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I. X-Ray Crystallographic Analyses 

  Table 1.  Crystal data and structure refinement for 1b. 

Identification code  hyjii1330202 

Empirical formula  C11 H9 Cl3 O 

Formula weight  263.53 

Temperature  250(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P2(1)/n 

Unit cell dimensions a = 10.463(3) Å = 90°. 

 b = 12.044(4) Å = 118.36(2)°. 

 c = 10.740(4) Å  = 90°. 

Volume 1191.1(7) Å3 

Z 4 

Density (calculated) 1.470 Mg/m3 

Absorption coefficient 0.738 mm-1 

F(000) 536 

Crystal size 0.10 x 0.04 x 0.04 mm3 

Theta range for data collection 2.24 to 28.28°. 

Index ranges -13<=h<=13, -13<=k<=16, -8<=l<=13 

Reflections collected 7145 

Independent reflections 2867 [R(int) = 0.0272] 

Completeness to theta = 28.28° 97.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9711 and 0.9298 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2867 / 0 / 137 

Goodness-of-fit on F2 0.890 

Final R indices [I>2sigma(I)] R1 = 0.0397, wR2 = 0.1241 

R indices (all data) R1 = 0.0753, wR2 = 0.1543 

Largest diff. peak and hole 0.261 and -0.253 e.Å-3 
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 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for HYJII1330202.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

Cl(1) 2734(1) 341(1) 6773(1) 70(1) 

Cl(3) -1478(1) -564(1) 7179(1) 74(1) 

Cl(2) 5689(1) -2694(1) 10760(1) 78(1) 

C(1) 2989(3) -372(2) 8285(2) 48(1) 

C(6) 2131(2) -125(2) 8911(2) 48(1) 

C(9) -95(3) 2452(2) 8830(3) 57(1) 

C(7) 928(3) 709(2) 8347(2) 48(1) 

C(8) 1007(2) 1580(2) 9141(2) 51(1) 

C(3) 4317(3) -1713(2) 10042(3) 56(1) 

C(2) 4079(3) -1150(2) 8836(3) 55(1) 

C(11) -361(3) 448(2) 6938(2) 57(1) 

C(5) 2420(3) -706(2) 10130(3) 60(1) 

O(1) -1202(2) 2535(2) 7720(2) 88(1) 

C(4) 3494(3) -1502(2) 10704(3) 62(1) 

C(10) 231(4) 3253(3) 10002(4) 100(1) 

________________________________________________________________________________ 
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 Table 3.   Bond lengths [Å] and angles [°] for  HYJII1330202. 

_____________________________________________________  

Cl(1)-C(1)  1.742(2) 

Cl(3)-C(11)  1.789(3) 

Cl(2)-C(3)  1.732(3) 

C(1)-C(2)  1.374(3) 

C(1)-C(6)  1.385(3) 

C(6)-C(5)  1.386(3) 

C(6)-C(7)  1.496(3) 

C(9)-O(1)  1.209(3) 

C(9)-C(8)  1.476(3) 

C(9)-C(10)  1.491(4) 

C(7)-C(8)  1.330(3) 

C(7)-C(11)  1.506(3) 

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

C(3)-C(4)  1.377(4) 

C(5)-C(4)  1.379(4) 

 

C(2)-C(1)-C(6) 122.3(2) 

C(2)-C(1)-Cl(1) 117.75(19) 

C(6)-C(1)-Cl(1) 119.96(19) 

C(1)-C(6)-C(5) 116.7(2) 

C(1)-C(6)-C(7) 124.2(2) 

C(5)-C(6)-C(7) 119.1(2) 

O(1)-C(9)-C(8) 124.2(2) 

O(1)-C(9)-C(10) 120.4(3) 

C(8)-C(9)-C(10) 115.4(2) 

C(8)-C(7)-C(6) 119.1(2) 

C(8)-C(7)-C(11) 124.2(2) 

C(6)-C(7)-C(11) 116.5(2) 

C(7)-C(8)-C(9) 127.7(2) 

C(2)-C(3)-C(4) 121.2(2) 

C(2)-C(3)-Cl(2) 119.8(2) 

C(4)-C(3)-Cl(2) 119.0(2) 

C(1)-C(2)-C(3) 118.9(2) 

C(7)-C(11)-Cl(3) 109.36(17) 

C(4)-C(5)-C(6) 122.6(2) 
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C(3)-C(4)-C(5) 118.3(2) 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

  

Table 4.   Anisotropic displacement parameters  (Å2x 103) for HYJII1330202.  The anisotropic 

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

Cl(1) 69(1)  96(1) 49(1)  4(1) 32(1)  -7(1) 

Cl(3) 63(1)  83(1) 74(1)  -16(1) 33(1)  -22(1) 

Cl(2) 69(1)  60(1) 101(1)  1(1) 37(1)  14(1) 

C(1) 49(1)  56(1) 40(1)  -8(1) 20(1)  -8(1) 

C(6) 47(1)  53(1) 42(1)  -5(1) 20(1)  -5(1) 

C(9) 51(1)  61(2) 57(2)  4(1) 24(1)  3(1) 

C(7) 42(1)  60(1) 39(1)  3(1) 17(1)  -5(1) 

C(8) 42(1)  59(1) 46(1)  -1(1) 16(1)  0(1) 

C(3) 55(1)  49(1) 59(2)  -7(1) 24(1)  -1(1) 

C(2) 50(1)  61(2) 55(1)  -17(1) 26(1)  -8(1) 

C(11) 51(1)  66(2) 45(1)  0(1) 15(1)  -4(1) 

C(5) 68(2)  66(2) 55(1)  7(1) 38(1)  11(1) 

O(1) 67(1)  113(2) 62(1)  -2(1) 12(1)  35(1) 

C(4) 68(2)  65(2) 59(2)  10(1) 34(1)  8(1) 

C(10) 82(2)  85(2) 96(2)  -29(2) 13(2)  23(2) 

______________________________________________________________________________ 
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 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for HYJII1330202. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(8) 1859 1648 9995 61 

H(2) 4646 -1294 8401 66 

H(11A) -33 162 6294 68 

H(11B) -918 1118 6531 68 

H(5) 1868 -554 10580 71 

H(4) 3657 -1886 11518 75 

H(10A) -536 3791 9701 150 

H(10B) 1132 3623 10247 150 

H(10C) 306 2860 10811 150 

________________________________________________________________________________  
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  Table 1.  Crystal data and structure refinement for 1g. 

Identification code  hyj1380201 

Empirical formula  C12 H10 Br N O 

Formula weight  264.12 

Temperature  250(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P-1 

Unit cell dimensions a = 8.3861(14) Å = 95.574(12)°. 

 b = 8.3872(14) Å = 100.912(12)°. 

 c = 9.0080(16) Å  = 112.227(11)°. 

Volume 565.89(17) Å3 

Z 2 

Density (calculated) 1.550 Mg/m3 

Absorption coefficient 3.604 mm-1 

F(000) 264 

Crystal size 0.28 x 0.25 x 0.23 mm3 

Theta range for data collection 2.34 to 28.28°. 

Index ranges -11<=h<=11, -11<=k<=11, -12<=l<=11 

Reflections collected 7697 

Independent reflections 2793 [R(int) = 0.0299] 

Completeness to theta = 28.28° 99.4 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.4912 and 0.4319 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2793 / 0 / 137 

Goodness-of-fit on F2 1.007 

Final R indices [I>2sigma(I)] R1 = 0.0341, wR2 = 0.0769 

R indices (all data) R1 = 0.0551, wR2 = 0.0846 

Largest diff. peak and hole 0.382 and -0.505 e.Å-3 
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 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for hyj1380201.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

Br(1) 5845(1) 7566(1) 8321(1) 56(1) 

O(1) 3245(3) 8696(2) 3890(2) 55(1) 

N(1) 468(3) -1840(3) 8519(3) 50(1) 

C(12) 3079(5) 6798(4) 1689(3) 59(1) 

C(11) 3006(3) 7228(3) 3325(3) 41(1) 

C(10) 2577(3) 5742(3) 4166(3) 40(1) 

C(8) 2911(3) 5819(3) 5692(3) 34(1) 

C(5) 2371(3) 4168(3) 6317(3) 33(1) 

C(4) 2528(3) 2689(3) 5609(3) 38(1) 

C(3) 2019(3) 1155(3) 6176(3) 39(1) 

C(2) 1342(3) 1056(3) 7473(3) 36(1) 

C(1) 837(3) -549(3) 8068(3) 40(1) 

C(6) 1689(3) 4040(3) 7623(3) 40(1) 

C(7) 1171(3) 2506(3) 8194(3) 40(1) 

C(9) 3805(3) 7515(3) 6828(3) 40(1) 

________________________________________________________________________________ 
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 Table 3.   Bond lengths [Å] and angles [°] for  hyj1380201. 

_____________________________________________________  

Br(1)-C(9)  1.949(2) 

O(1)-C(11)  1.212(3) 

N(1)-C(1)  1.146(3) 

C(12)-C(11)  1.501(4) 

C(12)-H(1A)  0.9600 

C(12)-H(1B)  0.9600 

C(12)-H(1C)  0.9600 

C(11)-C(10)  1.484(4) 

C(10)-C(8)  1.340(3) 

C(10)-H(3)  0.9300 

C(8)-C(5)  1.487(3) 

C(8)-C(9)  1.501(3) 

C(5)-C(6)  1.398(3) 

C(5)-C(4)  1.402(3) 

C(4)-C(3)  1.376(3) 

C(4)-H(6)  0.9300 

C(3)-C(2)  1.389(3) 

C(3)-H(7)  0.9300 

C(2)-C(7)  1.391(3) 

C(2)-C(1)  1.440(4) 

C(6)-C(7)  1.377(3) 

C(6)-H(10)  0.9300 

C(7)-H(11)  0.9300 

C(9)-H(12A)  0.9700 

C(9)-H(12B)  0.9700 

 

C(11)-C(12)-H(1A) 109.5 

C(11)-C(12)-H(1B) 109.5 

H(1A)-C(12)-H(1B) 109.5 

C(11)-C(12)-H(1C) 109.5 

H(1A)-C(12)-H(1C) 109.5 

H(1B)-C(12)-H(1C) 109.5 

O(1)-C(11)-C(10) 123.1(2) 

O(1)-C(11)-C(12) 121.1(2) 

C(10)-C(11)-C(12) 115.8(2) 
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C(8)-C(10)-C(11) 127.7(2) 

C(8)-C(10)-H(3) 116.2 

C(11)-C(10)-H(3) 116.2 

C(10)-C(8)-C(5) 119.6(2) 

C(10)-C(8)-C(9) 122.9(2) 

C(5)-C(8)-C(9) 117.4(2) 

C(6)-C(5)-C(4) 117.9(2) 

C(6)-C(5)-C(8) 121.2(2) 

C(4)-C(5)-C(8) 120.8(2) 

C(3)-C(4)-C(5) 121.1(2) 

C(3)-C(4)-H(6) 119.5 

C(5)-C(4)-H(6) 119.5 

C(4)-C(3)-C(2) 120.0(2) 

C(4)-C(3)-H(7) 120.0 

C(2)-C(3)-H(7) 120.0 

C(3)-C(2)-C(7) 119.9(2) 

C(3)-C(2)-C(1) 119.5(2) 

C(7)-C(2)-C(1) 120.6(2) 

N(1)-C(1)-C(2) 178.0(3) 

C(7)-C(6)-C(5) 121.3(2) 

C(7)-C(6)-H(10) 119.4 

C(5)-C(6)-H(10) 119.4 

C(6)-C(7)-C(2) 119.7(2) 

C(6)-C(7)-H(11) 120.1 

C(2)-C(7)-H(11) 120.1 

C(8)-C(9)-Br(1) 111.56(16) 

C(8)-C(9)-H(12A) 109.3 

Br(1)-C(9)-H(12A) 109.3 

C(8)-C(9)-H(12B) 109.3 

Br(1)-C(9)-H(12B) 109.3 

H(12A)-C(9)-H(12B) 108.0 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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 Table 4.   Anisotropic displacement parameters  (Å2x 103) for hyj1380201.  The anisotropic 

displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

Br(1) 51(1)  60(1) 45(1)  2(1) -4(1)  19(1) 

O(1) 78(1)  42(1) 46(1)  11(1) 14(1)  24(1) 

N(1) 58(1)  46(1) 49(1)  15(1) 20(1)  20(1) 

C(12) 84(2)  63(2) 42(2)  19(1) 22(2)  36(2) 

C(11) 42(1)  44(1) 37(1)  10(1) 7(1)  17(1) 

C(10) 43(1)  34(1) 37(1)  8(1) 7(1)  11(1) 

C(8) 33(1)  36(1) 34(1)  6(1) 10(1)  15(1) 

C(5) 30(1)  37(1) 31(1)  6(1) 6(1)  13(1) 

C(4) 44(1)  43(1) 33(1)  9(1) 16(1)  19(1) 

C(3) 46(1)  36(1) 38(1)  7(1) 12(1)  20(1) 

C(2) 34(1)  40(1) 34(1)  10(1) 9(1)  14(1) 

C(1) 38(1)  44(2) 39(1)  9(1) 12(1)  17(1) 

C(6) 48(1)  42(1) 36(1)  6(1) 15(1)  23(1) 

C(7) 45(1)  49(2) 35(1)  13(1) 19(1)  22(1) 

C(9) 46(1)  39(1) 37(1)  7(1) 9(1)  20(1) 

______________________________________________________________________________ 
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 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 

for hyj1380201. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(1A) 3317 7827 1235 89 

H(1B) 1960 5896 1119 89 

H(1C) 4006 6395 1667 89 

H(3) 2009 4626 3562 48 

H(6) 2983 2745 4741 46 

H(7) 2129 185 5691 46 

H(10) 1582 5008 8115 48 

H(11) 710 2441 9058 48 

H(12A) 2959 7669 7365 48 

H(12B) 4193 8479 6282 48 
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Figure 1. Crystal structure of -halo-enones 1b and 1g. 

Table 1. Screening of Brønsted Acids for the -Bromo-Enone (1e) Forming Reaction of 4e.a 

 

aCondition: 4e (0.8 mmol) and additive (0.05 mL) in CH2Cl2 (5 mL) at rt for 2 h. Ratio determined 

by NMR spectroscopy. bCondition: 4e (0.8 mmol) and HOAc (0.05 mL) in CH2Cl2 (5 mL) were 

heated to reflux for 2 h. cCondition: 4e (0.8 mmol) in HOAc (2 mL) at 50 oC for 2 h. 
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