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Table 1 HPLC and MALDI-TOF values of PNAs 1-19 

PNA H-PNA-Lys Mol.formula Calcd 
mass 

Obsvd 
mass 

HPLC 
Rt (min.) 

PNA 1 TTTTTTTTT C94H128N35O33 2274.9414 2276.2155 10.1 

PNA 2 U
CF3

U
CF3

U
CF3

U
CF3

U
CF3

U
CF3

U
CF3

U
CF3 

 C94H104F24N35O33 2706.7153 2706.7990     17.7 

PNA 3 TFTFTFTFTFTFTFTF C94H120F8N35O33 2418.8660 2419.1062 14.2 

PNA 4 U
F
U

F
U

F
U

F
U

F
U

F
U

F
U

F
 C86H104F8N35O33 2306.7408 2306.9862    10.0 

PNA 5 U
F

FU
F

FU
F

FU
F

FU
F

FU
F

FU
F

FU
F

F C86H96F16N35O33 2450.6654 2450.7821   14.2 

PNA 6 CH2CH2CH2CH2CH2CH2CH2CH2 C102H144N35O33 2387.0666 2387.1919   11.0 

PNA 7 CF2CF2CF2CF2CF2CF2CF2CF2 C102H128F16N35O33 2674.9158 2675.9289 13.4 

PNA 8 TTACCTCAGT C113H149N55O33 2804.1672 2805.2516 9.9 

PNA 9 TU
F
ACCTCAGT C112H146FN55O33Na 2831.1319 2831.5495 9.8 

PNA 10 TTACCU
F
CAGT C112H146FN55O33Na 2831.1319 2831.4927 9.7 

PNA 11 TU
F
ACCU

F
CAGT C111H145F2N55O33 2815.9706 2794.5619 9.8 

PNA 12 TU
F
ACCU

F
CAGU

F
 C110H141F3N55O33 2817.7898 2816.9088 9.7 

PNA 13 TU
CF3

ACC TCAG T C113H147F3N55O33 2859.1467 2859.4169 10.4 

PNA 14 TTACCU
CF3

CAGT C113H147F3N55O33 2859.1467 2859.3951 10.3 

PNA 15 TU
CF3

ACCU
CF3

CAG T C113H143F6N55O33 2912.1107 2912.8851 10.8 

PNA 16 TU
CF3

ACCU
CF3

CAGU
CF3

 C113H140F9N55O33Na  2989.0722 2989.3088 10.7 

PNA 17 TTTTTTTTT-Lys-CF C121H149N37NaO40 2783.0660 2783.8934 12.2 

PNA 18 TFTFTFTFTFTFTFTF-Lys-CF C121H142F8N37O40 2905.0087 2905.0827 14.1 

PNA 19 U
CF3

U
CF3

U
CF3

U
CF3

U
CF3

U
CF3

U
CF3

U
CF3

-

Lys-CF 

C121H126F24N37O40 3192.8580 3192.9503 16.2 
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Table 2 UV-Tm values for mismatch PNA:DNA and PNA:RNA duplexes 

PNA   PNA sequence DNA                     RNA 

 DNA 2   ΔTm       RNA 2    ΔTm          

PNA 8 H-TTACCTCAGT-Lys 28.6 -20.0 40.5 -20.1 

PNA 9 H-TU
F
ACCTCAGT-Lys 27.2 -22.5 39.2 -21.0 

PNA 10 H-TTACCU
F
CAGT-Lys 27.4 -21.5 38.9 -17.5 

PNA 11 H-TU
F
ACCU

F
CAGT-Lys 26.2 -18.1 38.8 -17.0 

PNA 12 H-TU
F
ACCU

F
CAGU

F
-Lys 23.3 -21.7 37.1 -16.9 

PNA 13 H-T U
CF3

ACCTCAGT-Lys 36.8 -6.3 37.6 -20.5 

PNA 14 H-TTACC U
CF3

CAGT-Lys 38.1 -3.1 33.7 -16.5 

PNA 15 H-T U
CF3

ACC U
CF3

CAGT-

Lys 

36.3 -9.6 34.8 -21.1 

PNA 16 H-T U
CF3

ACC U
CF3

CAG 

U
CF3

-Lys 

36.9 -12.6 38.6 -21.4 

Tm indicates the difference in Tm of mismatch PNA:DNA 2/RNA 2 and respective modified 

PNA:DNA 1/RNA 1 respectively; The values are accurate to ± 0.5 oC. DNA 2 = 

3'AATGGCGTCA5', RNA 2 = 3'AAUGGCGUCA5' 
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HPLC of PNA 1 

 

 

HPLC of PNA 2

 

HPLC of PNA 3  
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HPLC of PNA 4 

 

 

HPLC of PNA 5  

 

HPLC of PNA 6 
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HPLC of PNA 7 

 

 

 

HPLC of PNA 8 

 

HPLC of PNA 9  
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HPLC of PNA 10 

  

HPLC of PNA 11 

 

 

HPLC of PNA 12 
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HPLC of PNA 14 

 

HPLC of PNA 15 

 

HPLC of PNA 15 
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HPLC of PNA 16 

 

 

HPLC of PNA 17-CF 

 

HPLC of PNA 18-CF 
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HPLC of PNA 19-CF 

 

 

MALDI-TOF of PNA 1 

 

 

MALDI-TOF of PNA 2 
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MALDI-TOF of PNA 3 

 

MALDI-TOF of PNA 4 

 

 

 

MALDI-TOF of PNA 5 
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MALDI-TOF of PNA 6 

 

 

 

MALDI-TOF of PNA 7 

 

MALDI-TOF of PNA 8 

 

Calcd: 2804.1672 [M + H]
+ 

Obsvd: 2805.2516 [M + H]
+
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MALDI-TOF of PNA 9 

 

 

 

MALDI-TOF of PNA 10 

 

MALDI-TOF of PNA 11 

 

Calcd: 2831.1319 [M + Na]
+ 

Obsvd: 2831.5495 [M + Na]
+
 

Calcd: 2831.1319 [M + Na]
+ 

Obsvd: 2831.4927 [M + Na]
+
 

Calcd: 2814.1321 [M + 2H]
+ 

Obsvd: 2815.9706 [M + 2H]
+
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MALDI-TOF of PNA 12 

 

 

 

MALDI-TOF of PNA 13 

 

 

MALDI-TOF of PNA 14 

 

Calcd: 2817.0992 [M + H]
+ 

Obsvd: 2817.7898 [M + H]
+
 

Calcd: 2859.1467 [M + H]
+ 

Obsvd: 2859.4169 [M + H]
+
 

Calcd: 2859.1467 [M + H]
+ 

Obsvd: 2859.3951 [M + H]
+
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MALDI-TOF of PNA 15 

 

 

MALDI-TOF of PNA 16 

 

 

 

MALDI-TOF of PNA 17 

 

Calcd: 2912.1107 [M + H]
+ 

Obsvd: 2912.8851 [M + H]
+
 

Calcd: 2989.0722 [M + Na]
+ 

Obsvd: 2989.3088 [M + Na]
+
 

Calcd: 2783.0660 [M + Na]
+ 

Obsvd: 2783.8934 [M + Na]
+
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MALDI-TOF of PNA 18 

 

 

MALDI-TOF of PNA 19 

 

 

 

 

 

 

 

 

Calcd: 2905.0087 [M + H]
+ 

Obsvd: 2905.0827 [M + H]
+
 

Calcd: 3192.8580 [M + H]
+ 

Obsvd: 3192.9503 [M + H]
+
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UV-Tm profiles of PNA:DNA 1 and PNA:RNA 1 duplexes 

  

  

Uv-Tm profiles of mismatch PNA:DNA 2 and PNA:RNA 2 duplexes
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CD-signatures of PNA:DNA 1 and PNA:RNA 1 duplexes 
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Crystal data of compounds 13a, 13b, 13c and 17 

Crystal structure of compound 13a (CCDC 1433717) 

 

Table 1.  Crystal data and structure refinement for 13a 

Identification code  13a 

Empirical formula  C9 H11.50 F N2 O4 

Formula weight  230.70 

Temperature  296(2) K 

Wavelength  0.71073 Å 

Crystal system  'Monoclinic' 

Space group  'P2(1)/n  ' 

Unit cell dimensions a = 13.527(2) Å = 90°. 

 b = 11.7083(16) Å = 104.702(3)°. 

 c = 14.304(2) Å  = 90°. 

Volume 2191.4(5) Å3 

Z 8 

Density (calculated) 1.399 Mg/m3 

Absorption coefficient 0.121 mm-1 

F(000) 964 

Crystal size 0.1 x 0.08 x 0.06 mm3 

Theta range for data collection 1.85 to 30.43°. 
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Index ranges -19<=h<=18, -16<=k<=11, -19<=l<=20 

Reflections collected 22950 

Independent reflections 6506 [R(int) = 0.0373] 

Completeness to theta = 30.43° 97.8 %  

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 6506 / 0 / 293 

Goodness-of-fit on F2 1.413 

Final R indices [I>2sigma(I)] R1 = 0.1088, wR2 = 0.3393 

R indices (all data) R1 = 0.1591, wR2 = 0.3763 

Largest diff. peak and hole 1.417 and -0.600 e.Å-3 

 

Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for a.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

F(1) 7630(2) 8841(2) 11580(2) 54(1) 

F(2) 1034(2) 3813(2) 5025(2) 53(1) 

C(21) 5701(2) 4651(2) 9335(2) 25(1) 

C(20) 9431(3) 9035(3) 11140(2) 32(1) 

C(19) 8357(2) 6531(2) 11280(2) 22(1) 

O(5) -2198(2) 3607(2) 1174(2) 44(1) 

O(6) 540(2) 5209(2) 3265(2) 47(1) 

O(7) 2741(2) 4182(3) 4466(2) 53(1) 

N(1) 6982(2) 5626(2) 10320(2) 37(1) 

N(2) 7082(2) 7589(2) 10314(2) 33(1) 

N(3) -857(2) 4402(2) 2258(2) 37(1) 

N(4) 202(2) 3328(2) 3467(2) 37(1) 

O(8) 2053(3) 3329(3) 3039(2) 63(1) 

C(23) -1218(3) 2408(3) 2391(2) 33(1) 

C(16) 6067(3) 5586(3) 9618(2) 34(1) 

C(4) 7533(3) 6563(3) 10682(2) 33(1) 

C(15) 7639(3) 8624(3) 10644(3) 39(1) 

C(14) 8735(3) 8615(3) 10563(3) 45(1) 

C(18) 8780(3) 8119(3) 9738(2) 34(1) 

C(13) 9786(5) 8040(6) 9559(4) 80(2) 

C(12) 10290(5) 6976(7) 10045(6) 101(2) 

C(11) 6162(3) 7620(3) 9629(2) 34(1) 
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C(17) 5633(3) 6682(3) 9263(3) 36(1) 

C(10) 4651(3) 6709(4) 8496(3) 50(1) 

C(22) -1481(3) 3489(3) 1893(3) 33(1) 

C(25) -10(3) 4382(3) 3011(3) 37(1) 

C(26) 1124(3) 3225(3) 4220(3) 42(1) 

C(27) 2068(3) 3663(3) 3930(3) 44(1) 

C(28) 2894(5) 3725(6) 2652(5) 89(2) 

C(29) 2715(8) 4920(8) 2292(6) 121(3) 

C(24) -401(3) 2377(3) 3137(2) 35(1) 

C(30) -1878(3) 1383(3) 2036(3) 43(1) 

 

Table 3.   Bond lengths [Å] and angles [°] for a. 

_____________________________________________________ 

F(1)-C(15)  1.366(4) 

F(2)-C(26)  1.373(5) 

C(21)-C(16)  1.228(4) 

C(20)-C(14)  1.189(5) 

C(19)-C(4)  1.222(4) 

O(5)-C(22)  1.229(4) 

O(6)-C(25)  1.219(4) 

O(7)-C(27)  1.197(5) 

N(1)-C(4)  1.353(4) 

N(1)-C(16)  1.383(5) 

N(1)-H(1)  0.8600 

N(2)-C(4)  1.389(4) 

N(2)-C(11)  1.376(5) 

N(2)-C(15)  1.441(4) 

N(3)-C(25)  1.359(5) 

N(3)-C(22)  1.380(4) 

N(3)-H(3)  0.8600 

N(4)-C(25)  1.391(4) 

N(4)-C(24)  1.390(4) 

N(4)-C(26)  1.432(5) 

O(8)-C(27)  1.328(5) 

O(8)-C(28)  1.461(7) 

C(23)-C(24)  1.327(5) 

C(23)-C(22)  1.451(4) 

C(23)-C(30)  1.506(5) 
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C(16)-C(17)  1.448(5) 

C(15)-C(14)  1.517(6) 

C(15)-H(3A)  0.9800 

C(14)-C(18)  1.331(5) 

C(18)-C(13)  1.450(6) 

C(18)-H(5)  0.9300 

C(13)-C(12)  1.503(10) 

C(13)-H(6)  0.9300 

C(12)-H(7A)  0.9600 

C(12)-H(7B)  0.9600 

C(12)-H(7C)  0.9600 

C(11)-C(17)  1.342(5) 

C(11)-H(8)  0.9300 

C(17)-C(10)  1.494(5) 

C(10)-H(10A)  0.9600 

C(10)-H(10B)  0.9600 

C(10)-H(10C)  0.9600 

C(26)-C(27)  1.527(6) 

C(26)-H(13)  0.9800 

C(28)-C(29)  1.489(9) 

C(28)-H(15A)  0.9700 

C(28)-H(15B)  0.9700 

C(29)-H(1)  0.9600 

C(29)-H(16B)  0.9600 

C(29)-H(16C)  0.9600 

C(24)-H(17)  0.9300 

C(30)-H(18A)  0.9600 

C(30)-H(18B)  0.9600 

C(30)-H(18C)  0.9600 

 

C(4)-N(1)-C(16) 127.5(3) 

C(4)-N(1)-H(1) 116.2 

C(16)-N(1)-H(1) 116.2 

C(4)-N(2)-C(11) 121.6(3) 

C(4)-N(2)-C(15) 117.4(3) 

C(11)-N(2)-C(15) 120.9(3) 

C(25)-N(3)-C(22) 126.7(3) 

C(25)-N(3)-H(3) 116.6 
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C(22)-N(3)-H(3) 116.6 

C(25)-N(4)-C(24) 121.2(3) 

C(25)-N(4)-C(26) 117.7(3) 

C(24)-N(4)-C(26) 120.8(3) 

C(27)-O(8)-C(28) 116.6(4) 

C(24)-C(23)-C(22) 118.0(3) 

C(24)-C(23)-C(30) 123.5(3) 

C(22)-C(23)-C(30) 118.6(3) 

C(21)-C(16)-N(1) 118.7(3) 

C(21)-C(16)-C(17) 125.6(3) 

N(1)-C(16)-C(17) 115.7(3) 

C(19)-C(4)-N(1) 124.0(3) 

C(19)-C(4)-N(2) 121.8(3) 

N(1)-C(4)-N(2) 114.2(3) 

F(1)-C(15)-N(2) 110.1(3) 

F(1)-C(15)-C(14) 109.1(3) 

N(2)-C(15)-C(14) 114.1(3) 

F(1)-C(15)-H(3A) 107.8 

N(2)-C(15)-H(3A) 107.7 

C(14)-C(15)-H(3A) 107.8 

C(20)-C(14)-C(18) 126.1(4) 

C(20)-C(14)-C(15) 124.2(4) 

C(18)-C(14)-C(15) 109.7(4) 

C(14)-C(18)-C(13) 116.1(4) 

C(14)-C(18)-H(5) 122.0 

C(13)-C(18)-H(5) 121.9 

C(18)-C(13)-C(12) 107.9(5) 

C(18)-C(13)-H(6) 126.1 

C(12)-C(13)-H(6) 126.0 

C(13)-C(12)-H(7A) 109.5 

C(13)-C(12)-H(7B) 109.5 

H(7A)-C(12)-H(7B) 109.5 

C(13)-C(12)-H(7C) 109.4 

H(7A)-C(12)-H(7C) 109.5 

H(7B)-C(12)-H(7C) 109.5 

C(17)-C(11)-N(2) 123.6(3) 

C(17)-C(11)-H(8) 118.2 

N(2)-C(11)-H(8) 118.2 
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C(11)-C(17)-C(16) 117.4(3) 

C(11)-C(17)-C(10) 123.7(3) 

C(16)-C(17)-C(10) 118.8(3) 

C(17)-C(10)-H(10A) 109.5 

C(17)-C(10)-H(10B) 109.5 

H(10A)-C(10)-H(10B) 109.5 

C(17)-C(10)-H(10C) 109.5 

H(10A)-C(10)-H(10C) 109.5 

H(10B)-C(10)-H(10C) 109.5 

O(5)-C(22)-N(3) 120.4(3) 

O(5)-C(22)-C(23) 123.5(3) 

N(3)-C(22)-C(23) 116.0(3) 

O(6)-C(25)-N(3) 123.4(3) 

O(6)-C(25)-N(4) 121.8(3) 

N(3)-C(25)-N(4) 114.8(3) 

F(2)-C(26)-N(4) 110.1(3) 

F(2)-C(26)-C(27) 108.5(3) 

N(4)-C(26)-C(27) 113.3(3) 

F(2)-C(26)-H(13) 108.3 

N(4)-C(26)-H(13) 108.3 

C(27)-C(26)-H(13) 108.3 

O(7)-C(27)-O(8) 125.9(4) 

O(7)-C(27)-C(26) 123.4(4) 

O(8)-C(27)-C(26) 110.6(3) 

O(8)-C(28)-C(29) 110.8(6) 

O(8)-C(28)-H(15A) 109.5 

C(29)-C(28)-H(15A) 109.6 

O(8)-C(28)-H(15B) 109.5 

C(29)-C(28)-H(15B) 109.4 

H(15A)-C(28)-H(15B) 108.1 

C(28)-C(29)-H(1) 109.3 

C(28)-C(29)-H(16B) 109.6 

H(1)-C(29)-H(16B) 109.5 

C(28)-C(29)-H(16C) 109.5 

H(1)-C(29)-H(16C) 109.5 

H(16B)-C(29)-H(16C) 109.5 

C(23)-C(24)-N(4) 123.3(3) 

C(23)-C(24)-H(17) 118.4 
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N(4)-C(24)-H(17) 118.4 

C(23)-C(30)-H(18A) 109.5 

C(23)-C(30)-H(18B) 109.4 

H(18A)-C(30)-H(18B) 109.5 

C(23)-C(30)-H(18C) 109.5 

H(18A)-C(30)-H(18C) 109.5 

H(18B)-C(30)-H(18C) 109.5 

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms:  

  

Table 4.   Anisotropic displacement parameters (Å2x 103)for a.  The anisotropic 

displacement factor exponent takes the form: -22[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

______________________________________________________________________________ 

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

F(1) 65(2)  41(1) 60(2)  -16(1) 24(1)  -15(1) 

F(2) 51(2)  66(2) 38(1)  -7(1) 4(1)  -2(1) 

C(21) 27(2)  17(1) 25(1)  -6(1) -4(1)  -7(1) 

C(20) 26(2)  31(2) 35(2)  -3(1) 1(1)  -12(1) 

C(19) 18(1)  14(1) 27(1)  3(1) -9(1)  -3(1) 

O(5) 41(2)  31(1) 51(2)  9(1) -5(1)  1(1) 

O(6) 50(2)  31(1) 54(2)  -4(1) 1(1)  -5(1) 

O(7) 40(2)  59(2) 54(2)  -16(1) 2(1)  -4(1) 

N(1) 40(2)  24(1) 39(2)  1(1) -2(1)  -1(1) 

N(2) 34(2)  23(1) 40(2)  2(1) 5(1)  -2(1) 

N(3) 37(2)  22(1) 44(2)  4(1) -1(1)  1(1) 

N(4) 35(2)  32(1) 36(2)  2(1) -4(1)  1(1) 

O(8) 51(2)  80(2) 55(2)  -27(2) 12(2)  -1(2) 

C(23) 35(2)  28(2) 35(2)  1(1) 4(1)  1(1) 

C(16) 35(2)  33(2) 32(2)  -2(1) 4(1)  -2(1) 

C(4) 35(2)  27(2) 35(2)  3(1) 5(1)  0(1) 

C(15) 42(2)  27(2) 46(2)  0(1) 9(2)  -5(1) 

C(14) 49(2)  34(2) 52(2)  9(2) 15(2)  -5(2) 

C(18) 29(2)  43(2) 29(2)  -6(1) 10(1)  -11(1) 

C(13) 60(3)  112(5) 81(4)  -5(4) 41(3)  -7(3) 

C(12) 76(5)  107(5) 133(6)  -6(5) 49(4)  24(4) 

C(11) 35(2)  29(2) 36(2)  8(1) 5(2)  4(1) 

C(17) 34(2)  41(2) 32(2)  3(1) 4(1)  4(1) 
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C(10) 39(2)  55(2) 46(2)  5(2) -7(2)  -1(2) 

C(22) 32(2)  28(2) 37(2)  0(1) 3(1)  0(1) 

C(25) 40(2)  26(2) 41(2)  -4(1) 5(2)  -2(1) 

C(26) 38(2)  38(2) 40(2)  -1(2) -7(2)  1(2) 

C(27) 40(2)  43(2) 43(2)  -8(2) 0(2)  7(2) 

C(28) 68(4)  133(6) 77(4)  -34(4) 37(3)  -8(4) 

C(29) 134(7)  144(8) 103(6)  24(5) 62(5)  -6(6) 

C(24) 40(2)  24(2) 38(2)  2(1) 5(2)  3(1) 

C(30) 46(2)  29(2) 47(2)  4(2) -3(2)  -2(2) 

 

Crystal structure of compound 13b (CCDC 1433718) 

 

Table 1.  Crystal data and structure refinement for 13b 

Identification code  13b 

Empirical formula  C8 H5 F2 N2 O4 

Formula weight  231.14 

Temperature  296(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  p-1 

Unit cell dimensions a = 5.0506(15) Å = 88.184(7)°. 

 b = 8.976(3) Å = 83.303(7)°. 
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 c = 10.628(3) Å  = 78.461(6)°. 

Volume 468.9(2) Å3 

Z 2 

Density (calculated) 1.637 Mg/m3 

Absorption coefficient 0.157 mm-1 

F(000) 234 

Crystal size 0.41 x 0.35 x 0.22 mm3 

Theta range for data collection 2.32 to 32.86°. 

Index ranges -7<=h<=3, -13<=k<=11, -15<=l<=12 

Reflections collected 3353 

Independent reflections 2752 [R(int) = 0.0140] 

Completeness to theta = 25.00° 99 %  

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2752 / 0 / 146 

Goodness-of-fit on F2 0.994 

Final R indices [I>2sigma(I)] R1 = 0.0684, wR2 = 0.1854 

R indices (all data) R1 = 0.1385, wR2 = 0.2313 

Largest diff. peak and hole 0.427 and -0.507 e.Å-3 

 

Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for es_5fchfcooet2.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

F(1) 6663(4) 6215(2) 4773(2) 50(1) 

F(2) 15146(4) 6481(2) 1816(2) 56(1) 

O(1) 8383(6) 6815(3) 6833(2) 74(1) 

O(2) 12765(5) 8702(3) 258(2) 54(1) 

O(3) 10763(5) 8428(3) 5846(2) 55(1) 

O(4) 5245(4) 9755(2) 3099(2) 43(1) 

N(1) 8778(4) 7917(3) 3616(2) 35(1) 

N(2) 9020(5) 9200(3) 1693(2) 38(1) 

C(1) 8539(16) 6434(14) 8955(5) 181(5) 

C(2) 9756(15) 6883(8) 7964(5) 127(3) 

C(3) 9084(6) 7663(3) 5882(3) 43(1) 

C(4) 7367(6) 7630(3) 4813(3) 39(1) 

C(5) 7494(6) 9029(3) 2826(3) 36(1) 

C(6) 11572(6) 8444(3) 1282(3) 40(1) 
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C(7) 11301(6) 7069(3) 3264(3) 38(1) 

C(8) 12649(6) 7295(3) 2165(3) 41(1) 

 

Table 3.   Bond lengths [Å] and angles [°] for es_5fchfcooet2. 

_____________________________________________________ 

F(1)-C(4)  1.389(3) 

F(2)-C(8)  1.342(3) 

O(1)-C(3)  1.305(4) 

O(1)-C(2)  1.464(5) 

O(2)-C(6)  1.220(3) 

O(3)-C(3)  1.189(4) 

O(4)-C(5)  1.199(3) 

N(1)-C(7)  1.364(4) 

N(1)-C(5)  1.392(4) 

N(1)-C(4)  1.427(3) 

N(2)-C(6)  1.360(4) 

N(2)-C(5)  1.373(3) 

N(2)-H(2)  0.8600 

C(1)-C(2)  1.254(7) 

C(1)-H(1A)  0.9600 

C(1)-H(1B)  0.9600 

C(1)-H(1C)  0.9600 

C(2)-H(2A)  0.9700 

C(2)-H(2B)  0.9700 

C(3)-C(4)  1.512(4) 

C(4)-H(4)  0.9800 

C(6)-C(8)  1.439(4) 

C(7)-C(8)  1.313(4) 

C(7)-H(7)  0.9300 

 

C(3)-O(1)-C(2) 115.3(3) 

C(7)-N(1)-C(5) 122.0(2) 

C(7)-N(1)-C(4) 119.3(2) 

C(5)-N(1)-C(4) 118.6(2) 

C(6)-N(2)-C(5) 128.1(2) 

C(6)-N(2)-H(2) 115.9 

C(5)-N(2)-H(2) 115.9 

C(2)-C(1)-H(1A) 109.5 
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C(2)-C(1)-H(1B) 109.5 

H(1A)-C(1)-H(1B) 109.5 

C(2)-C(1)-H(1C) 109.5 

H(1A)-C(1)-H(1C) 109.5 

H(1B)-C(1)-H(1C) 109.5 

C(1)-C(2)-O(1) 113.7(5) 

C(1)-C(2)-H(2A) 108.8 

O(1)-C(2)-H(2A) 108.8 

C(1)-C(2)-H(2B) 108.8 

O(1)-C(2)-H(2B) 108.8 

H(2A)-C(2)-H(2B) 107.7 

O(3)-C(3)-O(1) 126.2(3) 

O(3)-C(3)-C(4) 122.6(3) 

O(1)-C(3)-C(4) 111.2(3) 

F(1)-C(4)-N(1) 108.4(2) 

F(1)-C(4)-C(3) 109.9(2) 

N(1)-C(4)-C(3) 111.7(2) 

F(1)-C(4)-H(4) 108.9 

N(1)-C(4)-H(4) 108.9 

C(3)-C(4)-H(4) 108.9 

O(4)-C(5)-N(2) 123.0(3) 

O(4)-C(5)-N(1) 123.2(3) 

N(2)-C(5)-N(1) 113.8(2) 

O(2)-C(6)-N(2) 122.8(3) 

O(2)-C(6)-C(8) 124.4(3) 

N(2)-C(6)-C(8) 112.8(2) 

C(8)-C(7)-N(1) 120.9(3) 

C(8)-C(7)-H(7) 119.5 

N(1)-C(7)-H(7) 119.5 

C(7)-C(8)-F(2) 121.4(3) 

C(7)-C(8)-C(6) 122.2(3) 

F(2)-C(8)-C(6) 116.3(2) 

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms:  
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Table 4.   Anisotropic displacement parameters (Å2x 103)for es_5fchfcooet2.  The anisotropic 

displacement factor exponent takes the form: -22[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

______________________________________________________________________________ 

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

F(1) 58(1)  53(1) 48(1)  9(1) -11(1)  -30(1) 

F(2) 42(1)  62(1) 54(1)  8(1) 2(1)  6(1) 

O(1) 102(2)  83(2) 55(1)  32(1) -37(2)  -54(2) 

O(2) 49(1)  63(2) 43(1)  11(1) 5(1)  -1(1) 

O(3) 56(1)  72(2) 48(1)  5(1) -13(1)  -33(1) 

O(4) 37(1)  49(1) 42(1)  2(1) -5(1)  -5(1) 

N(1) 33(1)  38(1) 35(1)  4(1) -5(1)  -11(1) 

N(2) 37(1)  40(1) 36(1)  7(1) -7(1)  -6(1) 

C(1) 143(6)  372(14) 57(3)  -61(6) 2(4)  -116(8) 

C(2) 190(7)  172(6) 64(3)  59(3) -68(4)  -126(6) 

C(3) 47(2)  45(2) 40(2)  3(1) -9(1)  -12(1) 

C(4) 41(2)  41(2) 39(1)  5(1) -6(1)  -16(1) 

C(5) 35(2)  40(1) 34(1)  0(1) -8(1)  -11(1) 

C(6) 38(2)  43(2) 38(1)  1(1) -3(1)  -7(1) 

C(7) 34(1)  39(2) 42(2)  4(1) -10(1)  -8(1) 

C(8) 35(2)  43(2) 42(2)  1(1) -4(1)  -6(1) 

 

Crystal structure of compound 13c (CCDC 1433719)
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Table 1.  Crystal data and structure refinement for 13c 

Identification code  13c 

Empirical formula  C9 H8 F4 N2 O4 

Formula weight  284.17 

Temperature  296(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P21/n 

Unit cell dimensions a = 13.754(3) Å = 90°. 

 b = 5.4127(12) Å = 93.349(5)°. 

 c = 15.330(4) Å  = 90°. 

Volume 1139.4(5) Å3 

Z 4 

Density (calculated) 1.657 Mg/m3 

Absorption coefficient 0.170 mm-1 

F(000) 576 

Crystal size 0.4 x 0.4 x 0.2 mm3 

Theta range for data collection 1.93 to 27.05°. 

Index ranges -17<=h<=16, -6<=k<=6, -15<=l<=19 

Reflections collected 9623 

Independent reflections 2470 [R(int) = 0.0316] 

Completeness to theta = 27.05° 99.3 %  

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2470 / 0 / 173 

Goodness-of-fit on F2 1.052 

Final R indices [I>2sigma(I)] R1 = 0.0539, wR2 = 0.1339 

R indices (all data) R1 = 0.0726, wR2 = 0.1452 

Largest diff. peak and hole 0.961 and -0.454 e.Å-3 
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Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for mo_es_401_0m.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

F(1) 6249(1) 3478(3) 9828(1) 31(1) 

F(3) 4786(1) 2258(3) 9510(1) 34(1) 

F(4) 3526(1) 10851(3) 7878(1) 26(1) 

F(2) 5982(1) 664(3) 8867(1) 37(1) 

O(4) 3537(2) 7084(4) 6037(1) 40(1) 

O(1) 7183(1) 4766(4) 8196(1) 38(1) 

O(3) 2751(1) 10618(4) 6266(1) 36(1) 

O(2) 5188(1) 10200(4) 6713(1) 34(1) 

N(1) 4516(1) 7507(4) 7643(1) 19(1) 

N(2) 6173(1) 7369(4) 7425(1) 25(1) 

C(9) 3514(3) 5106(9) 4648(2) 66(1) 

C(8) 3190(4) 7166(11) 5112(3) 90(2) 

C(7) 3260(2) 8939(5) 6508(2) 26(1) 

C(6) 3568(2) 8587(5) 7468(2) 20(1) 

C(4) 5296(2) 8505(5) 7214(2) 23(1) 

C(3) 6360(2) 5547(5) 8039(2) 24(1) 

C(1) 5633(2) 2795(5) 9164(2) 25(1) 

C(2) 5513(2) 4712(5) 8477(2) 20(1) 

C(5) 4641(2) 5717(4) 8265(2) 19(1) 

 

Table 3.   Bond lengths [Å] and angles [°] for mo_es_401_0m. 

_____________________________________________________ 

F(1)-C(1)  1.338(3) 

F(3)-C(1)  1.340(3) 

F(4)-C(6)  1.380(3) 

F(2)-C(1)  1.339(3) 

O(4)-C(7)  1.306(3) 

O(4)-C(8)  1.471(4) 

O(1)-C(3)  1.220(3) 

O(3)-C(7)  1.193(3) 

O(2)-C(4)  1.200(3) 

N(1)-C(5)  1.362(3) 

N(1)-C(4)  1.400(3) 
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N(1)-C(6)  1.440(3) 

N(2)-C(4)  1.375(3) 

N(2)-C(3)  1.377(3) 

N(2)-H(2)  0.8600 

C(9)-C(8)  1.409(6) 

C(9)-H(1A)  0.9600 

C(9)-H(1B)  0.9600 

C(9)-H(1C)  0.9600 

C(8)-H(2A)  0.9700 

C(8)-H(2B)  0.9700 

C(7)-C(6)  1.520(3) 

C(6)-H(4)  0.9800 

C(3)-C(2)  1.451(3) 

C(1)-C(2)  1.481(4) 

C(2)-C(5)  1.339(3) 

C(5)-H(9)  0.9300 

 

C(7)-O(4)-C(8) 114.9(3) 

C(5)-N(1)-C(4) 122.2(2) 

C(5)-N(1)-C(6) 119.70(19) 

C(4)-N(1)-C(6) 117.8(2) 

C(4)-N(2)-C(3) 127.4(2) 

C(4)-N(2)-H(2) 116.3 

C(3)-N(2)-H(2) 116.3 

C(8)-C(9)-H(1A) 109.5 

C(8)-C(9)-H(1B) 109.5 

H(1A)-C(9)-H(1B) 109.5 

C(8)-C(9)-H(1C) 109.5 

H(1A)-C(9)-H(1C) 109.5 

H(1B)-C(9)-H(1C) 109.5 

C(9)-C(8)-O(4) 111.6(4) 

C(9)-C(8)-H(2A) 109.3 

O(4)-C(8)-H(2A) 109.3 

C(9)-C(8)-H(2B) 109.3 

O(4)-C(8)-H(2B) 109.3 

H(2A)-C(8)-H(2B) 108.0 

O(3)-C(7)-O(4) 126.8(2) 

O(3)-C(7)-C(6) 121.4(2) 
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O(4)-C(7)-C(6) 111.4(2) 

F(4)-C(6)-N(1) 109.65(19) 

F(4)-C(6)-C(7) 108.3(2) 

N(1)-C(6)-C(7) 115.44(19) 

F(4)-C(6)-H(4) 107.7 

N(1)-C(6)-H(4) 107.7 

C(7)-C(6)-H(4) 107.7 

O(2)-C(4)-N(2) 124.5(2) 

O(2)-C(4)-N(1) 121.7(2) 

N(2)-C(4)-N(1) 113.7(2) 

O(1)-C(3)-N(2) 121.1(2) 

O(1)-C(3)-C(2) 124.2(3) 

N(2)-C(3)-C(2) 114.6(2) 

F(1)-C(1)-F(2) 105.8(2) 

F(1)-C(1)-F(3) 106.6(2) 

F(2)-C(1)-F(3) 106.6(2) 

F(1)-C(1)-C(2) 112.8(2) 

F(2)-C(1)-C(2) 112.9(2) 

F(3)-C(1)-C(2) 111.7(2) 

C(5)-C(2)-C(3) 119.5(2) 

C(5)-C(2)-C(1) 121.3(2) 

C(3)-C(2)-C(1) 119.2(2) 

C(2)-C(5)-N(1) 122.3(2) 

C(2)-C(5)-H(9) 118.9 

N(1)-C(5)-H(9) 118.9 

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms:  

  

Table 4.   Anisotropic displacement parameters (Å2x 103)for mo_es_401_0m.  The anisotropic 

displacement factor exponent takes the form: -22[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

______________________________________________________________________________ 

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

F(1) 32(1)  33(1) 26(1)  -5(1) -12(1)  5(1) 

F(3) 28(1)  35(1) 38(1)  12(1) 0(1)  0(1) 

F(4) 20(1)  28(1) 29(1)  -9(1) -4(1)  4(1) 

F(2) 46(1)  24(1) 38(1)  -7(1) -9(1)  13(1) 

O(4) 31(1)  56(1) 31(1)  -21(1) -12(1)  17(1) 
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O(1) 15(1)  60(2) 38(1)  0(1) 1(1)  15(1) 

O(3) 28(1)  56(1) 24(1)  5(1) -1(1)  20(1) 

O(2) 22(1)  45(1) 36(1)  14(1) 4(1)  0(1) 

N(1) 9(1)  26(1) 21(1)  0(1) 0(1)  2(1) 

N(2) 11(1)  39(1) 25(1)  0(1) 4(1)  2(1) 

C(9) 61(2)  94(3) 43(2)  -22(2) 2(2)  3(2) 

C(8) 81(3)  142(5) 43(2)  -48(3) -35(2)  56(3) 

C(7) 16(1)  39(2) 24(1)  -4(1) -2(1)  6(1) 

C(6) 11(1)  24(1) 24(1)  -1(1) -1(1)  1(1) 

C(4) 16(1)  33(1) 21(1)  -2(1) 1(1)  -1(1) 

C(3) 15(1)  35(2) 22(1)  -8(1) -2(1)  5(1) 

C(1) 25(1)  23(1) 26(1)  -7(1) -6(1)  6(1) 

C(2) 16(1)  23(1) 20(1)  -7(1) -3(1)  1(1) 

C(5) 13(1)  22(1) 22(1)  -3(1) -1(1)  -2(1) 

 

Crystal structure of compound 17 (CCDC 1434468) 

 

Table 1.  Crystal data and structure refinement for 17 

Identification code  17 

Empirical formula  C15 H15 F N2 O4 

Formula weight  306.79 

Temperature  273(2) K 
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Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P2(1)    

Unit cell dimensions a = 7.514(5) Å = 90°. 

 b = 23.183(15) Å = 98.615(10)°. 

 c = 8.242(5) Å  = 90°. 

Volume 1419.5(16) Å3 

Z 4 

Density (calculated) 1.436 Mg/m3 

Absorption coefficient 0.114 mm-1 

F(000) 642 

Crystal size 1.85 x 1.30 x 0.80 mm3 

Theta range for data collection 1.76 to 29.43°. 

Index ranges -10<=h<=8, -30<=k<=31, -11<=l<=10 

Reflections collected 15456 

Independent reflections 7609 [R(int) = 0.0433] 

Completeness to theta = 29.43° 99.7 %  

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 7609 / 1 / 401 

Goodness-of-fit on F2 0.840 

Final R indices [I>2sigma(I)] R1 = 0.0447, wR2 = 0.1125 

R indices (all data) R1 = 0.0614, wR2 = 0.1282 

Absolute structure parameter 1.1(6) 

Largest diff. peak and hole 0.202 and -0.198 e.Å-3 

 

Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for trail.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________ 

 x y z U(eq) 

________________________________________________________________________________ 

O(1) 2199(2) 567(1) 6007(2) 26(1) 

O(2) -1354(3) 467(1) -1084(2) 45(1) 

O(3) 2085(2) -396(1) 6393(2) 35(1) 

F(2) -1526(2) -338(1) 5904(2) 31(1) 

O(5) -1962(2) 1145(1) 3960(2) 25(1) 

O(6) 5651(2) 2496(1) 15226(2) 28(1) 

O(7) 6683(2) 1835(1) 10264(2) 27(1) 

O(11) 2831(2) 3442(1) 7642(2) 32(1) 
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F(5) 6420(2) 3267(1) 8389(2) 33(1) 

N(1) -918(2) 226(1) 3766(2) 21(1) 

N(2) -1643(2) 790(1) 1450(2) 23(1) 

N(3) 6139(2) 2174(1) 12732(2) 21(1) 

N(4) 5402(2) 2724(1) 10389(2) 21(1) 

O(10) 2446(2) 2474(1) 7675(2) 25(1) 

C(1) 3957(4) 250(1) 601(3) 41(1) 

C(2) 4607(4) -168(1) 1725(3) 37(1) 

C(3) 4675(3) -66(1) 3391(3) 31(1) 

C(4) 4114(3) 459(1) 3955(3) 25(1) 

C(5) 4112(3) 555(1) 5775(3) 26(1) 

C(6) 1381(3) 59(1) 6071(2) 24(1) 

C(7) -626(3) 150(1) 5535(2) 22(1) 

C(8) -1550(3) 750(1) 3113(2) 20(1) 

C(9) -1212(3) 367(1) 378(3) 26(1) 

C(10) 3402(4) 773(1) 1146(3) 39(1) 

C(11) 3478(3) 881(1) 2809(3) 34(1) 

C(12) -610(3) -178(1) 1152(3) 25(1) 

C(13) -176(4) -667(1) 82(3) 36(1) 

C(14) -486(3) -224(1) 2771(3) 24(1) 

C(15) 4916(3) 1113(1) 6483(3) 32(1) 

C(16) 5572(3) 2593(1) 13765(2) 20(1) 

C(17) 6132(3) 2218(1) 11076(2) 19(1) 

C(18) 5316(3) 2809(1) 8646(2) 22(1) 

C(19) 3383(3) 2962(1) 7895(2) 23(1) 

C(20) 522(3) 2524(1) 6983(2) 25(1) 

C(21) 359(3) 2637(1) 5164(2) 23(1) 

C(22) 940(3) 2230(1) 4121(3) 29(1) 

C(23) 801(3) 2339(1) 2449(3) 32(1) 

C(24) 76(3) 2853(1) 1809(3) 31(1) 

C(25) -372(3) 3152(1) 4505(3) 27(1) 

C(26) -521(3) 3262(1) 2827(3) 31(1) 

C(27) -317(3) 1965(1) 7420(3) 34(1) 

C(28) 4873(3) 3170(1) 11342(2) 20(1) 

C(29) 4944(3) 3131(1) 12966(2) 21(1) 

C(30) 4414(3) 3613(1) 13995(3) 29(1) 

________________________________________________________________________________
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Table 3.   Bond lengths [Å] and angles [°] for trail. 

_____________________________________________________ 

O(1)-C(6)  1.334(3) 

O(1)-C(5)  1.478(3) 

O(2)-C(9)  1.216(3) 

O(3)-C(6)  1.193(3) 

F(2)-C(7)  1.374(2) 

O(5)-C(8)  1.218(2) 

O(6)-C(16)  1.218(2) 

O(7)-C(17)  1.220(2) 

O(11)-C(19)  1.195(3) 

F(5)-C(18)  1.384(2) 

N(1)-C(8)  1.384(3) 

N(1)-C(14)  1.394(3) 

N(1)-C(7)  1.452(3) 

N(2)-C(8)  1.366(3) 

N(2)-C(9)  1.391(3) 

N(2)-H(2)  0.8600 

N(3)-C(17)  1.367(3) 

N(3)-C(16)  1.399(3) 

N(3)-H(3)  0.8600 

N(4)-C(17)  1.382(3) 

N(4)-C(28)  1.392(3) 

N(4)-C(18)  1.441(3) 

O(10)-C(19)  1.330(3) 

O(10)-C(20)  1.477(3) 

C(1)-C(10)  1.378(4) 

C(1)-C(2)  1.379(4) 

C(1)-H(1)  0.9300 

C(2)-C(3)  1.387(4) 

C(2)-H(2A)  0.9300 

C(3)-C(4)  1.390(3) 

C(3)-H(3A)  0.9300 

C(4)-C(11)  1.393(3) 

C(4)-C(5)  1.516(3) 

C(5)-C(15)  1.508(3) 

C(5)-H(5)  0.9800 

C(6)-C(7)  1.522(3) 
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C(7)-H(7)  0.9800 

C(9)-C(12)  1.456(3) 

C(10)-C(11)  1.386(4) 

C(10)-H(10)  0.9300 

C(11)-H(11)  0.9300 

C(12)-C(14)  1.328(3) 

C(12)-C(13)  1.502(3) 

C(13)-H(13A)  0.9600 

C(13)-H(13B)  0.9600 

C(13)-H(13C)  0.9600 

C(14)-H(14)  0.9300 

C(15)-H(15A)  0.9600 

C(15)-H(15B)  0.9600 

C(15)-H(15C)  0.9600 

C(16)-C(29)  1.456(3) 

C(18)-C(19)  1.533(3) 

C(18)-H(18)  0.9800 

C(20)-C(21)  1.508(3) 

C(20)-C(27)  1.507(3) 

C(20)-H(20)  0.9800 

C(21)-C(25)  1.390(3) 

C(21)-C(22)  1.390(3) 

C(22)-C(23)  1.390(3) 

C(22)-H(22)  0.9300 

C(23)-C(24)  1.382(3) 

C(23)-H(23)  0.9300 

C(24)-C(26)  1.385(3) 

C(24)-H(24)  0.9300 

C(25)-C(26)  1.395(3) 

C(25)-H(25)  0.9300 

C(26)-H(26)  0.9300 

C(27)-H(27A)  0.9600 

C(27)-H(27B)  0.9600 

C(27)-H(27C)  0.9600 

C(28)-C(29)  1.335(3) 

C(28)-H(28)  0.9300 

C(29)-C(30)  1.492(3) 

C(30)-H(30A)  0.9600 
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C(30)-H(30B)  0.9600 

C(30)-H(30C)  0.9600 

 

C(6)-O(1)-C(5) 116.77(17) 

C(8)-N(1)-C(14) 121.62(16) 

C(8)-N(1)-C(7) 119.21(16) 

C(14)-N(1)-C(7) 119.12(17) 

C(8)-N(2)-C(9) 127.37(18) 

C(8)-N(2)-H(2) 116.3 

C(9)-N(2)-H(2) 116.3 

C(17)-N(3)-C(16) 126.90(17) 

C(17)-N(3)-H(3) 116.5 

C(16)-N(3)-H(3) 116.6 

C(17)-N(4)-C(28) 121.96(16) 

C(17)-N(4)-C(18) 118.68(16) 

C(28)-N(4)-C(18) 119.18(17) 

C(19)-O(10)-C(20) 116.99(16) 

C(10)-C(1)-C(2) 119.5(2) 

C(10)-C(1)-H(1) 120.2 

C(2)-C(1)-H(1) 120.2 

C(1)-C(2)-C(3) 120.1(2) 

C(1)-C(2)-H(2A) 119.9 

C(3)-C(2)-H(2A) 119.9 

C(4)-C(3)-C(2) 120.9(2) 

C(4)-C(3)-H(3A) 119.6 

C(2)-C(3)-H(3A) 119.6 

C(3)-C(4)-C(11) 118.6(2) 

C(3)-C(4)-C(5) 120.22(19) 

C(11)-C(4)-C(5) 121.2(2) 

O(1)-C(5)-C(15) 105.88(17) 

O(1)-C(5)-C(4) 106.01(16) 

C(15)-C(5)-C(4) 116.62(19) 

O(1)-C(5)-H(5) 109.4 

C(15)-C(5)-H(5) 109.4 

C(4)-C(5)-H(5) 109.4 

O(3)-C(6)-O(1) 126.8(2) 

O(3)-C(6)-C(7) 125.01(19) 

O(1)-C(6)-C(7) 108.03(17) 
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F(2)-C(7)-N(1) 108.48(16) 

F(2)-C(7)-C(6) 108.76(17) 

N(1)-C(7)-C(6) 107.59(16) 

F(2)-C(7)-H(7) 110.6 

N(1)-C(7)-H(7) 110.6 

C(6)-C(7)-H(7) 110.6 

O(5)-C(8)-N(2) 122.98(18) 

O(5)-C(8)-N(1) 122.60(17) 

N(2)-C(8)-N(1) 114.42(17) 

O(2)-C(9)-N(2) 120.0(2) 

O(2)-C(9)-C(12) 125.1(2) 

N(2)-C(9)-C(12) 114.90(18) 

C(1)-C(10)-C(11) 120.8(2) 

C(1)-C(10)-H(10) 119.6 

C(11)-C(10)-H(10) 119.6 

C(10)-C(11)-C(4) 120.1(2) 

C(10)-C(11)-H(11) 119.9 

C(4)-C(11)-H(11) 119.9 

C(14)-C(12)-C(9) 118.70(19) 

C(14)-C(12)-C(13) 122.8(2) 

C(9)-C(12)-C(13) 118.54(19) 

C(12)-C(13)-H(13A) 109.5 

C(12)-C(13)-H(13B) 109.5 

H(13A)-C(13)-H(13B) 109.5 

C(12)-C(13)-H(13C) 109.5 

H(13A)-C(13)-H(13C) 109.5 

H(13B)-C(13)-H(13C) 109.5 

C(12)-C(14)-N(1) 122.95(19) 

C(12)-C(14)-H(14) 118.5 

N(1)-C(14)-H(14) 118.5 

C(5)-C(15)-H(15A) 109.5 

C(5)-C(15)-H(15B) 109.5 

H(15A)-C(15)-H(15B) 109.5 

C(5)-C(15)-H(15C) 109.5 

H(15A)-C(15)-H(15C) 109.5 

H(15B)-C(15)-H(15C) 109.5 

O(6)-C(16)-N(3) 119.96(19) 

O(6)-C(16)-C(29) 124.78(18) 
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N(3)-C(16)-C(29) 115.25(16) 

O(7)-C(17)-N(3) 122.94(18) 

O(7)-C(17)-N(4) 122.59(17) 

N(3)-C(17)-N(4) 114.45(17) 

F(5)-C(18)-N(4) 108.56(16) 

F(5)-C(18)-C(19) 108.29(17) 

N(4)-C(18)-C(19) 109.38(16) 

F(5)-C(18)-H(18) 110.2 

N(4)-C(18)-H(18) 110.2 

C(19)-C(18)-H(18) 110.2 

O(11)-C(19)-O(10) 127.2(2) 

O(11)-C(19)-C(18) 124.7(2) 

O(10)-C(19)-C(18) 107.97(17) 

O(10)-C(20)-C(21) 109.05(16) 

O(10)-C(20)-C(27) 105.11(17) 

C(21)-C(20)-C(27) 114.42(18) 

O(10)-C(20)-H(20) 109.4 

C(21)-C(20)-H(20) 109.4 

C(27)-C(20)-H(20) 109.4 

C(25)-C(21)-C(22) 118.91(19) 

C(25)-C(21)-C(20) 120.46(19) 

C(22)-C(21)-C(20) 120.63(19) 

C(21)-C(22)-C(23) 120.4(2) 

C(21)-C(22)-H(22) 119.8 

C(23)-C(22)-H(22) 119.8 

C(24)-C(23)-C(22) 120.1(2) 

C(24)-C(23)-H(23) 119.9 

C(22)-C(23)-H(23) 119.9 

C(23)-C(24)-C(26) 120.3(2) 

C(23)-C(24)-H(24) 119.9 

C(26)-C(24)-H(24) 119.9 

C(21)-C(25)-C(26) 120.9(2) 

C(21)-C(25)-H(25) 119.6 

C(26)-C(25)-H(25) 119.6 

C(24)-C(26)-C(25) 119.4(2) 

C(24)-C(26)-H(26) 120.3 

C(25)-C(26)-H(26) 120.3 

C(20)-C(27)-H(27A) 109.5 
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C(20)-C(27)-H(27B) 109.5 

H(27A)-C(27)-H(27B) 109.5 

C(20)-C(27)-H(27C) 109.5 

H(27A)-C(27)-H(27C) 109.5 

H(27B)-C(27)-H(27C) 109.5 

C(29)-C(28)-N(4) 122.93(18) 

C(29)-C(28)-H(28) 118.5 

N(4)-C(28)-H(28) 118.5 

C(28)-C(29)-C(16) 118.26(18) 

C(28)-C(29)-C(30) 123.04(19) 

C(16)-C(29)-C(30) 118.70(17) 

C(29)-C(30)-H(30A) 109.5 

C(29)-C(30)-H(30B) 109.5 

H(30A)-C(30)-H(30B) 109.5 

C(29)-C(30)-H(30C) 109.5 

H(30A)-C(30)-H(30C) 109.5 

H(30B)-C(30)-H(30C) 109.5 

_____________________________________________________________ 

Symmetry transformations used to generate equivalent atoms:  

  

Table 4.   Anisotropic displacement parameters (Å2x 103)for trail.  The anisotropic 

displacement factor exponent takes the form: -22[ h2a*2U11 + ... + 2 h k a* b* U12 ] 

______________________________________________________________________________ 

 U11 U22 U33 U23 U13 U12 

______________________________________________________________________________ 

O(1) 25(1)  24(1) 31(1)  2(1) 7(1)  -1(1) 

O(2) 81(1)  39(1) 16(1)  3(1) 10(1)  17(1) 

O(3) 33(1)  29(1) 44(1)  12(1) 4(1)  3(1) 

F(2) 33(1)  35(1) 24(1)  7(1) 5(1)  -12(1) 

O(5) 34(1)  23(1) 19(1)  -1(1) 6(1)  4(1) 

O(6) 37(1)  32(1) 16(1)  1(1) 7(1)  3(1) 

O(7) 38(1)  24(1) 19(1)  -2(1) 5(1)  7(1) 

O(11) 39(1)  25(1) 29(1)  -1(1) -4(1)  3(1) 

F(5) 34(1)  39(1) 24(1)  6(1) 4(1)  -11(1) 

N(1) 27(1)  21(1) 14(1)  0(1) 5(1)  2(1) 

N(2) 32(1)  21(1) 17(1)  4(1) 6(1)  5(1) 

N(3) 28(1)  21(1) 14(1)  2(1) 3(1)  2(1) 

N(4) 24(1)  24(1) 13(1)  1(1) 2(1)  2(1) 
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O(10) 26(1)  24(1) 21(1)  1(1) -3(1)  0(1) 

C(1) 39(1)  57(2) 30(1)  -6(1) 7(1)  -6(1) 

C(2) 39(1)  35(1) 38(1)  -9(1) 11(1)  -5(1) 

C(3) 32(1)  26(1) 34(1)  1(1) 3(1)  -1(1) 

C(4) 21(1)  28(1) 27(1)  2(1) 4(1)  -1(1) 

C(5) 24(1)  29(1) 24(1)  2(1) 3(1)  0(1) 

C(6) 27(1)  26(1) 18(1)  5(1) 5(1)  -2(1) 

C(7) 27(1)  25(1) 14(1)  2(1) 5(1)  -3(1) 

C(8) 22(1)  22(1) 16(1)  2(1) 4(1)  0(1) 

C(9) 37(1)  25(1) 18(1)  0(1) 6(1)  4(1) 

C(10) 39(1)  47(2) 32(1)  10(1) 6(1)  3(1) 

C(11) 37(1)  33(1) 31(1)  6(1) 7(1)  8(1) 

C(12) 34(1)  21(1) 21(1)  -3(1) 8(1)  3(1) 

C(13) 54(2)  30(1) 25(1)  -6(1) 11(1)  6(1) 

C(14) 31(1)  20(1) 22(1)  1(1) 7(1)  1(1) 

C(15) 30(1)  35(1) 32(1)  -4(1) 5(1)  -8(1) 

C(16) 21(1)  25(1) 16(1)  -1(1) 4(1)  -2(1) 

C(17) 20(1)  22(1) 16(1)  0(1) 1(1)  -2(1) 

C(18) 27(1)  25(1) 14(1)  2(1) 2(1)  -4(1) 

C(19) 29(1)  25(1) 14(1)  1(1) 1(1)  0(1) 

C(20) 23(1)  30(1) 21(1)  0(1) 0(1)  2(1) 

C(21) 19(1)  29(1) 20(1)  1(1) 0(1)  -2(1) 

C(22) 29(1)  34(1) 23(1)  3(1) 1(1)  6(1) 

C(23) 33(1)  41(1) 22(1)  -1(1) 7(1)  1(1) 

C(24) 31(1)  41(1) 21(1)  6(1) 2(1)  -6(1) 

C(25) 26(1)  26(1) 28(1)  2(1) 1(1)  -4(1) 

C(26) 32(1)  28(1) 31(1)  10(1) -1(1)  -5(1) 

C(27) 31(1)  45(1) 26(1)  4(1) 5(1)  -7(1) 

C(28) 22(1)  19(1) 18(1)  -1(1) 1(1)  1(1) 

C(29) 22(1)  22(1) 20(1)  -2(1) 5(1)  0(1) 

C(30) 36(1)  29(1) 23(1)  -3(1) 7(1)  6(1) 

______________________________________________________________________________ 


