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Abstract

Mono(trifluoroacetato)platinum(IV) complexes of the formula [Pt'Y(dach)L;(TFAc)] (dach = trans-(+)-1,2-diaminocyclohexane,
TFAc = trifluoroacetate, L = acetate or propionate) could be prepared from the reaction of [Pt"(dach)L;(OH)] with trifluoroacetic
anhydride in the presence of a base and the crystal structure of compound 4 was determined by X-ray crystallography. In vitro anti-
tumor activity of complex 4 (EDsy = 3.1 uM) was found to be much higher than carboplatin (EDsq = 10.2 pM).

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Platinum(IV) complexes have been extensively stud-
ied for the past two decades to improve the toxicity
and severe side effects of the platinum(II)-based antican-
cer drugs [1-3]. Platinum(IV) complexes have shown the
possibility as an orally active anticancer drug, which
may be greatly improved both in toxicity and the ac-
quired drug resistance caused by cisplatin or carboplatin
[4-7]. The lipophilicity of the Pt(IV) complexes has been
regarded as one of the most important factors in struc-
ture—activity relationship [8,9]. We reported previously
a new series of platinum(IV) complexes of the formula
[Pt"V(dach)L;(OH)] (dach = trans-(%)-1,2-diaminocyclo-
hexane, L = acetate or propionate) obtained by selective
nucleophilic substitution of tetrahydroxoplatinum(IV)
complexes by carboxylic acids with appropriate pK, val-
ues (pK, = 4-5) [10]. These Pt(IV) complexes were fur-

* Corresponding authors. Tel : +82 2 3277 2345; fax : +82 2 3277
2384 (Y.S. Sohn), Tel.: +82 2 3277 3589; fax: +82 2 3277 2384 (R.
Song).

E-mail addresses: rsong@ewha.ac.kr (R. Song), yssohn@
ewha.ac.kr (Y.S. Sohn).

0020-1693/$ - see front matter © 2004 Elsevier B.V. All rights reserved.

doi:10.1016/j.ica.2004.07.037

ther derivatized by the well-known electrophilic
substitution of the remaining hydroxo ligand with differ-
ent carboxylic anhydrides to tune further their lipophi-
licity and water solubility [11]. This synthetic method
afforded various mixed carboxylatoplatinum(IV) com-
plexes, [Pt'Y(dach)L;L] (L’ = acetate, propionate, valer-
ate, and pivalate), but resulted in unexpected products
involving two trifluoroacetate (TFAc) ligands instead
of one TFAc of the formula [Pt"V(dach)L,(TFAc),],
when the reaction was carried out with trifluoroacetic
anhydride. Here, we report a new method to obtain pure
complexes involving only one TFAc ligand of the for-
mula [Pt"V(dach)L;(TFAc)], and the crystal structure
and in vitro antitumor activity of the complexes will
be briefly discussed.

2. Experimental
2.1. Materials and measurements

Potassium tetrachloroplatinate(Il) purchased from
Kojima,  trans-(*)-1,2-diaminocyclohexane  (dach),
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acetic anhydride (Ac,O), propionic anhydride (Pr,O)
and trifluoroacetic anhydride (TFAc,0) from Aldrich
were used without further purification. Elemental analy-
ses were carried out in the Organic Chemistry Research
Center of Sogang University. IR spectra were recorded
as KBr pellets on a Perkin Elmer 16FPC FT-IR spectro-
photometer. "H NMR spectra were measured with Bru-
ker 250 MHz spectrometer. ESI-Mass measurements
were performed by HPS5989A equipped with
HP59987A as an electron-spray source. A mixture of
methanol and water (80:20) containing 1% formic acid
was used as solvent for the mass analysis. The starting
platinum(IV) complexes, [Pt'Y(dach)(OAc);(OH)] (1)
and [Pt"V(dach)(OPr);(OH)] (2) were prepared accord-
ing to the previous method as depicted in Scheme 1 [10].

2.2. Synthesis

Trifluoroacetic anhydride (0.5 mmol) and triethylam-
ine (0.75 mmol) were added to a solution of tris(carb-
oxylato)monohydroxoplatinum(IV) complexes (0.2
mmol) in CH,Cl,(4 ml). After the reaction mixture
was stirred for 4 h at room temperature, the solution
was evaporated to dryness. The crude solid was dis-
solved in methanol and precipitated with ether, and
purified by column chromatography (silica gel, CH,
Cl,: methanol = 10:1, v/v). The crystals suitable for X-
ray crystallography were obtained by slow evaporation
of the methanolic solution.

2.2.1. [Pt"(dach)(OAc);(OTFAc)] (3)

Yield, 59%. Anal. Calc. for C14H23F3N208Pt: C,
28.05; H, 3.87; N, 4.67. Found: C, 28.03; H, 3.61; N,
4.68%. "H NMR (D,0): 2.72 (m, 2H, NCH), 2.25 (m,
2H, CH,), 2.07 (s, 6H, eq-CH3CO,), 2.04 (s, 3H, ax-
CH;CO,), 1.55 (m, 4H, CH,), 1.19 (m, 2H, CH,). IR
(KBr, cm ™) viax 3052, 2968, 1721, 1642, 1360, 1306,
1192. MS (ESI): m/z 598.8 [M].

2.2.2. [Pt"(dach)(OPr);(OTFAc)] (4)

Yield, 68%. Anal. Calc. for C17H29F3N203Pt C,
31.83; H, 4.56; N, 4.37. Found: C, 31.83; H, 4.56; N,
4.37; Found: C, 31.84; H, 4.59; N, 4.34%. 'H NMR
(D50, 9): 2.80 (m, 2H, NCH), 2.32 (m, 8H, OPr-CH,
and CH»), 1.61 (m, 4H, CH,), 1.23 (m, 2H, CH,), 1.03
(q, 9H, OPr-CH3). IR (KBr, cm™'): v,,,,2984, 2942,
1722, 1632, 1462, 1350, 1210. MS (ESI): m/z 664.0
[M + Na™].

2.3. Assay of in vitro cytotoxicity

The new present complexes 3 and 4 were subjected to
bioassay according to the previous method [12].

2.4. X-ray structure determination

All the X-ray data were collected on an Enraf-Non-
ius CAD4 automated diffractometer equipped with a
Mo X-ray tube and a graphite crystal monochroma-
tor. The orientation matrix and unit cell dimensions
were determined from 25 machine centered reflections
in the 260 range of 15-25°. The variation of intensities
was monitored by repeated check of intensities of
three reflections every 1 h during the data collection
period. Absorption corrections were applied by empir-
ical psi scan on three reflection planes with a y value
of near 90°. A direct or Patterson method (SHELXS-
97) [13] was employed to locate the platinum atom.
Subsequent cycles of Fourier map and least square
refinements located other atoms (SHELXL-97) [14].
All the nonhydrogen atoms were refined anisotropi-
cally. Hydrogen atoms were included in the structure
factor calculation using a riding model. All the calcu-
lations were carried out using VAX and PC comput-
ers. The crystallographic data for complex 4 are
listed in Table 1.
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Scheme 1. The synthetic route to Pt(IV) complexes of mixed carboxylates.
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Table 1
Crystallographic data for [Pt"(dach)(OPr);(TFAc)]

Empirical formula C17H,9F3N,OgPt
Formula weight 641.51

Crystal system monoclinic
Space group P2i/c (No. 14)
Unit cell dimensions

aA) 10.891(2)
b (A) 17.343(4)
c(A) 12.143(4)
o (°) 90
B© 95.33(2)
) 9%
Volume (A%) 2283.5(9)
z 4
Deqte. (mg/m”) 1.866
Absorption coefficient (mm™") 6.213
F(000) 1256

Crystal size (mm) 0.12x0.20 x 0.22

0 range for data collection 1.68-25.16°

Reflections collected/unique 4313/4080 [R;,; = 0.0582]

Completeness to 0 = 25.16 99.3%

Refinement method full-matrix least-squares
on F?

Data/restraints/parameters 4080/10/280

Goodness-of-fit on F? 1.055

Final R indices [[>20(])] R; =0.0662, wR, = 0.1645

R indices (all data) R; =0.1522, wR, = 0.2015

Largest difference peak and hole (e A’3) 1.526 and —1.661

Ri =Y ||Fo| = |Fell/ X [Fol, wRy = {3(F2 — F2)*/ S wF2}'/2, where

w=1/{32F2 +(0.0197P)* + 0.00P}, and where P = {max(F2,0)+

2F2}/3.

3. Results and discussion

The reaction of the tetrahydroxoplatinum(IV) com-
plex with acetic or propionic acid afforded tricarboxyla-
tomonohydroxoplatinum(IV) complexes by proton
mediated nucleophilic substitution as reported previ-
ously [10]. The remaining hydroxo ligand was further
derivatized by electrophilic substitution with various
carboxylic anhydrides. Generally, the electrophilic sub-
stitution reaction of the axial hydroxo ligand of (diam-
ine)platinum(IV) complexes was easily carried out
without side reaction [15], particularly in the case of
the complexes bearing the chelating equatorial dicarb-
oxylate ligand. The alternative electrophilic substitution
reaction with acyl chloride needs the presence of a base,
such as triethylamine or pyridine, to remove hydrochlo-
ric acid formed [16]. When [Pt"Y(dach)Ly(OH)] was re-
acted with acetic or propionic anhydride, the reaction
proceeded cleanly, leading to [Pt"Y(dach)L;L'] (L’ = ace-
tate, propionate) because the generated acid is weak acid
(pK, = 4-5) and their conjugate base is not so strong to
replace the carboxylate ligand coordinated to the plati-
num(IV) atom [17]. However, in the reaction with tri-
fluoroacetic  anhydride,  bis(trifluoroacetato)Pt(IV)
complexes of the formula [Pt"V(dach)L,(TFAc),] were
obtained probably because the trifluoroacyl group
(CF5CO") was presumed to attack the hydroxo ligand,

forming a trifluoroacetate ligand, but the strong trifluor-
oacetic acid resultant from the anhydride was subjected
to nucleophilic substitution to replace one of the three
carboxylate ligands coordinated to the platinum(IV)
atom. In other words, the strong trifluoroacetic acid
seems to weaken and labilize the Pt-O bond of other
carboxylate ligands so that the nucleophilic substitution
by the trifluoroacetate ion may easily take place. There-
fore, the elimination of the resultant trifluoroacetic acid
may be necessary to avoid the formation of the unex-
pected product substituted with the second trifluoroace-
tate. In fact, the addition of an equivalent amount of a
base afforded the pure reaction product involving only
one trifluoroacetate and three intact carboxylate ligands.

The electrophilic substitution of the axial hydroxo
ligand by trifluoroacetic anhydride did not change con-
siderably the "H NMR spectra of the complexes com-
pared with that of the starting [Pt'Y(dach)L;(OH)].
The "H NMR spectra taken in D,O showed characteris-
tic multiplet pattern of the two protons near the amine
group of dach, probably due to the asymmetrically sub-
stituted trifluoroacetate ligand at axial position. Three
acetate ligands in equatorial and axial position gave
the distinct signals at 2.08 and 2.05 ppm, respectively,
although the difference of the chemical shift of propion-
ate in [Pt"V(dach)(OPr);(OH)] is less evident.

The ORTEP drawing of complex 4 is drawn in Fig. 1
and its relevant distances and angles is listed in Table 2.
The crystal structure of complex 4 is almost the same as
that found in other platinum(IV) complexes reported
previously [17]. All compounds derived from tetrahy-
droxoplatinum(IV) complexes exhibited similar struc-
tural characteristics. The local geometry around the

C10

o

Fig. 1. ORTEP drawing with an atomic labeling scheme for
[Pt"Y(dach)(OPr);(TFAC)).
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Table 2
Selected bond lengths (A), intramolecular hydrogen bond length (A)
and angles (°) for [Pt"(dach)(OPr)s(TFAc)]

Pt(1)-0(7) 2.004(14) Pt(1)-0(5) 2.006(13)
Pt(1)-0(3) 2.008(14) Pt(1)-N(1) 2.016(14)
Pt(1)-0O(1) 2.033(13) Pt(1)-N(2) 2.056(16)
O(1)-C(7) 1.29(2) C(8)-F(1) 1.482(13)
N(1)-0(2) 2.701 N(2)-0(6) 2788
N(2)-0(4) 2724 N(1)-O(8) 2.738

O(7)-Pt(1)-0(5) 80.7(6)
O(7)-Pt(1)-N(1) 97.4(6)
0O(3)-Pt(1)-0O(1) 174.4(6)
O(5)-Pt(1)-N(2) 100.0(6)

O(7)-Pt(1)-0(3) 90.8(6)
0O(5)-Pt(1)-0O(1) 87.7(6)
N(1)-Pt(1)-O(1) 95.7(7)
N(1)-Pt(1)-N(2) 82.4(6)

Table 3
In vitro antitumor activity of platinum(IV) complexes of mixed
carboxylates

Complex Cytotoxicity
EDsy (uM)

[Pt"Y(dach)(OAc);(OH)]'® (1) >40
[Pt!Y(dach)(OPr);(OH)|'° (2) 27.6
[Pt"Y(dach)(OAc),(OTFAc),]"’ 7.2
[Pt"Y(dach)(OPr),(OTFAc),]"’ 1.3
[Pt"Y(dach)(OAc);(OTFAC)](3) 9.5
[Pt'Y(dach)(OPr);(OTFAc)](4) 3.1

IM216 12
Carboplatin 10.2

platinum(IV) is a distorted octahedral arrangement with
three propionate and one trifluoroacetate groups (O(5)—
Pt-O(7) = 80.7° and O(1)-Pt-O(3) = 174.4(6)°). The
four carboxylate ligands occupy their positions with
intramolecular hydrogen bonds by the carbonyl groups
with two amine groups (N(1)-O(2)=2.701, N(2)-
0(6) =2.788, N(2)-0(4)=2.724 and N(1)-O(8)=
2.738 A).

The in vitro antitumor activity of the present Pt(IV)
complexes are listed along with reference complexes in
Table 3. The present complexes were designed to have
the optimal range of partition coefficient (logP) between
those of [Pt'Y(dach)(OPr)4] (logP = 0.18) and of [Pt"-
(dach)(OBu)4] (OBu = butanoyl, logP =1.54) [8,11].
The in vitro cytotoxicity against the murine leukemia
L1210 cell line shows that the present complexes exhibit
higher activity than carboplatin and comparable activity
to JM216.

In conclusion, we have prepared mono(trifluoroace-
tato)platinum(IV) complexes in the presence of a base,
and the structure was confirmed by various physico-
chemical analyses including X-ray crystallography.
Their in vitro antitumor activity was found to be higher
than carboplatin and their in vivo activity is to be as-
sayed. The methodology to obtain a variety of the plat-
inum(I'V) complexes with a wide range of lipophilicity or
water solubility was further extended and conformed to

the previously proposed mechanism involving proton
assisted nucleophilic substitution of the platinum(IV)
complexes.
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Appendix A. Supporting information

Tables of crystallographic details, non-hydrogen
positional parameters, bond distances and angles, aniso-
tropic thermal parameters of non-hydrogen atoms, and
hydrogen coordinates and isotropic thermal parameters
for complex 4 (8 pages). Ordering information is given
on any current masthead page. Supplementary data
associated with this article can be found, in the online
version, at doi:10.1016/j.ica.2004.07.037.
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data complex 4
_audit block doi

10.5517/cc8zpsp

database code depnum ccdc_archive 'CCDC 267833'

loop
_citation_ id
citation doi
citation year

1 10.1016/3.1ca.2004.07.037 2005

_audit update record

2005-04-04 deposited with the CCDC.

CCDC.

_audit creation method

_chemical name systematic
;

?

;

_chemical name common
_chemical formula sum
_chemical formula moiety

_chemical formula weight
_symmetry cell setting
_symmetry space group name H-M

_symmetry Int Tables number

loop
symmetry equiv_pos as xyz

D0 0|

_cell length a
~cell length Db
_cell length c

'Manually at CCDC'

2

'Cl7 H29 F3 N2 08 Ppt'
\l ? \l

641.51

monoclinic
P2 (1) /c
14

10.891 (2)
17.343 (4)
12.143 (4)
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_cell angle alpha
_cell angle beta
_cell angle gamma
_cell volume

_cell formula units 7

_exptl crystal density diffrn
_diffrn ambient temperature
_diffrn source

_diffrn radiation probe
_chemical melting point
_exptl crystal description
_exptl crystal colour

_exptl special details

4

90.00
95.33(2)
90.00
2283.5(9)
1.866

293 (2)

x-ray

#include here any other information not included in the CIF

4

_refine 1s R factor gt

loop
_atom site label
_atom site fract x
_atom site fract y
_atom site fract z

atom site U iso or equiv

0.0662

Pt (1) 0.0434(1) 0.0452(1) 0.7565(1) 0.049(1)

N(1l) 0.0471(16) -0.0537(8) 0.8440(13) 0.051(4)
N(2) -0.0873(15) -0.0138(10) 0.6563(13) 0.052(4)
O(1l) 0.1689(13) 0.0112(8) 0.6524(11) 0.057(3)
0(2) 0.2748(16) -0.0681(11) 0.7752(16) 0.091(6)
O0(3) -0.0756(15) 0.0894(9) 0.8564(12) 0.066(4)
O(4) -0.2387(15) 0.0943(13) 0.7344(16) 0.108(7)
O(5) 0.0374(14) 0.1475(8) 0.6792(12) 0.062(4)
O(6) -0.0437(19) 0.1070(9) 0.5136(13) 0.086(5)
O(7) 0.1847(13) 0.0975(8) 0.8441(11) 0.061(4)
0(8) 0.1666(16) 0.0393(9) 1.0017(14) 0.078(5)
C(l) -0.0200(20) -0.1139(15) 0.7810(20) 0.082(8)
C(2) -0.0460(30) -0.1876(14) 0.8420(20) 0.080(7)
C(3) -0.1180(40) -0.2435(17) 0.7710(30) 0.119(12)
C(4) -0.2210(30) -0.2110¢(17) 0.7110(30) 0.120(12)
C(5) -0.2010(20) -0.1403(15) 0.6450(20) 0.083(7)
C(6) -0.1210(20) -0.0850(16) 0.7210(20) 0.087(8)
C(7) 0.2579(18) -0.0348(13) 0.6854(17) 0.079(8)
C(8) 0.3583(16) -0.0414(12) 0.6090(15) 0.122(13)
C(9) -0.1870(20) 0.1090(12) 0.8200(20) 0.069(7)
C(10) -0.2410(30) 0.1535(17) 0.9190(30) 0.108(11)
C(11) -0.3530(30) 0.1900¢(30) 0.8780(20) 0.145(18)
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O(4) C(9) 1.17(3)
O(5) C(12) 1.28(3)
O(6) C(12) 1.24(3)
O(7) C(15) 1.25(2)
0(8) C(15) 1.22(3)
C(1l) C(6) 1.35(3)
C(l) C(2) 1.52(3)
C(2) C(3) 1.47(3)
C(3) C(4) 1.40(4)
C(4) C(5) 1.49(4)
C(5) C(6) 1.54(3)
C(7) C(8) 1.5021(13)
C(8) F(3) 1.4819(13)
C(8) F(1) 1.4820(13)
C(8) F(2) 1.4821(13)
C(9) C(10) 1.59(3)
C(10) C(11) 1.43(4)
C(1l2) C(13) 1.52(3)
C(13) C(14) 1.40(4)
C(15) C(l6) 1.54(3)
C(l6) C(17) 1.47(4)

loop

_atom site aniso_ label
_atom site aniso U 11
_atom site aniso U 22
_atom site aniso U 33
_atom site aniso U 23
_atom site aniso U 13
_atom site aniso U 12
#U11l U22 U33 U23 Ul3 Ul2

Pt (1) 0.059(1) 0.042(1) 0.043(1) 0.000(1) -0.003¢(1) 0.001(1)

N(1l) 0.065(10) 0.036(9) 0.049(9) 0.006(7) -0.020(8) 0.004(8)

N(2) 0.056(10) 0.056(10) 0.043(9) 0.001(8) -0.004(8) 0.001(8)

O(1l) 0.060(8) 0.054(8) 0.059(9) 0.002(7) 0.019(7) 0.008(7)

O0(2) 0.074(11) 0.107(15) 0.095(14) 0.041(11) 0.019(10) 0.025(10)
O(3) 0.087(11) 0.056(9) 0.055(9) -0.020(7) 0.010(8) 0.005(8)

O(4) 0.053(9) 0.170(20) 0.091(13) -0.044(14) -0.037(9) 0.037(11)
O(5) 0.080(9) 0.040(8) 0.065(9) 0.013(7) 0.000(8) 0.004(7)

O(6) 0.134(16) 0.064(11) 0.058(10) 0.004(9) -0.010(10) -0.017(10)
O(7) 0.070(9) 0.064(10) 0.051(9) 0.012(7) 0.006(7) -0.015(8)

0(8) 0.082(11) 0.080(12) 0.067(10) 0.010(9) -0.015(9) -0.036(10)
C(l) 0.090(17) 0.077(18) 0.078(16) 0.017(14) -0.003(13) -0.051(195)
C(2) 0.110(20) 0.057(14) 0.071(16) 0.009(12) -0.012(14) -0.009(14)
C(3) 0.170(30) 0.080(20) 0.100(20) -0.008(16) -0.060(20) -0.030(20)
Cc(4) 0.130(30) 0.100(20) 0.120(20) 0.020(20) -0.050(20) -0.070(20)
C(5) 0.089(17) 0.076(17) 0.080(17) -0.025(14) -0.004(14) -0.029(15)
C(6) 0.073(16) 0.099(19) 0.078(16) 0.017(1l6) -0.047(14) -0.009(15)
C(7) 0.110(20) 0.073(17) 0.059(14) -0.015(13) 0.022(14) 0.033(15)
C(8) 0.090(20) 0.140(30) 0.140(30) 0.060(30) 0.040(20) 0.030(20)
C(9) 0.049(12) 0.039(12) 0.110(20) 0.007(12) -0.012(13) 0.003(10)
C(10) 0.120(20) 0.090(20) 0.120(20) -0.006(18) 0.050(20) 0.058(19)
C(11) 0.090(20) 0.260(50) 0.075(18) -0.060(20) -0.011(1le) 0.100(30)
C(12) 0.110(20) 0.075(17) 0.044(13) 0.018(12) 0.001(13) 0.016(15)
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C(13) 0.110(20) 0.059(16) 0.100(20) 0.017(15) -0.029(17) 0.023(15)
C(14) 0.250(50) 0.070(20) 0.140(30) 0.020(20) -0.020(30) 0.060(30)
C(15) 0.057(13) 0.055(12) 0.060(14) -0.005(11) -0.007(11) -0.018(11)
C(le) 0.088(19) 0.180(30) 0.120(20) 0.070(20) -0.081(19) -0.070(20)
C(17) 0.120(30) 0.210(40) 0.120(30) -0.010(30) -0.050(20) -0.030(30)
F(1) 0.410(70) 0.370(60) 0.380(60) 0.030(50) 0.300(60) 0.090(50)
F(2) 0.110(20) 0.800(110) 0.220(40) 0.180(60) 0.050(20) -0.020(40)
F(3) 0.330(50) 0.310(40) 0.320(40) 0.220(40) 0.240(40) 0.190(40)
loop

_geom_angle atom site label 1
_geom_angle atom site label 2
_geom_angle atom site label 3
_geom_angle

O(7) Pt(l) O(3) 90.8(6)
O(5) Pt(l) O(3) 87.2(6)
O(7) Pt(l) N(1) 97.4(6)
O(7) Pt(l) O(5) 80.7(6)
O(5) Pt(l) N(1) 176.0(6)
O(3) Pt(l) N(1) 89.3(7)
O(7) Pt(l) O(l) 86.2(6)
O(5) Pt(l) O(1l) 87.7(6)
O(3) Pt(l) O(1l) 174.4(6)
N (1) Pt(l) O(1l) 95.7(7)
O(7) Pt(l) N(2) 173.7(6)
O(5) Pt(l) N(2) 100.0¢(6)
O(3) Pt(l) N(2) 95.6(7)
N(1) Pt(l) N(2) 82.4(6)
O(l) Pt(l) N(2) 87.5(6)
C(1l) N(1) Pt(l) 110.5(13)
C(6) N(2) Pt(l) 106.6(11)
C(7) O(1l) Pt(l) 121.1(12)
C(9) O(3) Pt(l) 122.2(1l6)
C(1l2) O(5) Pt(l) 124.4(1le)
C(15) O(7) Pt(l) 124.1(13)
C(6) C(1l) N(1) 111(2)
C(6) C(1l) C(2) 114(2)
N(1) C(1) C(2) 117.0(19)
C(3) C(2) C(1) 112(2)
C(4) C(3) C(2) 113(3)
C(3) C(4) C(5) 117(3)
C(4) C(5) C(6) 107(2)
C(l) C(6) N(2) 111(2)
C(l) C(6) C(5) 119(3)
N(2) C(6) C(5) 110.5(19)
O(2) C(7) O(1l) 127.6(1l6)
0(2) C(7) C(8) 117.0(17)
O(1l) C(7) C(8) 115.1(16)
F(3) C(8) F(1l) 108.5(14)
F(3) C(8) F(2) 108.8(14)
F(1) C(8) F(2) 109.1(14)
F(3) C(8) C(7) 111.2(12)
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F(1) C(8) C(7) 110.4(12)
F(2) C(8) C(7) 108.8(13)
0(4) C(9) 0O(3) 127(2)
0(4) C(9) C(10) 127(2)
0(3) C(9) C(10) 106(2)
C(11) C(10) C(9) 108(2)
O(6) C(12) O(5) 125(2)
0(6) C(12) C(13) 122(2)
O(5) C(12) C(13) 113(2)
C(14) C(13) C(12) 110(3)
0(8) C(15) O(7) 125.0(19)
0(8) C(15) C(le) 121(2)
O(7) C(15) C(le) 114(2)
C(17) C(le) C(15) 120(3)
loop

_geom_torsion atom site label 1
_geom_torsion atom site label 2
_geom_torsion atom site label 3
geom torsion atom site label 4

_geom_torsion

_geom_torsion publ flag
O S S A

#END

#Attach the next CIF data number n+l below

geom torsion site symmetry 1
_geom_torsion site symmetry 2
geom torsion site symmetry 3
_geom_torsion site symmetry 4
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