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Abstract
C20H28ClN2PSi, orthorhombic, Pbca (no. 61), a= 16.811(3) Å,
b= 14.357(3) Å, c= 17.523(3) Å, V = 4229.3(14) Å3, Z = 8,
Rgt(F)=0.0429, wRref(F2)=0.1233, T = 123(2) K.
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Table 1: Data collection and handling.

Crystal: Yellow plate,
size 0.1�0.2�0.2 mm

Wavelength: Mo Kα radiation (0.71073 Å)
µ: 3.34 cm�1

Di�ractometer, scan mode: Stoe IPDS, φ-scans
2θmax: 50.2°
N(hkl)measured, N(hkl)unique: 52947, 3691
N(param)re�ned: 244
Programs: SHELX [6], DIAMOND [7]

Table 2: Fractional atomic coordinates and isotropic displacement
parameters (Å2).

Atom Site x y z Uiso

H(3) 8c 0.3495 0.4442 �0.2641 0.043
H(5) 8c 0.5346 0.3960 �0.1245 0.044
H(7A) 8c 0.2011 0.3694 �0.1537 0.057
H(7B) 8c 0.2185 0.4380 �0.2238 0.057
H(7C) 8c 0.2065 0.4794 �0.1397 0.057
H(8A) 8c 0.4844 0.4655 �0.3111 0.082
H(8B) 8c 0.5141 0.3618 �0.2935 0.082
H(8C) 8c 0.5584 0.4488 �0.2553 0.082
H(9A) 8c 0.4317 0.4051 0.0469 0.055
H(9B) 8c 0.5180 0.3927 0.0098 0.055
H(9C) 8c 0.4604 0.3046 0.0185 0.055
H(12) 8c 0.0359 0.3185 0.2695 0.038
H(14) 8c �0.0785 0.3678 0.0721 0.035
H(16A) 8c 0.1764 0.3410 0.2791 0.058
H(16B) 8c 0.2276 0.3669 0.2051 0.058
H(16C) 8c 0.2044 0.2607 0.2217 0.058
H(17A) 8c �0.1103 0.3658 0.2663 0.060
H(17B) 8c �0.1238 0.2662 0.2274 0.060
H(17C) 8c �0.1546 0.3585 0.1856 0.060
H(18A) 8c �0.0135 0.3934 �0.0416 0.049
H(18B) 8c 0.0665 0.3341 �0.0509 0.049
H(18C) 8c 0.0711 0.4436 �0.0343 0.049
H(19A)a 8c 0.3565 0.1814 0.0557 0.045
H(19B)a 8c 0.2865 0.1752 0.1173 0.045
H(19C)a 8c 0.3453 0.2629 0.1171 0.045
H(20A) 8c 0.2449 0.1603 �0.0733 0.058
H(20B) 8c 0.1713 0.2299 �0.0835 0.058
H(20C) 8c 0.1698 0.1529 �0.0175 0.058
aOccupancy factor: 0.879.
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Table 3: Fractional atomic coordinates and atomic displacement parameters (Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

Cl(1) 8c 0.30486(3) 0.50678(4) 0.11579(3) 0.0326(3) 0.0357(3) 0.0294(3) �0.0022(2) �0.0030(2) �0.0059(2)
P(1) 8c 0.23021(3) 0.45448(4) 0.02343(3) 0.0233(3) 0.0270(3) 0.0229(3) 0.0010(2) 0.0018(2) 0.0015(2)
Si(1) 8c 0.25084(3) 0.27853(4) 0.01935(3) 0.0221(3) 0.0259(3) 0.0253(3) �0.0011(2) 0.0024(2) �0.0006(2)
N(1) 8c 0.2916(1) 0.3789(1) �0.02070(9) 0.0231(8) 0.0274(9) 0.0216(8) �0.0011(6) 0.0026(6) 0.0016(6)
N(2) 8c 0.18743(9) 0.3594(1) 0.06205(9) 0.0226(8) 0.0282(9) 0.0224(8) �0.0003(6) 0.0019(6) 0.0010(7)
C(1) 8c 0.3460(1) 0.3973(1) �0.0820(1) 0.0247(9) 0.024(1) 0.0258(9) �0.0031(8) 0.0059(8) �0.0020(8)
C(2) 8c 0.3161(1) 0.4184(2) �0.1547(1) 0.035(1) 0.028(1) 0.027(1) �0.0026(8) 0.0029(8) 0.0002(8)
C(3) 8c 0.3694(1) 0.4294(2) �0.2148(1) 0.049(1) 0.032(1) 0.027(1) �0.004(1) 0.0102(9) 0.0019(9)
C(4) 8c 0.4507(1) 0.4194(2) �0.2046(1) 0.047(1) 0.027(1) 0.039(1) �0.0054(9) 0.019(1) �0.0018(9)
C(5) 8c 0.4788(1) 0.4014(2) �0.1321(1) 0.028(1) 0.031(1) 0.050(1) �0.0039(9) 0.0135(9) �0.004(1)
C(6) 8c 0.4284(1) 0.3910(1) �0.0695(1) 0.027(1) 0.026(1) 0.036(1) �0.0023(8) 0.0037(8) �0.0032(8)
C(7) 8c 0.2278(1) 0.4271(2) �0.1693(1) 0.039(1) 0.050(2) 0.026(1) �0.001(1) �0.0044(9) 0.007(1)
C(8) 8c 0.5069(2) 0.4243(2) �0.2721(2) 0.065(2) 0.043(2) 0.056(2) �0.002(1) 0.038(1) 0.003(1)
C(9) 8c 0.4626(1) 0.3716(2) 0.0082(1) 0.023(1) 0.043(1) 0.044(1) 0.0005(9) �0.0020(9) �0.003(1)
C(10) 8c 0.1126(1) 0.3550(1) 0.1013(1) 0.0231(9) 0.026(1) 0.0240(9) �0.0016(7) 0.0031(7) 0.0000(8)
C(11) 8c 0.1111(1) 0.3375(2) 0.1803(1) 0.031(1) 0.031(1) 0.024(1) �0.0013(8) 0.0023(8) 0.0015(8)
C(12) 8c 0.0374(1) 0.3307(2) 0.2162(1) 0.036(1) 0.034(1) 0.025(1) �0.0014(9) 0.0072(8) 0.0037(8)
C(13) 8c �0.0335(1) 0.3409(2) 0.1773(1) 0.030(1) 0.028(1) 0.034(1) �0.0024(8) 0.0090(8) �0.0019(9)
C(14) 8c �0.0303(1) 0.3597(2) 0.0995(1) 0.023(1) 0.032(1) 0.033(1) �0.0028(8) 0.0005(8) �0.0015(8)
C(15) 8c 0.0418(1) 0.3671(1) 0.0607(1) 0.027(1) 0.027(1) 0.026(1) �0.0027(8) 0.0005(8) �0.0005(8)
C(16) 8c 0.1865(1) 0.3255(2) 0.2255(1) 0.036(1) 0.055(2) 0.024(1) 0.003(1) �0.0012(8) 0.007(1)
C(17) 8c �0.1125(1) 0.3321(2) 0.2177(1) 0.033(1) 0.044(1) 0.043(1) �0.002(1) 0.014(1) 0.002(1)
C(18) 8c 0.0414(1) 0.3862(2) �0.0239(1) 0.026(1) 0.045(1) 0.028(1) �0.0034(9) �0.0024(8) 0.0033(9)
C(19)a 8c 0.3176(6) 0.2174(6) 0.0850(5) 0.035(4) 0.024(4) 0.030(3) 0.001(3) 0.002(2) 0.001(2)
Cl(1A)b 8c 0.322(1) 0.213(2) 0.089(1) 0.041(8) 0.05(1) 0.052(9) 0.014(6) �0.015(6) 0.017(6)
C(20) 8c 0.2037(1) 0.1958(2) �0.0464(1) 0.039(1) 0.038(1) 0.038(1) �0.000(1) �0.0034(9) �0.003(1)
aOccupancy factor: 0.879; bOccupancy factor: 0.121.

The crystal structure is shown in the �gure. Tables 1–3 contain
details of the measurement method and a list of the atoms
including atomic coordinates and displacement parameters.

Source of material
The title compound was prepared according to common
procedures under argon atmosphere in oven-dried glass-
ware using Schlenk techniques [1–5]. In a typical reac-
tion, 1.3 g (3.9 mmol) N,N′-bis(2,4,6-trimethylphenyl)-Si,Si-
dimethylsilanediamine were dissolved in 20 mL n-pentane.
After cooling to �10 °C 5 mL n-butyllithium (1.6 mol�l�1

in hexane, 8 mmol) were added. Afterwards the reaction
mixture was stirred for 12 h at room temperature. Cool-
ing to �20 °C and addition of 0.6 g (4.0 mmol) PCl3
yielded a yellow suspension. After �ltration and removal
of the solvent under reduced pressure the crude prod-
uct was obtained as viscous oil. Plate-shaped yellow crys-
tals result from repeated recrystallization from toluene.
The 1H, 13C{1H} and 31P{1H} NMR spectra were recorded
with a Bruker Avance III 400 spectrometer using sealed
J-Young NMR tubes. 1H NMR (400 MHz, CDCl3, 25 °C):
δ (ppm) 0.56 (s, 3H, SiCH3), 0.82 (s, 3H, SiCH3), 2.28
(s, 6H, p-Me), 2.51 (s, 12H, o-Me), 6.92 (s, 4H, Ar—H).

13C{1H} NMR (101 MHz, CDCl3, 25 °C): δ (ppm) 3.0 (s,
SiCH3), 8.1 (s, SiCH3), 20.0 (d, 4J(P,C)= 4.9 Hz, 4C; o-
CH3), 20.0 (s, p-CH3), 129.6 (s, Ar—C—H), 134.4 (s, o-C—
CH3), 135.4 (s, p-C—CH3), 136.6 (s, Ar—C—N). 31P{1H} NMR
(162 MHz, CDCl3, 25 °C): δ (ppm) 210.0 (s). EI-MS spec-
tra were obtained using a Finnigan TSQ 7000 instrument.
EI-MS: m/z (%) 390 (4) [M+], 164 (49) [MesNP], 135 (100)
[MesNH2], 120 (61) [Mes]. IR spectroscopic data were mea-
sured using a Bio-Rad Excalibur FTS 3500 FT-IR spectrometer
with ATR-unit, 4000–560 cm�1: 2957(s), 2920(s), 2858(m),
1607(w), 1524(w), 1475(s), 1378(w), 1307(w), 1258(s), 1236(s),
1221(s), 1201(m), 1147(m), 1077(s), 963(m), 893(v), 875(s),
810(s), 793(s).

Experimental details
All hydrogen atoms were identi�ed via di�erence Fourier
synthesis and the riding model was applied using idealized
positions. In addition, the H atoms of the CH3 groups were al-
lowed to rotate around the neighboring C—Cbonds. TheirU iso

values were set to 1.5Ueq(Cmethyl) and 1.2Ueq(Car), respectively.
To account for high residual electron density in the coordina-
tion sphere of the Si atom and a di�erence of the Si—C bond
lengths that does not appear to be physically meaningful,
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a partial occupation site model has been introduced with a
Cl/Me ratio of 12.1(4)%/87.9(4)%.

Discussion
Bis(amino)silanes R2Si(NHR′)2 are known as attractive syn-
thetic building blocks in heterocyclic chemistry. Their syn-
thesis was �rst described more than 50 years ago [1] while
their reaction and coordination behavior has been exten-
sively studied during the following years [2–5, 8–12]. Partic-
ularly diazaphosphasiletidines resulting from this versatile
silylamine precursors have attracted considerable attention
in phosphorus chemistry [2–5]. The title compound is the
�rst structurally characterized chloro substituted diazaphos-
phasiletidine.

The asymmetric unit of the crystal structure of the title
compound contains one molecule and is dominated by its
central and almost planar SiN2P four-membered ring. Within
the ring the nitrogen atoms exhibit a trigonal planar coor-
dination sphere (bond angle sums 358.82° (N1) and 358.53°
(N2)) whereas the phosphorus and the silicon atom bear the
main ring strain (angles N1—Si1—N2 82.14(8)° and N1—P1—
N2 85.65(8)°). The geometrical parameters of the N—Si—N
fragment further serve as probe for the electronic interac-
tions within the ring system [5]. The unusually acute N1—
Si1—N2 angle in the title compound is associated with Si—
N distances of 1.7436(17) Å (Si1—N1) and 1.7445(17) Å (Si1—
N2). The latter are remarkably longer than the value reported
for a Si—N single bond (1.724(4) Å [13]), but correspond to
those in related cyclodisilazanes [14–22]. Consequently, the
P—N bonds are shorter than expected for a single bond
(1.6857(17) Å (P1—N1) and 1.6854(17) Å (P1—N2) vs. 1.704(4) Å
[13]). Competing with the silicon atom for the nitrogen lone
pairs, the phosphorus apparently is the stronger interac-
tion partner. This concept also explains the elongation of
the P—Cl bond (2.1813(7) Å) compared with the P—Cl dis-
tance in PCl3 (2.034Å) [23]. However, additional steric fac-
tors should not be neglected: The mesityl substituents do
not take a coplanar position with respect to the SiN2P ring,
but form angles of 75.64(6)° and 77.16(6)°, respectively. For
similar diazadiphosphetidines [ClPNR]2 angles between 0°
and 90° have been found depending on the steric require-
ments of the aryl substituents [24–27]. Considering the Si—
N and P—N bond lengths as well as the absence of any
residual electron density at the phosphorus atom opposite
to the Cl atom position, there is no disorder model to ac-
count for the partial occupation site near Si1. We therefore
have to assume that the crystal of the title compound un-
der investigation contains approximately 12% of a second
compound, namely 2-chloro-1,3-bis(2,4,6-trimethylphenyl)-4-
chloro-4-methyl-1,3,2λ3,4-diazaphosphasiletidine exhibiting
a Si1—Cl distance of 2.015Å. A comparison of the solid state
packings of the title compound and of the higher congeners

of group 15 gives useful insights: Despite some structural
di�erences the El—Cl distances in all compounds are larger
than the sum of the covalence radii [28]. Furthermore, the as-
sociation of themolecules via El—Cl bridging bonds increases
from P to Bi [29, 30]. Whereas the title compound consists
of isolated molecules, Me2Si(NtBu)2AsCl contains dimers and
in the antimony and bismuth compounds the molecules are
connected via bridging Cl atoms to form one-dimensional
chains.
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