X-ray Structure Determination of Compound 997
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Compound 997, C32H8N4F28ClMn, crystallizes in the orthorhombic space group P21212 (systematic absences h00: h=odd and 0k0: k=odd) with a=13.288(2)Å, b=26.546(4)Å, c=5.0905(8)Å, V=1795.6(5)Å3, Z=2 and dcalc=1.981 g/cm3.  X-ray intensity data were collected on a Rigaku Mercury CCD area detector employing graphite-monochromated Mo-K radiation (=0.71069 Å) at a temperature of 143K. Preliminary indexing was performed from a series of twelve 0.5° rotation images with exposures of 30 seconds. A total of 350 rotation images were collected with a crystal to detector distance of 35 mm, a 2swing angle of -12°, rotation widths of 0.5° and exposures of 90 seconds: scan no. 1 was a (-scan from 225° to 375° at ( = 10° and ( = 20°; scan no. 2 was an (-scan from -20° to 5° at ( = -90° and  ( = 45°.  Rotation images were processed using CrystalClear
, producing a listing of unaveraged F2 and (F2) values which were then passed to the CrystalStructure
 program package for further processing and structure solution on a Dell Pentium III computer. A total of 8167 reflections were measured over the ranges 5.54 250.06 °,  -13 h 15,  -31 k 30,  -5 l 6 yielding 3122 unique reflections (Rint = 0.0403). The intensity data were corrected for Lorentz and polarization effects and for absorption using REQAB
 (minimum and maximum transmission 0.589, 1.000).


The structure was solved by direct methods (SIR97
). Refinement was by full-matrix least squares based on F2 using SHELXL-97
. All reflections were used during refinement (F2’s that were experimentally negative were replaced by F2 = 0). The weighting scheme used was w=1/[2(F EQ \O(o,2) )+ 0.0559P2 + 1.9074P] where P = (F EQ \O(o,2)  + 2F EQ \O(c,2) )/3 . Non-hydrogen atoms were refined anisotropically and hydrogen atoms were refined using a "riding" model.  Refinement converged to R1=0.0487 and wR2=0.1148 for 2874 reflections for which F > 4(F) and R1=0.0541, wR2=0.1184 and GOF = 1.075 for all 3122 unique, non-zero reflections and 301 variables
. The maximum / in the final cycle of least squares was 0.000 and the two most prominent peaks in the final difference Fourier were +0.458 and -0.351 e/Å3.


Table 1. lists cell information, data collection parameters, and refinement data.  Final positional and equivalent isotropic thermal parameters are given in Table 2.  Anisotropic thermal parameters are in Table 3.  Tables 4. and 5. list bond distances and bond angles.  Figure 1. is an ORTEP
 representation of the molecule with 30% probability thermal ellipsoids displayed.
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Figure 1. ORTEP drawing of the title compound with 30% probability thermal ellipsoids.

Table 1.  Summary of Structure Determination of Compound 997
Formula:
C32H8N4F28ClMn
Formula weight:
1070.81
Crystal class:
orthorhombic
Space group:
P21212  (#18)

Z
2
Cell constants:



a
13.288(2)Å


b 
26.546(4)Å


c
5.0905(8)Å


V 
1795.6(5)Å3

6.23 cm-1
crystal size, mm
0.46 x 0.04 x 0.02
Dcalc
1.981 g/cm3
F(000)
1044
Radiation:
Mo-K(=0.71069Å)

2 range
5.54 – 50.06 °

hkl collected:
-13h 15;  -31k 30;  -5l 6
No. reflections measured:
8167
No. unique reflections:
3122 (Rint=0.0403)

No. observed reflections
2874 (F>4)

No. reflections used in refinement
3122
No. parameters
301
R indices (F>4
R1=0.0487

wR2=0.1148
R indices (all data
R1=0.0541

wR2=0.1184
GOF:
1.075
Final Difference Peaks, e/Å3
+0.458, -0.351
Table 2.  Refined Positional Parameters for Compound 997

	       Atom                        x                               y                               z                             Ueq, Å2

	Mn1
	0.5000
	0.5000
	0.1987(2)
	0.0229(2)

	Cl1
	0.5000
	0.5000
	0.6988(3)
	0.0312(3)

	N1
	0.3592(2)
	0.47788(12)
	0.2000(8)
	0.0268(7)

	N2
	0.5441(2)
	0.42933(11)
	0.1998(8)
	0.0248(7)

	C1
	0.2785(3)
	0.5054(2)
	0.1107(8)
	0.0293(9)

	C2
	0.1888(3)
	0.4753(2)
	0.1404(11)
	0.0375(12)

	H2
	0.1244
	0.4838
	0.0843
	0.050

	C3
	0.2156(3)
	0.4322(2)
	0.2651(11)
	0.0350(11)

	H3
	0.1724
	0.4070
	0.3240
	0.047

	C4
	0.3245(3)
	0.4326(2)
	0.2895(10)
	0.0285(9)

	C5
	0.3865(3)
	0.3921(2)
	0.3549(9)
	0.0299(10)

	C6
	0.4890(3)
	0.38899(13)
	0.2865(8)
	0.0246(8)

	C7
	0.5497(3)
	0.3440(2)
	0.2544(11)
	0.0359(11)

	H7
	0.5325
	0.3117
	0.3087
	0.048

	C8
	0.6353(4)
	0.3574(2)
	0.1323(10)
	0.0377(12)

	H8
	0.6858
	0.3357
	0.0754
	0.050

	C9
	0.6346(3)
	0.4118(2)
	0.1053(9)
	0.0287(10)

	C10
	0.7153(3)
	0.4435(2)
	0.0390(9)
	0.0295(9)

	C11
	0.3411(3)
	0.3477(2)
	0.5040(9)
	0.0324(10)

	C12
	0.2949(3)
	0.3041(2)
	0.3389(10)
	0.0333(10)

	C13
	0.2355(5)
	0.2641(2)
	0.4911(11)
	0.0483(14)

	C14
	0.8020(4)
	0.4205(2)
	-0.1131(10)
	0.0351(11)

	C15
	0.8898(4)
	0.3961(2)
	0.0405(10)
	0.0375(11)

	C16
	0.9693(4)
	0.3674(2)
	-0.1186(12)
	0.0480(14)

	F1
	0.2660(2)
	0.36483(9)
	0.6631(5)
	0.0413(7)

	F2
	0.4108(2)
	0.32655(9)
	0.6629(6)
	0.0420(7)

	F3
	0.2319(2)
	0.32339(9)
	0.1607(6)
	0.0473(7)

	F4
	0.3681(2)
	0.28003(9)
	0.2099(6)
	0.0465(7)

	F5
	0.1522(3)
	0.28359(13)
	0.5938(10)
	0.092(2)

	F6
	0.2073(2)
	0.22774(10)
	0.3289(7)
	0.0571(9)

	F7
	0.2889(4)
	0.24432(13)
	0.6788(8)
	0.0878(14)

	F8
	0.7662(2)
	0.38406(10)
	-0.2769(5)
	0.0405(6)

	F9
	0.8452(2)
	0.45564(9)
	-0.2711(6)
	0.0434(7)

	F10
	0.8516(2)
	0.36315(11)
	0.2151(7)
	0.0513(8)

	F11
	0.9378(2)
	0.43179(10)
	0.1790(7)
	0.0505(8)

	F12
	0.9293(3)
	0.32840(14)
	-0.2397(10)
	0.087(2)

	F13
	1.0390(2)
	0.34994(12)
	0.0444(8)
	0.0578(9)

	F14
	1.0134(3)
	0.3971(2)
	-0.2876(8)
	0.0861(13)

	Ueq=1/3[U11(aa*)2+U22(bb*)2+U33(cc*)2+2U12aa*bb*cos+2U13aa*cc*cos+2U23bb*cc*cos]


Table 3.   Refined Thermal Parameters (U's) for Compound 997

	       Atom                U11                      U22                   U33                 U23                    U13                    U12

	Mn1
	0.0248(4)
	0.0222(4)
	0.0218(4)
	0.000
	0.000
	0.0002(3)

	Cl1
	0.0407(8)
	0.0363(7)
	0.0167(6)
	0.000
	0.000
	0.0012(6)

	N1
	0.027(2)
	0.028(2)
	0.025(2)
	-0.001(2)
	-0.002(2)
	0.0002(14)

	N2
	0.029(2)
	0.022(2)
	0.024(2)
	-0.001(2)
	0.000(2)
	-0.0005(13)

	C1
	0.027(2)
	0.031(2)
	0.031(2)
	-0.003(2)
	-0.002(2)
	0.002(2)

	C2
	0.027(2)
	0.029(2)
	0.056(3)
	-0.005(2)
	-0.009(2)
	0.000(2)

	C3
	0.026(2)
	0.031(2)
	0.048(3)
	-0.005(2)
	0.000(2)
	-0.005(2)

	C4
	0.026(2)
	0.029(2)
	0.031(2)
	-0.004(2)
	0.004(2)
	-0.002(2)

	C5
	0.034(2)
	0.024(2)
	0.032(3)
	0.001(2)
	-0.003(2)
	-0.006(2)

	C6
	0.029(2)
	0.019(2)
	0.025(2)
	0.002(2)
	-0.003(2)
	0.000(2)

	C7
	0.032(2)
	0.022(2)
	0.054(3)
	0.004(2)
	-0.006(2)
	-0.003(2)

	C8
	0.035(2)
	0.027(2)
	0.050(3)
	-0.003(2)
	-0.006(2)
	0.005(2)

	C9
	0.027(2)
	0.027(2)
	0.032(3)
	-0.002(2)
	-0.002(2)
	0.006(2)

	C10
	0.028(2)
	0.033(2)
	0.027(2)
	-0.004(2)
	-0.003(2)
	0.003(2)

	C11
	0.035(2)
	0.036(2)
	0.025(2)
	0.003(2)
	-0.001(2)
	0.000(2)

	C12
	0.041(2)
	0.028(2)
	0.030(2)
	0.002(2)
	0.005(2)
	-0.001(2)

	C13
	0.065(4)
	0.039(3)
	0.041(3)
	0.001(2)
	0.001(3)
	-0.016(3)

	C14
	0.035(2)
	0.035(2)
	0.035(3)
	-0.004(2)
	0.001(2)
	0.005(2)

	C15
	0.038(3)
	0.044(3)
	0.031(3)
	-0.003(2)
	0.001(2)
	-0.002(2)

	C16
	0.040(3)
	0.052(3)
	0.052(3)
	-0.007(3)
	-0.002(3)
	0.017(2)

	F1
	0.053(2)
	0.0367(13)
	0.0338(14)
	-0.0011(11)
	0.0137(14)
	-0.0099(12)

	F2
	0.054(2)
	0.0397(14)
	0.033(2)
	0.0122(12)
	-0.0115(14)
	-0.0091(12)

	F3
	0.057(2)
	0.0385(14)
	0.047(2)
	0.0018(13)
	-0.018(2)
	-0.0024(12)

	F4
	0.044(2)
	0.046(2)
	0.049(2)
	-0.0135(14)
	0.008(2)
	-0.0048(12)

	F5
	0.085(3)
	0.074(2)
	0.115(4)
	-0.034(2)
	0.064(3)
	-0.041(2)

	F6
	0.076(2)
	0.041(2)
	0.054(2)
	-0.008(2)
	0.007(2)
	-0.023(2)

	F7
	0.142(4)
	0.059(2)
	0.063(2)
	0.032(2)
	-0.029(3)
	-0.044(2)

	F8
	0.0393(14)
	0.0490(14)
	0.033(2)
	-0.0117(13)
	-0.0020(13)
	0.0106(12)

	F9
	0.043(2)
	0.046(2)
	0.041(2)
	0.0112(13)
	0.0116(14)
	0.0062(12)

	F10
	0.037(2)
	0.064(2)
	0.053(2)
	0.023(2)
	-0.003(2)
	0.0052(13)

	F11
	0.051(2)
	0.047(2)
	0.053(2)
	-0.013(2)
	-0.018(2)
	0.0071(13)

	F12
	0.062(2)
	0.077(2)
	0.122(4)
	-0.063(3)
	-0.029(2)
	0.032(2)

	F13
	0.040(2)
	0.067(2)
	0.067(2)
	-0.011(2)
	-0.009(2)
	0.0190(14)

	F14
	0.057(2)
	0.125(3)
	0.076(3)
	0.028(3)
	0.037(2)
	0.036(2)

	The form of the anisotropic displacement parameter is:

exp[-22(a*2U11h2+b*2U22k2+c*2U33l2+ 2b*c*U23kl+2a*c*U13hl+2a*b*U12hk)].


Table 4.   Bond Distances in Compound 997, Å

	Mn1-N1#1
	1.961(3)
	Mn1-N1
	1.961(3)
	Mn1-N2#1
	1.965(3)


	Mn1-N2
	1.965(3)
	Mn1-Cl1#2
	2.545(2)
	Mn1-Cl1
	2.546(2)

	Cl1-Mn1#3
	2.545(2)
	N1-C4
	1.365(5)
	N1-C1
	1.375(5)

	N2-C6
	1.370(5)
	N2-C9
	1.376(5)
	C1-C10#1
	1.406(6)

	C1-C2
	1.444(6)
	C2-C3
	1.355(7)
	C3-C4
	1.452(6)

	C4-C5
	1.395(6)
	C5-C6
	1.408(6)
	C5-C11
	1.526(6)

	C6-C7
	1.450(6)
	C7-C8
	1.343(7)
	C8-C9
	1.453(6)

	C9-C10
	1.403(6)
	C10-C1#1
	1.406(6)
	C10-C14
	1.516(6)

	C11-F2
	1.351(5)
	C11-F1
	1.364(5)
	C11-C12
	1.557(6)

	C12-F4
	1.336(5)
	C12-F3
	1.337(5)
	C12-C13
	1.533(7)

	C13-F7
	1.301(7)
	C13-F6
	1.324(6)
	C13-F5
	1.329(7)

	C14-F9
	1.358(5)
	C14-F8
	1.364(5)
	C14-C15
	1.547(7)

	C15-F11
	1.342(6)
	C15-F10
	1.346(6)
	C15-C16
	1.534(7)

	C16-F14
	1.305(7)
	C16-F12
	1.318(6)
	C16-F13
	1.327(6)


Table 5.   Bond Angles in Compound 997, °

	N1#1-Mn1-N1
	179.6(2)
	N1#1-Mn1-N2#1
	89.91(13)
	N1-Mn1-N2#1
	90.09(13)

	N1#1-Mn1-N2
	90.09(13)
	N1-Mn1-N2
	89.91(13)
	N2#1-Mn1-N2
	179.7(2)

	N1#1-Mn1-Cl1#2
	90.20(11)
	N1-Mn1-Cl1#2
	90.20(11)
	N2#1-Mn1-Cl1#2
	90.16(12)

	N2-Mn1-Cl1#2
	90.16(12)
	N1#1-Mn1-Cl1
	89.80(11)
	N1-Mn1-Cl1
	89.80(11)

	N2#1-Mn1-Cl1
	89.84(12)
	N2-Mn1-Cl1
	89.84(12)
	Cl1#2-Mn1-Cl1
	180.000(1)

	Mn1#3-Cl1-Mn1
	180.000(1)
	C4-N1-C1
	108.4(3)
	C4-N1-Mn1
	126.0(3)

	C1-N1-Mn1
	125.7(3)
	C6-N2-C9
	108.4(3)
	C6-N2-Mn1
	126.0(3)

	C9-N2-Mn1
	125.5(3)
	N1-C1-C10#1
	123.6(4)
	N1-C1-C2
	108.3(4)

	C10#1-C1-C2
	127.6(4)
	C3-C2-C1
	107.5(4)
	C2-C3-C4
	107.2(4)

	N1-C4-C5
	123.9(4)
	N1-C4-C3
	108.4(4)
	C5-C4-C3
	127.1(4)

	C4-C5-C6
	123.9(4)
	C4-C5-C11
	118.7(4)
	C6-C5-C11
	117.3(4)

	N2-C6-C5
	123.4(3)
	N2-C6-C7
	108.0(3)
	C5-C6-C7
	128.0(4)

	C8-C7-C6
	107.9(4)
	C7-C8-C9
	107.5(4)
	N2-C9-C10
	123.3(4)

	N2-C9-C8
	108.0(4)
	C10-C9-C8
	127.9(4)
	C9-C10-C1#1
	124.1(4)

	C9-C10-C14
	117.5(4)
	C1#1-C10-C14
	118.4(4)
	F2-C11-F1
	106.5(4)

	F2-C11-C5
	110.4(4)
	F1-C11-C5
	109.1(3)
	F2-C11-C12
	106.5(3)

	F1-C11-C12
	106.2(4)
	C5-C11-C12
	117.5(4)
	F4-C12-F3
	107.8(4)

	F4-C12-C13
	107.0(4)
	F3-C12-C13
	106.6(4)
	F4-C12-C11
	109.5(4)

	F3-C12-C11
	109.2(3)
	C13-C12-C11
	116.4(4)
	F7-C13-F6
	108.5(4)

	F7-C13-F5
	108.8(5)
	F6-C13-F5
	107.1(5)
	F7-C13-C12
	111.7(5)

	F6-C13-C12
	109.6(4)
	F5-C13-C12
	111.0(4)
	F9-C14-F8
	105.8(4)

	F9-C14-C10
	110.4(3)
	F8-C14-C10
	109.4(4)
	F9-C14-C15
	105.5(4)

	F8-C14-C15
	105.9(3)
	C10-C14-C15
	118.9(4)
	F11-C15-F10
	106.9(4)

	F11-C15-C16
	107.5(4)
	F10-C15-C16
	106.6(4)
	F11-C15-C14
	109.1(4)

	F10-C15-C14
	108.8(4)
	C16-C15-C14
	117.5(4)
	F14-C16-F12
	110.3(5)

	F14-C16-F13
	108.0(5)
	F12-C16-F13
	107.4(4)
	F14-C16-C15
	111.0(4)

	F12-C16-C15
	111.0(4)
	F13-C16-C15
	108.9(4)
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