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Key indicators: single-crystal X-ray study; T = 120 K; mean �(C–C) = 0.003 Å;

R factor = 0.032; wR factor = 0.076; data-to-parameter ratio = 18.0.

The title compound, C13H20Cl3N2O4P, was prepared by the

reaction of N-isopropylbenzylamine and CCl3C(O)N(H)-

P(O)Cl2, followed by crystallization from CH3OH and

CH3CN. Centrosymmetric dimers of anions are hydrogen-

bonded to neighbouring cations (via –P—O� � �H—N– and

–C O� � �H—N– hydrogen bonds) in a one-dimensional

polymeric chain. Furthermore, a Cl� � �Cl interaction

(3.242 Å) and a C—H� � �� short contact are present in the

crystal structure, the former between two adjacent anions and

the latter between two neighbouring cations.

Related literature

For related literature, see: Amirkhanov et al. (1997); Gholi-

vand & Pourayoubi (2004); Gholivand et al. (2005); Kirsanov

& Makitra (1956); Wisser & Janiak (2007); Ślepokura & Lis

(2006).

Experimental

Crystal data

C13H20Cl3N2O4P
Mr = 405.63
Triclinic, P1
a = 9.5690 (7) Å
b = 9.7554 (7) Å
c = 10.5083 (7) Å
� = 78.757 (1)�

� = 73.902 (1)�

� = 83.115 (2)�

V = 922.14 (11) Å3

Z = 2
Mo K� radiation
� = 0.60 mm�1

T = 120 (2) K
0.35 � 0.20 � 0.20 mm

Data collection

Bruker APEXII CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; (Bruker, 2005)
Tmin = 0.817, Tmax = 0.889

7569 measured reflections
4012 independent reflections
3317 reflections with I > 2�(I)
Rint = 0.023

Refinement

R[F 2 > 2�(F 2)] = 0.032
wR(F 2) = 0.076
S = 1.03
4012 reflections
223 parameters

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.40 e Å�3

��min = �0.37 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

Cg is the centroid of the C5–C10 ring.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C4—H4B� � �Cgi 0.99 2.86 (2) 3.635 (2) 135
N1—H1N� � �O2ii 0.86 (2) 1.88 (2) 2.743 (2) 175 (2)
N2—H2NB� � �O1 0.93 (2) 1.95 (2) 2.811 (2) 153 (2)
N2—H2NA� � �O1iii 0.89 (2) 1.84 (2) 2.727 (2) 173 (2)
N2—H2NB� � �O4 0.93 (2) 2.35 (2) 2.930 (2) 120 (2)

Symmetry codes: (i) �x � 2;�y � 1;�z; (ii) �x þ 2;�y þ 2;�z þ 1; (iii)
�x þ 2;�y þ 2;�z.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT

(Bruker, 2005); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXTL (Bruker, 2005); software used to prepare material for

publication: SHELXTL.

Support of this investigation by the Islamic Azad Univer-

sity-Zanjan Branch is gratefully acknowledged.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: LX2024).
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