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1. Scheme S1. Reaction of cyclic non-aromatic acid anhydrides
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2. Figure S1. In situ HRMS analysis
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Ref1: J. Org. Chem. 2014,
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3. X-Ray Crystallographic Data of 3a

Table 1.  Crystal data and structure refinement for d24851.

Identification code shelx

Empirical formula C13 H10 Cl2 O2 S

Formula weight 301.17

Temperature 200(2) K

Wavelength 0.71073 Å

Crystal system Monoclinic

Space group C c

Unit cell dimensions a = 10.4636(5) Å = 90°.

b = 15.3707(7) Å = 114.6260(10)°.

c = 8.6501(3) Å  = 90°.

Volume 1264.68(9) Å3

Z 4

Density (calculated) 1.582 Mg/m3

Absorption coefficient 0.667 mm-1

F(000) 616

Crystal size 0.260 x 0.150 x 0.120 mm3

Theta range for data collection 2.518 to 25.429°.

Index ranges -12<=h<=12, -18<=k<=18, -10<=l<=10

Reflections collected 8338

Independent reflections 2274 [R(int) = 0.0465]

Completeness to theta = 25.242° 99.6 % 

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 2274 / 2 / 163

Goodness-of-fit on F2 1.042

Final R indices [I>2sigma(I)] R1 = 0.0259, wR2 = 0.0622

R indices (all data) R1 = 0.0276, wR2 = 0.0630

Absolute structure parameter 0.03(3)

Extinction coefficient n/a

Largest diff. peak and hole 0.297 and -0.189 e.Å-3
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3a CCDC: 2388736
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Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (Å2x 103)

for d24851.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

________________________________________________________________________________

x y z U(eq)

________________________________________________________________________________

C(1) 7324(5) 3509(3) 9234(5) 49(1)

C(2) 8862(5) 3764(4) 9892(6) 66(1)

C(3) 9178(5) 4121(4) 8523(7) 72(2)

C(4) 8388(4) 3647(2) 6945(5) 40(1)

C(5) 5529(3) 4132(2) 5955(4) 28(1)

C(6) 4360(4) 3959(2) 4356(4) 30(1)

C(7) 3675(3) 4836(2) 3758(4) 25(1)

C(8) 2552(3) 5055(2) 2253(4) 29(1)

C(9) 2154(3) 5928(2) 2006(4) 27(1)

C(10) 2839(3) 6549(2) 3264(4) 26(1)

C(11) 3980(3) 6319(2) 4767(4) 28(1)

C(12) 4388(3) 5459(2) 4974(4) 25(1)

C(13) 5626(3) 5031(2) 6397(4) 27(1)

Cl(1) 808(1) 6235(1) 99(1) 40(1)

Cl(2) 2282(1) 7620(1) 2981(1) 37(1)

O(1) 3954(3) 3276(1) 3566(3) 42(1)

O(2) 6493(3) 5429(2) 7617(3) 38(1)

S(1) 6724(1) 3320(1) 6949(1) 30(1)

________________________________________________________________________________
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Table 3.   Bond lengths [Å] and angles [°] for d24851.

_____________________________________________________

C(1)-C(2) 1.518(7)

C(1)-S(1) 1.831(4)

C(1)-H(1A) 0.9900

C(1)-H(1B) 0.9900

C(2)-C(3) 1.462(8)

C(2)-H(2A) 0.9900

C(2)-H(2B) 0.9900

C(3)-C(4) 1.462(6)

C(3)-H(3A) 0.9900

C(3)-H(3B) 0.9900

C(4)-S(1) 1.813(4)

C(4)-H(4A) 0.9900

C(4)-H(4B) 0.9900

C(5)-C(13) 1.427(4)

C(5)-C(6) 1.438(4)

C(5)-S(1) 1.721(3)

C(6)-O(1) 1.229(4)

C(6)-C(7) 1.513(4)

C(7)-C(8) 1.384(4)

C(7)-C(12) 1.388(4)

C(8)-C(9) 1.395(4)

C(8)-H(8) 0.9500

C(9)-C(10) 1.399(4)

C(9)-Cl(1) 1.729(3)

C(10)-C(11) 1.395(4)

C(10)-Cl(2) 1.731(3)

C(11)-C(12) 1.378(4)

C(11)-H(11) 0.9500

C(12)-C(13) 1.515(4)

C(13)-O(2) 1.230(4)

C(2)-C(1)-S(1) 106.2(3)

C(2)-C(1)-H(1A) 110.5

S(1)-C(1)-H(1A) 110.5

C(2)-C(1)-H(1B) 110.5

S(1)-C(1)-H(1B) 110.5
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H(1A)-C(1)-H(1B) 108.7

C(3)-C(2)-C(1) 110.8(4)

C(3)-C(2)-H(2A) 109.5

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

C(3)-C(2)-H(2B) 109.5

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

H(2A)-C(2)-H(2B) 108.1

C(4)-C(3)-C(2) 109.8(4)

C(4)-C(3)-H(3A) 109.7

C(2)-C(3)-H(3A) 109.7

C(4)-C(3)-H(3B) 109.7

C(2)-C(3)-H(3B) 109.7

H(3A)-C(3)-H(3B) 108.2

C(3)-C(4)-S(1) 107.8(3)

C(3)-C(4)-H(4A) 110.1

S(1)-C(4)-H(4A) 110.1

C(3)-C(4)-H(4B) 110.1

S(1)-C(4)-H(4B) 110.1

H(4A)-C(4)-H(4B) 108.5

C(13)-C(5)-C(6) 111.9(3)

C(13)-C(5)-S(1) 127.8(2)

C(6)-C(5)-S(1) 119.8(2)

O(1)-C(6)-C(5) 130.6(3)

O(1)-C(6)-C(7) 124.5(3)

C(5)-C(6)-C(7) 104.9(3)

C(8)-C(7)-C(12) 121.5(3)

C(8)-C(7)-C(6) 129.4(3)

C(12)-C(7)-C(6) 109.1(3)

C(7)-C(8)-C(9) 117.5(3)

C(7)-C(8)-H(8) 121.3

C(9)-C(8)-H(8) 121.3

C(8)-C(9)-C(10) 120.8(3)

C(8)-C(9)-Cl(1) 118.7(2)

C(10)-C(9)-Cl(1) 120.4(2)

C(11)-C(10)-C(9) 121.0(3)

C(11)-C(10)-Cl(2) 118.7(2)

C(9)-C(10)-Cl(2) 120.3(2)

C(12)-C(11)-C(10) 117.6(3)
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C(12)-C(11)-H(11) 121.2

C(10)-C(11)-H(11) 121.2

C(11)-C(12)-C(7) 121.6(3)

C(11)-C(12)-C(13) 129.4(3)

C(7)-C(12)-C(13) 108.9(3)

O(2)-C(13)-C(5) 131.0(3)

O(2)-C(13)-C(12) 123.8(3)

C(5)-C(13)-C(12) 105.1(3)

C(5)-S(1)-C(4) 107.22(16)

C(5)-S(1)-C(1) 106.00(17)

C(4)-S(1)-C(1) 93.47(18)

_____________________________________________________________

Symmetry transformations used to generate equivalent atoms: 
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Table 4.   Anisotropic displacement parameters (Å2x 103)for d24851.  The anisotropic

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

______________________________________________________________________________

U11 U22 U33 U23 U13 U12

______________________________________________________________________________

C(1) 55(2) 58(2) 30(2) 15(2) 16(2) 9(2)

C(2) 54(3) 81(4) 40(2) -17(2) -3(2) 14(2)

C(3) 42(2) 88(4) 85(4) -44(3) 25(3) -25(2)

C(4) 33(2) 41(2) 46(2) 3(2) 17(2) 7(2)

C(5) 28(2) 24(1) 30(2) 2(1) 9(1) -1(1)

C(6) 27(2) 26(2) 34(2) -2(1) 11(1) -2(1)

C(7) 21(1) 25(1) 28(1) -2(1) 8(1) -4(1)

C(8) 22(2) 31(2) 29(2) -5(1) 6(1) -2(1)

C(9) 18(2) 38(2) 22(1) -1(1) 5(1) 0(1)

C(10) 28(2) 23(1) 26(2) 1(1) 11(1) 3(1)

C(11) 29(2) 27(2) 25(1) -4(1) 7(1) 0(1)

C(12) 25(2) 24(1) 26(1) -1(1) 10(1) -3(1)

C(13) 28(2) 26(2) 25(1) 0(1) 10(1) 1(1)

Cl(1) 33(1) 42(1) 30(1) -1(1) -2(1) 6(1)

Cl(2) 44(1) 27(1) 30(1) 1(1) 4(1) 10(1)

O(1) 43(2) 24(1) 47(2) -9(1) 6(1) -6(1)

O(2) 39(1) 28(1) 32(1) -5(1) -2(1) 0(1)

S(1) 30(1) 21(1) 33(1) 1(1) 6(1) 0(1)

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

for d24851.

________________________________________________________________________________

x y z U(eq)

________________________________________________________________________________

H(1A) 6772 3981 9444 58

H(1B) 7218 2974 9808 58

H(2A) 9082 4204 10804 79

H(2B) 9459 3247 10383 79

H(3A) 8922 4745 8362 86

H(3B) 10198 4070 8827 86

H(4A) 8922 3129 6874 48

H(4B) 8223 4024 5952 48

H(8) 2071 4628 1420 34

H(11) 4459 6740 5616 34

________________________________________________________________________________



S12

4. NMR spectra
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5. HRMS Spectra
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