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The  reaction of tris(trimethylsily1) arsenate(V) and heptamethyldisilazane yields hexameth- 
yldisiloxane and a crystalline adduct [(Me~SiO)~AsO~(Me~SiO)~As=NMel (2). The crystal 
structure of 2 features a planar four-membered ring OAs2N(Me) with two pentacoordinate 
arsenic atoms bridged symmetrically (point group C2) by an oxygen atom and the methylimino 
group. In benzene solution, compound 2 is dissociated into the components (Me3SiO)AsO and 
the imino compound (Me&O)sAs=NMe, which isomerizes to  give the amino isomer (Mea- 
SiO)2AsO[N(Me)SiMeal. (Me3SiO)&O reacts with (trimethylsily1)aniline to  give again (Mes- 
Si)2O and bis(trimethylsily1) (phenylamino)arsenate(V) (4). In the solid state two crystallo- 
graphically nonequivalent aminoarsenate molecules (MsSiO)&O[N(H)Phl with tetracoordinate 
arsenic atoms are associated into dimers via two N-H-sO hydrogen bonds. 

Introduction 

The structural chemistry of arsenic(V) acids is only 
poorly developed because of the confusing diversity of 
stoichiometries and structures encountered in all attempts 
to systematize the experimental data. While standard 
phosphoric acids are all strictly based on tetrahedrally 
oxo-coordinated phosphorus, and antimonyl(V) acids on 
octahedrally oxo-coordinated antimony centers, the cor- 
responding arsenic systems feature not only tetra- and 
hexacoordinate but also pentacoordinate As(V1.l The 
modifications of arsenic(V) oxide, As205, are examples in 
case, where more than one coordination mode is repre- 
sented.2 Although there are a large variety of discrete 
P205 phases, none of these contains phosphorus in a 
coordination number in excess of 4. 

Following earlier work on simple silyl arsenates,= we 
have recently initiated a series of studies on related 
condensed systems.6 The trimethylsilyl derivatives were 
chosen because of the special properties of the Measi+ 
group, which has many functional similarities with the 
proton H+. Most notable is its mobility in oxo systems 
leading inter alia to facile intra- and intermolecular 
rearrangements (“silyl shifts” vs “proton shifts”). Tri- 
methylsilyl groups are also good leaving groups in sub- 
stitution reactions and allow transformations under mild 
conditions. Finally, elimination of hexamethyldisiloxane 
(Me3Si)aO from trimethylsilylated precursor substrates is 
a preferred mode of condensation, resembling directly the 
elimination of water (H20) from oxo acids. 

In previous reports we have described the condensation 
of tris(trimethylsily1) arsenate(V) to give a tetrakis- 
(trimethylsilyl) diarsenate(V)? which appears as a dimer 

0 Abstract published in Advance ACS Abstracts, Auguat 15, 1993. 
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(3) Schmidbaur, H. Angew. Chem. 1965,77,206; Angew. Chem., Znt. 

Ed. Engl. 1965, 4 ,  201. 
(4) Schmidt, M.; Ruidisch, 1.; Schmidbaur, H. Chem. Ber. 1961, 94, 

2451. Schmidt, M.; Schmidbaur, H. Angew. Chem. 1959, 71, 553. 
(5) Schmidbaur, H.; Arnold, H. S.; Beinhofer, E. Chem. Ber. 1964,97, 

449. 
(6) Baier, M.; Bissinger, P.; Schmidbaur, H. Chem. Ber. 1992,125,373. 

with tetra-and hexacoordinated As(V) centers. From the 
reactions of these pure oxo systems with disilazanes, related 
silylated arsazenes with surprisingly stable arseniclnitro- 
gen ring systems with solely tetracoordinate As(V) could 
be obtained.’ In the present paper mixed oxolaza species 
with pentacoordinate arsenic(V) are presented, together 
with a related mononuclear silyl arsonate. 

Alkyl/ aryl arsenatesal2 and aminoarsenates1s16 have 
been the subject of a number of studies in the past, but 
the structural chemistry remained virtually unexplored. 
It was only in very recent investigations that crystal 
structures have been determined for a few arylated 
compounds,16-21 but only one silylated species19*21 has been 
included in this work. 

Rssults 

The Addition Compound of Tris(trimethylsily1) 
Arsenate and Tris(trimethylsily1) (Methy1imino)- 
arsenate. In an attempt to synthesize silyl derivatives of 
aminoarsenic acid, (H0)2(H2N)As=O [or its tautomer: 
iminoarsenic acid, (HO)&=NHI, the oxo analogue (Mes- 
SiO)&s=O was reacted with hexamethyldisilazane (eq 
1). Unexpectedly, this condensation reaction led to the 
cyclic arsazene compound 1 with elimination of hexa- 

(7) Baier, M.; Bissinger, P.; Schmidbaur, H. Chem. Ber. 1993,126,351. 
(8) Crafts, J. M. Bull. SOC. Chim. Fr. 1870,14,99. 
(9) Kamai, G. Kh.; Kuz’min, K. J. Zhur. Khim. 1956,628. 
(10) Freyen, P.; Meller, J. J. Org. Mass Spectrom. 1974, 9,132. 
(11) Hass, D. Z. Chem. 1965,5, 426. 
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12(Me3Si),0 + 3NH3 + 2(Me,SiO),As,N3 (1) 

methyldisiloxane and ammoniaa7 In order to avoid this 
condensation at  nitrogen, the same type of reaction has 
now been carried out with heptamethyldisilazane (eq 2). 

2(Me,SiO),AsO + (Me,Si),NMe - 
1 

(Me,Si),O + (M~,S~O),ASO~(M~~S~O)~ASNM~ (2) 

The formation of Me3SiOSiMe3 was again observed (NMR, 
GC/MS), and the crystalline product isolated from the 
reaction mixture was indeed found to contain tris(tri- 
methylsilyl) (methylimino)arsenate, (Me&O),As=NMe, 
but in the form of its 1:l addition compound with 
tris(trimethylsily1) arsenate (MesSiO)aAs=O (2). 

Compound 2 is obtained as a colorless crystalline solid 
in 61 % yield. It is stable when stored at  low temperature 
but decomposes when kept a t  room temperature to give 
an insoluble, probably polymeric condensation product 
and hexamethyldisiloxane. The composition of the solid 
material has been confirmed by elemental analysis and CI 
mass spectral data. Although no molecular ion of the 
adduct has been observed, several fragment ions exceeding 
the mass of each of the two components and containing 
(trimethylsily1)oxo and both oxo and methylimino moieties 
provide evidence for the association of the two components 
(2). 

NMR investigations of benzene solutions have shown, 
however, that partial dissociation into the components 
occurs in this solvent (eq 3). Two sets of signals (lH, 13C) 

(Me,SiO),AsO~(Me,SiO),AsNMe 
2 

2 

(Me,SiO),As=O + (Me,SiO), [ (Me,Si)MeNl As=O 

(3) 

are detected which can be assigned to (Me3SiO)aAs=O, 
for which reference data are available, and to (Me3SiO)z- 
[NMe(SiMea)]As=O (3), the silyl-shifted (0-N) isomer 
of (MesSiO),As=NMe. The structure of the crystalline 
compound 2 has been determined by single crystal X-ray 
diffraction. 

Crystals of 2 are orthorhombic, acentric space group 
Fdd2, with2 = 8 formula units in the unit cell. The lattice 
is built from dinuclear molecules (MesSiO)&szO(NMe). 
The structure is shown in Figure 1. The complex has a 
crystallographic 2-fold axis passing through the oxygen 
and nitrogen atoms bridging the two arsenic atoms to give 
a four-membered ring (planar by symmetry), and through 
the N-methyl carbon atom. (Again by symmetry, the 
hydrogen atoms attached to this carbon atom are disor- 
dered.) 

The two arsenic atoms are pentacoordinated with their 
five substituents a t  the vertices of a distorted trigonal 
bipyramid. One (trimethylsi1yl)oxy group (03) and the 
bridging oxygen atom (0) occupy axial positions, while 
the remaining two silyloxy groups (01,021 and the nitrogen 
atom are in equatorial positions. The distance As-03 
(axial) [1.789(2) AI is significantly longer than the two 
bonds As-01 and As-02 (equatorial) [1.716(2) and 1.730(2) 
A]. The As-0 distances in the bridge As-0-As [1.819(2) 

3 

Baier et al. 

Figure 1. Molecular structure of compound 2 (ORTEP). 
Hydrogen atoms are omitted for clarity. The molecule has 
a crystallographic 2-fold axis. Selected bond distances (A) 
and angles (deg): As-01 1.716(2), A s 4 2  1.730(2), As-03 
1.780(2); As-0 1.819(2), As-N 1.819(2), C-N 1.448(5); Sil- 
01 1.646(2), Si2-02 1.669(2), Si3-03 1.648(3); N-As-0 79.7 

Sil-01-As 135.3(1), Si2-02-As 132.3(1), Si3-03-As 132.2(1). 
AI are even longer than any of the three As-O(Si) distances, 
and the As-0-As’ angle is 100.4(1)O. The coordination a t  
nitrogen is planar (by symmetry) with an As-N-As’ angle 
of 100.3(2)O. The N-As-0 angles are thus compressed to 
79.7(1)”, the major origin of the distortion of the trigonal 
bipyramid at  arsenic. 

The three (trimethylsily1)oxy groups have very similar 
Si-0-As angles and Si-0 distances, representing avirtually 
strain-free situation. 

On the basis of this result, compound 2 can, in fact, be 
identified as an adduct of the two components (Me3SiO)a- 
As=O and (MesSiO)sAs=NMe, but with a complete 
transformation of the two double bonds into Components 
of a symmetrical four-membered ring following the rep- 
resentation of a standard [2+21 cycloaddition. Never- 
theless, this association appears to be reversible, as shown 
in the NMR experiments with benzene solutions. This 
dissociation is accompanied by isomerization of the imino 
component to give the methyl(trimethylsily1)aninoloxo 
compound instead of the ((trimethylsily1)oxy) (meth- 
ylimino) compound (above). 

I t  is interesting to note that a structure like that now 
detected for 2 has already been tentatively assigned to the 
associated alkylimino-alkyl arsenates (MeO)&szO(N-i- 
Pr) and ( M ~ O ) & ~ ~ O ( N - ~ - B U ) . ~ ~ $ ~ ~  This proposal has now 
been fully confirmed by the present analysis. Bis(imino)- 
bridged organoarsenates(V) with AszN2 four-membered 
rings have also been e ~ t a b l i s h e d . ~ ~ J ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

0,O-Bis(trimethylsily1) (Pheny1amino)arsenate 
[(Me3SiO)2(PhNH)AsO]. In order to assess the influ- 
ence of the N substituent on isomerism and the structure 
of aminoarsenates, the reaction tris(trimethylsily1) ar- 
senate with N-(trimethylsily1)aniline has also been studied. 
The two components were found to react smoothly to give 
hexamethyldisiloxane and bis(trimethylsily1) (phenylami- 
nolawenate (4). 

(l), AS-0-AS’ 100.4(1), AS-N-AS’ 100.3(2), C-N-AS 129.8(1); 

(22) Hass, D. 2. Chem. 1967, 7,465. 
(23) Preiss, H.; Jancke, H. Z .  Anorg. Allg. Chem. 1974, 404, 199. 
(24) Hass, D.; Cech, J. 2. Chem. 1969, 9, 432. 
(25) Hass, D. 2. Anorg. Allg. Chem. 1966, 347, 123. 
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(Me3SiO),As0 + Me,SiNHPh - 
(Me,Si),O + (Me,SiO),(PhNH)AsO (4) 

4 

Compound 4 was isolated as a colorless crystalline solid, 
which decomposes at  100 OC. Its composition and 
structure follows from the elemental analysis, ita mass 
spectrum, its IR absorptions, and its NMR characteristics 
(Experimental Part). Details of the molecular geometry 
have been determined by a single crystal X-ray diffraction 
study. 

The compound crystallizes in the monoclinic space group 
P21/c with two independent formula units in the asym- 
metric unit. The two molecules (A and B) are linked 
through two N-Ha-0 hydrogen bonds to give dimers 
(Figure 2). The two monomers (A and B) have very similar 
structures. The arsenic atoms are in a slightly distorted 
tetrahedral environment of three oxygen atoms and one 
nitrogen atom. In both cases one of the oxygen atoms is 
clearly a double-bonded atom [Asl-013 and As2-023: 
1.626(3) A]. For comparison, the single-bonded oxygen 
atoms have significantly longer As-0 distances [Asl-011 

1.702(3) A]. The distances Asl-N1 and As2-N2 are in 
the range established for As-N single bonds [1.776(3) and 
1.754(4) A, respectively]. The positions of the N-bound 
hydrogen atoms have been detected in the structure 
determination and could be refined satisfactorily such that 
reliable dimensions can be given for the N-H-0 bridges. 

The structure of the aryl-substituted compound 4 is 
thus confirmed to be based on the amide form of 
aminoarsenic acid (H0)2(HzN)As==O, instead of the imino 
isomer (H0)3As=NH found as a component in the alkyl 
derivative 2. Clearly, the electronic effect of the substit- 
uent is governing the isomerization equilibrium in ami- 
noarsenic acid derivatives with hydrogen atoms and silyl 
groups (mobile as H+ and Me3Si+) as coligands. I t  should 
be noted, however, that the free monomeric nitrogen 
component 3 contained in benzene solutions of 2 also 
appears in the amino form. The imino isomer seems to 
be favored only in cases where the N-donor properties 
allow dimerization or adduct formation (2).17 

1.707(2), Asl-012 1.705(3) A; As2-0211.711(3), As2-022 

Experimental Part 
All experiments were carried out under an atmosphere of dry 

nitrogen. Solvents were purified, dried, and saturated with 
nitrogen. Glassware was oven-dried and filled with nitrogen. 
Instruments: NMR, JEOL GX 400 spectrometer; MS, Varian 
MAT 3114 IR, Nicolet FX 354. 

Reaction of (MesSiO)sAs=O with (Me8Si)zNMe. Tris- 
(trimethylsilyl) arsenate' (2.26 g, 6.30 mmol) is mixed with 
heptamethyldisilazane (1.11 g, 6.30 mmol) at room temperature. 
The mobile liquid mixture slowly becomes more viscous. After 
30 min it is heated to 80 OC for 90 min. On cooling, a colorless 
crystal cake is obtained, which is dissolved in a minimum of 
hexane. Cooling this solution to -20 OC affords colorless crystals, 
which are filtered, washed with very little cold hexane, and dried 
in vacuum; yield 1.4 g (61 %). The product (2) slowly decomposes 
at room temperature but is stable when kept in the refrigerator 

(Me3SiO)&O], 0.23 [s, 9H, MeaSiN of 3],0.28 [s, 18H, Me3SiO 
of 3],2.64 [s, 3H, NMe of 31. j1H}13C NMR (c&6,20 OC): 6 1.41 
[s, (Me3SiO)&O], 0.31 [s, MesSiN of 31, 1.65 [s, Me3SiO of 31, 
30.82 [s, NMe of 31. MS (CI): mlz 567.4 (1 %) [2 - (Me3Si),Ol, 
551.4 (2%) [(Me3SiO)&20(NMe)I, 372.3 (35%) [3 + 11, 359.3 
(83%) [Me3SiO)sAs0 + 11. Anal. Calcd for C~~H~.IA~~NO.IS& 

(-25 "C). 'H NMR (C&, 20 OC): 6 0.24 ppm [s, 27H, 

SI11 T 

Figure 2. Molecular structure of compound 4. Two crys- 
tallographically independent molecules A and B (of very 
similar structure) are linked through hydrogen bonds. Hy- 
drogen atoms (except hydrogen-bonded cases) are omitted 
for clarity. Selected bond distances (A) and angles (deg): 
Asl-N1 1.776(3), As2-N2 1.754(4), Ad-011 1.707(2), A&- 
0 2 1  1.711(3), Ad-012 1.705(3), As2-022 1.702(3), Asl-013 
1.626(3), As2-023 1.626(3), 013-H231 1.852(6), 023-Hl31 
2.021(5); Sill-011-As1 131.3(2), Si21-021-As2 129.6(2), 
Si12-012-As1 131.6(2), Si22-022-As2 132.0(2), N1-H131- 

Table I. Crystal and Structure Solution Data for Compounds 

023 177.9(3), N2-H231-013 170.6(6). 

2 and 4 

F(000) (e) 
~ ( M o  Ka) (cm-1) 
diffractometer 
hkl range 
no. of measd reflns 
no. of unique reflns 
Rini 
no. of obsd reflns 
Fo> 
no. of refined params 
weighting params Ilk 
H atoms (found/calc) 
R (Rw) 
Apfi.(max/min) (e A-3) 

3072 
19.4 
CAD4 
+12,+56,*22 
4576 
4090 
0.029 
3872 
40(F0) 
160 
1/0.00223 
-157 
0.026 (0.029) 
+0.70/-0.92 

4 

CnHz4ASN03Siz 

p 2 d C  

361.42 
-46 

11.891( 1) 
16.708( 1) 
18.1 19(1) 
90 
92.54(1) 
90 
3598.7 
1.34 
8 
1504 
20.2 
CAD4 
+15,+21,&23 
8496 
6960 
0.020 
5729 
3 'J(Fo) 
535 

241- 
110 

0.034 (0.034) 
+0.40/-0.36 

(73.02): C, 31.26; H, 7.87; N, 1.92; Si, 23.08. Found: C, 30.96; 
H, 7.80; N, 1.95; Si, 22.92. 

Reaction of (MeaSiO)&sO with MeaSiNHPh. Tris(tri- 
methylsilyl) arsenate (2.2 g, 6.14 mmol) is mixed with N-(tri- 
methylsily1)aniline (1.09 g, 6.14 "01) at room temperature and 
slowly heated to 90 OC. A small amount of a colorless precipitate 
is formed. After cooling to room temperature, the viscous reaction 
mixture is treated with diethyl ether (20 mL) and filtered. The 
residue is washed with diethyl ether and the solvent is removed 
from the ether extracts in vacuum. The remaining solid (4) is 
recrystallized twicefrom hexane,yield 1.2g(SS%),decompoeition 
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temperature 100 OC. 1H NMR (C&, 20 "C): 6 = 0.25 [s, 18H, 
Me], 6.69-7.60 [m, 5H, Ph]. {IH] 13C NMR (C&, 20 'C): 6 1.42 
[s, Me], 142.6,118.3,129.4, and 121.5 [s for (2144 of Ph]. %Si 
NMR (Cae, 20 OC): 6 24.86 [dec, J(Si,H) = 6.85 Hzl. MS GI): 
mlz 360.0 (1.4%) [4 - 11, 285.0 (100%) [(MesSi)zAsO(NHz)l, 
269.3 (4.6%) [(MesSiO)2AsOl. Anal. Calcd for Cl2HuAsNO3Si2 
(361.42): C, 39.88; H, 6.69; N, 3.88; Si, 15.54. Found c, 39.78; 
H, 6.72; N, 3.86; Si, 15.50. 

Crystal Structure Determination of Compounds 2 and 4. 
Crystal and structure solution data have been summarized in 
Table I. 

Baier et al. 
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