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Single crystal preparation and structure confirmation of apremilast
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Abstract: Objective To prepare single crystals of apremilast form E, and to investigate the corresponding structure and thermodynamic
stability. Methods Evaporation method was used to grow single crystals of apremilast form E, which were then characterized using
differential scanning calorimetry (DSC), powder X-ray diffraction (PXRD), and single X-ray diffraction (SXRD). Results Single
crystals of apremilast form E could be obtained through acetonitrile evaporation. DSC graph and PXRD spectrum was in good
agreement with data reported in literatures. SXRD results showed that the unit stoichiometric of apremilast form E was C,,H»4N,O4S,
and the relative molecular mass was 460.49, and crystal density was 1.262 g/cm’. The unit cell belonged to a tetragonal system, and the
space group was P4,2,2. The slurry experiment results showed that DSC graphs of apremilast samples suspended in different polar
solvents were different. Conclusion Crystal structure of apremilast form E is characterized, and the crystallization changes in
different solvents.
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Fig. 1 Chemical structure of apremilast
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Fig.2 DSC graph of apremilast form E
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Fig. 3 PXRD experimental pattern (A) and theoretical
pattern (B) for apremilast form E
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Fig. 4 Stereostructure of apremilast form E
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Fig. 5 Cell structure of apremilast form E
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Table 1 Atomic coordinates and equivalent isotropic displacement parameters (nm”x10)
J5F xX10*  pXx10*  zX10*  Uleq)/(nm*X10) | ¥ xX10*  px10*  zX10*  Uleq)/(nm®X 10)
S(1) 5932(1) 1618(1) 2866(1) 22(1) C(7) 6776(2) 4416(2) 3773(1) 20(1)
O(1) 5154(1) 2414(1) 4172(1) 24(1) C(8) 6018(2) 4259(2) 3400(1) 19(1)
0(2) 5961(1) 4712(1) 3040(1) 24(1) C(9) 7205(2) 27742) 5263(1) 22(1)
0(3) 8015(1) 3175(1) 5390(1) 27(1) C(10) 6573(2) 2049(2) 5552(1) 29(1)
0O4) 6891(1) 2092(1) 3024(1) 31(1) C(11)  4519(2) 2993(2) 3258(1) 20(1)
O(5) 5517(1) 755(1)  3123(1) 31(1) C(12) 4959(2) 2595(2) 2808(1) 20(1)
0O(6) 2414(1) 5470(1) 2318(1) 24(1) C(13) 6107(2) 1228(2) 2300(1) 35(1)
o(7) 1047(1) 5684(1) 2964(1) 29(1) C(14) 3595(2) 3725(2) 3180(1) 20(1)
N(1) 5342(1) 3467(1) 3539(1) 19(1) C(15) 3451(2) 4258(2) 2770(1) 20(1)
N(@2) 6772(2) 2956(1) 4844(1) 21(1) C(16) 2603(2) 4909(2) 2705(1) 21(1)
C() 5612(2) 3101(2) 3966(1) 18(1) C(17)  1866(2) 5031(2) 3054(1) 22(1)
C(2) 6536(2) 3712(2) 4111(1) 20(1) C(18) 2003(2) 4496(2) 3459(1) 25(1)
C(3) 7090(2) 36752) 4516(1) 20(1) C(19) 2867(2) 3847(2) 3518(1) 24(1)
C4) 7925(2) 4382(2) 4559(1) 23(1) C(20) 374(2) 5921(3) 3335(1) 41(1)
C(5) 8164(2) 5074(2) 4211(1) 26(1) C(21) 3198(2) 5403(2) 1970(1) 25(1)
C(6) 7596(2) 5117(2) 3809(1) 24(1) C(22) 2913(2) 6166(2) 1602(1) 35(1)
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Table 2 Bond lengths of bonded atomos

J B /nm JR ¥ B /mm JR - B /nm JR P B /nm
S(1)-0(4) 1.447 5(18) | N(2)-C(3) 1.399(3) C(10)-H(10B)  0.98 C(17)-C(18) 1.389(3)
S(1)-0(5) 1.441 0(18) | N(2)-C(9) 1.375(3) C(10)-H(10C)  0.98 C(18)-H(18) 0.95
S(H-C(12)  1.773(2) C(1)-C(2) 1.482(3) C(ID-H(D 1 C(18)-C(19) 1.394(3)
S(1)-C(13)  1.761(2) C(2)-C(3) 1.392(3) C(1D-C(12)  1.531(3) | C(19)-H(19) 0.95
O(1)-C(1) 1.219(3) C(2)-C(7) 1.382(3) CID-C(14)  1.526(3) | C(20)-H(20A)  0.98
0(2)-C(8) 1.215(3) C(3)-C(4) 1.407(3) C(12)-H(12A) 0.9 C(20)-H(20B)  0.98
0(3)-C(9) 1.217(3) C(4)-H(4) 0.95 C(12)-H(12B)  0.99 C(20)-H(20C)  0.98
0(6)-C(16)  1.371(3) C(4)-C(5) 1.392(3) C(13)-H(I13A)  0.98 C(21)-HQ21A)  0.99
0(6)-C(21)  1.442(3) C(5)-H(5) 0.95 C(13)-H(I13B)  0.98 C(21)-HQ21B) 0.9
O7)-C(17)  1.369(3) C(5)-C(6) 1.394(3) C(13)-H(13C)  0.98 C(21)-C(22) 1.507(3)
O(7)-C(20)  1.427(3) C(6)-H(6) 0.95 C(14)-C(15)  1.403(3) | C(22)-H(22A)  0.98
N(1)-C(1) 1.392(3) C(6)-C(7) 1.385(3) C(14)-C(19)  1376(3) | C(22)-H(22B)  0.98
N(1)-C(8) 1.395(3) C(7)-C(8) 1.483(3) C(15)}-H(15)  0.95 C(22)-H(22C)  0.98
N(D)-C(11)  1.472(3) C(9)-C(10) 1.501(3) C(15)-C(16)  1.382(3)

NQ)-H2)  0.88 C(10)-H(10A)  0.98 C(16)-C(17)  1.408(3)

®3 BERFRHEHEIRE

Table 3 Torsion angles of bonded atoms

JRF WEAMICC) | BT HELfm/(0) | "1 L A/(°)
0(4)-S(1)-C(12) 109.36(11) | C(6)-C(7)-C(8) 129.93(19) | C(14)-C(15)-H(15) 119.4
0(4)-S(1)-C(13) 108.49(12) | O(2)-C(8)-N(1) 124.6(2) C(16)-C(15)-C(14) 121.12(19)
0(5)-S(1)-0(4) 117.64(10) | O(2)-C(8)-C(7) 128.8(2) C(16)-C(15)-H(15) 119.4
0(5)-S(1)-C(12) 109.42(10) | N(1)-C(8)-C(7) 106.61(17) | O(6)-C(16)-C(15) 124.78(19)
0(5)-S(1)-C(13) 109.26(12) | O(3)-C(9)-N(2) 123.5(2) 0(6)-C(16)-C(17) 115.85(19)
C(13)-S(1)-C(12) 101.45(11) | O(3)-C(9)-C(10) 122.9(2) C(15)-C(16)-C(17) 119.36(19)
C(16)-0(6)-C(21) 116.25(17) | N(2)-C(9)-C(10) 113.6(2) O(7)-C(17)-C(16) 115.93(19)
C(17)-0(7)-C(20) 116.21(19) | C(9)-C(10)-H(10A) 109.5 O(7)-C(17)-C(18) 124.5(2)
C(1)-N(1)-C(8) 110.98(17) | C(9)-C(10)-H(10B) 109.5 C(18)-C(17)-C(16) 119.6(2)
C(1)-N(1)-C(11) 123.45(17) | C(9)-C(10)-H(10C) 109.5 C(17)-C(18)-H(18) 119.9
C(8)-N(1)-C(11) 125.29(17) | H(10A)-C(10)-H(10B) 109.5 C(17)-C(18)-C(19) 120.1(2)
C(3)-N(2)-H(2) 115.9 H(10A)-C(10)-H(10C) 109.5 C(19)-C(18)-H(18) 119.9
C(9)-N(2)-H(2) 115.9 H(10B)-C(10)-H(10C) 109.5 C(14)-C(19)-C(18) 120.92)
C(9)-N(2)-C(3) 128.17(19) | N(1)-C(11)-H(11) 107.2 C(14)-C(19)-H(19) 119.6
O(1)-C(1)-N(1) 125.2(2) N(1)-C(11)-C(12) 111.25(17) | C(18)-C(19)-H(19) 119.6
O(1)-C(1)-C(2) 128.31(19) | N(1)-C(11)-C(14) 112.80(17) | O(7)-C(20)-H(20A) 109.5
N(1)-C(1)-C(2) 106.47(17) | C(12)-C(11)-H(11) 107.2 O(7)-C(20)-H(20B) 109.5
C(3)-C(2)-C(1) 129.66(19) | C(14)-C(11)-H(11) 107.2 0(7)-C(20)-H(20C) 109.5
C(7)-C(2)-C(1) 108.19(19) | C(14)-C(11)-C(12) 110.99(16) | H(20A)-C(20)-H(20B) 109.5
C(7)-C(2)-C(3) 122.1(2) S(1)-C(12)-H(12A) 108.7 H(20A)-C(20)-H(20C) 109.5
N(2)-C(3)-C(4) 125.6(2) S(1)-C(12)-H(12B) 108.7 H(20B)-C(20)-H(20C) 109.5
C(2)-C(3)-N(2) 118.07(19) | C(11)-C(12)-S(1) 114.22(14) | O(6)-C(21)-H(21A) 110.1
C(2)-C(3)-C(4) 116.3(2) C(11)-C(12)-H(12A) 108.7 0(6)-C(21)-H(21B) 110.1
C(3)-C(4)-H(4) 119.6 C(11)-C(12)-H(12B) 108.7 0(6)-C(21)-C(22) 108.00(19)
C(5)-C(4)-C(3) 120.7(2) H(12A)-C(12)-H(12B) 107.6 H(21A)-C(21)-H(21B) 108.4
C(5)-C(4)-H(4) 119.6 S(1)-C(13)-H(13A) 109.5 C(22)-C(21)-H(21A) 110.1
C(4)-C(5)-H(5) 118.7 S(1)-C(13)-H(13B) 109.5 C(22)-C(21)-H(21B) 110.1
C(4)-C(5)-C(6) 122.7(2) S(1)-C(13)-H(13C) 109.5 C(21)-C(22)-H(22A) 109.5
C(6)-C(5)-H(5) 118.7 H(13A)-C(13)-H(13B) 109.5 C(21)-C(22)-H(22B) 109.5
C(5)-C(6)-H(6) 122 H(13A)-C(13)-H(13C) 109.5 C(21)-C(22)-H(220) 109.5
C(7)-C(6)-C(5) 115.9(2) H(13B)-C(13)-H(13C) 109.5 H(22A)-C(22)-H(22B) 109.5
C(7)-C(6)-H(6) 122 C(15)-C(14)-C(11) 122.09(19) | H(22A)-C(22)-H(22C) 109.5
C(2)-C(7)-C(6) 122.3(2) C(19)-C(14)-C(11) 118.94(19) | H(22B)-C(22)-H(22C) 109.5
C(2)-C(7)-C(8) 107.74(19) | C(19)-C(14)-C(15) 118.9(2)
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Fig. 6 DSC graphs of apremilast form E after suspension in

different polar solvents
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