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R factor = 0.037; wR factor = 0.097; data-to-parameter ratio = 18.9.

In the title molecule, C21H32F2N3O2P, the P O and N—H

groups are syn with respect to each other, and the P atom is

bonded in a distorted tetrahedral environment. The phos-

phoryl group adopts an anti orientation with respect to the

carbonyl group. The angles at the tertiary N atoms (with bond-

angle sums of 358.4 and 357.0�) confirm their sp2 character. In

the crystal, inversion dimers linked by pairs of N—H� � �O
hydrogen bonds generate R2

2(8) loops.

Related literature

For hydrogen-bond patterns in compounds containing a

C(O)NHP(O) skeleton, see: Toghraee et al. (2011); Pour-

ayoubi et al. (2011). For background to phosphoric triamide

compounds containing a C(O)NHP(O) skeleton, and related

bond lengths, angles and torsion angles, see: Pourayoubi et al.

(2010); Amirkhanov et al. (2010); Tarahhomi et al. (2011). For

a description of hydrogen-bond motifs, see: Bernstein et al.

(1995).

Experimental

Crystal data

C21H32F2N3O2P
Mr = 427.47
Triclinic, P1
a = 10.2322 (6) Å
b = 10.6188 (5) Å
c = 11.2658 (6) Å
� = 69.419 (1)�

� = 79.269 (1)�

� = 81.536 (1)�

V = 1121.45 (10) Å3

Z = 2
Mo K� radiation
� = 0.16 mm�1

T = 100 K
0.35 � 0.30 � 0.25 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS; Bruker, 2005)
Tmin = 0.946, Tmax = 0.961

17147 measured reflections
5053 independent reflections
4421 reflections with I > 2�(I)
Rint = 0.029

Refinement

R[F 2 > 2�(F 2)] = 0.037
wR(F 2) = 0.097
S = 1.05
5053 reflections
267 parameters
1 restraint

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.32 e Å�3

��min = �0.34 e Å�3

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

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

N1—H1N� � �O2i 0.86 (1) 1.90 (1) 2.7330 (13) 165 (1)

Symmetry code: (i) �x þ 1;�y þ 1;�z.

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

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

structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine

structure: SHELXL97 (Sheldrick, 2008); molecular graphics:

SHELXTL (Sheldrick, 2008); software used to prepare material for

publication: SHELXTL and enCIFer (Allen et al., 2004).
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Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: BH2384).
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