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The reaction of m-terphenyl amine (2,6-bis-(2,4,6-trimethylphenyl)aniline, m-Ter = m-terphenyl =
2,6-bis-(2,4,6-trimethylphenyl)) and ECl3 (E = P, As) in the presence of different bases (Et3N, n-BuLi,
LDA, DBU) and under different reaction conditions was studied. The reaction with excess Et3N
yielded m-Ter–N(H)–AsCl2 for E = As, while for E = P m-Ter–N(PCl2)2 was formed. m-Ter–N(H)–ECl2

was obtained in the reaction of m-terphenyl amine with n-BuLi and ECl3 for E = As and P. Further
treatment of m-Ter–N(H)–PCl2 with Et3N led to the formation of 1,3-dichloro-cyclo-1,3-
diphospha-2,4-diazane, a synthesis protocol which cannot be applied to the analogous arsenic species.
1,3-dichloro-cyclo-1,3-diarsa-2,4-diazane was isolated when DBU was added to m-Ter–N(H)–AsCl2 at
low temperature (-80 ◦C).

Introduction

Four-membered pnictogen-nitrogen heterocycles of the type [R–
N–E–Cl]2 (E = group 15 element) are known as 1,3-dichloro-
cyclo-1,3-dipnicta(III)-2,4-diazanes.1 As early as 1894 Michaelis
and Schroeter discovered the first cyclo-1,3-diphospha(III)-2,4-
diazane when they treated aniline hydrochloride with an excess
of PCl3 for 48 h under reflux conditions (Scheme 1).2 Pnictogen-
nitrogen heterocycle chemistry has been developed to an impor-
tant field in inorganic chemistry. In particular, the phosphorus
species play a major role in preparative phosphorus-nitrogen
chemistry. They have been utilized for the preparation of macro-
cycles, polymers, main-group complexes and ring transformation
reactions.3–5

Scheme 1 Dimerization of iminophosphanes.

1,3-Dichloro-cyclo-1,3-dipnicta(III)-2,4-diazanes can show a
monomer-dimer equilibrium between the iminochloropnictane,
R–N E–Cl, and the cyclo-1,3-dipnicta(III)-2,4-diazane, [R–N–
E–Cl]2, depending on the organic group R, the solvent and the
state of aggregation, which has been addressed in a series of
papers.6,7 For example, Burford et al. proposed that dependent
upon steric strain in derivatives of [R–N–P–X]2 (X = halogen)
the dimer can be destabilized with respect to the monomer.7 The
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sensitivity of this equilibrium is best illustrated by the fact that
Mes*N P–Cl (Mes* = 2,4,6-tri-tert-butylphenyl) is observed as
the iminophosphane monomer in the solid state,8 while slightly
smaller substituents such as 2,6-diisopropylphenyl or m-terphenyl
allow dimerization.5,7

Furthermore, for all heavier group 15 elements, only the dimers
have been experimentally observed, e.g. for tBu–N E–Cl (E =
As, Sb),9,10 showing that for the heavier elements the dimer is
more stable. This trend can be attributed to less stable E N
double bonds and decreasing steric strain within the E2N2 ring.
Experimentally known is the stable monomeric Mes*–N P–
Cl,8 while the heavier arsenic analogue forms a dimer in the
solid state.11 The arsenic dimer was first described by Burford
et al., and the authors already speculated on the reversible
dissociation, which was experimentally proven by temperature
dependent 1H NMR experiments displaying a dimer/monomer
ratio of 1 : 1.7.12 The analogous multiple-bonded compounds of
antimony (iminostibanes) and bismuth (iminobismuthanes) have
yet to be reported.

Valuable starting materials for the synthesis of 1,3-
dichloro-cyclo-1,3-dipnicta(III)-2,4-diazanes, [R–N–E–Cl]2, in-
clude substituted amino(dichloro)pnictanes, R–N(H)–ECl2.
Amino(dichloro)pnictanes are known to easily eliminate HCl,
which can be triggered by bases such as Et3N, leading to 1,3-
dichloro-cyclo-1,3-dipnicta(III)-2,4-diazanes.1,4

Here we report on the synthesis of sterically encumbered 2,4-
bis-m-terphenyl-1,3-dichloro-cyclo-2,4-dipnictadiazanes [m-Ter–
N–E–Cl]2, (E = P, As; m-Ter = m-terphenyl = 2,6-bis-(2,4,6-
trimethylphenyl)), the diversity of products depending on the
reaction conditions (temperature, bases, solvents) and their spec-
troscopic characterization.

Results and discussion

The synthesis of 2,4-bis-m-terphenyl-1,3-dichloro-cyclo-2,4-
dipnictadiazanes [m-Ter–N–E–Cl]2 (E = P, As) via m-terphenyl-
amino(dichloro)pnictanes, m-Ter–N(H)ECl2 (E = P, As), has
been studied starting from m-terphenylamine m-Ter–NH2.13–15
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m-Ter–NH2 can be obtained in a four step synthesis starting from
mesityl bromide (see supporting information†).16

Synthesis and properties of m-terphenyl-amino(dichloro)pnictanes,
m-Ter–N(H)ECl2 (E = P, As)

According to known literature procedures for primary amines
bearing other organic groups, introduction of the ECl2 moiety
can be achieved by reaction of m-Ter–NH2 with an excess of
triethylamine and ECl3.1,3,4,7b,8,17 While this procedure nicely works
for arsenic (Scheme 2) resulting in the formation of m-terphenyl-
amino(dichloro)arsane (1) in good yields (67%), a complex reac-
tion mixture is obtained when the analogous reaction is carried out
with PCl3. From the reaction mixture m-Ter–N(H)PCl2, m-Ter–
N(PCl2)2, (cis and trans) [m-Ter–N–P–Cl]2 and [m-Ter–N(H)]2PCl
were identified by means of 31P NMR spectroscopy. It was not
possible to isolate m-terphenyl-amino(dichloro)phosphane from
this mixture.

Scheme 2 Synthesis of 1 (procedure 1).

Furthermore, the reaction of m-Ter-NH2 with a large excess
of triethylamine and PCl3 yields N,N-bis-dichlorophosphino-m-
terphenyl-amine, m-Ter–N(PCl2)2 (2), with an isolated yield of
67% (Scheme 3).

Scheme 3 Synthesis of 2.

Since the utilization of Et3N as base in the reaction with
m-Ter–NH2 and PCl3 did not lead to the desired m-terphenyl-
amino(dichloro)phosphane (3), m-Ter–N(H)PCl2, n-BuLi was
used to form the lithiated m-terphenylamine, m-Ter–N(H)Li, in
diethyl ether at 0 ◦C, which gave in a smooth reaction with PCl3

in high yields (93%) compound 3 (Scheme 4). For the analogous
reaction with AsCl3 (Scheme 5), species 1 was isolated with a
yield of 77%, which is slightly less compared to the phosphorus
analogue but ca. 10% better than in the reaction with Et3N. The
same holds for 1,8-diazabicyclo[5.4.0]undec-7-en (DBU) as base,
which also gives 3, when only one equivalent is used (see below).

Scheme 4 Synthesis of 3.

Compounds 1, 2 and 3 can easily be re-crystallized
from n-pentane or n-hexane. While 2 melts at 199 ◦C,
amino(dichloro)pnictanes 1 and 3 melt at 153 and 159 ◦C,
respectively. Compound 2 sublimes at 180 ◦C (10-3 mbar), which
can be used for purification. The d31P values of 2 and 3 (a singlet
resonance at 182.3 and 159.4 ppm, respectively) are in the range

Scheme 5 Synthesis of 1 (Procedure 2, see Scheme 2).

expected on the basis of numerous data from the literature for
aminophosphanes (cf. 166.6 ppm for (Me3Si)2N–N(SiMe3)–PCl2,
155 ppm for Dipp-N(H)PCl2, 165 ppm for Dipp-N(PCl2)2, Dipp =
2,6-diisopropylphenyl).17–20 In the respective 1H NMR spectra, the
proton attached to the nitrogen is found at 5.43 (1) and 5.22 (3)
ppm, respectively (cf. 5.48 ppm in Mes*N(H)AsCl2, 5.32 ppm in
Mes*N(H)PCl2).11,21

Synthesis and properties of 1,3-dichloro-m-terphenyl-cyclo-1,3-
dipnicta-2,4-diazane, [m-Ter–N–E–Cl]2 (E = P, As)

Interestingly, when Et3N is added to a solution of 3 in n-hexane,
the 1,3-dichloro-m-terphenyl-cyclo-1,3-diphospha-2,4-diazane (4)
is formed in good yields (83%) (Scheme 6), while in case of the
arsenic analogue (1) no reaction occurred. To obtain the 1,3-
dichloro-m-terphenyl-cyclo-1,3-diarsa-2,4-diazane different type
of bases such as diisopropylamide (LDA) and DBU were utilized
in different solvents (Schemes 7, 8, and 9).

Scheme 6 Synthesis of 4.

Scheme 7 Synthesis of 5.

Scheme 8 Synthesis of 6.

Scheme 9 Synthesis of 7.

Firstly, to a solution of 1 in diethyl ether, a solution of LDA
(Scheme 7), freshly prepared from diisopropylamine and n-BuLi
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in diethyl ether, was added dropwise at -50 ◦C resulting in a
yellow suspension. Removal of the solvent and drying in vacuo
resulted in a colorless residue, which was extracted with n-
hexane. Concentration in vacuo and storage at -25 ◦C resulted
in the deposition of colorless crystals of m-terphenyl-amino-
diisopropylamino(chloro)arsane (5) in good yields (83%). The
unexpected formation of 5 clearly demonstrates that a strong but
non-nucleophilic base is needed to achieve the elimination of HCl,
otherwise only a nucleophilic substitution at the arsenic center is
preferred.

A similar problem was encountered when DBU was used
as strong but less nucleophilic base in diethyl ether. Here the
addition of a solution of 1 in diethyl ether to a solution
of DBU in diethyl ether at -10 ◦C lead to a complex reac-
tion mixture from which 2-m-terphenyl-amino-2-arsa-3,7-diaza-
tricyclo[5.4.1.03,12]dodec-3(12)-enylium chloride (6) could be iden-
tified by single crystal X-ray diffraction (Scheme 8). A preparative
separation was not successful. The formation of 6 can be explained
by a nucleophilic substitution at the arsenic atom (Cl- exchange
by N atom of DBU) followed by a HCl elimination and As–
C linkage. A similar reaction involving the insertion of a PN
fragment into a CH bond has been reported by Niecke et al. when
they treated bromobis(arylimino)phosphorane with silver triflate
in the presence of DBU.22

In a second reaction DBU was used in THF at considerably
lower temperature (-80 ◦C), which gave in a straightforward reac-
tion 1,3-dichloro-m-terphenyl-cyclo-1,3-diarsa-2,4-diazane (7) in
moderate yields (52%, Scheme 9).

Both cyclo-1,3-dipnicta-2,4-diazanes [m-Ter–N–E–Cl]2 (4 and
7, Schemes 6 and 9) can be isolated as colourless (E = P) or
yellow (E = As) crystalline materials with fairly high melting
and decompositions points, respectively (4: 285 ◦C, 7: 259 ◦C).
Cyclo-dipnict(III)azanes can exist as cis or trans isomers. While
for the phosphorus species 4 in solution a cis and a trans isomer
was observed (31P NMR: 227.4 for the cis, 264.1 ppm for the
trans isomer), only the trans isomer is found for the arsenic
compound 7 as shown in a NMR study.1 In the solid state
for phosphorus only the cis and for arsenic1,7a,23 only the trans
isomer could be detected as illustrated by X-ray studies (see

below). As pointed out by Stahl,4 most cyclo-diphosph(III)azanes
are thermodynamically more stable as the cis isomer while the
trans isomer is the kinetically favored product. It should be
mentioned, that in contrast to the Mes* substituted analogue,
7 does not dissociate at ambient temperature in CH2Cl2 to form
the monomeric imino(chloro)arsane.12

Synthesis of N ,N ¢,N ¢-[tris-(trimethylsilyl)]hydrazino-m-terphenyl-
imino-phosphane (8)

In a series of experiments we studied the reaction of 2 with
N-lithio-N,N¢,N¢-[tris(trimethylsilyl)]hydrazide, Li[N(SiMe3)–
N(SiMe3)2], in order to see if it is possible to eliminate PCl3

to generate 1,3-dichloro-m-terphenyl-cyclo-1,3-diphospha-2,4-
diazane (4). At a first glance, this reaction yielded surprising
products. Two species could be isolated: N,N¢,N¢[tris-(trimethyl-
silyl)]hydrazine-m-terphenyl-imino-phosphane (8) and the known
N,N¢,N¢-[tris(trimethylsilyl)]hydrazine-dichlorophosphane, (Me3-
Si)2N–N(SiMe3)–PCl2.20 It can be assumed that upon LiCl
formation in a first reaction step the amino(hydrazine)-
chlorophosphane is formed, which indeed implies the elimination
of PCl3 yielding 8 as shown in Scheme 10.

X-ray crystallography. The structures of compounds 1–6 and
8, including the starting materials m-terphenyl-azide (m-Ter–N3)
and m-terphenylene (m-Ter–H) have been determined. Tables 1
and 2 present the X-ray crystallographic data. Selected molecular
parameters are listed in Fig. 1–7. The molecular structures of
the starting materials m-Ter–N3 and m-Ter–H, are shown in
the supporting information file (Schemes S1 and S2). X-ray
quality crystals of all considered species were selected in Kel-F-oil
(Riedel deHaen) or Fomblin YR-1800 (Alfa Aesar) at ambient
temperature. All samples were cooled to -100(2) ◦C during the
measurement.

General structural trends. In all aminoarsane/phosphane
derivatives, as expected, the central nitrogen atom is almost
trigonal planar, and the pnictogen atom trigonal pyramidal
coordinated. The sum of the bond angles at the amino nitrogen
atom is always very close to 360◦ indicating a planar environment
and hence a formal sp2-hybridisation. Hence the lone pair localized

Scheme 10 Synthesis of 8.
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Table 1 Crystallographic details of compound 1–3

1 1 2 3

Chem. formula C24H26AsCl2N C24H26AsCl2N C24H25Cl4NP2 C24H26Cl2NP
Form. weight/g mol-1 474.28 474.28 531.19 430.33
Colour Colourless Colourless Colourless Colourless
Cryst. system Orthorhombic Monoclinic Orthorhombic Monoclinic
Space group Pna21 P21/c Pbca P21/c
a/Å 24.301(5) 9.017(2) 16.571(3) 9.227(2)
b/Å 10.580(2) 29.293(6) 17.535(4) 28.933(6)
c/Å 8.842(2) 9.309(2) 17.726(4) 9.378(2)
a/◦ 90.0 90.0 90.0 90.0
b/◦ 90.0 108.09(3) 90.0 115.25(3)
g /◦ 90.0 90.0 90.0 90.0
V/Å3 2273.3(8) 2337.3(8) 5150.7(18) 2264.4(8)
Z 4 4 8 4
rc/g cm-3 1.386 1.348 1.370 1.262
m/mm-1 1.740 1.692 0.597 0.367
lMo-Ka/Å 0.71073 0.71073 0.71073 0.71073
T/K 173(2) 173(2) 173(2) 173(2)
Measured reflns. 49272 42147 42834 82257
Indep. Reflns. 10714 8395 7492 8171
Reflns. with I > 2s(I) 9203 6382 5347 6390
Rint. 0.0290 0.0412 0.0463 0.0328
F(000) 976 976 2192 904
R1 (R [F 2 > 2s(F 2)]) 0.0251 0.0409 0.0441 0.0470
wR2 (F 2) 0.0608 0.0978 0.1265 0.1188
GooF 1.021 1.057 1.061 1.050
Parameters 264 273 286 263

Table 2 Crystallographic details of compound 4–6 and 8

4 5 6 8

Chem. formula C48H50Cl2N2P2 C30H40AsClN2 C33H41AsClN3 C33H52N3PSi3

Form. weight/g mol-1 787.74 539.01 590.06 606.02
Colour Colourless Colourless Colourless Yellow
Cryst. system Monoclinic Triclinic Triclinic Triclinic
Space group C2/c P1̄ P1̄ P1̄
a/Å 19.912(4) 10.960(2) 10.158(2) 10.684(2)
b/Å 8.808(2) 11.400(2) 11.122(2) 11.033(2)
c/Å 24.420(5) 11.530(2) 14.580(3) 16.094(3)
a/◦ 90.00 86.53(3) 96.83(3) 86.43(3)
b/◦ 102.56(3) 87.06(3) 100.13(3) 82.08(3)
g /◦ 90.00 83.06(3) 110.10(3) 75.71(3)
V/Å3 4180.5(15) 1426.0(5) 1493.8(5) 1820.1(6)
Z 4 2 2 2
rc/g cm-3 1.252 1.255 1.312 1.106
m/mm-1 0.268 1.305 1.253 0.199
lMo-Ka/Å 0.71073 0.71073 0.71073 0.71073
T/K 173(2) 173(2) 173(2) 173(2)
Measured reflns. 31428 24284 48634 18998
Indep. Reflns. 3656 4136 12631 7942
Reflns. with I > 2s(I) 3041 3336 9234 6071
Rint. 0.0363 0.0377 0.0356 0.0285
F(000) 1664 568 620 656
R1 (R [F 2 > 2s(F 2)]) 0.0383 0.0375 0.0384 0.0426
wR2 (F 2) 0.0982 0.0921 0.0915 0.1193
GooF 1.028 1.081 1.008 1.064
Parameters 250 404 357 376

at this nitrogen atom is found in a p-type atomic orbital (AO).
Small delocalization of this p-AO lone pair occurs, which is also
known as hyperconjugation, leading to relatively shorter E–N
bond lengths.20 The E–N bond lengths of 1.819–1.858 for E = As
and 1.657–1.713 Å for P, respectively, are always slightly shorter
than expected for an E–N single bond (cf. R rcov(N–P) = 1.80,
R rcov(N P) = 1.61, R rcov(N–As) = 1.91, R rcov(N As) = 1.71 Å).18,24

The sum of the bond angles at the arsenic atom ranges between

286–296◦ and at the phosphorus atom between 284–307◦, in
accord with structural data of known aminoarsane/phosphane
derivatives.8,11,18,21 As depicted in Fig. 1–7, in all m-terphenyl sub-
stituted aminoarsanes, the N–ER2 moiety adopts an almost central
position inside the pocket formed by the m-terphenyl group.
The bulky m-terphenyl group prevents all considered species
from significant intermolecular interactions. For example in the
solid state structures of 1 and 3 neither inter- nor intramolecular
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Fig. 1 ORTEP drawing of the molecular structure of 1 in the crystal
(orthorhombic structure). Thermal ellipsoids with 50% probability at
173 K. Hydrogen atoms except NH are omitted for clarity. Selected bond
lengths (Å) and angles (◦): As–N 1.819(1), As–Cl2 2.2270(4), As–Cl1
2.2325(6), N–C1 1.407(1), N–As–Cl2 90.86(3), N–As–Cl1 101.36(3),
Cl2–As–Cl1 94.59(2), C1–N–As 130.21(7).

Fig. 2 ORTEP drawing of the molecular structure of 2 in the crystal.
Thermal ellipsoids with 50% probability at 173 K. Aryl hydrogen
atoms are omitted for clarity. Selected bond lengths (Å) and angles
(◦): P1–N 1.713(2), P2–N 1.708(2), P1–Cl1 2.0411(9), P1–Cl2 2.0592(8),
P2–Cl4 2.0440(8), P2–Cl3 2.0643(9), N–C1 1.474(2); N–P1–Cl1 105.78(6),
N–P1–Cl2 104.91(6), Cl1–P1–Cl2 96.58(4), N–P2–Cl4 105.49(6),
N–P2–Cl3 103.92(6), Cl4–P2–Cl3 96.97(3), C1–N–P2 111.2(1), C1–N–P1
111.0(1), P2–N–P1 137.80(9).

Fig. 3 ORTEP drawing of the molecular structure of 3 in the crystal.
Thermal ellipsoids with 50% probability at 173 K. Hydrogen atoms except
NH are omitted for clarity. Selected bond lengths (Å) and angles (◦): P–N
1.657(1), P–Cl2 2.0678(7), P–Cl1 2.0726(6), N–C1 1.426(2), N–H1 0.81(2);
N–P–Cl2 100.91(5), N–P–Cl1 100.05(5), Cl2–P–Cl1 96.53(4), C1–N–P
122.8(1).

Fig. 4 ORTEP drawing of the molecular structure of 4 in the crystal.
Thermal ellipsoids with 50% probability at 173 K. Hydrogen atoms
omitted for clarity. Selected bond lengths (Å) and angles (◦): P–N¢
1.709(2), P–N 1.731(2), P–Cl 2.1256(9), P–P¢ 2.612(1), N–C1 1.431(2),
N–P¢ 1.709(2); N¢–P–N 80.93(8), N¢–P–Cl 108.66(6), N–P–Cl 95.12(6),
N¢–P–P¢ 40.90(6), N–P–P¢ 40.28(5), Cl–P–P¢ 102.15(2), C1–N–P¢ 132.8(1),
C1–N–P 128.3(1), P¢–N–P 98.83(8), N¢–P–N–P¢ -5.4(1).

Fig. 5 ORTEP drawing of the molecular structure of 5 in the crystal.
Thermal ellipsoids with 30% probability at 173 K. Hydrogen atoms except
NH are omitted for clarity. Only one part of the two splitted positions is
shown. Selected bond lengths (Å) and angles (◦): N1–C1 1.394(2), As–N1
1.789(3), As–N2 1.85(2), As–Cl 2.333(4), N1–As–N2 96.0(4), N1–As–Cl
99.2(1), N2–As–Cl 101.6(3), As–N1–C1 127.4(2).

hydrogen bonding is observed. Significant hydrogen bonding is
known for smaller substituents.5b,16

m-Terphenyl-amino(dichloro)arsane (1). crystallizes from n-
hexane in both the orthorhombic space group Pna21 with four
formula units per unit cell and the monoclinic space group
P21/c also with four formula units per unit cell. Apparently, the
orthorhombic crystals precipitate from hot n-pentane solution,
while the monoclinic species are generated at lower temperatures.
We want to focus the discussion on the orthorhombic crystals.
The orthorhombic structure consists of well separated m-Ter–
N(H)AsCl2 molecules with no significant intermolecular contacts.

While the central phenyl ring of the terphenyl group, the
H and the N atom lie in one plane, the As atom is slightly
shifted out of this plane (∠As–N–C1–C = 20.38◦). Moreover, the
AsCl2 unit in 1 is twisted towards H (∠H–N–As–Cl1 = 75.69(2)
vs. ∠H–N–As–Cl2 11.17◦), resulting in a C1 symmetric molecule
(Fig. 1). The As–N distance amounts to 1.819(1) Å indicating
some double bond character (cf. sum of the covalent radii
dcov(As–N) = 1.91 Å) introduced by hyperconjugation (see above),
while slightly increased As–Cl distances are found (d(As–Cl2) =
2.2270(4), d(As–Cl1) = 2.2325(6) Å; cf. sum of the covalent radii
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Fig. 6 ORTEP drawing of the cation of 6 in the crystal. Thermal
ellipsoids with 30% probability at 173 K. Hydrogen atoms except NH
and chloride ion omitted for clarity. Selected bond lengths (Å) and angles
(◦): As–N1 1.858(1), As–C26 2.003(2), As–N2 2.087(1), As–Cl 2.6078(7),
N1–C1 1.403(2), N2–C25 1.310(2), N3–C25 1.332(2), N1–As–C26
98.23(6), N1–As–N2 94.09(5), C26–As–N2 67.47(5), N1–As–Cl 93.94(4),
C26–As–Cl 88.63(4), N2–As–Cl 155.64(4), C1–N1–As 121.64(9).

Fig. 7 ORTEP drawing of the molecular structure of 8 in the crys-
tal. Thermal ellipsoids with 30% probability at 173 K. Hydrogen
atoms are omitted for clarity. Selected bond lengths (Å) and angles
(◦): P–N1 1.560(2), P–N2 1.660(1), Si1–N2 1.789(2), Si2–N3 1.750(2),
Si3–N3 1.757(2), N2–N3 1.473(2), N1–P–N2 104.22(8), C10–N1–P
125.7(1), N3–N2–P 112.4(1), N3–N2–Si1 119.4(1), P–N2–Si1 128.15(8),
N2–N3–Si2 115.3(1), N2–N3–Si3 116.0(1), Si2–N3–Si3 126.19(9).

dcov(As–Cl) = 2.20 Å)24 due to partial delocalization of the electron
density of the nitrogen lone pair into the s* As–Cl bonds.

N,N-Bis(dichlorophosphino)-m-terphenyl-aniline, m-Ter–
N(PCl2)2 (2). crystallizes in the orthorhombic space group
Pbca with eight formula units per unit cell. No significant
intermolecular contacts are observed. The asymmetric unit
consists of one molecule with two almost eclipsed PCl2 moieties.
The phosphorus atom sits in trigonal pyramidal environment
with Cl–P–Cl angles between 96–97◦ and N–P–Cl angles between
103 and 106◦.20 The P–N–P angle of 137.80(9)◦ is rather large, in
accord with that in O2Cl(O)P–N–P(Cl2)–NR2(<PNP = 134.0(2),
R = isopropyl).25 The experimentally determined P1–N bond

length of 1.713(2) and P2–N 1.708(2) Å, respectively, is slightly
shorter than expected for a typical P–N single bond (cf. R rcov. =
1.80 (1.76) Å,24 1.704(1) and 1.703(1) in p-C6H4[N(PCl2)2]2)26 but
comparable with the 1.704(2) Å in (Me3Si)2N–(Me3Si)N–PPh2.20

m-Terphenyl-amino(dichloro)phosphane (3). crystallizes in the
monoclinic space group P21/c with four formula units per cell.
No significant intermolecular contacts are observed. In contrast
to the arsenic species (1), the H atom is located outside the plane
formed by the central phenyl ring and the N atom (<H–N–
C1–C2 = 23.2◦). Furthermore, the P–N–C1 angle of 122.8(1)◦ is
considerably smaller compared to the As–N–C1 angle (130.21(7)◦)
in 1, which may be attributed to the larger space demand of the
pnictogen lone pair and AsCl2 unit in 1. Moreover, the larger
ionic bond character in 1 may also contribute to a larger C–N–
As angle. The P–N distance of 1.657(1) Å is slightly shorter as
in 2 (1.713(2), 1.708(2) Å) but comparable with the 1.6451(9) Å
in (Me3Si)3Si–N(SiMe3)–PCl2.5b The average P–Cl bond lengths
amounts to 2.070 Å, in accord with the value of 2.052 Å found
for 2.

1,3-Dichloro-m-terphenyl-cyclo-1,3-diphospha-2,4-diazane (4).
crystallizes in the monoclinic space group C2/c with four for-
mula units per unit cell. No significant intermolecular contacts are
observed. The asymmetric unit consists of a half molecule, which
lies on a twofold crystallographic axis, with the whole molecule
generated by the symmetry operation -x, y, -z+1/2 as depicted
in Fig. 4. Cyclo-diphospha(III)-diazanes can exist as cis or trans
isomers with the cis isomer being mostly the thermodynamically
more stable isomer. Compound 4 adopts the cis configuration with
respect to the position of the chlorine atoms. In general, the cis
isomers have puckered P2N2 rings,4 whereas the rings in the trans
isomers are planar. In contrast to this observation, the P2N2 ring in
4 is almost planar although being the cis isomer (deviation from
planarity: N¢–P–N–P¢ -5.4(1)◦), but slightly distorted with two
longer P–N bond lengths (P–N 1.731(2) Å) and two considerably
shorter P–N distances (P–N¢ 1.709(2) Å; cf. 1.695(10) in [Ph–N–P–
Cl]2,27 R rcov. = 1.80 (1.76) Å).24 Compared to [Ph–N–P–Cl]2 the P–
Cl bond lengths are slightly elongated (4: 2.1256(9) vs. [Ph–N–P–
Cl]2: 2.087(8) Å). The N–P–N¢ angle with 80.93(8)◦ is significantly
smaller compared to the P–N–P¢ (98.83(8)◦) angle. The N¢–P–Cl
amounts to 108.66(6)◦, while the N–P–Cl angle is decreased to
95.12(6)◦.

m-Terphenyl-amino-diisopropylamino(chloro)arsane (5). crys-
tallizes in the triclinic space group P1̄ with two formula units
per unit cell. The AsClN(iPr)2 unit in 5 was found to be disordered
and was split in two parts. The occupation of each part was refined
freely (0.7144(9)/0.2856(9)). As illustrated in Fig. 5, the pyramidal
As atom is located outside the plane formed by the central phenyl
ring and the N1 atom (deviation from planarity: 46.73◦), and
is attached to N1 and N2 with different distances (d(As–N1) =
1.789(3), d(As–N2) = 1.85(2) Å). The N1–C1 distance amounts
to 1.394 Å, which is slightly shorter than that found in 1 (d(N–
C1) = 1.407(1) Å). While the N1–As–Cl angle of 99.2(1)◦ and the
N2–As–Cl angle of 101.6(3)◦ are almost identical, the As–N1–C1
angle with 127.4(2)◦ is rather large but comparable with 130.21(7)◦

As–N1–C1 angle in 1.
2-m-Terphenyl-amino-2-arsa-3,7-diaza-tricyclo[5.4.1.03,12]do-

dec-3(12)-enylium chloride (6). crystallizes in the triclinic space
group P1̄with two formula units per unit cell. The asymmetric unit
consists of one ion pair with six H ◊ ◊ ◊ Cl contacts in the range
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2.7–3.1 Å (cf. R rvdW(H ◊ ◊ ◊ Cl) = 3.01 Å). As illustrated in Fig. 6,
the pyramidal As atom forms a tricycle with the DBU moiety,
which can only be accommodated by a very small N2–As–C26
angle of 67.47(5)◦ and rather large As–N2 (2.087(1) Å) and As–Cl
(2.6078(7) Å) bond lengths. In comparison, the As–N1 distance
amounts to 1.858(1) Å (cf. d(As–N) 1.819(1) in 1, R rcov(As–N) =
1.91 Å).24 But also the N1–As–N2 (94.09(5)◦) and N1–As–C26
(98.23(6)◦) angles are fairly small, while the C1–N1–As angle of
121.64(9)◦ is larger but also significantly smaller than those found
in 1 (130.21(7)◦) and 6 (127.4(2)◦), in accord with structural data
of arsetanes.28 It should be noted that compound 6 can be regarded
as a rare example of an azaarsetane cation. Only one example of a
cationic species, bearing an azaarsetene-1yl-phosphonium ion, has
been published by Grützmacher et al. displaying similar structural
features.29

N,N¢,N¢-[tris-(trimethylsilyl)]hydrazino-m-terphenyl-imino-
phosphane (8). crystallizes in the triclinic space group P1̄ with
two formula units per unit cell. The asymmetric unit consists of
one molecule of 8. As shown in Fig. 7, the P N double bond
in hydrazino-m-terphenyl-imino-phosphane 8 is kinetically stabi-
lized by the steric demand of the adjacent (Me3Si)N–N(SiMe3)2

and m-terphenyl groups. Steric protection by these two groups is
responsible for the impossibility of dimerization. It was not until
1973 that Flick and Niecke were able to prove the existence of a
phosphorus(III) compound with the structural feature of a phosp-
hazene, –P N–.30 This first iminophosphane, a phosphazene with
phosphorus(III) in the coordination number two, was obtained
from the reaction of bis(trimethylsilyl)amino(difluoro)phosphane
with lithium-bis(trimethylsilyl)amide (eqn (1)). Meanwhile,
phosphorus-nitrogen compounds with a two-coordinated phos-
phorus(III) atom represent a well-established class of organophos-
phorus compounds.18,31,32

(Me3Si)2N–PF2 + LiN(SiMe3)2 → (Me3Si)2N–P NSiMe3

+ LiF + Me3Si–F
(1)

While the C10–N1–P–N2–N3 unit is almost planar (∠(N3–N2–
P–N1) = 177.1◦), the central phenyl ring of the m-terphenyl group
is twisted by -53.56◦. The hydrazine moiety adopts a staggered
conformation with two perpendicular planes (Si1–N2–P plane
perpendicular to Si2–N3–Si3 plane).20,34a,b Both nitrogen atoms
(N2 and N3) are in an ideal planar environment (R∠(N2) =
359.96◦, R∠(N3) = 357.55◦) with a N–N bond length of 1.473(2) Å,
typical for a single bond. A short P–N1 distance with 1.560(2) Å,
in accord with the P N double bond, and a longer along P–
N2 (1.660(1) Å) distance were found (cf. R rcov.(P–N) = 1.80
(1.76) Å).24,33 The latter distance is still significantly shorter as
expected for a P–N single bond, which can be attributed to
hyperconjugative effects along the P–N–Si units.5b,34 The short
PN distance along with the presence of an almost planar C10–N–
P–N–N unit indicate electronic delocalization, which might be the
driving force for this unusual arrangement.

Conclusion

The synthesis of sterically encumbered dipnictadiazanes was
achieved by treatment of m-terphenyl amine and ECl3 (E P and
As) with bases such as Et3N, n-BuLi, DBU or LDA. Depending
on the base and reaction conditions used different products were
obtained and fully characterized. While the reaction with an excess

of Et3N yielded for E = As m-Ter–N(H)–AsCl2, for E = P m-
Ter–N(PCl2)2 was obtained. m-Ter–N(H)–PCl2 was formed in the
reaction with n-BuLi, a reaction protocol which can also be used
to generate m-Ter–N(H)–AsCl2.

Treatment of m-Ter–N(H)–PCl2 with Et3N resulted in the
formation of cyclo-1,3-diphospha-2,4-diazane, while no reaction
was observed in the analogous reaction with the arsenic species. To
obtain the analogous cyclo-1,3-diarsa-2,4-diazane, m-Ter–N(H)–
AsCl2 was reacted with LDA yielding, however, m-Ter–N(H)–
As(Cl)N(iPr)2. Only the reaction with DBU at low temperature
resulted in the formation of the cyclo-1,3-diarsa-2,4-diazane in
good yields.

This paper demonstrates the difficulties with the preparation of
cyclo-1,3-diarsa-2,4-diazane and cyclo-1,3-diphospha-2,4-diazane
depending on the used stoichiometry, solvents and bases due to
the competition of different reaction channels.

Experimental

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,35 dried over P4O10 and freshly distilled prior to
use. Diethyl ether, tetrahydrofurane (THF) and benzene were
dried over Na/benzophenone and freshly distilled prior to use.
n-Pentane and n-hexane were dried over Na/benzophenone/
tetraglyme and freshly distilled prior to use. Acetone, ethanole
and methanole were freshly distilled prior to use. p-Toluenesul-
fonylazide MePhSO2N3, 1-iodo-2,6-bis-(2,4,6-trimethylphenyl)-
benzene Mes2PhI, 1-azido-2,6-bis-(2,4,6-trimethylphenyl)benzene
Mes2PhN3, 2,6-bis-(2,4,6-trimethylphenyl)aniline Mes2PhNH2

and N-lithio-2,6-bis-(2,4,6-trimethylphenyl)anilide Mes2PhNHLi
have been previously reported in literature and were
prepared according to modified procedures.36,37,14,15c Lithium-
N,N¢,N¢-[tris(trimethylsilyl)]hydrazide Li[(Me3Si)2NN(SiMe3)]
was prepared according to literature procedures.38,39 p-
Toluenesulfonylchloride MePhSO2Cl, (Acros, 99%), 1,3-
dichlorobenzene (Merck, 99%), mesitylbromide MesBr
(AlfaAesar, 99%), Iodine I2 (Apolda, 99%), sodium hydroxide
NaOH (Germed, 99%), sodium sulfite Na2SO3 (Germed, 99%),
magnesium sulfate MgSO4 (Acros, 97%), sodium azide NaN3

(Acros, 99%) and n-BuLi (1.6M or 2.5M, Acros), were used as
received. Arsenic trichloride AsCl3 (Merck, 99%), phosphorous
trichloride PCl3 (Acros, 97%), 1,8-diazabicyclo[5.4.0]undec-7-en
DBU (Merck, 99%), triethylamine (Merck, 97%) and diisopropyl-
amine (Aldrich, 99%) were freshly distilled prior to use.

NMR

29Si INEPT, 14N{1H}, 31P{1H}, 13C{1H}, 13C DEPT, and 1H NMR
spectra were obtained with a Bruker AVANCE 250, 300 or 500
spectrometer and were referenced internally to the deuterated
solvent (13C, C6D6: d reference = 128 ppm, CD2Cl2: d reference = 54 ppm,
CDCl3: d reference = 77 ppm) or to protic impurities in the deuterated
solvent (1H, C6D5H: d reference = 7.16 ppm, CDHCl2: d reference =
5.31 ppm, CHCl3: d reference = 7.26 ppm). C6D6 was dried over

9968 | Dalton Trans., 2010, 39, 9962–9972 This journal is © The Royal Society of Chemistry 2010

http://dx.doi.org/10.1039/c0dt00700e


Na/benzophenone and freshly distilled prior to use. CD2Cl2 and
CDCl3 were dried over P4O10 and freshly distilled prior to use.

IR

Nicolet 6700 FT-IR spectrometer with a Smart Endurance ATR
device was used.

Raman

Bruker VERTEX 70 FT-IR with RAM II FT-Raman module,
equipped with a Nd:YAG laser (1064 nm) was used.

CHN analyses

Analysator Flash EA 1112 from Thermo Quest was used.

MS

Finnigan MAT 95-XP from Thermo Electron was used.

Melting points

are uncorrected (EZ-Melt, Stanford Research Systems). Heating-
rate 20 ◦C min-1 (clearing-points are reported).

Syntheses

Synthesis of [2,6-bis-(2,4,6-trimethylphenyl)phenyl]amino(di-
chloro)arsane (1). To a stirred solution of 2,6-bis-(2,4,6-
trimethylphenyl)aniline Ter–NH2 (3.295 g, 10.0 mmol) in Et2O
(50 mL), n-BuLi (2.5M, 10.1 mmol, 4.04 mL) was added dropwise
at ambient temperature over a period of five minutes. The resulting
yellow solution was stirred for one hour and was then added
dropwise to a stirred solution of AsCl3 (1.467 g, 11.0 mmol) in
Et2O (10 mL) at ambient temperature over a period of one hour,
resulting in a colourless suspension, which is then stirred for
two hours at ambient temperature. The colourless suspension is
filtered (F4) and the residue is washed by repeated backdistillation
of the solvent. Removal of solvent in vacuo results in a colourless
residue, which is extracted with n-hexane (30 mL) and filtered (F4)
resulting in a champagne coloured solution. Removal of solvent
and drying in vacuo yields 3.634 g (7.66 mmol, 77%) of 1 as a
colourless crystalline solid. Mp 153 ◦C. Anal. calc.% (found): C,
60.78 (60.07); H, 5.53 (5.52); N, 2.95 (2.69). 1H NMR (25 ◦C,
CD2Cl2, 300.13 MHz): d = 2.12 (s, 12H, o-CH3), 2.37 (s,6H, p-
CH3), 5.43 (s, 1H, NH), 7.04–7.16 (m, 7H). 13C{1H} NMR (25 ◦C,
CD2Cl2, 75.5 MHz): d = 20.8 (2, CH, o-CH3), 21.6 (s, CH, p-CH3),
122.6 (CH), 129.1 (CH), 129.9 (CH), 130.3, 134.6, 138.4, 140.0,
140.7. IR (ATR, 32 scans): 3320 (m), 3031 (w), 2971 (w), 2944
(w), 2913 (m), 2852 (w), 2731 (w), 1610 (w), 1583 (w), 1487 (w),
1441 (m), 1435 (m), 1416 (s), 1373 (m), 1356 (s), 1299 (w), 1356
(s), 1299 (w), 1279 (w), 1263 (s), 1223 (s), 1180 (w), 1097 (m), 1068
(m), 1032 (m), 1013 (m), 1007 (m), 962 (w), 894 (w), 846 (s), 868
(s), 855 (s), 800 (s), 794 (s), 742 (m), 724 (m), 640 (m), 587 (m), 565
(m), 548 (m), 542 (m). Raman (150 mW, 25 ◦C, 12 scans, cm-1): =
3323 (1), 3050 (4), 3034 (4), 3020 (4), 2919 (6), 2859 (3), 2813 (3),
2732 (1), 1612 (6), 1585 (5), 1481 (3), 1381 (3), 1306 (7), 1287 (2),
1265 (3), 1225 (3), 1183 (2), 1162 (1), 1070 (3), 1007 (2), 947 (1),
870 (1), 744 (1), 730 (1), 642 (2), 579 (5), 552 (2), 523 (2), 470 (2),
408 (2), 343 (10), 332 (6), 309 (2), 272 (2), 253 (2), 235 (3), 170 (3),

145 (4), 132 (8). MS (EI, m/z): 91 (20.1), 289 (61.3), 326 (24.5)
[Ter - NH2 - 3H]+, 329 (25.6) [Ter - NH2]+, 437 (5.41) [Ter - NAs
- Cl]+, 473 (4.63) [M]+.

Synthesis of N ,N-bis-dichlorophosphane-2,6-bis-(2,4,6-trime-
thylphenyl)aniline (2). 2,6-Bis-(2,4,6-trimethylphenyl)aniline
(Ter–NH2 (Mes)2Ar–NH2) (1.647 g, 5.0 mmol) and
triethylamine (5.463 g, 54 mmol) were dissolved in n-pentane
(50 mL). PCl3 (6.170 g, 45 mmol) was then condensed onto the
frozen solution at -196 ◦C in vacuo. The mixture is warmed to
ambient temperature and stirred for three days. The resulting
colourless suspension is filtered (F4) and the residue is extracted
two times by repeated backdistillations of the solvent. Removal
of solvent and drying in vacuo yields 1.775 g (3.34 mmol, 67%) of
2 as colourless crystals. 2 can be sublimed at 180 ◦C. Mp 199 ◦C
(dec.). Anal. calc.% (found): C, 54.26 (54.22); H, 4.74 (4.83);
N, 2.64 (2.57). 31P{1H} NMR (25 ◦C, CD2Cl2, 202.5 MHz):
d = 183.3. 1H NMR (25 ◦C, CD2Cl2, 500.13 MHz): d = 2.07 (s,
12H, o-CH3), 2.34 (s, 6H, p-CH3), 6.99 (s, 4H, m-CH-Mes), 7.21
(dm, 2H, 3J(1H–1H) = 7.5 Hz, m-CH), 7.50 (tt, 1H, 6J(1H–31P) =
2.4 Hz, 3J(1H–1H) = 7.5 Hz, p-CH). 13C{1H} NMR (25 ◦C,
CD2Cl2, 125.8 MHz): d = 21.5 (s, o-CH3), 22.3 (m, p-CH3), 129.4
(s, CH), 130.0 (t, J(13C–31P) = 3.0 Hz, CH), 132.3 (t, J(13C–31P) =
2.1 Hz, CH), 135.5 (s), 137.4 (s), 139.2 (s), 140.3 (t, J(13C–31P) =
25.6 Hz), 142.2 (t, J(13C–31P) = 6.5 Hz). Raman (100 mW, 25 ◦C,
8 scans, cm-1): = 3082 (2), 3051 (4), 3018 (4), 2920 (10), 2585 (3),
2734 (2), 1612 (6), 1578 (3), 1482 (2), 1378 (3), 1307 (7), 1189 (2),
1170 (2), 1076 (4), 1007 (2), 848 (1), 738 (2), 677 (3), 576 (6), 558
(5), 527 (3), 504 (10), 488 (3), 468 (3), 460 (3), 410 (6), 338 (3), 282
(4), 249 (2), 197 (2). IR (ATR, 32 scans, 25 ◦C, cm-1): 2947(w),
2915 (w), 2854 (w), 2731 (w), 1729(w), 1609 (w), 1453 (w), 1402
(w), 1376 (w), 1270 (w), 1186 (w), 1167 (w), 1152 (w), 1073 (w),
1029 (w), 900 (s), 847 (s), 806 (m), 779 (w), 752 (w), 736 (w), 714
(w), 675 (m), 596 (w), 583 (w), 556 (w), 529 (m). MS (EI, m/z,
>10%):, 41 (11) [C3H5]+, 44 (11), 55 (10), 57 (15), 69 (10), 101 (17)
[PCl2]+, 141 (11), 149 (19), 171 (10), 282 (12), 297 (18) [Ter - N -
2Me]+, 299 (12) [TerN - 2Me + 2H]+, 310 (43), 326 (82) [TerN -
H]+, 342 (42) [M - Mes - 2H]+, 357 (100) [TerNP]+, 393 (62) [Ter
- NPCl]+, 529 (17) [M - PCl2]+, 531 (22) [M]+.

Synthesis of [2,6-bis-(2,4,6-trimethylphenyl)phenyl]amino(di-
chloro)phosphane (3). To a stirred solution of 2,6-bis-(2,4,6-
trimethylphenyl)aniline Ter–NH2 (3.555 g, 10.8 mmol) in Et2O
(60 mL), PCl3 (neat, 2.200 g, 16.0 mmol) was added dropwise at
-40 ◦C over a period of five minutes. To the resulting colourless
solution, DBU (neat, 1.640 g, 10.8 mmol) was added dropwise over
a period of 10 min at this temperature. The resulting colourless
suspension was warmed to ambient temperatures, and stirred for
12 h. The solvent was removed in vacuo, and the colourless residue
is extracted with n-hexane (50 mL) and washed several times by
repeated backdistillations of the solvent and filtered (F4). The
solvent is removed and the resulting colourless residue was dried
in vacuo yields 4.503 g (10.5 mmol, 97%) of 3 as a colourless
crystalline solid. Mp 146 ◦C. Anal. calc.% (found): C, 66.98
(67.23); H, 6.09 (6.32); N, 3.52 (3.14). 31P{1H} NMR (25 ◦C,
CD2Cl2, 121.5 MHz): d = 159.4. 1H NMR (25 ◦C, CD2Cl2,
300.13 MHz): d = 2.02 (s, 12H, o-CH3), 2.33 (s, 6H, p-CH3),
5.22 (s, 1H, NH), 6.98 (s, 4H, m-Mes), 7.04 (m, 2H, m-CH), 7.19
(m, 1H, p-CH). 13C{1H} NMR (25 ◦C, CD2Cl2, 75.5 MHz): d =
20.8 (d, 6J(13C–31P) = 1.5 Hz, o-CH3), 21.5 (s, p-CH3), 124.4 (s,
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CH), 129.3 (s, CH), 130.3 (s, CH), 131.6 (d, J(13C–31P) = 3.8 Hz),
134.9 (d, J(13C–31P) = 3.0 Hz), 137.6 (d, J(13C–31P) = 5.1 Hz), 137.8
(d, J(13C–31P) = 4.1 Hz), 139.0 (s). IR (ATR, 25 ◦C, cm-1): 3327
(w), 2969 (w), 2943 (w), 2914 (w), 2853 (w), 1610 (w), 1573 (w),
1486 (w), 1421 (s), 1375 (m), 1358 (m), 1260 (m), 1217 (m), 1100
(w), 1070 (w), 1008 (w), 917 (m), 852 (s), 819 (w), 797 (m), 774
(m), 754 (s), 716 (w), 644 (m), 595 (w), 557 (m). Raman (75 mW,
25 ◦C, 3000 scans, cm-1): = 3054 (4), 3017 (5), 2916 (10), 2858 (3),
2730 (1), 1613 (8), 1538 (4), 1482 (2), 1441 (3), 1380 (4), 1306 (10),
1218 (2), 1183 (2), 1166 (1), 1072 (2), 1010 (2), 947 (1), 735 (1),
645 (1), 578 (7), 558 (3), 521 (4), 480 (3), 440 (4), 403 (4), 332 (3),
264 (4), 234 (3), 151 (4). MS (EI, m/z, >10%): 49 (12), 57 (13)
[C4H9]+, 69 (11), 84 (13), 313 (14) [Ter - H]+, 314 (16) [TerNH -
Me]+, 328 (100) [TerNH]+, 358 (23) [M - 2Cl]+, 394 (7) [M - Cl]+,
429 (36) [M]+.

Synthesis of 1,3-dichloro-2,4-bis[2,4-bis-(2,4,6-trimethylphenyl)-
phenyl]- cyclo-1,3-diphospha-2,4-diazane (4). To a stirred so-
lution of N-dichlorophosphane-2,6-bis-(2,4,6-trimethylphenyl)-
aniline Ter–NHPCl2 (2.152 g, 5.0 mmol) in n-hexane (50 mL),
a solution of triethylamine Et3N (0.759 g, 7.5 mmol) in n-hexane
(10 mL) was added dropwise at -80 ◦C, resulting in a colourless
suspension, which was slowly warmed to ambient temperature
over a period of two hours. Stirring for one day at ambient
temperature results in a pale yellowish suspension. The solvent
is removed in vacuo, and the yellowish residue is extracted with n-
hexane (50 mL) and filtered (F4). Removal of solvent and drying
in vacuo results in a pale yellowish solid. Recrystallisation from a
minimum of dichloromethane at 5 ◦C results in the deposition of
colourless crystals. Removal of solvent by decantation and drying
in vacuo yields 1.640 g (2.081 mmol, 83%) of 4 as a colourless,
crystalline solid. Smp. 285 ◦C. Anal. calc.% (found): C, 73.18
(73.20); H, 6.40 (6.84); N, 3.56 (3.50). (NMR: cis/trans mixture,
approx. 1 : 3) 31P{1H}NMR (25 ◦C, CD2Cl2, 121.5 MHz): d = 227.4
(s, cis), 264.1 (s, trans). 1H NMR (25 ◦C, CD2Cl2, 300.13 MHz):
d = 1.84 (d, 12H, 7J(31P–1H) = 1.7 Hz, trans, o-CH3), 1.90 (s, 12H,
cis, o-CH3), 2.35 (s, 6H, cis, p-CH3), 2.46 (s, 6H, trans, p-CH3),
6.72–6.86 (m, 6H, cis/trans), 7.01 (m, 1H, 3J(1H–1H) = 7.6 Hz, cis,
p-CH), 7.06 (t, 1H, 3J(1H–1H) = 7.6 Hz, trans, p-CH). 13C{1H}
NMR (25 ◦C, CD2Cl2, 75.5 MHz): d = 21.0 (s, o-CH3), 21.3 (t,
J(13C–31P) = 2.7 Hz, o-CH3), 21.8 (s, p-CH3), 21.9 (t, J(13C–31P) =
3.7 Hz, p-CH3), 123.7 (s, CH), 124.8 (s, CH), 128.8 (s, CH), 129.1
(s, CH), 131.3 (s, CH), 131.6 (s, CH), 132.4 (t, J(13C–31P) = 1.9 Hz),
134.4 (s), 134.6 (s), 135.2 (t, J(13C–31P) = 2.8 Hz), 135.7 (t, J(13C–
31P) = 2.9 Hz), 136.1 (t, J(13C–31P) = 2.8 Hz), 137.9 (s), 138.3 (t,
J(13C–31P) = 4.4 Hz), 138.8 (t, J(13C–31P) = 3.5 Hz), 138.9 (t, J(13C–
31P) = 3.5 Hz). Raman (150 mW, 25 ◦C, 8 scans, cm-1): = 3047 (2),
3013 (2), 2918 (10), 2855 (2), 2732 (1), 1612 (4), 1583 (3), 1485 (1),
1431 (2), 1378 (2), 1305 (5), 1287 (2), 1166 (1), 1094 (1), 1007 (1),
942 (1), 740 (1), 577 (4), 562 (2), 540 (3), 524 (2), 483 (1), 438 (2),
387 (1), 338 (1), 264 (1), 227 (2), 203 (2). IR (ATR, 25 ◦C, cm-1):
2972 (w), 2943 (w), 2914 (w), 2852 (w), 1610 (m), 1573 (w), 1417
(s), 1373 (m), 1357 (m), 1262 (w), 1219 (m), 1070 (w), 1032 (w),
1007 (w), 911 (m), 889 (m), 850 (w), 796 (m), 753 (m), 740 (w), 700
(w), 643 (w), 558 (w), 550 (w). MS (EI, m/z, >10%): 36 (17), 41
(13) [C3H5]+, 44 (33), 57 (17) [C4H9]+, 69 (11), 296 (12) [Ter - Me
- 2H]+, 310 (40) [Ter - 3H]+, 326 (50) [Ter - N - H]+, 342 (64) [Ter
- NP - Me]+, 358 (100) [Ter - NP]+, 393 (25) [Ter - NPCl]+, 671

(13) [Ter2N2P]+, 716 (14) [M - 2Cl]+, 735 (18) [M - Me - H]+, 751
(27) [M - Cl]+, 786 (32) [M]+.

Synthesis of [2,6-bis-(2,4,6-trimethylphenyl)phenyl]amino–
diisopropylamino(chloro)arsane (5). To a stirred solution of
N-[2,4-bis-(2,4,6-trimethylphenyl)phenyl]amino(dichloro)arsane
(1.206 g, 2.54 mmol) in diethyl ether (15 mL), a solution of
lithium diisopropylamide LDA (2.55 mmol, freshly prepared
from diisopropylamine (0.258 g, 2.55 mmol) and n-BuLi (2.5M,
2.55 mmol, 1.02 mL) in diethyl ether (15 mL) at -20 ◦C) is added
dropwise at -50 ◦C over a period of 30 min. The resulting yellow
suspension was warmed to ambient temperature and stirred for
three hours. Removal of solvent and drying in vacuo results in a
colourless residue, which was extracted with n-hexane (25 mL)
and filtered (F4), resulting in a colourless solution. Concentration
in vacuo and storage at -25 ◦C resulted in the deposition of
colourless crystals. Removal of supernatant by decantation
and drying in vacuo yields 1.181 g (2.19 mmol, 83%) of 5 as a
colourless crystalline solid. Mp 128 ◦C. Anal. calc.% (found): C,
66.85 (66.71); H, 7.48 (7.48); N, 5.20 (4.67). 1H NMR (25 ◦C,
CD2Cl2, 250.13 MHz): d = 0.76 (d, 6H, CH3, 3J(1H–1H) = 6.7 Hz),
0.97 (d, 6H, CH3, 3J(1H–1H) = 6.7 Hz), 2.08 (s, 6H, CH3), 2.11 (s,
6H, CH3), 2.31 (s, 6H, CH3), 3.14 (sept, 2H, CH, 3J(1H–1H) =
6.7 Hz), 5.05 (s, 1H, NH), 6.94–7.03 (m, 7H, m/p-CH-Ph,
m-CH-Mes). 13C {1H} NMR (25 ◦C, CD2Cl2, 75.5 MHz): d =
20.6 (s, CH3), 21.0 (s, CH3), 21.4 (s, CH3), 24.2 (s, CH(CH3)2),
25.8 (s, CH(CH3)2), 48.2(s, CH(CH3)2), 121.2 (s, aryl-CH), 129.3
(s, aryl-CH), 129.4 (s, aryl-CH), 129.8 (s, aryl-CH), 130.3, 135.7,
137.9, 138.2, 138.4, 140.8. IR (ATR, 32 scans): 3338 (w), 3303
(w), 2960 (s), 2916 (m), 2860 (w), 2726 (w), 1611 (w), 1585 (w),
1485 (w), 1454 (m), 1434 (m), 1418 (s), 1378 (m), 1365 (m), 1306
(w), 1284 (w), 1258 (m), 1242 (m), 1224 (m), 1191 (m), 1168 (s),
1152 (s), 1118 (s), 1096 (m), 1074 (m), 1032 (w), 1014 (m), 944
(s), 884 (w), 848 (s), 814 (m), 805 (m), 791 (m), 759 (s), 744 (m),
718 (m), 647 (m), 604 (w), 577 (w), 565 (m), 550 (m). Raman (200
mW, 25 ◦C, 251 scans, cm-1): = 3341 (1), 3051 (4), 3015 (4), 2961
(6), 2920 (10), 2864 (4), 2755 (2), 2735 (2), 1612 (3), 1586 (2), 1484
(1), 1441 (2), 1422 (1), 1380 (2), 1305 (4), 1285 (2), 1245 (1), 1261
(1), 1225 (3), 1182 (1), 1076 (1), 1007 (1), 946 (1), 850 (1), 642 (1),
743 (1), 722 (1), 644 (1), 603 (1), 578 (1), 550 (1), 520 (1), 465 (1),
447 (2), 407 (1), 359 (1), 336 (1), 306 (1), 281 (1), 248 (1), 230 (1),
177 (1), 130 (1). MS (CI, isobutane, m/z): 102 [N(iPr)2]+, 330 [Ter
- NH3]+, 402 [Ter - NAs]+, 438 [M - N(iPr)2]+, 503 [M - Cl]+, 538
[M]+.

Synthesis of 2-[2,6-bis-(2,4,6-trimethylphenyl)phenyl]amino-2-
arsa-3,7-diaza-tricyclo[5.4.1.03,12]dodec-3(12)-enylium chloride (6).
To a stirred solution of N-[2,4-bis-(2,4,6-trimethylphenyl)-
phenyl]amino(dichloro)-arsane (0.949 g, 2.0 mmol) in diethyl ether
(20 mL), a solution of DBU (0.335 g, 2.2 mmol) in diethyl
ether (10 mL) is added dropwise at -10 ◦C over a period of
10 min. The resulting yellow suspension is warmed to ambient
temperature and is stirred for ten hours. The resulting colourless
suspension is filtered (F4) and the solvent is removed in vacuo,
resulting in a colourless froth. Recrystallistation from diethyl ether
(10 mL) at -25 ◦C gave a mixture of several compounds from
which 2-[2,6-bis-(2,4,6-trimethylphenyl)phenyl]amino-2-arsa-3,7-
diaza-tricyclo[5.4.1.03,12]dodec-3(12)-enylium chloride 6 could be
identified by an X-ray crystallographic analysis. A preparative
separation was not successful.
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Synthesis of 1,3-dichloro-2,4-bis[2,4-bis-(2,4,6-trimethylphenyl)-
phenyl]-cyclo-1,3-diarsa-2,4-diazane (7). To a stirred
solution of N-[2,4-bis-(2,4,6-trimethylphenyl)phenyl]amino-
(dichloro)-arsane (4.743 g, 10.0 mmol) in tetrahydrofurane
(50 mL), a solution of DBU (1.675 g, 11.0 mmol) in
tetrahydrofurane (15 mL) is added dropwise at -80 ◦C over
a period of 15 min. The resulting yellow suspension is warmed
to ambient temperature over a period of four hours. The solvent
is removed in vacuo and the yellowish residue is extracted with
benzene (40 mL) and filtered (F4), resulting in a champagne
coloured solution. Removal of solvent in vacuo results in a
yellowish residue, which is recrystallized from dichloromethane
(25 mL) at -25 ◦C over a period of 16 h. Removal of the
supernatant by syringe and drying in vacuo yields 2.285 g
(5.22 mmol, 52%) of 7 as a yellowish crystalline solid. Mp
259 ◦C (dec.). Anal. calc.% (found): C, 65.84 (65.79); H, 5.76
(5.73); N, 3.20 (3.20). 1H NMR (25 ◦C, CD2Cl2, 250.13 MHz):
d = 1.92 (s, 6H, CH3), 2.00 (s, 6H, CH3), 2.44 (s, 6H, CH3),
6.65 (m, 2H, m-CH-Ph), 6.77 (s, 2H, m-CH-Mes), 6.83 (s, 2H,
m-CH-Mes), 6.91 (m, 1H, p-CH-Ph). 13C {1H} NMR (25 ◦C,
CD2Cl2, 75.5 MHz): d = 20.8 (s, CH3), 21.9 (s, CH3), 22.0 (s,
CH3), 122.5 (s, aryl-CH), 129.3 (s, aryl-CH), 129.7 (s, aryl-CH),
131.4 (s, aryl-CH), 131.5, 135.3, 138.2, 138.9, 138.9, 139.7. IR
(ATR, 32 scans): 3063 (w), 3034 (w), 2975 (w), 2915 (m), 2853
(w), 2732 (w), 1610 (w), 1574 (w), 1481 (w), 1449 (m), 1402 (s),
1377 (m), 1225 (s), 1187 (m), 1097 (w), 1080 (m), 1032 (m), 1003
(m), 952 (w), 874 (s), 846 (s), 820 (s), 791 (s), 753 (s), 744 (s), 672
(m), 644 (m), 588 (m), 568 (m), 559 (m), 546 (m), 535 (m). Raman
(100 mW, 25 ◦C, 161 scans, cm-1): = 3039 (5), 2982 (3), 2919 (10),
2859 (3), 2734 (2), 1611 (3), 1577 (3), 1477 (1), 1412 (3), 1377 (2),
1302 (3), 1267 (3), 1189 (1), 1160 (1), 1088 (1), 1031 (1), 1005 (1),
947 (1), 740 (1), 689 (1), 565 (2), 518 (1), 460 (1), 424 (2), 380 (1),
314 (3), 274 (1), 233 (1), 177 (2), 145 (2). MS (CI, m/z): 330 [Ter -
NH3]+, 708 [M - Cl - Mes –CH3 +2H]+, 804 [M - 2Cl]+, 839 [M
- Cl]+, 876 [M +H]+.

Synthesis of N ,N ¢,N ¢-[Tris-(trimethylsilyl)]hydrazino-[2,6-bis-
(2,4,6-trimethylphenyl)phenyl]imino-phosphane (8). A solution
of N-lithio-N,N¢,N¢-[tris(trimethylsilyl)]hydrazide (0.534 g,
2.1 mmol) in diethyl ether (10 mL) was added dropwise to a
stirred solution of N,N-bis-dichlorophosphane-2,6-bis-(2,4,6-
trimethylphenyl)aniline (1) (0.531 g, 1.0 mmol) in diethyl ether
(20 mL) at 0 ◦C over a period of ten minutes, resulting in a yellow
solution and a colourless precipitate. The slurry was then warmed
to ambient temperature and stirring was continued for two hours.
The solvent was removed in vacuo, and the yellow residue was
extracted in 10 ml n-hexane and filtred (F4). The solution
was concentrated to incipient crystallization. Crystallization at
-45 ◦C, filtration (F4) and drying in vacuo yields 0.575 g (95%)
of 8 as a yellow crystalline solid. Mp 155 ◦C (dec.). Anal. calc.%
(found): C, 65.40 (64.85); H, 8.65 (8.94); N, 6.93 (6.93). 31P{1H}
NMR (25 ◦C, CD2Cl2, 121.5 MHz): d = 322.6. 1H NMR (25 ◦C,
CD2Cl2, 500.13 MHz): d = -0.11 (s, 9H, NSi(CH3)3), -0.06 (s,
18H, N(Si(CH3)3)2), 2.00 (s, 12H, o-CH3), 2.25 (s, 6H, p-CH3),
6.83 (s, 4H, m-CH-Mes), 6.97–6.99 (m, 3H).29Si{1H} NMR
(25 ◦C, CD2Cl2, 99.4 MHz): d = 11.8 (s, N(Si(CH3)3)2), 15.1
(s, NSi(CH3)3. 13C{1H} NMR (25 ◦C, CD2Cl2, 75.5 MHz): d =
1.10 (NSi(CH3)3), 2.39 (d, 4J(13C–31P) = 1.8 Hz, N[Si(CH3)3]2),
21.3–21.4 (m, o-CH3/m-CH3), 121.6 (CH), 128.5 (CH), 129.1

(CH), 131.5 (d, J(13C–31P) = 8.0 Hz), 136.6 (s), 136.9 (s), 138.9
(s), 145.1 (d, J(13C–31P) = 13.5 Hz). Raman (50 mW, 25 ◦C, 8
scans, cm-1): = 3045 (3), 3018 (3), 2960 (5), 2905 (10), 1614 (2),
1585 (4), 1415 (8), 1380 (2), 1297 (7), 1096 (2), 1036 (1), 957 (1),
643 (2), 577 (3), 524 (2), 449 (2), 391 (2), 331 (1), 235 (3). IR
(ATR, 25 ◦C, cm-1): 2953 (m), 2910 (w), 2854 (w), 1612 (w), 1580
(w), 1574 (w), 1411 (m), 1374 (w), 1293 (m), 1248 (s), 1090 (w),
1032 (w), 953 (s), 921 (s), 834 (s), 817 (s), 768 (s), 753 (s), 739 (w),
679 (m), 666 (m), 641 (m), 619 (m), 599 (m), 588 (m). MS (EI,
m/z, >10%): 41 (21) [C3H5]+, 43 (23), 49 (21), 57 (35) [C4H9]+,
73 (84) [SiMe3]+, 84 (25), 97 (13), 112 (23), 130 (16) [(NSiMe3)2

+H]+, 146 (23) [(SiMe3)N - SiMe2 + H]+, 205 (27) [PN(TMS)
- N(TMS)]+, 232 (24) [N(SiMe3) - N(SiMe3)2 - Me]+, 247 (14)
[N(SiMe3) - N(SiMe3)2]+, 277 (100) [P - N(SiMe3) - N(SiMe3)2 -
H]+, 329 (32) [Ter - NH]+, 310 (18) [Ter - 3H]+, 358 (71) [Ter -
NP]+, 386 (14) [M - (SiMe3)3]+, 430 (34) [M - N(SiMe3)2 - Me]+,
445 (32) [M - N(SiMe3)2]+, 590 (91) [M - Me]+, 605 (81) [M]+.

X-ray Structure Determination. X-ray quality crystals of all
compounds were selected in Kel-F-oil (Riedel deHaen) or Fomblin
YR-1800 perfluoroether (Alfa Aesar) at ambient temperature. The
samples were cooled to 173(2) K during measurement. The data
was collected on a Bruker-Nonius Apex X8 CCD diffractometer
using graphite monochromated Mo-Ka radiation (l = 0.71073).
The structures were solved by direct methods (SHELXS-97)40 and
refined by full-matrix least squares procedures (SHELXL-97).41

Semi-empirical absorption corrections were applied (SADABS).42

All non hydrogen atoms were refined anisotropically, hydrogen
atoms were included in the refinement at calculated positions
using a riding model. All N bound hydrogen were refined freely.
The AsClN(iPr)2 unit in 5 was found to be disordered and was
split in two parts. The occupation of each part was refined freely
(0.7144(9)/0.2856(9)).
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