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In the molecule of the title compound, C22H16FN3O3, intra-

molecular C—H� � �F hydrogen bonding results in the forma-

tion of a six-membered ring. In the crystal structure,

intermolecular C—H� � �O hydrogen bonds link the molecules

into centrosymmetric dimers. The packing is further stabilized

by �–� interactions [centroid–centroid distance =

3.601 (2) Å].

Related literature

For related literature, see: Wan et al., (2007). For bond-length

data, see: Allen et al. (1987).

Experimental

Crystal data

C22H16FN3O3

Mr = 389.38
Triclinic, P1
a = 9.8372 (11) Å

b = 9.8985 (12) Å
c = 11.6126 (13) Å
� = 115.187 (2)�

� = 101.572 (2)�

� = 103.929 (2)�

V = 932.17 (19) Å3

Z = 2
Mo K� radiation
� = 0.10 mm�1

T = 294 (2) K
0.32 � 0.25 � 0.10 mm

Data collection

Siemens SMART 1000 CCD area-
detector diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tmin = 0.968, Tmax = 0.990

5309 measured reflections
3612 independent reflections
2543 reflections with I > 2�(I)
Rint = 0.019

Refinement

R[F 2 > 2�(F 2)] = 0.053
wR(F 2) = 0.118
S = 1.04
3612 reflections

262 parameters
H-atom parameters constrained
��max = 0.14 e Å�3

��min = �0.21 e Å�3

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

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

C3—H3B� � �O3i 0.93 2.53 3.375 (3) 152
C8—H8A� � �F1 0.98 2.27 2.753 (2) 110

Symmetry code: (i) �x þ 1;�y;�z.

Data collection: SMART (Siemens, 1996); cell refinement: SAINT

(Siemens, 1996); data reduction: SAINT; program(s) used to solve

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

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

SHELXTL (Sheldrick, 1997b); software used to prepare material for

publication: SHELXTL, PARST (Nardelli, 1995) and PLATON

(Spek, 2003).
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Supplementary data and figures for this paper are available from the
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2-(1H-Benzotriazol-1-yl)-1-(2-fluorobenzoyl)ethyl benzoate

S. Bi, H. Luo, W.-L. Zeng and J. Wan

Comment

We have recently reported the structure of 3-(1H-Benzotriazol-1-yl)-1 -(2-fluorobenzoyl)ethyl nicotinate, (II), (Wan et al.,
2007). As part of our ongoing studies to search for benzotriazole derivatives with higher pharmacological activities, such
as antifungal, antitumor and antineoplastic, the title compound (I) was synthesized and its crystal structure is reported here.

In the molecule of the title compound, (I), (Fig. 1) the bond lengths and angles are generally within normal ranges
(Allen et al., 1987), and are comparable to those in the related compound (II). In (I), the benzotriazole group is essentially
planar, with a dihedral angle of 0.99 (1)° between triazole A (N1—N3/C10/C11) and benzene B (C10—C15) rings. Rings
C (C1—C6) and D (C17—C22) are oriented with respect to the benzotriazole system at dihedral angles of 3.22 (1) and
86.48 (1)°, respectively, while the dihedral angle between them is 88.08 (1)°. The intramolecular C—H···F hydrogen bond
(Table 1) results in the formation of a six-membered ring E (F1/C1/C6—C8/H8A) (Fig. 1).

In the crystal structure, intermolecular C—H···O hydrogen bonds (Table 1), link the molecules into centrosymmetric
dimers (Fig. 2). The packing is further stabilized by π-π interactions involving the C rings with centroid-centroid distance
of 3.601 (2) Å (symmetry code: 1 − x, −y, −z).

Experimental

The title compound was prepared according to the literature method (Wan et al., 2007). Single crystals suitable for X-ray
analysis were obtained by slow evaporation of an ethyl acetate solution at room temperature over a period of 6 d.

Refinement

H atoms were positioned geometrically with C—H = 0.93, 0.98 and 0.97 Å for aromatic, methine and methylene H atoms,
respectively, and constrained to ride on their parent atoms, with Uiso(H) = 1.2Ueq(C).

Figures

Fig. 1. The molecular structure of the title molecule, with the atom-numbering scheme. Dis-
placement ellipsoids are drawn at the 50% probability level.

http://dx.doi.org/10.1107/S1600536807053251
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Bi,%20S.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Luo,%20H.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Zeng,%20W.-L.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Wan,%20J.
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Fig. 2. A packing diagram of (I). Hydrogen bonds are shown as dashed lines.

2-(1H-Benzotriazol-1-yl)-1-(2-fluorobenzoyl)ethyl benzoate

Crystal data

C22H16FN3O3 Z = 2
Mr = 389.38 F000 = 404

Triclinic, P1 Dx = 1.387 Mg m−3

Hall symbol: -P 1 Mo Kα radiation
λ = 0.71073 Å

a = 9.8372 (11) Å Cell parameters from 1186 reflections
b = 9.8985 (12) Å θ = 2.3–24.9º
c = 11.6126 (13) Å µ = 0.10 mm−1

α = 115.187 (2)º T = 294 (2) K
β = 101.572 (2)º Block, colorless
γ = 103.929 (2)º 0.32 × 0.25 × 0.10 mm

V = 932.17 (19) Å3

Data collection

Siemens SMART 1000 CCD area-detector
diffractometer 3612 independent reflections

Radiation source: fine-focus sealed tube 2543 reflections with I > 2σ(I)
Monochromator: graphite Rint = 0.019

Detector resolution: 8.33 pixels mm-1 θmax = 26.0º

T = 294(2) K θmin = 2.1º
ω scans h = −12→6
Absorption correction: multi-scan
(SADABS; Sheldrick, 1996) k = −11→12

Tmin = 0.968, Tmax = 0.990 l = −14→14
5309 measured reflections

Refinement

Refinement on F2 Secondary atom site location: difference Fourier map

Least-squares matrix: full Hydrogen site location: inferred from neighbouring
sites

R[F2 > 2σ(F2)] = 0.053 H-atom parameters constrained

wR(F2) = 0.118
  w = 1/[σ2(Fo

2) + (0.0399P)2 + 0.1753P]
where P = (Fo

2 + 2Fc
2)/3
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S = 1.04 (Δ/σ)max < 0.001

3612 reflections Δρmax = 0.14 e Å−3

262 parameters Δρmin = −0.20 e Å−3

Primary atom site location: structure-invariant direct
methods Extinction correction: none

Special details

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat-
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.

Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, convention-

al R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > 2sigma(F2) is used only for calculat-

ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F2 are statistically about twice
as large as those based on F, and R– factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)

x y z Uiso*/Ueq

F1 0.60239 (17) 0.34447 (16) 0.07729 (12) 0.0707 (4)
O1 0.84080 (18) 0.27597 (19) 0.37136 (14) 0.0602 (5)
O2 0.77177 (15) 0.52712 (15) 0.49177 (12) 0.0436 (4)
O3 0.55363 (18) 0.34154 (19) 0.44232 (15) 0.0614 (5)
N1 0.80939 (19) 0.72821 (19) 0.36119 (16) 0.0410 (4)
N2 0.7254 (2) 0.7301 (2) 0.25404 (17) 0.0536 (5)
N3 0.6900 (2) 0.8564 (2) 0.2985 (2) 0.0589 (5)
C1 0.6462 (2) 0.2172 (2) 0.0430 (2) 0.0443 (5)
C2 0.6046 (3) 0.1115 (3) −0.0929 (2) 0.0562 (6)
H2B 0.5498 0.1285 −0.1572 0.067*
C3 0.6455 (3) −0.0192 (3) −0.1316 (2) 0.0629 (7)
H3B 0.6199 −0.0913 −0.2232 0.076*
C4 0.7243 (3) −0.0447 (3) −0.0359 (3) 0.0650 (7)
H4A 0.7508 −0.1345 −0.0628 0.078*
C5 0.7640 (2) 0.0628 (3) 0.0997 (2) 0.0535 (6)
H5A 0.8171 0.0440 0.1635 0.064*
C6 0.7269 (2) 0.1990 (2) 0.14382 (19) 0.0394 (5)
C7 0.7744 (2) 0.3082 (2) 0.2927 (2) 0.0400 (5)
C8 0.7447 (2) 0.4643 (2) 0.34929 (18) 0.0393 (5)
H8A 0.6418 0.4454 0.3018 0.047*
C9 0.8546 (2) 0.5926 (2) 0.3385 (2) 0.0429 (5)
H9A 0.9523 0.6300 0.4046 0.051*
H9B 0.8627 0.5455 0.2491 0.051*
C10 0.8278 (2) 0.8585 (2) 0.4790 (2) 0.0404 (5)
C11 0.7505 (2) 0.9393 (3) 0.4378 (2) 0.0478 (5)
C12 0.7438 (3) 1.0812 (3) 0.5334 (3) 0.0659 (7)
H12A 0.6908 1.1357 0.5074 0.079*
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C13 0.8184 (3) 1.1363 (3) 0.6665 (3) 0.0704 (8)
H13A 0.8162 1.2303 0.7326 0.084*
C14 0.8982 (3) 1.0544 (3) 0.7057 (2) 0.0656 (7)
H14A 0.9486 1.0969 0.7975 0.079*
C15 0.9049 (3) 0.9151 (3) 0.6149 (2) 0.0517 (6)
H15A 0.9577 0.8610 0.6419 0.062*
C16 0.6693 (2) 0.4465 (2) 0.5249 (2) 0.0411 (5)
C17 0.7187 (2) 0.5001 (2) 0.67165 (19) 0.0389 (5)
C18 0.6172 (3) 0.4414 (3) 0.7218 (2) 0.0485 (5)
H18A 0.5200 0.3731 0.6644 0.058*
C19 0.6600 (3) 0.4842 (3) 0.8570 (2) 0.0563 (6)
H19A 0.5907 0.4474 0.8911 0.068*
C20 0.8046 (3) 0.5809 (3) 0.9413 (2) 0.0594 (7)
H20A 0.8335 0.6077 1.0320 0.071*
C21 0.9073 (3) 0.6385 (3) 0.8918 (2) 0.0591 (7)
H21A 1.0054 0.7031 0.9487 0.071*
C22 0.8637 (2) 0.5997 (3) 0.7575 (2) 0.0477 (6)
H22A 0.9320 0.6407 0.7247 0.057*

Atomic displacement parameters (Å2)

U11 U22 U33 U12 U13 U23

F1 0.1010 (12) 0.0678 (9) 0.0465 (8) 0.0491 (9) 0.0129 (8) 0.0272 (7)
O1 0.0772 (12) 0.0693 (11) 0.0448 (9) 0.0394 (9) 0.0157 (8) 0.0333 (8)
O2 0.0501 (9) 0.0428 (8) 0.0305 (7) 0.0095 (7) 0.0149 (7) 0.0156 (6)
O3 0.0550 (10) 0.0615 (10) 0.0442 (9) 0.0003 (9) 0.0100 (8) 0.0208 (8)
N1 0.0481 (11) 0.0417 (10) 0.0349 (9) 0.0158 (8) 0.0115 (8) 0.0221 (8)
N2 0.0615 (13) 0.0555 (12) 0.0443 (11) 0.0163 (10) 0.0099 (10) 0.0318 (10)
N3 0.0670 (14) 0.0561 (12) 0.0607 (13) 0.0234 (11) 0.0135 (11) 0.0385 (11)
C1 0.0469 (13) 0.0430 (12) 0.0423 (12) 0.0176 (10) 0.0144 (10) 0.0206 (10)
C2 0.0612 (16) 0.0571 (15) 0.0354 (12) 0.0134 (12) 0.0077 (11) 0.0189 (11)
C3 0.0614 (17) 0.0551 (15) 0.0396 (13) 0.0076 (13) 0.0142 (12) 0.0048 (12)
C4 0.0663 (17) 0.0458 (14) 0.0617 (16) 0.0232 (13) 0.0176 (14) 0.0097 (12)
C5 0.0505 (14) 0.0485 (13) 0.0527 (14) 0.0200 (11) 0.0102 (11) 0.0202 (11)
C6 0.0392 (12) 0.0393 (11) 0.0360 (11) 0.0121 (9) 0.0124 (10) 0.0172 (9)
C7 0.0398 (12) 0.0466 (12) 0.0384 (11) 0.0155 (10) 0.0141 (10) 0.0250 (10)
C8 0.0455 (13) 0.0423 (11) 0.0283 (10) 0.0165 (10) 0.0113 (9) 0.0165 (9)
C9 0.0496 (13) 0.0453 (12) 0.0383 (11) 0.0206 (10) 0.0180 (10) 0.0218 (10)
C10 0.0432 (13) 0.0375 (11) 0.0416 (12) 0.0126 (9) 0.0158 (10) 0.0214 (10)
C11 0.0514 (14) 0.0443 (12) 0.0546 (14) 0.0170 (11) 0.0182 (12) 0.0307 (11)
C12 0.0767 (19) 0.0538 (15) 0.089 (2) 0.0355 (14) 0.0374 (17) 0.0444 (15)
C13 0.095 (2) 0.0457 (14) 0.0719 (18) 0.0292 (14) 0.0408 (17) 0.0230 (13)
C14 0.085 (2) 0.0522 (15) 0.0460 (14) 0.0197 (14) 0.0195 (14) 0.0173 (12)
C15 0.0594 (15) 0.0481 (13) 0.0426 (13) 0.0196 (11) 0.0128 (11) 0.0206 (11)
C16 0.0450 (13) 0.0389 (11) 0.0394 (12) 0.0164 (10) 0.0160 (11) 0.0184 (10)
C17 0.0471 (13) 0.0373 (11) 0.0368 (11) 0.0195 (10) 0.0193 (10) 0.0180 (9)
C18 0.0496 (14) 0.0516 (13) 0.0489 (13) 0.0172 (11) 0.0212 (11) 0.0278 (11)
C19 0.0693 (17) 0.0629 (15) 0.0532 (14) 0.0263 (13) 0.0347 (13) 0.0360 (13)
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C20 0.0771 (19) 0.0663 (16) 0.0370 (12) 0.0259 (14) 0.0235 (13) 0.0262 (12)
C21 0.0568 (16) 0.0672 (16) 0.0402 (13) 0.0143 (13) 0.0119 (12) 0.0223 (12)
C22 0.0501 (14) 0.0516 (13) 0.0416 (12) 0.0162 (11) 0.0214 (11) 0.0223 (11)

Geometric parameters (Å, °)

O2—C16 1.352 (2) C22—C21 1.380 (3)
O2—C8 1.436 (2) C22—H22A 0.9300
F1—C1 1.354 (2) C18—C19 1.380 (3)
O3—C16 1.200 (2) C18—H18A 0.9300
N1—N2 1.359 (2) C19—C20 1.373 (3)
N1—C10 1.362 (2) C19—H19A 0.9300
N1—C9 1.450 (2) C5—C4 1.375 (3)
O1—C7 1.213 (2) C5—H5A 0.9300
C17—C22 1.384 (3) C11—C12 1.399 (3)
C17—C18 1.385 (3) C2—C3 1.366 (3)
C17—C16 1.482 (3) C2—H2B 0.9300
N3—N2 1.297 (2) C21—C20 1.382 (3)
N3—C11 1.375 (3) C21—H21A 0.9300
C6—C1 1.382 (3) C20—H20A 0.9300
C6—C5 1.391 (3) C3—C4 1.373 (3)
C6—C7 1.489 (3) C3—H3B 0.9300
C8—C9 1.525 (3) C4—H4A 0.9300
C8—C7 1.529 (3) C14—C15 1.361 (3)
C8—H8A 0.9800 C14—C13 1.400 (3)
C9—H9A 0.9700 C14—H14A 0.9300
C9—H9B 0.9700 C15—H15A 0.9300
C1—C2 1.371 (3) C12—C13 1.363 (3)
C10—C11 1.386 (3) C12—H12A 0.9300
C10—C15 1.394 (3) C13—H13A 0.9300

C16—O2—C8 115.86 (15) C19—C18—C17 120.1 (2)
N2—N1—C10 109.85 (17) C19—C18—H18A 120.0
N2—N1—C9 119.67 (16) C17—C18—H18A 120.0
C10—N1—C9 130.29 (17) C20—C19—C18 120.2 (2)
C22—C17—C18 119.53 (19) C20—C19—H19A 119.9
C22—C17—C16 122.21 (18) C18—C19—H19A 119.9
C18—C17—C16 118.19 (19) C4—C5—C6 121.7 (2)
N2—N3—C11 108.13 (18) C4—C5—H5A 119.2
C1—C6—C5 115.72 (19) C6—C5—H5A 119.2
C1—C6—C7 126.45 (19) N3—C11—C10 108.78 (19)
C5—C6—C7 117.82 (19) N3—C11—C12 130.8 (2)
O2—C8—C9 105.53 (15) C10—C11—C12 120.4 (2)
O2—C8—C7 109.03 (15) C3—C2—C1 118.5 (2)
C9—C8—C7 110.79 (16) C3—C2—H2B 120.8
O2—C8—H8A 110.5 C1—C2—H2B 120.8
C9—C8—H8A 110.5 C22—C21—C20 119.8 (2)
C7—C8—H8A 110.5 C22—C21—H21A 120.1
N3—N2—N1 109.04 (17) C20—C21—H21A 120.1
O3—C16—O2 122.66 (18) C19—C20—C21 120.2 (2)
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O3—C16—C17 124.95 (19) C19—C20—H20A 119.9
O2—C16—C17 112.38 (18) C21—C20—H20A 119.9
O1—C7—C6 120.20 (19) C2—C3—C4 120.4 (2)
O1—C7—C8 118.75 (18) C2—C3—H3B 119.8
C6—C7—C8 121.03 (17) C4—C3—H3B 119.8
N1—C9—C8 112.24 (17) C3—C4—C5 120.0 (2)
N1—C9—H9A 109.2 C3—C4—H4A 120.0
C8—C9—H9A 109.2 C5—C4—H4A 120.0
N1—C9—H9B 109.2 C15—C14—C13 122.6 (2)
C8—C9—H9B 109.2 C15—C14—H14A 118.7
H9A—C9—H9B 107.9 C13—C14—H14A 118.7
F1—C1—C2 116.7 (2) C14—C15—C10 115.8 (2)
F1—C1—C6 119.51 (18) C14—C15—H15A 122.1
C2—C1—C6 123.8 (2) C10—C15—H15A 122.1
N1—C10—C11 104.19 (17) C13—C12—C11 117.2 (2)
N1—C10—C15 133.3 (2) C13—C12—H12A 121.4
C11—C10—C15 122.5 (2) C11—C12—H12A 121.4
C21—C22—C17 120.2 (2) C12—C13—C14 121.4 (2)
C21—C22—H22A 119.9 C12—C13—H13A 119.3
C17—C22—H22A 119.9 C14—C13—H13A 119.3

C16—O2—C8—C9 168.65 (16) C9—N1—C10—C15 6.6 (4)
C16—O2—C8—C7 −72.3 (2) C18—C17—C22—C21 1.0 (3)
C11—N3—N2—N1 −0.5 (2) C16—C17—C22—C21 −175.9 (2)
C10—N1—N2—N3 0.3 (2) C22—C17—C18—C19 0.9 (3)
C9—N1—N2—N3 175.79 (17) C16—C17—C18—C19 177.9 (2)
C8—O2—C16—O3 −8.9 (3) C17—C18—C19—C20 −2.0 (3)
C8—O2—C16—C17 169.57 (16) C1—C6—C5—C4 1.0 (3)
C22—C17—C16—O3 167.6 (2) C7—C6—C5—C4 179.8 (2)
C18—C17—C16—O3 −9.3 (3) N2—N3—C11—C10 0.6 (2)
C22—C17—C16—O2 −10.9 (3) N2—N3—C11—C12 −179.3 (2)
C18—C17—C16—O2 172.22 (18) N1—C10—C11—N3 −0.4 (2)
C1—C6—C7—O1 177.4 (2) C15—C10—C11—N3 178.39 (19)
C5—C6—C7—O1 −1.3 (3) N1—C10—C11—C12 179.50 (19)
C1—C6—C7—C8 −4.3 (3) C15—C10—C11—C12 −1.7 (3)
C5—C6—C7—C8 177.00 (18) F1—C1—C2—C3 −179.4 (2)
O2—C8—C7—O1 −14.0 (3) C6—C1—C2—C3 −0.3 (4)
C9—C8—C7—O1 101.7 (2) C17—C22—C21—C20 −1.7 (4)
O2—C8—C7—C6 167.59 (17) C18—C19—C20—C21 1.3 (4)
C9—C8—C7—C6 −76.7 (2) C22—C21—C20—C19 0.6 (4)
N2—N1—C9—C8 −92.3 (2) C1—C2—C3—C4 1.1 (4)
C10—N1—C9—C8 82.1 (3) C2—C3—C4—C5 −0.8 (4)
O2—C8—C9—N1 −75.6 (2) C6—C5—C4—C3 −0.3 (4)
C7—C8—C9—N1 166.56 (16) C13—C14—C15—C10 0.4 (4)
C5—C6—C1—F1 178.43 (18) N1—C10—C15—C14 179.2 (2)
C7—C6—C1—F1 −0.3 (3) C11—C10—C15—C14 0.9 (3)
C5—C6—C1—C2 −0.7 (3) N3—C11—C12—C13 −178.9 (2)
C7—C6—C1—C2 −179.5 (2) C10—C11—C12—C13 1.2 (3)
N2—N1—C10—C11 0.1 (2) C11—C12—C13—C14 0.0 (4)
C9—N1—C10—C11 −174.82 (18) C15—C14—C13—C12 −0.9 (4)



supplementary materials

sup-7

N2—N1—C10—C15 −178.5 (2)

Hydrogen-bond geometry (Å, °)

D—H···A D—H H···A D···A D—H···A

C3—H3B···O3i 0.93 2.53 3.375 (3) 152
C8—H8A···F1 0.98 2.27 2.753 (2) 110
Symmetry codes: (i) −x+1, −y, −z.



supplementary materials

sup-8

Fig. 1
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Fig. 2


