23.03(8)°) resulting in a
C1 symmetric molecule (Figure 1). Hence the Si1-N-As
angle is considerably larger (creates more space for the AsCl2

moiety) then the Si2-N-As angle (125.37(7)° vs 112.03(6)°).
Both Me3Si groups adopt a staggered conformation.

The As-N distances are all between 1.802(1) (compound
3) and 1.920(1) Å (compound 6), with smaller As-N
distances always found for the more electronegative R1 and

(21) Computational details and a summary of the NBO output are given
in the Supporting Information. As model compound,
Me3SiN(H)-AsCl+ has been used.

(22) (a) Glendening, E. D; Reed, A. E.; Carpenter, J. E.; Weinhold, F.
NBO Version 3.1. (b) Carpenter, J. E.; Weinhold, F. J. Mol. Struc.
(Theochem) 1988, 169, 41–62. (c) Weinhold, F.; Carpenter, J. E. The
Structure of Small Molecules and Ions; Plenum Press: 1988, p 227.
(d) Weinhold, F.; Landis, C. Valency and Bonding. A Natural Bond
Orbital Donor-Acceptor PerspectiVe; Cambridge University Press:
2005, and references therein.

(23) Klapötke, T. M., Schulz, A. Quantum Chemical Methods in Main
Group Chemistry; John Wiley & Sons: New York, 1998. with an
invited chapter by R. D. Harcourt about VB theory.

(24) The X-ray structure determination of cyclo-disilazane (4) has been
reported before. Gurkova, S. N.; Gusev, A. I.; Alekseev, N. V.;
Varezhkin, Yu. M.; Morgunova, M. M.; Zhinkin, Ya, D Zhur. Strukt.
Khim. 1981, 22, 173–175. Improved data can be found in the
Supporting Information of this manuscript.

(25) (a) Krempner, C.; Jaeger-Fiedler, U.; Mamat, C.; Spannenberg, A.;
Weichert, K. New J. Chem. 2005, 29, 1581–1584. (b) Asadi, A.; Avent,
A. G.; Eaborn, C.; Hill, M. S.; Hitchcock, P. B.; Meehan, M. M.;
Smith, J. D. Organometallics 2002, 21, 2183–2188. (c) Lernera, H.-
W.; Wiberg, N.; Bolte, M.; Nöth, H.; Knizek, J. Z. Naturforsch. 2002,
57b, 177–182.

(26) (a) Herzog, U.; Roewer, G.; Ziemer, B.; Herrschaft, B. J. Organomet.
Chem. 1997, 533, 73–77. (b) Chandrasekhar, V.; Nagendran, S.;
Boomishankar, R.; Butcher, R. J. Inorg. Chem. 2001, 40, 940–945.

(27) Gillespie, R. J., Hargittai I. The VSEPR Model of Molecular Geometry;
Allyn & Bacon: Boston, 1991.

Figure 5. ORTEP drawing of the molecular structure of 8 in the crystal.
Thermal ellipsoids with 50% probability at 173 K (hydrogen atoms omitted
for clarity).

Scheme 9. Generalized Reaction Mechanism of Methyl Exchange
Reactions in Amino-Substituted Dichloroarsanes

Figure 6. ORTEP drawing of the molecular structure of 9 in the crystal.
Thermal ellipsoids with 50% probability at 173 K (hydrogen atoms omitted
for clarity).
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R2 (Table 1). For comparison, partial double bond character
was discussed in tetrazaarsols3 with As-N distance between
1.784(2) and 1.805(2) Å or between 1.82 and 1.84 Å in
cations of 1,3,2-diazaarsolenes28 (cf. sum of the covalent radii
dcov(N-As) ) 1.91 and dcov(NdAs) ) 1.71 Å).29 Hence, it
can be assumed that in the case of compounds 3 and 5 (R1,2

) Cl) also partial double bond character can be discussed,
which is introduced by hyperconjugation.2b Since the nitro-
gen atom sits in a planar environment, the lone pair is
localized in a pure p-type atomic orbital. As a consequence,
this p-type lone pair at the Namino atom (notation p-LP) is
slightly further delocalized resulting in intramolecular in-
teractions (noncovalent effects). As indicated by an inves-
tigation of the noncovalent effects,22 there are two significant
interactions of the nitrogen lone pair (p-LP) with the two
unoccupied localized antibonding σ*(As-Cl) orbitals. These

intramolecular LP(N)f σ*(As-Cl) donor-acceptor interac-
tions (hyperconjugation, 15.2 and 2.5 kcal/mol in case of
species 3) account for the rather short As-N distance by
introducing a small amount of π interaction (Figure S1,
Supporting Information).21 Similar structural features with
short As-N distances have already been observed in a series
of aminoarsanes (R2N-AsR1R2; with R1,R2 ) Cl or Me).6,7,30

Aminoarsane 7 can also be regared as an azidosilane of
which only a few have been structurally characterized.
Azidotriphenylsilane is the first structurally characterized
azidosilane, which was published in 1973.31 Furthermore,
the structures of trimesitylazidosilane, 1,1-dimesityl-2,2-
diphenyl-2-tert-butylazidodisilane,32 a 2,4-diazido-cyclo-disi-
ladiazane,33 and Me3SiN3 ·GaCl3

14 have been reported. As
shown on numerous occasions,34 covalently bound azide
groups such as Si-NNN display a trans-bent configuration
(regarding the Si atom) with a N-N-N bond angle of
175.4(2)° and a Si-N distance of 1.780(1) Å (cf. 175.3(2)°
and 1.866-1.881 Å in Si(N3)6

-).35 The N-N distances
d(N3-N4) ) 1.130(2) and d(N2-N3) ) 1.215(2) Å are
substantially shorter than the sum of the covalent radii
(dcov(N-N) ) 1.48 and dcov(NdN) ) 1.20),8 which indicates
partial triple and double bond character for both N-N bonds.

Conclusion

Lewis-acid-assisted methyl exchange reactions have been
established as an interesting new route to substituted sily-
lamino(methyl)arsane compounds bearing either one or two
electronegative groups R (R ) Cl, N3, and OTf) at the silicon
atom. These novel exchange reactions were unambiguously
proven by IR, Raman, NMR, and X-ray studies. A general-

(28) Gans-Eichler, T.; Gudat, D.; Nieger, M. Heteroat. Chem. 2005, 16,
327–338.

(29) Wiberg, E.; Holleman, A. F. Lehrbuch der Anorganischen Chemie,
102. Aufl.; Walter de Gruyter: Berlin, 2007; Anhang IV.

(30) (a) Weitze, A.; Lange, I.; Henschel, D.; Blaschete, A.; Jones, P. G.
Phosphorus, Sulfur Silicon Relat. Elem. 1996, 122, 107–120. (b) Jones,
P. G.; Fischer, A. K.; Moller, C.; Pinchok, V. A.; Schmutzler, R. Acta
Crystallogr. 1996, C52, 2750–2752. (c) Weitze, A.; Blaschete, A.;
Jones, P. G. Phosphorus, Sulfur Silicon Relat. Elem. 1993, 85, 77–
90. (d) Braun, U.; Habereder, T.; Nöth, H. Eur. J. Inorg. Chem. 2004,
3629–3643.

(31) (a) Corey, E. R.; Cody, V.; Glick, M. D.; Radonovich, L. J. J. Inorg,
Nucl. Chem. 1973, 35, 1714–1717. (b) Wharf, I.; Bélanger-Gariépy,
F. Acta Crystallogr. 2004, E60, o1643-o1645.

(32) Zigler, S. S.; Hailer, K. J.; West, R.; Gordon, M. S. Organometallics
1989, 8, 1656–1660.

(33) Zhu, H.; Yang, Z.; Magull, J.; Roesky, H. W.; Schmidt, H.-G.;
Noltemeyer, M. Organometallics 2005, 24, 6420–6425.

Table 1. Selected Bond Lengths (Å) and Angles (deg) in (Me3Si)2N-AsCl2 (3) and m-Terphenylaminoarsanes of the Type Ter-N(silyl)-As(R1)R2

(5-9)

3, R1 ) R2 ) Cl 5, R1 ) R2 ) Cl 6, R1 ) R2 ) CH3 7, R1 ) Cl, R2 ) CH3 8, R1 ) Cl, R2 ) CH3 9, R1 ) CH3, R2 ) OTf

As-N 1.802(1) 1.828(2) 1.920(1) 1.878(1) 1.877(1) 1.849(2)
As-R1 2.2265(8) 2.2116(7) 1.959(2) 2.2340(7) 2.2221(6) 1.946(2)
As-R2 2.211(1) 2.2260(7) 1.965(2) 1.961(2) 1.950(2) 1.987(2)
N-Si 1.778(1)a 1.796(2) 1.703(1) 1.745(1)b 1.732(2) 1.747(2)

1.781(1) 1.780(1)

R1-As-N 103.27(4) 106.66(6) 105.96(7) 100.47(3) 101.83(5) 107.96(8)
R2-As-N 102.15(4) 99.53(6) 100.73(7) 105.86(6) 104.47(7) 91.42(6)
R1-As-R2 96.38(4) 94.27(3) 95.53(8) 93.67(5) 94.46(8) 93.11(8)
As-N-Si 125.37(7)a 126.6(1) 123.82(7) 125.99(6) 127.48(8) 128.10(8)

112.03(6)

∑∠N 360.0 360.0 359.5 360.0 359.9 360.0
∑∠As 301.8 300.5 302.2 300.0 300.8 292.5

a First value corresponds to Si1, second to Si2. b First distance Si-Namino, second Si-N3 bond.

Table 2. Crystallographic Details of Compounds 3-5

3 4 5

empirical formula C6H18AsCl2NSi2 C8H24Cl2N2Si4 C27H34AsCl2NSi
Mr 306.21 331.55 546.46
cryst syst triclinic monoclinic orthorhombic
space group Pj1 P21/c Pbca
a (Å) 8.0250(16) 16.096(3) 16.150(3)
b (Å) 8.7700(18) 15.286(3) 17.950(4)
c (Å) 11.352(2) 22.432(5) 18.470(4)
R (deg) 90.53(3) 90.00 90.00
� (deg) 93.99(3) 112.20(2) 90.00
γ (deg) 117.10(3) 90.00 90.00
V (Å3) 708.7(2) 907.5(4) 5354.3(2)
Z 2 2 8
Dcalcd (g cm-3) 1.435 1.213 1.356
µ (mm-1) 2.905 0.604 1.530
λ(Mo KR) (Å) 0.71073 0.71073 0.71073
T (K) 173 (2) 173 (2) 173 (2)
reflns collected 20165 23812 97966
independent reflns 5038 2062 6244
reflns with I > 2σ(I) 4454 1652 4578
Rint 0.0194 0.0510 0.0735
F(000) 312 352 2272
R1 (R [F2 > 2σ(F2)]) 0.0242 0.0389 0.0312
wR2 (F2) 0.0637 0.1141 0.0767
GOF 1.046 1.035 1.048
params 115 77 298
CCDC no. 693309 693310 693311
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ized reaction mechanism is proposed with an initial formation
of an iminochloroarsenium cation followed by a shift of one
methyl group from the silicon to the arsenic. In case of
bis(trimethylsilyl)amino(dichloro)arsane (3), Me2AsCl was
eliminated finally yielding a cyclic silazane (4) after dimer-
ization of the intermediate silazene Me2SidN-SiMe2Cl.

As expected for silylated aminoarsanes, all considered
species revealed similar structural features with respect to
the N-AsR2 moiety: The geometries at nitrogen and arsenic
are distinguished by the sums of the three angles at each
site, defining an almost planar geometry at each nitrogen
center (almost 360°; Table 1) and a distinctly pyramidal
geometry at each arsenic center (substantially less than 360°).
Hence, as displayed by NBO analysis, the one lone pair at
the amino nitrogen atom is localized in a pure p-type atomic
orbital. Investigation of intramolecular donor-acceptor
interaction displayed significant interactions of this lone pair
into σ*(As-R1) orbitals and into σ*(Si-C) orbitals.

Moreover, only a few neutral azidosilanes and aminoar-
sanes are known, which have been structurally characterized.
Hence, the X-ray data of compounds 3 and 5-9, respectively,
may fill this gap.

Experimental Procedures

Caution! Due the high toxicity of organoarsenic compounds
proper safety precautions are necessary. It should be noted that
only the dimethylarsane compound (6) is a Very malodorous
substance.

General Information. All manipulations were carried out under
oxygen- and moisture-free conditions under argon using standard
Schlenk or drybox techniques. Dichloromethane was purified
according to a literature procedure,36 dried over P4O10, and freshly
distilled prior to use. Diethylether and toluene were dried over Na/
benzophenone and freshly distilled prior to use. n-Hexane was dried
over Na/benzophenone/tetraglyme and freshly distilled prior to use.

N,N-Bis(trimethylsilyl)amino-dichloroarsane (3) and N-trimeth-
ylsilyl-2,6-bis-(2,4,6-trimethylphenyl)aniline (10) were previously
reported and were prepared according to modified literature
procedures.37,38 2,6-Bis-(2,4,6-trimethylphenyl)aniline was prepared
according to a literature procedure.38 Chlorotrimethylsilane (99%,
Merck), trimethylsilylazide (99%, Fluka), and AsCl3 (99.99%,
Merck) were freshly distilled prior to use. GaCl3 (99.999%, Sigma-
Aldrich), AgSO3CF3 (99%, Fluka), N-lithio-N,N-bis-trimethylsily-
lamide (98%, Fluka) and n-BuLi (2.5 M, Acros) were used as
recieved.

NMR. 14N{1H}, 19F{1H}, 29Si INEPT, 1H, and 13C{1H} NMR
spectra were recorded on Bruker spectrometers AVANCE 250, 300,
or 500. The 1H and 13C NMR chemical shifts were referenced to
the solvent signals (13C, δCD2Cl2 ) 54.0; 1H, δCDHCl2 ) 5.31). The
14N, 19F, and 29Si chemical shifts are referred (δ ) 0) to MeNO2,
CFCl3, and Me4Si, respectively.

IR. Infrared spectra were recorded on a Nicolet 6700 FT-IR
spectrometer with a Smart Endurance ATR device or Nicolet 380
FT-IR with Smart Orbit ATR module.

(34) (a) Schulz, A.; Tornieporth-Oetting, I. C.; Klapötke, T. M. Inorg. Chem.
1995, 34, 4343–4346. (b) Müller, U. Chem. Ber. 1977, 110, 788–
791. (c) Roesky, H. W.; Noltemeyer, M.; Sheldrick, G. M. Z.
Naturforsch., Teil B 1986, 41, 803–807. (d) Schomburg, D.; Wermuth,
U.; Schmutzler, R. Chem. Ber. 1987, 120, 1713–1718. (e) Cowley,
A. H.; Gabbai, F.; Schluter, R.; Atwood, D. J. Am. Chem. Soc. 1992,
114, 3142–3144. (f) Englert, U.; Paetzold, P.; Eversheim, E. Z.
Kristallogr. 1993, 208, 307–309. (g) Cowley, A. H.; Gabbai, F. P.;
Bertrand, G.; Carrano, C. J.; Bond, M. R. J. Organomet.Chem. 1995,
493, 95–99. (h) Larbig, M.; Nieger, M.; Gönna, V. v.d.; Ruban, A. V.;
Niecke, E. Angew. Chem., Int. Ed. Engl 1995, 34, 460–462. (i) Schranz,
I.; Grocholl, L. P.; Stahl, L.; Staples, R. J.; Johnson, A. Inorg. Chem.
2000, 39, 3037–3041.

(35) Filippou, A. C.; Portius, P.; Schnakenburg, G. J. Am. Chem. Soc. 2002,
124, 12396–12397.

(36) Fischer, C. B.; Xu, S.; Zipse, H. Chem.sEur. J. 2006, 12, 5779–
5784.

(37) Niecke, E.; Hombeul, J.; Blättner, M. Gönna, V. von der; Ruban, A.
Synthetic Methods of Organometallic and Inorganic Chemistry,
Thieme: Stuttgart, Germany, and NewYork, 1996.

(38) Wright, R. J.; Steiner, J.; Beaini, S.; Power, P. P. Inorg. Chim. Acta
2006, 359, 1939–1946.

Table 3. Crystallographic Details of Compounds 6-9

6 · (toluene) 7 8 9 · (toluene)

empirical formula C34H42AsCl2NSi C27H34AsClN4Si C28H34AsClF3NO3SSi C36H42AsF6NO6S2Si
Mr 638.60 553.04 660.08 865.84
cryst syst monoclinic monoclinic monoclinic monoclinic
space group P21/c P21/n P21/n P21/n
a (Å) 12.813(3) 10.681(2) 8.5100(17) 12.241(2)
b (Å) 12.597(3) 15.587(3) 12.946(3) 20.940(4)
c (Å) 20.432(4) 16.446(3) 28.447(6) 15.639(3)
R (deg) 90.00 90.00 90.00 90.00
� (deg) 98.80(3) 94.55(3) 95.70(3) 99.51(3)
γ (deg) 90.00 90.00 90.00 90.00
V (Å3) 3259.0(11) 2729.4(9) 3118.5(11) 3953.6(14)
Z 4 4 4 4
Dcalcd (g cm-3) 1.302 1.346 1.406 1.455
µ (mm-1) 1.267 1.410 1.328 1.068
λ(Mo KR) [Å] 0.71073 0.71073 0.71073 0.71073
T (K) 173 (2) 173 (2) 173 (2) 173 (2)
reflns collected 46291 50108 41346 54566
independent reflns 9460 12009 9052 11496
reflns with I > 2σ(I) 7386 8870 7156 9046
Rint 0.0362 0.0226 0.0282 0.0251
F(000) 1336 1152 1360 1784
R1 (R [F2 > 2σ(F2)]) 0.0330 0.0355 0.0363 0.0405
wR2 (F2) 0.0841 0.1026 0.0919 0.1189
GOF 1.032 1.069 1.031 1.065
params 420 316 361 523
CCDC no. 693312 693313 693314 693315
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Raman. Raman spectra were recorded on a Bruker VERTEX
70 FT-IR with RAM II FT-Raman module, equipped with a Nd:
YAG laser (1064 nm).

MS. Mass spectrometry was performed with a Finnigan MAT
95-XP from Thermo Electron.

CHN Analyses. CHN analysis was carried out using Analysator
Flash EA 1112 from Thermo Quest.

Melting Points. Melting points are uncorrected (EZ-Melt,
Stanford Research Systems). Heating rate was 20 °C/min (clearing
points are reported).

DSC. Differential scanning calorimetry was performed with a
DSC 823e from Mettler-Toledo at a heating rate of 5 °C/min.

Synthesis of 3. N-Lithio-N,N-bis-(trimethylsilyl)amide (6.693 g,
40.0 mmol) was dissolved in n-hexane (60 mL) and filtered (F4).
The colorless solution was then added dropwise to a solution of
AsCl3 (14.50 g, 80.0 mmol) in n-hexane (30 mL) at -40 °C over
a period of 30 min. The resulting colorless suspension was stirred
for 1 h at ambient temperature and was then filtered (F4), resulting
in a colorless solution. Removal of solvent and excess AsCl3 in
Vacuo results in a colorless, viscous liquid. Fractionated distillation
in Vacuo yields 8.590 g (28.1 mmol, 70%) of pure 3. Mp -11 °C;
bp 53 °C (10-3 mbar). Anal. calcd % (found): C, 23.53 (23.53); H,
5.92 (6.02); N, 4.57 (4.74). 14N NMR (36.1 MHz, CD2Cl2, 25 °C):
δ ) 278.4 (ν1/2 ≈ 280 Hz). 29Si NMR (99.4 MHz, CD2Cl2, 25 °C):
δ ) 11.4. 1H NMR (500.13 MHz, CD2Cl2, 25 °C): δ ) 0.40.
13C{1H} NMR (125.8 MHz, CD2Cl2, 25 °C): δ ) 4.8. MS (CI,
positive, 70 eV (isobutane), m/z, >10 %): 71, 91 [NAsH3]+. Crystals
suitable for X-ray crystallographic analysis were obtained by cooling
a neat sample of 3 slowly to -25°C.

Synthesis of 4. To a stirred solution of N,N-bis-(trimethylsilyl)-
amino-dichloroarsane (3) (0.612 g, 2.0 mmol) in CH2Cl2 (10 mL),
GaCl3 (0.387 g, 2.2mmol) in CH2Cl2 (10 mL) was added dropwise
at -20 °C over a period of 15 min. The resulting yellowish solution
was stirred for 1 h at ambient temperature resulting in a colorless
solution. The solvent was removed in Vacuo, resulting in a colorless
crystalline solid. n-Hexane (10 mL) was added, which gave a
brownish oil (which is discarded) and a colorless supernatant, which
is separated. The solvent is removed in Vacuo resulting in a colorless
crystalline solid. Sublimation at 40 °C (10-3 mbar) for 1 h yields
0.631 g (1.904 mmol, 75%) of 4 as colorless crystals. Mp 67 °C.
Anal. calcd % (found): C, 28.98 (29.35); H, 7.30 (7.26); N, 8.45
(8.35). 29Si NMR (59.6 MHz, CD2Cl2, 25 °C): δ ) 6.4, 7.2. 1H
NMR (500.13 MHz, CD2Cl2, 25 °C): δ ) 0.37 (s, 12H), 0.40 (s,
12H). 13C{1H} NMR (125.8 MHz, CD2Cl2, 25 °C): δ ) 5.0, 5.1.
Crystals suitable for X-ray crystallographic analysis were obtained
by sublimation of 4 at 40 °C (10-3 mbar).

Synthesis of 5. To a stirred solution of N-trimethylsilyl-2,6-bis-
(2,4,6-trimethylphenyl)aniline (10) (2.008 g, 5.0 mmol) in Et2O (50
mL), n-BuLi (2.5 M, 5.05 mmol) was added dropwise at -10 °C.
The resulting golden solution was stirred for 1 h and was then added
dropwise to a stirred solution of AsCl3 (0.733 g, 6.5 mmol) in Et2O
(10 mL) at -50 °C over a period of 30 min, resulting in a pale
yellowish suspension, which is stirred for 2 h at ambient temper-
ature. The solvent is removed in Vacuo, and the orange residue is
extracted with benzene (15 mL) and filtered (F4). Slow removal
of solvent over a period of 1 h gives a yellowish crystalline solid,
which is surrounded by an orange viscous oil. Ice-cold diethyl ether
(10 mL) is then added, and the resulting suspension is filtered (F4)
rapidly. The pale yellowish residue is then washed by repeated back
distillations of solvent. Drying in Vacuo yields 1.211 g (2.21 mmol,
44%) of 5 as a colorless, crystalline solid. Mp 216 °C. Anal. calcd
% (found): C, 59.34 (59.49); H, 6.27 (6.46); N, 2.56 (2.35). 29Si
NMR (59.6 MHz, CD2Cl2, 25 °C): δ ) 18.4. 1H NMR (250.13

MHz, CD2Cl2, 25 °C): δ ) -0.09 (s, 9H, Si(CH3)3), 2.02 (s, 6H,
CH3), 2.22 (s, 6H, CH3), 2.31 (s, 6H, CH3), 6.93 (m, broad, 2H,
CH-Mes), 6.98 (m, broad, 2H, CH-Mes), 7.07 (d, 1H, 3J(1H-1H)
) 8.0 Hz, m-Ph), 7.07 (d, 1H, 3J(1H-1H) ) 7.0 Hz, m-Ph), 7.26
(dd, 1H, 3J(1H-1H) ) 8.0 Hz, 3J(1H-1H) ) 7.0 Hz, p-Ph). 13C{1H}
NMR (75.5 MHz, CD2Cl2, 25 °C): δ ) 4.7 (Si(CH3)3), 21.3 (CH3),
22.1 (CH3), 22.2 (CH3), 126.0 (CH), 129.5 (CH), 129.8 (CH), 132.9
(CH), 136.7, 137.6, 138.3, 138.9, 140.4, 144.5. MS (CI, positive,
70 eV (isobutane), m/z, >10%): 330 [TerNH3]+, 402 [M - SiMe3Cl
- Cl]+, 476 [M - 2Cl]+, 510 [M - Cl]+, 545 [M]+. Crystals
suitable for X-ray crystallographic analysis were obtained by cooling
a saturated dichloromethane solution of 5 to -25 °C.

Synthesis of 6. To a stirred solution of N-trimethylsilyl-N-[2,6-
bis-(2,4,6-trimethylphenyl)phenyl]amino-dichloroarsane (5) (0.546
g, 1.0 mmol) in CH2Cl2 (20 mL), GaCl3 (0.194 g, 1.1 mmol) in
CH2Cl2 (10 mL) was added dropwise at -40 °C. The resulting
clear red solution was stirred at ambient temperatures for 1 h. The
solvent is removed in Vacuo, resulting in a red crystalline residue,
which is dissolved in toluene (2 mL). Crystallization at -80 °C
over a period of 1 week gives a colorless crystalline solid. Removal
of supernatant by syringe and drying in Vacuo yields 0.351 g (0.64
mmol, 64%) of 4 as a colorless, crystalline solid. Mp 156 °C (dec.).
Anal. calcd % (found): C, 59.34 (59.14); H, 6.27 (6.26); N, 2.56
(2.22). 29Si NMR (59.6 MHz, CD2Cl2, 25 °C): δ ) -4.9. 1H NMR
(300.13 MHz, CD2Cl2, 25 °C): δ ) 0.06 (s, 3H, SiCH3), 0.83 (s,
6H, As(CH3)2), 2.08 (s, 6H, CH3), 2.23 (s, 6H, CH3), 2.29 (s, 6H,
CH3), 6.91 (m, broad, 2H, CH-Mes), 6.94 (m, broad, 2H, CH-Mes),
6.99 (d, 1H, 3J(1H-1H) ) 8.0 Hz, m-Ph), 6.99 (d, 1H, 3J(1H-1H)
) 7.0 Hz, m-Ph), 7.18 (dd, 1H, 3J(1H-1H) ) 8.0 Hz, 3J(1H-1H)
) 7.0 Hz, p-Ph). 13C{1H} NMR (75.5 MHz, CD2Cl2, 25 °C): δ )
11.0 (SiCH3), 17.2 (As(CH3)2), 21.2 (CH3), 22.3 (CH3), 22.7 (CH3),
125.0 (CH), 129.0 (CH), 129.2 (CH), 132.1 (CH), 137.0, 137.8,
138.1, 138.2, 140.7, 147.2. MS (CI, positive, 70 eV (isobutane),
m/z, >10 %): 330 [TerNH3]+, 406, 448, 510 [M - Cl]+, 530 [M
- CH3]+, 545 [M + H]+. Crystals suitable for X-ray crystal-
lographic analysis were obtained by cooling a saturated toluene
solution of 6 to -80 °C.

Synthesis of 7. To a stirred solution of N-trimethylsilyl-N-[2,6-
bis-(2,4,6-trimethylphenyl)phenyl]amino-dichloroarsane (5) (0.546
g, 1.0 mmol) in CH2Cl2 (30 mL), Me3SiN3 (0.461 g, 4.0 mmol) in
CH2Cl2 (10 mL) was added dropwise at -75 °C resulting in a
colorless solution. GaCl3 (0.194 g, 1.1 mmol) in CH2Cl2 (10 mL)
was added dropwise at -70 °C over a period of 10 min. The
resulting orange suspension was stirred at -70 °C for 10 min and
was then warmed to -50 °C. The solvent is removed in Vacuo at
this temperature, resulting in an orange crystalline residue, which
is redissolved in CH2Cl2 (10 mL) at -30 °C, resulting in an orange
solution. After being stirred at -30 °C for 30 min, the solution is
concentrated in Vacuo to a volume of 3 mL. Crystallization at -80
°C over a period of 10 h gives an orange, crystalline solid. Removal
of supernatant by syringe and drying in Vacuo yields 0.526 g (0.95
mmol, 95%) of 7 as a colorless, crystalline solid. Mp 149 °C (dec.).
Anal. calcd % (found): C, 58.64 (58.44); H, 6.20 (6.07); N, 10.13
(10.00). 1H NMR (500.13 MHz, CD2Cl2, -40 °C): δ ) -0.29 (s,
broad, 3H, SiCH3), -0.18 (s, broad, 3H, SiCH3), 0.85 (s, 3H,
AsCH3), 2.02 (s, 6H, CH3), 2.04 (s, 3H, CH3), 2.24 (s, 3H, CH3),
2.26 (s, 3H, CH3), 2.27 (s, 3H, CH3), 6.88 (s, broad, 1H, CH-Mes),
6.90 (s, broad, 1H, CH-Mes), 6.95 (s, broad, 1H, CH-Mes), 6.96
(s, broad, 1H, CH-Mes), 6.96 (dd, 1H, 3J(1H-1H) ) 7.6 Hz,
4J(1H-1H) ) 1.9 Hz, m-Ph), 7.03 (dd, 1H, 3J(1H-1H) ) 7.6 Hz,
4J(1H-1H) ) 1.9 Hz, m-Ph), 7.19 (‘t’, 1H, 3J(1H-1H) ) 7.6 Hz,
p-Ph). 13C{1H} NMR (125.8 MHz, CD2Cl2, -40 °C): δ ) 1.6
(SiCH3), 2.9 (broad, SiCH3), 20.9 (CH3), 21.0 (CH3), 21.1 (CH3),

Lewis-Acid-Assisted Methyl Exchange Reactions

Inorganic Chemistry, Vol. 47, No. 24, 2008 11805



21.1 (CH3), 21.5 (CH3), 22.3 (CH3), 24.9 (AsCH3), 124.8 (p-Ph),
128.3 (CH-Mes), 128.5 (CH-Mes), 128.7 (CH-Mes), 129.0 (CH-
Mes), 130.8 (m-Ph), 131.9 (m-Ph), 136.2, 136.2, 137.1, 137.4, 137.6,
138.1 (o-Ph), 138.8, 138.8, 139.5, 139.5 (o-Ph), 145.3 (i-Ph). MS
(EI, m/z, >10 %): 43 (35) [HN3]+, 299 (16) [Ter - CH3]+, 314
(45) [Ter - H]+, 329 (100) [TerNH3]+, 370 (48) [M - N3 -
AsClCH3 - CH3]+, 385 (92), [M - N3 - AsClMe]+, 552 (2) [M]+.
Crystals suitable for X-ray crystallographic analysis were obtained
by cooling a saturated CH2Cl2 solution of 7 to -80 °C.

Synthesis of 8. To a stirred solution of N-trimethylsilyl-N-[2,6-
bis-(2,4,6-trimethylphenyl)phenyl]amino-dichloroarsane (5) (0.546
g, 1.0 mmol) in toluene (10 mL), AgSO3CF3 (0.283 g, 1.1 mmol)
in toluene (10 mL) was added dropwise at -30 °C under exclusion
of light. The resulting colorless suspension was stirred at ambient
temperatures for 3 h and was then filtered (F4), resulting in a
colorless solution. The solvent was concentrated to a volume of 1
mL resulting in a pale brownish solution, which was stored at -25
°C, resulting in the deposition of colorless crystals. Removal of
supernatant by syringe and drying in Vacuo yielded 0.648 g (0.98
mmol, 98%) of 8 as colorless, crystalline solid. Mp 163 °C. Anal.
calcd % (found): C, 50.95 (50.63); H, 5.19 (5.37); N, 2.12 (2.03).
29Si NMR (59.6 MHz, CD2Cl2, 25 °C): δ ) 18.3. 19F{1H} NMR
(282.4 MHz, CD2Cl2, 25 °C): δ ) -77.3. 1H NMR (500.13 MHz,
CD2Cl2, 25 °C): δ ) -0.15 (s, 3H, SiCH3), 0.33 (s, 3H, SiCH3),
0.98 (s, 3H, AsCH3), 2.03 (s, 3H, CH3), 2.07 (s, 3H, CH3), 2.11 (s,
3H, CH3), 2.24 (s, 3H, CH3), 2.31 (s, 3H, CH3), 2.32 (s, 3H, CH3),
6.94 (s, broad, 1H, CH-Mes), 6.96 (s, broad, 1H, CH-Mes), 6.97
(s, broad, 1H, CH-Mes), 6.98 (s, broad, 1H, CH-Mes), 7.06 (dd,
1H, 3J(1H-1H) ) 7.6 Hz, 4J(1H-1H) ) 1.9 Hz, m-Ph), 7.14 (dd,
1H, 3J(1H-1H) ) 7.6 Hz, 4J(1H-1H) ) 1.9 Hz, m-Ph), 7.28 (‘t’,
1H, 3J(1H-1H) ) 7.6 Hz, p-Ph). 13C{1H} NMR (125.8 MHz,
CD2Cl2, 25 °C): δ ) 3.0 (SiCH3), 3.6 (SiCH3), 21.2 (CH3), 21.3
(CH3), 21.5 (CH3), 22.4 (CH3), 22.5 (CH3), 22.7 (CH3), 25.8
(AsCH3), 118.8 (q, 1J(13C-19F) ) 318 Hz, CF3), 126.0 (p-Ph), 129.1
(CH-Mes), 129.3 (CH-Mes), 129.5 (CH-Mes), 129.6 (CH-Mes),
131.9 (m-Ph), 132.5 (m-Ph), 136.0, 136.5, 137.1, 138.4, 138.6,
138.8, 139.6, 139.6, 140.0, 140.8, 145.2. MS (CI, positive, 70 eV
(isobutane), m/z, >10 %): 329 [TerNH3]+, 370 [M - OTf -
AsClCH3 - CH3]+, 385, [M - OTf - AsClCH3]+, 402, 415, 458,
520 [M - AsClCH3 + H]+, 540, 624 [M - Cl]+, 654 [M - Cl +
2CH3]+, 669 [M - Cl + 3CH3]+. Crystals suitable for X-ray
crystallographic analysis were obtained by cooling a saturated
toluene solution of 8 to -25 °C.

Synthesis of 9. To a stirred solution of AgSO3CF3 (0.565 g, 2.2
mmol) in toluene (20 mL), N-trimethylsilyl-N-[2,6-bis-(2,4,6-

trimethylphenyl)phenyl]amino-dichloroarsane (5) (0.546 g, 1.0
mmol) in toluene (20 mL) was added dropwise at ambient
temperatures under exclusion of light. The resulting pale brownish
suspension was stirred at ambient temperatures for 2 h and was
then filtered (F4), resulting in a colorless solution. The solvent was
concentrated to a volume of 1 mL resulting in a pale brownish
solution, which was stored at -25 °C, resulting in the deposition
of colorless crystals. Removal of supernatant by syringe and drying
in Vacuo yielded 0.745 g (0.96 mmol, 96%) of 9 as colorless,
crystalline solid. Mp 186 °C (dec.). Anal. calcd % (found): C, 45.02
(44.94); H, 4.43 (4.64); N, 1.81 (1.73). 29Si NMR (59.6 MHz,
CD2Cl2, 25 °C): δ ) 19.4. 19F{1H} NMR (235.4 MHz, CD2Cl2, 25
°C): δ ) -77.8, -77.3. 1H NMR (500.13 MHz, CD2Cl2, 25 °C):
δ ) -0.26 (s, 3H, SiCH3), 0.40 (s, 3H, SiCH3), 1.05 (s, 3H,
AsCH3), 2.02 (s, 3H, CH3), 2.06 (s, 3H, CH3), 2.09 (s, 3H, CH3),
2.27 (s, 3H, CH3), 2.31 (s, 3H, CH3), 2.34 (s, 3H, CH3), 6.97 (s,
broad, 1H, CH-Mes), 6.98 (s, broad, 1H, CH-Mes), 7.00 (s, broad,
1H, CH-Mes), 7.06 (s, broad, 1H, CH-Mes), 7.13 (dd, 1H,
3J(1H-1H) ) 7.6 Hz, 4J(1H-1H) ) 1.9 Hz, m-Ph), 7.22 (dd, 1H,
3J(1H-1H) ) 7.6 Hz, 4J(1H-1H) ) 1.9 Hz, m-Ph), 7.36 (‘t’, 1H,
3J(1H-1H) ) 7.6 Hz, p-Ph). 13C{1H} NMR (125.8 MHz, CD2Cl2,
25 °C): δ ) 2.1 (SiCH3), 2.2 (SiCH3), 21.2 (CH3), 21.3 (CH3),
21.6 (CH3), 22.3 (CH3), 22.4 (CH3), 22.5 (CH3), 25.8 (AsCH3),
118.8 (q, 1J(13C-19F) ) 318 Hz, CF3), 118.8 (q, 1J(13C-19F) )
318 Hz, CF3), 126.9 (p-Ph), 129.6 (CH-Mes), 129.7 (CH-Mes),
129.8 (CH-Mes), 130.1 (CH-Mes), 131.5 (m-Ph), 133.1 (m-Ph),
134.9, 135.0, 137.1, 138.6, 139.0, 139.2, 139.8, 139.8, 141.4, 141.8,
143.9 (i-Ph). MS (CI, positive, 70 eV (isobutane), m/z, >10 %):
314, 329 [TerNH3]+, 372 [M - OTf - AsClCH3 - CH3]+, 385
(92), [M - OTf - AsClMe]+, 402, 520 [M - AsClCH3 + H]+,
550 [M - AsOTf]+, 624 [M - Cl]+, 654 [M - OTf + 2CH3]+,
669 [M - OTf + 3CH3]+, 728 [M - CH3 - F]+. Crystals suitable
for X-ray crystallographic analysis were obtained by cooling a
saturated toluene solution of 9 to -25 °C.
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