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Methyl 2-(4-methylphenyl)-7,8-dihydro-6H-[7]annuleno[b]thiophene-5-carboxylate (9a)  

 

  

  



23 
 

   



24 
 

 



25 
 

 



26 
 

 

 

 



27 
 

9a was recrystallized from CHCl3/pentane to give crystals, which were suitable for X-ray 

crystal structure analysis.  

X-ray crystal structure of 9a  

  

Intensity data were collected at 103 K. Total 15111 reflections were corrected, of which  

5638 were independent reflections (Rint = 0.1087). The crystal data are as follows: 

C18H18O2S, FW = 298.38, crystal size 0.05 × 0.03 × 0.02 mm3, monoclinic, space group 

P-1. a = 9.917(18) Å, b = 10.332(18) Å, c = 17.37(4) Å, α = 89.13(7)°, β = 88.64(7)°, γ 

= 67.30(5)°, V = 1642(5) Å3, Z = 4, Dcalc = 1.207 g/cm3. The refinement converged to 

R1 = 0.1153, wR2 = 0.2623 (I > 2 (I)), R1 = 0.1788, wR2 = 0.3115 (for all data), GOF =  

1.115.  

  

Table 1.  Crystal data and structure refinement for qq (9a).  

Identification code   qq   

Empirical formula   C18 H18 O2 S   

Formula weight   298.38   

Temperature   103(2) K   

Wavelength   0.71070 Å   

Crystal system   Triclinic   

Space group   P-1   

Unit cell dimensions  a = 9.917(18) Å  α= 89.13(7)°.  

  b = 10.332(18) Å  β= 88.64(7)°.  

  c = 17.37(4) Å  γ = 67.30(5)°.  

Volume  1642(5) Å3   

Z  4   
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Density (calculated)  1.207 Mg/m3   

Absorption coefficient  0.199 mm-1   

F(000)  632   

Crystal size  0.05 x 0.03 x 0.02 mm3   

Theta range for data collection  3.16 to 25.00°.   

Index ranges  -11<=h<=11, -12<=k<=12, -20<=l<=20  

Reflections collected  15111  

Independent reflections  5638 [R(int) = 0.1087]  

Completeness to theta = 25.00°  97.5 %   

Absorption correction  Semi-empirical from equivalents  

Max. and min. transmission  0.9960 and 0.9901  

Refinement method  Full-matrix least-squares on F2  

Data / restraints / parameters  5638 / 0 / 383  

Goodness-of-fit on F2  1.115  

Final R indices [I>2sigma(I)]  R1 = 0.1153, wR2 = 0.2623  

R indices (all data)  R1 = 0.1788, wR2 = 0.3115  

Largest diff. peak and hole  0.678 and -0.478 e.Å-3  

  

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

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

________________________________________________________________________________  

  x  y  z  U(eq)  

________________________________________________________________________________  

S(1)  9407(2)  2041(2)  8167(1)  43(1)  

C(1)  7994(6)  3225(6)  8782(4)  41(2)  

C(2)  7376(6)  4549(6)  8400(3)  39(2)  

C(3)  8014(6)  4578(6)  7626(4)  40(2)  

C(4)  7336(6)  5894(6)  7144(4)  43(2)  

C(5)  7596(7)  6153(6)  6368(4)  44(2)  

C(6)  8783(7)  5133(6)  5813(4)  48(2)  

C(7)  9277(7)  3514(7)  5927(4)  50(2)  

C(8)  10120(7)  2899(7)  6679(3)  48(2)  

C(9)  9157(6)  3306(6)  7423(4)  42(2)  

C(10)  7669(6)  2761(6)  9578(3)  34(1)  

C(11)  6922(6)  3789(6)  10155(4)  42(2)  

C(12)  6663(6)  3372(6)  10916(4)  43(2)  

C(13)  7154(6)  1931(6)  11121(4)  42(2)  

C(14)  7886(6)  890(7)  10543(3)  40(2)  

C(15)  8142(6)  1309(6)  9784(4)  40(2)  
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C(16)  6987(7)  1448(7)  11966(4)  50(2)  

C(17)  6695(7)  7568(7)  5992(4)  48(2)  

O(1)  6858(5)  7905(5)  5315(3)  57(1)  

O(2)  5633(5)  8472(5)  6492(3)  58(1)  

C(18)  4617(7)  9817(7)  6134(4)  62(2)  

S(2)  4693(2)  2282(2)  8336(1)  43(1)  

C(19)  2929(6)  3153(6)  8790(3)  35(1)  

C(20)  2029(6)  4214(6)  8304(3)  41(2)  

C(21)  2758(6)  4369(6)  7570(3)  40(2)  

C(22)  1954(6)  5609(6)  7034(3)  43(2)  

C(23)  2456(6)  6034(6)  6364(4)  42(2)  

C(24)  3940(7)  5261(7)  5934(4)  60(2)  

C(25)  4668(7)  3623(7)  6037(4)  49(2)  

C(26)  5371(6)  3128(7)  6841(4)  48(2)  

C(27)  4204(6)  3373(7)  7498(4)  43(2)  

C(28)  2641(6)  2723(6)  9595(3)  38(2)  

C(29)  1154(6)  3069(6)  9892(4)  41(2)  

C(30)  901(7)  2633(6)  10633(4)  42(2)  

C(31)  2076(6)  1814(6)  11129(3)  39(2)  

C(32)  3539(6)  1514(6)  10840(4)  44(2)  

C(33)  3824(6)  1943(6)  10102(3)  41(2)  

C(34)  1769(7)  1313(7)  11940(4)  49(2)  

C(35)  1527(7)  7462(7)  6002(4)  46(2)  

O(3)  2016(5)  8072(5)  5509(3)  60(1)  

O(4)  104(4)  8047(4)  6303(2)  54(1)  

C(36)  

  

-821(7)  9465(6)  5989(4)  56(2)  
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Table 3.   Bond lengths [Å] and angles [°] for qq.  

_____________________________________________________  

S(1)-C(9)   1.777(7)  

S(1)-C(1)   1.803(7)  

C(1)-C(2)   1.426(8)  

C(1)-C(10)   1.524(9)  

C(2)-C(3)   1.477(8)  

C(2)-H(1)   0.9500  

C(3)-C(9)   1.408(8)  

C(3)-C(4)   1.513(8)  

C(4)-C(5)   1.408(8)  

C(4)-H(2)   0.9500  

C(5)-C(17)   1.533(9)  

C(5)-C(6)   1.565(9)  

C(6)-C(7)   1.562(9)  

C(6)-H(3)   0.9900  

C(6)-H(4)   0.9900  

C(7)-C(8)   1.558(9)  
C(7)-H(5)   0.9900 

C(7)-H(6)   0.9900 

C(8)-C(9)   1.551(9)  

C(8)-H(7)   0.9900  

C(8)-H(8)   0.9900  

C(10)-C(15)   1.431(8)  

C(10)-C(11)   1.440(8)  

C(11)-C(12)   1.432(9)  

C(11)-H(9)   0.9500  

C(12)-C(13)   1.419(8)  

C(12)-H(10)   0.9500  

C(13)-C(14)   1.444(9)  

C(13)-C(16)   1.569(9)  

C(14)-C(15)   1.429(8)  

C(14)-H(11)   0.9500  

C(15)-H(12)   0.9500  

C(16)-H(13)   0.9800  

C(16)-H(14)   0.9800  

C(16)-H(15)   0.9800  

C(17)-O(1)   1.247(8)  

C(17)-O(2)   1.399(8)  
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O(2)-C(18)   1.503(7)  

C(18)-H(16)   0.9800  

C(18)-H(17)   0.9800  

C(18)-H(18)   0.9800  

S(2)-C(27)   1.785(7)  

S(2)-C(19)   1.798(6)  

C(19)-C(20)   1.400(8)  

C(19)-C(28)   1.515(8)  

C(20)-C(21)   1.488(8)  

C(20)-H(19)   0.9500  

C(21)-C(27)   1.410(8)  

C(21)-C(22)   1.535(8)  

C(22)-C(23)   1.385(8)  

C(22)-H(20)   0.9500  

C(23)-C(35)   1.539(9)  

C(23)-C(24)   1.556(9)  

C(24)-C(25)   1.572(9)  

C(24)-H(21)   0.9900  

C(24)-H(22)   0.9900 

C(25)-C(26)   1.564(9)  

C(25)-H(23)   0.9900  

C(25)-H(24)   0.9900  

C(26)-C(27)   1.558(8)  

C(26)-H(25)   0.9900  

C(26)-H(26)   0.9900  

C(28)-C(33)   1.448(8)  

C(28)-C(29)   1.460(8)  

C(29)-C(30)   1.405(8)  

C(29)-H(27)   0.9500  

C(30)-C(31)   1.443(8)  

C(30)-H(28)   0.9500  

C(31)-C(32)   1.441(8)  

C(31)-C(34)   1.557(9)  

C(32)-C(33)   1.408(8)  

C(32)-H(29)   0.9500  

C(33)-H(30)   0.9500  

C(34)-H(31)   0.9800  

C(34)-H(32)   0.9800  

C(34)-H(33)   0.9800  
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C(35)-O(3)   1.252(7)  

C(35)-O(4)   1.395(7)  

O(4)-C(36)   1.499(7)  

C(36)-H(34)   0.9800  

C(36)-H(35)   0.9800  

C(36)-H(36)   

  

0.9800  

C(9)-S(1)-C(1)  94.0(3)  

C(2)-C(1)-C(10)  130.6(6)  

C(2)-C(1)-S(1)  108.4(5)  

C(10)-C(1)-S(1)  121.0(4)  

C(1)-C(2)-C(3)  113.9(5)  

C(1)-C(2)-H(1)  123.0  

C(3)-C(2)-H(1)  123.0  

C(9)-C(3)-C(2)  113.5(5)  

C(9)-C(3)-C(4)  128.5(6)  

C(2)-C(3)-C(4)  117.9(5)  

C(5)-C(4)-C(3)  130.0(6)  

C(5)-C(4)-H(2)  115.0 

C(3)-C(4)-H(2)  115.0 

C(4)-C(5)-C(17)  120.2(6)  

C(4)-C(5)-C(6)  126.6(6)  

C(17)-C(5)-C(6)  113.2(6)  

C(7)-C(6)-C(5)  119.6(5)  

C(7)-C(6)-H(3)  107.4  

C(5)-C(6)-H(3)  107.4  

C(7)-C(6)-H(4)  107.4  

C(5)-C(6)-H(4)  107.4  

H(3)-C(6)-H(4)  107.0  

C(8)-C(7)-C(6)  115.7(6)  

C(8)-C(7)-H(5)  108.4  

C(6)-C(7)-H(5)  108.4  

C(8)-C(7)-H(6)  108.4  

C(6)-C(7)-H(6)  108.4  

H(5)-C(7)-H(6)  107.4  

C(9)-C(8)-C(7)  114.0(5)  

C(9)-C(8)-H(7)  108.7  

C(7)-C(8)-H(7)  108.7  

C(9)-C(8)-H(8)  108.7  
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C(7)-C(8)-H(8)  108.7  

H(7)-C(8)-H(8)  107.6  

C(3)-C(9)-C(8)  130.2(6)  

C(3)-C(9)-S(1)  110.1(5)  

C(8)-C(9)-S(1)  119.7(5)  

C(15)-C(10)-C(11)  118.2(6)  

C(15)-C(10)-C(1)  121.6(5)  

C(11)-C(10)-C(1)  120.2(5)  

C(12)-C(11)-C(10)  121.0(6)  

C(12)-C(11)-H(9)  119.5  

C(10)-C(11)-H(9)  119.5  

C(13)-C(12)-C(11)  120.6(6)  

C(13)-C(12)-H(10) 119.7  

C(11)-C(12)-H(10) 119.7  

C(12)-C(13)-C(14) 118.9(6)  

C(12)-C(13)-C(16) 121.6(6)  

C(14)-C(13)-C(16) 119.4(6)  

C(15)-C(14)-C(13) 120.4(6)  

C(15)-C(14)-H(11) 119.8 

C(13)-C(14)-H(11) 119.8 

C(14)-C(15)-C(10) 120.9(6)  

C(14)-C(15)-H(12) 119.5  

C(10)-C(15)-H(12)  119.5  

C(13)-C(16)-H(13)  109.5  

C(13)-C(16)-H(14)  109.5  

H(13)-C(16)-H(14)  109.5  

C(13)-C(16)-H(15)  109.5  

H(13)-C(16)-H(15)  109.5  

H(14)-C(16)-H(15)  109.5  

O(1)-C(17)-O(2)  122.2(6)  

O(1)-C(17)-C(5)  125.0(6)  

O(2)-C(17)-C(5)  112.8(6)  

C(17)-O(2)-C(18)  115.2(5)  

O(2)-C(18)-H(16)  109.5  

O(2)-C(18)-H(17)  109.5  

H(16)-C(18)-H(17)  109.5  

O(2)-C(18)-H(18)  109.5  

H(16)-C(18)-H(18)  109.5  

H(17)-C(18)-H(18)  109.5  
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C(27)-S(2)-C(19)  93.0(3)  

C(20)-C(19)-C(28)  130.4(5)  

C(20)-C(19)-S(2)  109.8(4)  

C(28)-C(19)-S(2)  119.8(4)  

C(19)-C(20)-C(21)  114.0(5)  

C(19)-C(20)-H(19)  123.0  

C(21)-C(20)-H(19)  123.0  

C(27)-C(21)-C(20)  112.6(5)  

C(27)-C(21)-C(22)  128.2(5)  

C(20)-C(21)-C(22)  119.0(5)  

C(23)-C(22)-C(21)  129.1(6)  

C(23)-C(22)-H(20)  115.4  

C(21)-C(22)-H(20) 115.4  

C(22)-C(23)-C(35) 119.0(5)  

C(22)-C(23)-C(24) 127.3(5)  

C(35)-C(23)-C(24) 113.6(5)  

C(23)-C(24)-C(25) 116.9(5)  

C(23)-C(24)-H(21) 108.1  

C(25)-C(24)-H(21) 108.1 

C(23)-C(24)-H(22) 108.1 

C(25)-C(24)-H(22) 108.1  

H(21)-C(24)-H(22) 107.3  

C(26)-C(25)-C(24)  114.2(6)  

C(26)-C(25)-H(23)  108.7  

C(24)-C(25)-H(23)  108.7  

C(26)-C(25)-H(24)  108.7  

C(24)-C(25)-H(24)  108.7  

H(23)-C(25)-H(24)  107.6  

C(27)-C(26)-C(25)  112.5(5)  

C(27)-C(26)-H(25)  109.1  

C(25)-C(26)-H(25)  109.1  

C(27)-C(26)-H(26)  109.1  

C(25)-C(26)-H(26)  109.1  

H(25)-C(26)-H(26)  107.8  

C(21)-C(27)-C(26)  130.9(6)  

C(21)-C(27)-S(2)  110.6(5)  

C(26)-C(27)-S(2)  118.5(5)  

C(33)-C(28)-C(29)  117.0(5)  

C(33)-C(28)-C(19)  121.7(5)  
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C(29)-C(28)-C(19)  121.3(5)  

C(30)-C(29)-C(28)  120.8(6)  

C(30)-C(29)-H(27)  119.6  

C(28)-C(29)-H(27)  119.6  

C(29)-C(30)-C(31)  122.3(5)  

C(29)-C(30)-H(28)  118.8  

C(31)-C(30)-H(28)  118.8  

C(32)-C(31)-C(30)  116.4(6)  

C(32)-C(31)-C(34)  122.1(5)  

C(30)-C(31)-C(34)  121.5(5)  

C(33)-C(32)-C(31)  122.3(6)  

C(33)-C(32)-H(29)  118.8  

C(31)-C(32)-H(29) 118.8  

C(32)-C(33)-C(28) 121.0(5)  

C(32)-C(33)-H(30) 119.5  

C(28)-C(33)-H(30) 119.5  

C(31)-C(34)-H(31) 109.5  

C(31)-C(34)-H(32) 109.5  

H(31)-C(34)-H(32) 109.5 

C(31)-C(34)-H(33) 109.5 

H(31)-C(34)-H(33) 109.5  

H(32)-C(34)-H(33) 109.5  

O(3)-C(35)-O(4)  122.9(6)  

O(3)-C(35)-C(23)  123.4(6)  

O(4)-C(35)-C(23)  113.7(5)  

C(35)-O(4)-C(36)  115.4(5)  

O(4)-C(36)-H(34)  109.5  

O(4)-C(36)-H(35)  109.5  

H(34)-C(36)-H(35)  109.5  

O(4)-C(36)-H(36)  109.5  

H(34)-C(36)-H(36)  109.5  

H(35)-C(36)-H(36)  109.5  

_____________________________________________________________  

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

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

______________________________________________________________________________  

  U11  U22  U33  U23  U13  U12  

______________________________________________________________________________  

S(1)  39(1)   40(1)  43(1)   5(1)  0(1)   -9(1)  

C(1)  31(3)   45(4)  48(4)   2(3)  -8(3)   -17(3)  

C(2)  33(3)   36(3)  42(4)   2(3)  1(3)   -8(3)  

C(3)  37(3)   34(3)  45(4)   12(3)  -8(3)   -11(3)  

C(4)  35(3)   46(4)  45(4)   -1(3)  7(3)   -13(3)  

C(5)  41(4)   43(4)  49(4)   -2(3)  -1(3)   -17(3)  

C(6)  51(4)   52(4)  38(4)   11(3)  -2(3)   -17(3)  

C(7)  45(4)   55(4)  47(4)   5(3)  3(3)   -18(3)  

C(8)  47(4)   55(4)  42(4)   -3(3)  1(3)   -18(3)  

C(9)  32(3)   38(3)  51(4)   8(3)  -6(3)   -8(3)  

C(10)  24(3)   40(3)  37(4)   -2(3)  -4(3)   -11(3)  

C(11)  31(3)  38(3)  55(4)   5(3)  -5(3)   -11(3)  

C(12)  38(3)  41(4)  47(4)   6(3)  -5(3)   -12(3)  

C(13)  30(3)  51(4)  48(4)   12(3)  -7(3)   -17(3)  

C(14)  33(3)  46(4)  42(4)   9(3)  -3(3)   -16(3)  

C(15)  29(3)  34(3)  51(4)   -1(3)  -6(3)   -6(3)  

C(16)  40(4)  62(4)  47(4)   11(3)  -3(3)   -19(3)  

C(17)  42(4)  49(4)  52(5)   1(4)  -4(3)   -17(3)  

O(1)  70(3)  64(3)  40(3)   12(2)  -1(2)   -27(3)  

O(2)  57(3)  48(3)  53(3)   16(2)  -2(2)   -4(2)  

C(18)  62(5)  51(4)  55(5)   15(4)  -14(4)   -3(4)  

S(2)  31(1)   46(1)  48(1)   9(1)  -2(1)   -11(1)  

C(19)  27(3)   44(4)  37(4)   5(3)  -3(3)   -17(3)  

C(20)  29(3)   42(4)  45(4)   -2(3)  4(3)   -5(3)  

C(21)  37(3)   44(4)  40(4)   0(3)  -1(3)   -19(3)  

C(22)  33(3)   47(4)  42(4)   6(3)  -9(3)   -8(3)  

C(23)  42(4)   36(3)  45(4)   4(3)  -2(3)   -12(3)  

C(24)  46(4)   73(5)  53(5)   20(4)  4(3)   -15(4)  

C(25)  44(4)   52(4)  45(4)   11(3)  -2(3)   -15(3)  

C(26)  38(4)   50(4)  57(5)   7(3)  1(3)   -18(3)  

C(27)  32(3)   57(4)  40(4)   1(3)  1(3)   -17(3)  

C(28)  34(3)   32(3)  46(4)   6(3)  -4(3)   -12(3)  

C(29)  32(3)   40(3)  52(4)   6(3)  -6(3)   -14(3)  

C(30)  37(3)   42(4)  46(4)   -5(3)  4(3)   -13(3)  
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C(31)  39(4)   35(3)  39(4)   1(3)  4(3)   -11(3)  

C(32)  35(3)   37(4)  53(4)   5(3)  0(3)   -6(3)  

C(33)  30(3)   47(4)  44(4)   9(3)  0(3)   -13(3)  

C(34)  49(4)   47(4)  54(4)   1(3)  3(3)   -22(3)  

C(35)  47(4)   47(4)  43(4)   0(3)  5(3)   -17(3)  

O(3)  51(3)   67(3)  65(3)   28(3)  -1(2)   -27(3)  

O(4)  44(3)   50(3)  52(3)   7(2)  10(2)   -2(2)  

C(36)  48(4)   41(4)  66(5)   13(3)  -1(4)   -2(3)  

 

  

Table 5.   Hydrogen coordinates ( x 104) and isotropic displacement parameters (Å2x 103) for 

qq.  

________________________________________________________________________________  

  x   y   z   U(eq)  

________________________________________________________________________________  

  

H(1)  6622  5341  8623  46  

H(2)  6624  6666  7406  51  

H(3)  8418  5360  5282  58  

H(4)  9666  5356  5842  58  

H(5)  8399  3280  5920  60  

H(6)  9908  3041  5482  60  

H(7)  10558  1863  6641  58  

H(8)  10929  3229  6721  58  

H(9)  6595  4758  10029  51  

H(10)  6159  4067  11287  51  

H(11)  8198  -78  10669  48  

H(12)  8634  613  9412  48  

H(13)  6813  577  11954  75  

H(14)  6159  2178  12225  75  

H(15)  7883  1287  12247  75  

H(16)  3901  9630  5823  93  

H(17)  5180  10212  5804  93  

H(18)  4106  10487  6540  93  

H(19)  1043  4784  8433  49  

H(20)  973  6164  7181  51  

H(21)  4641  5661  6108  72  

H(22)  3791  5471  5378  72  

H(23)  3917  3228  5960  58  
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H(24)  5433  3236  5632  58  

H(25)  6000  2117  6818  58  

H(26)  5999  3644  6961  58  

H(27)  348  3595  9582  50  

H(28)  -79  2887  10813  51  

H(29)  4340  1008  11159  53  

H(30)  4806  1718  9934  49  

H(31)  1787  1982  12329  73  

H(32)  2520  386  12052  73  

H(33)  805  1254  11948  73  

H(34)  -347  10122  6081  84  

H(35)  -1783  9803  6246  84  

H(36)  -936  9397  5434  84  

  

Table 6.  Torsion angles [°] for qq.  

________________________________________________________________  

C(9)-S(1)-C(1)-C(2)  0.0(4)  

C(9)-S(1)-C(1)-C(10)  -178.0(4)  

C(10)-C(1)-C(2)-C(3)  179.1(5)  

S(1)-C(1)-C(2)-C(3)  1.3(6)  

C(1)-C(2)-C(3)-C(9)  -2.5(7)  

C(1)-C(2)-C(3)-C(4)  174.4(5)  

C(9)-C(3)-C(4)-C(5)  4.8(11)  

C(2)-C(3)-C(4)-C(5)  -171.5(6)  

C(3)-C(4)-C(5)-C(17)  176.5(5)  

C(3)-C(4)-C(5)-C(6)  -5.2(10)  

C(4)-C(5)-C(6)-C(7)  30.0(9)  

C(17)-C(5)-C(6)-C(7)  -151.6(5)  

C(5)-C(6)-C(7)-C(8)  -66.8(8)  

C(6)-C(7)-C(8)-C(9)  70.4(7)  

C(2)-C(3)-C(9)-C(8)  -179.3(6)  

C(4)-C(3)-C(9)-C(8)  4.3(11)  

C(2)-C(3)-C(9)-S(1)  2.4(6)  

C(4)-C(3)-C(9)-S(1)  -174.1(5)  

C(7)-C(8)-C(9)-C(3)  -38.3(9)  

C(7)-C(8)-C(9)-S(1)  140.0(5)  

C(1)-S(1)-C(9)-C(3)  -1.4(5)  

C(1)-S(1)-C(9)-C(8)  -180.0(5)  

C(2)-C(1)-C(10)-C(15)  164.3(6)  

S(1)-C(1)-C(10)-C(15)  -18.2(7)  
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C(2)-C(1)-C(10)-C(11)  -18.3(9)  

S(1)-C(1)-C(10)-C(11)  159.2(4)  

C(15)-C(10)-C(11)-C(12)  0.2(8)  

C(1)-C(10)-C(11)-C(12)  -177.2(5)  

C(10)-C(11)-C(12)-C(13)  0.7(8)  

C(11)-C(12)-C(13)-C(14)  -1.5(8)  

C(11)-C(12)-C(13)-C(16)  175.5(5)  

C(12)-C(13)-C(14)-C(15)  1.5(8)  

C(16)-C(13)-C(14)-C(15)  -175.5(5)  

C(13)-C(14)-C(15)-C(10)  -0.7(8)  

C(11)-C(10)-C(15)-C(14)  -0.2(8)  

C(1)-C(10)-C(15)-C(14)  177.2(5)  

C(4)-C(5)-C(17)-O(1)  178.7(6)  

C(6)-C(5)-C(17)-O(1)  0.2(9)  

C(4)-C(5)-C(17)-O(2)  -1.6(8)  

C(6)-C(5)-C(17)-O(2)  179.8(5)  

O(1)-C(17)-O(2)-C(18)  5.5(9)  

C(5)-C(17)-O(2)-C(18)  -174.1(5)  

C(27)-S(2)-C(19)-C(20)  0.6(5)  

C(27)-S(2)-C(19)-C(28)  -177.2(4)  

C(28)-C(19)-C(20)-C(21)  175.9(5)  

S(2)-C(19)-C(20)-C(21)  -1.6(6)  

C(19)-C(20)-C(21)-C(27)  2.2(7)  

C(19)-C(20)-C(21)-C(22)  -172.5(5)  

C(27)-C(21)-C(22)-C(23)  -0.2(10)  

C(20)-C(21)-C(22)-C(23)  173.6(6)  

C(21)-C(22)-C(23)-C(35)  -169.6(6)  

C(21)-C(22)-C(23)-C(24)  6.8(10)  

C(22)-C(23)-C(24)-C(25)  26.7(10)  

C(35)-C(23)-C(24)-C(25)  -156.7(6)  

C(23)-C(24)-C(25)-C(26)  -74.2(7)  

C(24)-C(25)-C(26)-C(27)  72.2(7)  

C(20)-C(21)-C(27)-C(26)  179.8(6)  

C(22)-C(21)-C(27)-C(26)  -6.1(11)  

C(20)-C(21)-C(27)-S(2)  -1.7(6)  

C(22)-C(21)-C(27)-S(2)  172.5(5)  

C(25)-C(26)-C(27)-C(21)  -27.2(9)  

C(25)-C(26)-C(27)-S(2)  154.3(5)  

C(19)-S(2)-C(27)-C(21)  0.6(5)  
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C(19)-S(2)-C(27)-C(26)  179.4(5)  

C(20)-C(19)-C(28)-C(33)  -158.7(6)  

S(2)-C(19)-C(28)-C(33)  18.6(7)  

C(20)-C(19)-C(28)-C(29)  21.7(9)  

S(2)-C(19)-C(28)-C(29)  -161.0(4)  

C(33)-C(28)-C(29)-C(30)  -1.3(8)  

C(19)-C(28)-C(29)-C(30)  178.3(5)  

C(28)-C(29)-C(30)-C(31)  -0.9(9)  

C(29)-C(30)-C(31)-C(32)  2.7(8)  

C(29)-C(30)-C(31)-C(34)  -178.5(6)  

C(30)-C(31)-C(32)-C(33)  -2.4(8)  

C(34)-C(31)-C(32)-C(33)  178.9(5)  

C(31)-C(32)-C(33)-C(28)  0.3(9)  

C(29)-C(28)-C(33)-C(32)  1.5(8)  

C(19)-C(28)-C(33)-C(32)  -178.0(5)  

C(22)-C(23)-C(35)-O(3)  163.7(6)  

C(24)-C(23)-C(35)-O(3)  -13.1(9)  

C(22)-C(23)-C(35)-O(4)  -13.3(8)  

C(24)-C(23)-C(35)-O(4)  169.8(5)  

O(3)-C(35)-O(4)-C(36)  0.6(9)  

C(23)-C(35)-O(4)-C(36)  177.7(5)  

 

 Symmetry transformations used to generate equivalent atoms.   
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Methyl 2-(3-methylphenyl)-7,8-dihydro-6H-[7]annuleno[b]thiophene-5-carboxylate (9b)  
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Methyl 2-(4-butylphenyl)-7,8-dihydro-6H-[7]annuleno[b]thiophene-5-carboxylate (9c)  
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Methyl 2-([1,1'-biphenyl]-4-yl)-7,8-dihydro-6H-[7]annulene[b]thiophene-5-carboxylate (9d)  
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Methyl 2-(4-tert-butylphenyl)-7,8-dihydro-6H-[7]annuleno[b]thiophene-5-carboxylate (9e)  
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Methyl-2-(4-(trifluoromethyl)phenyl)-7,8-dihydro-6H-[7]annuleno[b]thiophene-5-carboxylate (9f)  
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Methyl 2-(4-nitrophenyl)-7,8-dihydro-6H-[7]annulene[b]thiophene-5-carboxylate (9g)  

  

  



67 
 

   



68 
 

 



69 
 

 



70 
 

 

  

  



71 
 

2-(4-Methylphenyl)-7,8-dihydro-6H-[7]annuleno[b]thiophene-5-carboxylic acid (10a)  
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2-(3-Methylphenyl)-7,8-dihydro-6H-[7]annuleno[b]thiophene-5-carboxylic acid (10b)  
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2-(4-n-Butylphenyl)-7,8-dihydro-6H-[7]annulene[b]thiophene-5-carboxylic acid (10c)  
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N-[4-(Diethylamino)phenyl]-2-(4-methylphenyl)-7,8-dihydro-6H-[7]annuleno[b]thiophe-ne-

5carboxamide (1aA)  
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2-(3-Methylphenyl)-N-{4-[4-(tetrahydro-2H-pyran-4-yl)piperazin-1-yl]phenyl}-7,8-dihydro-

6H[7]annuleno[b]thiophene-5-carboxamide (1bB)  
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2-(4-Butylphenyl)-N-4-[N-methyl-N-(tetrahydro-2H-pyran-4-yl)aminomethyl]phenyl}—7,8-dihydro- 

6H-[7]annuleno[b]thiophene-5-carboxamide (1cC) 
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Representative LC-MS spectrum of PdBr2/bipy-catalysed coupling of methyl 7,8-dihydro-6H-
[7]annuleno[b]thiophene-5-carboxylate (2) with 4-iodotoluene (3a) 

 

starting material 2 

mixture of monoarylated products 


