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Abstract

C22H16F6O, monoclinic, P21/n (no. 14), a = 8.426(2) Å,
b = 15.205(4) Å, c = 14.900(4) Å, � = 93.031(6)°,
V = 1906.4 Å3, Z = 4, Rgt(F) = 0.0632, wRref(F

2) = 0.1826,
T = 293 K.

Source of material

(2E,6E)-2,6-bis[2-(trifluoromethyl)benzylidene]cyclohexanone
was synthesized by an Aldol condesation between two molecules
of 2-(trifluoromethyl)benzaldehyde and cyclohexanone, which
was synthesized according our earlier published method [1, 2].
An amount of 7.5 mmol cyclohexanone was added to a solution of
15 mmol 2-(tri- fluoromethyl)benzaldehyde in MeOH (10 ml).
The solution was stirred at room temperature for 20 min, followed
by dropwise addition of NaOMe/MeOH (1.5 ml, 7.5 mmol). The
mixture was stirred at room temperature and monitored by TLC.
When the reaction was finished, the residue was poured into satu-
rated NH4Cl solution and filtered. The precipitate was washed
with water and cold ethanol, and dried in vacuum. The solid was
purified by chromatography over silica gel using CH2Cl2/CH3OH
as the eluent to yield compound. All chemicals used for the syn-
thesis were commercially available of AR grade, and were used as
received. The yellow crystal of the title compound was obtained
by slow evaporation of a CH3OH solution at room temperature.

Experimental details

Position of the H atoms were calculated based on geometric crite-
ria (C–H = 0.97 and 0.93 Å for methyl and aromatic atoms, re-
spectively) then were placed in their calculated position and
refined isotropically using a riding model with Uiso(H) = 1.5

Ueq(C) for methyl and Uiso(H) = 1.2 Ueq(C) for all others.

Discussion

Curcumin has been demonstrated to possess a wide range of phar-
maceutical activities, such as anti-tumor [3, 4], anti-inflammation
[5], anti-oxidation [6], anti-bacterial [7], and cardiovascular pro-
tection [8, 9]. However, its high metabolic instability and low
bioavailability have dramatically limited its practical application
[10]. Recently, our research group has synthesized a series of
mono-carbonyl analogs of curcumin (MACs) by deleting �-di-
ketone moiety [11–13]. The title compound, belongs to MACs
and shown greater metabolic stability than that of curcumin. The
crystal structure of the title compound is depicted in the figure.
The asymmetric unit of this complex is constructed by two 2-
(trifluoromethyl)benzylidene groups and a cyclohexanone
linker. The C–C bond length of the cyclohexanone moiety rang-
ing from 1.491 to 1.509 Å are quite normal single bonds. The
C7–C8 and C12–C14 bond lengths of 1.328 and 1.324 Å conform
to the value for a double bond. The C6–C7 and C14–C15 bond
length of 1.466 Å are intermediate between the double and single
bonds. The shortening of the C–C bonds showing the partial dou-
ble-bond character of the C–C bonds, which are influenced by ad-
jacent conjugated double bonds.
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Crystal: green prisms, size 0.147�0.212�0.276 mm
Wavelength: Mo K� radiation (0.71073 Å)
�: 1.27 cm�1

Diffractometer, scan mode: CCD area detector, � and �
2�max: 50.98°
N(hkl)measured, N(hkl)unique: 10678, 3547
Criterion for Iobs, N(hkl)gt: Iobs > 2 �(Iobs), 2398
N(param)refined: 263
Programs: SHELX [14]

Table 1. Data collection and handling.

_____________
* Correspondence author (e-mail: lzgcnu@163.com)

H(2) 4e 0.3817 0.2658 0.8542 0.118
H(3) 4e 0.3059 0.1607 0.9532 0.138
H(4) 4e 0.1948 0.0322 0.9011 0.123
H(5) 4e 0.1569 0.0069 0.7505 0.097
H(7) 4e 0.1698 0.1563 0.5789 0.073
H(9A) 4e 0.3648 �0.0376 0.6524 0.086
H(9B) 4e 0.2043 �0.0852 0.6257 0.086
H(10A) 4e 0.4067 �0.1602 0.5615 0.088
H(10B) 4e 0.4664 �0.0738 0.5165 0.088
H(11A) 4e 0.3190 �0.1581 0.4105 0.082
H(11B) 4e 0.1719 �0.1554 0.4708 0.082
H(14) 4e 0.1688 0.0338 0.3034 0.077
H(16) 4e 0.1185 �0.1913 0.3063 0.107
H(17) 4e 0.1400 �0.2884 0.1907 0.128
H(18) 4e 0.2399 �0.2454 0.0591 0.143
H(19) 4e 0.3256 �0.1030 0.0422 0.124

Table 2. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z Uiso



272 C22H16F6O

Acknowledgments. We are grateful to the Project-sponsored by SRF for
ROCS, SEM, the Zhejiang Medical & Health Science and Technology Project
(2013KYB168), the new-shoot Talents Porgram of Zhejiang province
(2014R413005) and the project of students academic research of Wenzhou
Medical University (wyx201401062) for financial support.

References

1. Liang, G.; Shao, L.; Wang, Y.; Zhao, C.; Chu, Y.; Xiao, J.; Zhao, Y.; Li,
X.; Yang, S.: Exploration and synthesis of curcumin analogues with im-
proved structural stability both in vitro and in vivo as cytotoxic agents.
Bioorg. Med. Chem. 17 (2009) 2623–2631.

2. Zhao, C.; Yang, J.; Huang, Y.; Liang, G.; Li, X.: Crystal structure of ortho-
(2E,5E)-2,5-bis(2-methoxybenzylidene) cyclopentanone, C21H20O3. Z.
Kristallogr. NCS 224 (2009) 337–338.

3. Kunnumakkara, A. B.; Guha, S.; Krishnan, S.; Diagaradjane, P.;
Gelovani, J.; Aggarwal, B. B: Curcumin potentiates antitumor activity of
gemcitabine in an orthotopic model of pancreatic cancer through suppres-
sion of proliferation, angiogenesis, and inhibition of nuclear factor-
kappaB-regulated gene products. Cancer Res. 67 (2007) 3853–3861.

4. Kumar, D.; Kumar, M.; Saravanan, C.; Singh, S. K.: Curcumin: a potential
candidate for matrix metalloproteinase inhibitors. Expert. Opin. Ther.
Targets. 16 (2012) 959–972.

5. Chong, L.; Zhang, W.; Nie, Y.; Yu, G.; Liu, L.; Lin, L.; Wen, S.; Zhu, L.;
Li, C.: Protective effect of curcumin on acute airway inflammation of al-
lergic asthma in mice through Notch1-GATA3 signaling pathway. In-
flammation. 37 (2014) 1476–1485.

6. Yu, C.; Wei, C.; Liao, V.: Curcumin-mediated oxidative stress resistance
in Caenorhabditis elegans is modulated by age-1, akt-1, pdk-1, osr-1, unc-
43, sek-1, skn-1, sir-2.1, and mev-1. Free Radic Res. 48 (2014) 371–379.

F(1) 4e 0.4249(3) 0.3394(1) 0.7209(1) 0.199(2) 0.084(1) 0.122(2) �0.038(1) 0.022(1) �0.033(1)
F(2) 4e 0.2182(3) 0.3102(1) 0.6393(1) 0.141(2) 0.083(1) 0.125(2) 0.039(1) 0.025(1) 0.028(1)
F(3) 4e 0.4333(2) 0.2488(1) 0.6130(1) 0.122(1) 0.079(1) 0.105(1) �0.0059(9) 0.037(1) �0.0136(8)
F(4) 4e 0.4295(2) 0.0611(1) 0.2191(1) 0.128(1) 0.112(1) 0.079(1) �0.019(1) 0.005(1) 0.0106(9)
F(5) 4e 0.2169(3) 0.0887(1) 0.1442(1) 0.141(2) 0.097(1) 0.126(2) 0.038(1) 0.004(1) 0.024(1)
F(6) 4e 0.4145(3) 0.0402(1) 0.0782(1) 0.184(2) 0.136(2) 0.076(1) 0.011(1) 0.047(1) 0.018(1)
O(1) 4e 0.1016(2) 0.1018(1) 0.4367(1) 0.096(1) 0.0602(9) 0.061(1) 0.0131(8) �0.0049(8) 0.0045(7)
C(1) 4e 0.3078(3) 0.2021(2) 0.7413(2) 0.090(2) 0.062(1) 0.064(2) 0.018(1) 0.002(1) �0.009(1)
C(2) 4e 0.3339(4) 0.2142(2) 0.8327(2) 0.143(3) 0.076(2) 0.075(2) 0.023(2) �0.011(2) �0.019(2)
C(3) 4e 0.2904(5) 0.1514(2) 0.8917(2) 0.188(4) 0.094(2) 0.060(2) 0.038(2) �0.006(2) �0.004(2)
C(4) 4e 0.2243(5) 0.0749(2) 0.8606(2) 0.152(3) 0.094(2) 0.062(2) 0.026(2) 0.013(2) 0.017(2)
C(5) 4e 0.2008(3) 0.0601(2) 0.7703(2) 0.101(2) 0.076(2) 0.066(2) 0.009(1) 0.006(1) 0.008(1)
C(6) 4e 0.2408(3) 0.1224(2) 0.7080(2) 0.071(1) 0.064(1) 0.059(1) 0.012(1) 0.004(1) 0.002(1)
C(7) 4e 0.2071(3) 0.1077(1) 0.6116(1) 0.065(1) 0.060(1) 0.059(1) 0.001(1) 0.0071(9) 0.007(1)
C(8) 4e 0.2231(2) 0.0341(1) 0.5650(1) 0.055(1) 0.055(1) 0.057(1) �0.0034(9) 0.0049(9) 0.0042(9)
C(9) 4e 0.2900(3) �0.0508(2) 0.6025(2) 0.083(2) 0.064(1) 0.065(1) 0.005(1) �0.009(1) 0.007(1)
C(10) 4e 0.3727(3) �0.1048(2) 0.5346(2) 0.072(1) 0.065(1) 0.084(2) 0.012(1) 0.002(1) 0.010(1)
C(11) 4e 0.2637(3) �0.1225(2) 0.4529(2) 0.081(2) 0.058(1) 0.066(1) 0.009(1) 0.009(1) 0.002(1)
C(12) 4e 0.2092(2) �0.0381(1) 0.4081(1) 0.057(1) 0.058(1) 0.056(1) 0.0004(9) 0.0047(9) 0.0016(9)
C(13) 4e 0.1731(2) 0.0378(1) 0.4675(1) 0.056(1) 0.054(1) 0.058(1) �0.0030(9) 0.0066(9) 0.0066(9)
C(14) 4e 0.1949(3) �0.0234(2) 0.3205(2) 0.069(1) 0.061(1) 0.062(1) 0.004(1) 0.003(1) �0.000(1)
C(15) 4e 0.2149(3) �0.0859(2) 0.2470(2) 0.077(2) 0.070(1) 0.061(1) 0.013(1) �0.005(1) �0.004(1)
C(16) 4e 0.1623(4) �0.1726(2) 0.2536(2) 0.108(2) 0.076(2) 0.082(2) 0.002(2) �0.004(2) �0.009(1)
C(17) 4e 0.1739(5) �0.2307(2) 0.1840(2) 0.151(3) 0.075(2) 0.090(2) 0.011(2) �0.017(2) �0.017(2)
C(18) 4e 0.2336(5) �0.2055(2) 0.1061(3) 0.174(3) 0.093(2) 0.088(2) 0.030(2) �0.013(2) �0.033(2)
C(19) 4e 0.2851(4) �0.1205(2) 0.0962(2) 0.139(3) 0.110(2) 0.061(2) 0.034(2) 0.004(2) �0.012(2)
C(20) 4e 0.2772(3) �0.0605(2) 0.1658(2) 0.091(2) 0.081(2) 0.056(1) 0.022(1) �0.003(1) �0.003(1)
C(21) 4e 0.3337(4) 0.0311(2) 0.1520(2) 0.112(2) 0.095(2) 0.054(2) 0.019(2) 0.006(1) 0.008(1)
C(22) 4e 0.3472(4) 0.2738(2) 0.6798(2) 0.105(2) 0.062(1) 0.084(2) 0.010(1) 0.016(2) �0.019(1)

Table 3. Atomic coordinates and displacement parameters (in Å2).

Atom Site x y z U11 U22 U33 U12 U13 U23

7. Negi, P. S.; Jayaprakasha, G. K.; Jagan, M.; Sakariah, K. K.: Antibacterial
activity of turmeric oil: a byproduct from curcumin manufacture. J. Agric.
Food. Chem. 47 (1999) 4297–4300.

8. Aggarwal, B. B.; Harikumar, K. B.: Potential therapeutic effects of
curcumin, the anti-inflammatory agent, against neurodegenerative, car-
diovascular, pulmonary, metabolic, autoimmune and neoplastic diseases.
Int. J. Biochem. Cell. Biol. 41 (2009) 40–59.

9. Zeng, C.; Zhong, P.; Zhao, Y.; Kanchana, K.; Zhang, Y.; Khan, Z. A.;
Chakrabarti, S.; Wu, L.; Wang, J.; Liang, G.: Curcumin protects hearts
from FFA-induced injury by activating Nrf2 and inactivating NF-�B both
in vitro and in vivo. J. Mol. Cell. Cardiol. 79 (2014) 1–12.

10. Mythri, R. B.; Bharath, M. M.: Curcumin: a potential neuroprotective
agent in Parkinson's disease. Curr. Pharm. Des. 18 (2012) 91–9.

11. Liu, Z.; Tang, L.; Zou, P.; Zhang, Y.; Wang, Z.; Fang, Q.; Jiang, L.; Chen,
G.; Xu, Z.; Zhang, H.; Liang, G.: Synthesis and biological evaluation of
allylated and prenylated mono-carbonyl analogues of curcumin as anti-in-
flammatory agents. Eur. J. Med. Chem. 74 (2014) 671–682.

12. Wu, J.; Zhang, Y.; Cai, Y.; Wang, J.; Weng, B.; Tang, Q.; Chen, X.; Pan,
Z.; Liang, G.; Yang, S.: Discovery and evaluation of piperid-4-one-con-
taining mono-carbonyl analogs of curcumin as anti-inflammatory agents.
Bioorg. Med. Chem. 21 (2013) 3058–3065.

13. Zhang, Y.; Jiang, X.; Peng, K.; Chen, C.; Fu, L.; Wang, Z.; Feng, J.; Liu,
Z.; Zhang, H.; Liang, G.; Pan, Z.: Discovery and evaluation of novel anti-
inflammatory derivatives of natural bioactive curcumin. Drug. Des.
Devel. Ther. 8 (2014) 2161–2171.

14. Sheldrick, G. M.: A short history of SHELX. Acta Crystallogr. A64

(2008) 112–122.


