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Preparation and structure confirmation of tanshinol acyl-L-alanyl-L-proline
bornyl ester single crystal
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Abstract: Objective To prepare single crystals of tanshinol acyl-L-alanyl-L-proline bornyl ester, and to characterize its structure.
Methods Solvent evaporation method was used to grow single crystals. The spatial structure of the crystal was analyzed using X-ray
single crystal diffraction, the crystal structure was analyzed using X-ray powder diffraction, and the thermal stability was analyzed
using TGA-DSC. Results The crystal appeared colorless and transparent needle like, belonging to the monoclinic crystal system,
with space group of P2:. A crystal cell was composed of four molecules, with hydrogen bonds mainly presented between molecules.
There were six chiral carbon atoms in the molecule, and three carbon atoms in each of the R and S types. The position of the
characteristic peaks in the measured powder X-ray diffraction pattern was roughly the same as the theoretical diffraction peak. The
DSC results were consistent with the TGA plot results. Conclusion Three-dimensional configuration and thermal stability of
tanshinol acyl-L-alanyl-L-proline bornyl ester are confirmed.
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Fig. 1 Chemical structure of tanshinol acyl-L-alanyl-L-
proline bornyl ester
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Table 1 Culturing condition of single crystal
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Table 2 Atomic coordinates and equivalent temperature factor

Ji¥  xx10% yx10* 7x104 U(eq)/(nm?x10) | JBF  xx10* yx10* 7x10* U(eq)/(nm?x10)
10 11247(5)  9816(6) 2997(3) 94(16) 19C  5245(6) 7305(14) 3077(3) 91(2)
20 11884(9) 6982(10) 2 459(4) 159(4) 20C  4515(5) 6672(13) 3484(3) 90(2)
30 10845(55)  3645(8) 4 944(3) 108(2) 21C  4962(7) 5287(13) 3842(6) 112(3)
40 10162(3)  1947(6) 3630(19) 74(11) 22C  5642(5) 6264(12) 4190(4) 4 190(4)
50 8273(4)  6615(6) 4335(18) 78 (12) 23C  5507(4) 8142(10) 4028(3) 67(14)
60  7377(4) 10465(7) 3328(3) 95(17) 24C  5869(7) 9480(18) 4 434(4) 119(4)
70 3274(4)  3364(6) 6667(18) 78(12) 25C  4440(4) 8182(11) 3908(3) 75(16)
80  6248(4) 169(6) 2 000(3) 93(16) 26C  4089(7) 9867(17) 3642(6) 122(4)
90  6898(9) 2979(10) 2537(4) 165(5) 27C  3832(6) 7783(16) 4403(4) 100(3)
100 5843(5)  6345(8) 53(2) 104(19) 28C  6825(6) 4625(10) 1723(5) 98(3)
110 5163(3)  8030(6) 1371(2) 74(11) 29C  6688(6) 3088(10) 1999(4) 97(3)
120 3274(4)  3364(6)  667(18) 78(12) 30C 6350(5) 1666(8) 1708(4) 80(19)
130 2385(4)  -486(7) 1672(3) 93(16) 31C  6106(8) 1892(10) 1150(4) 95(2)
140 1840(3) 2196(5) 1595(18) 65 (10) 32C  6246(7) 3435(10)  880(4) 95(2)
IN  9452(4)  3518(7) 4289(2) 70(12) 33C  6647(5) 4806(9) 1162(4) 80(19)
2N 8545(3)  6365(7) 3421(19) 60(10) 34C  6842(5) 6518(10)  880(5) 91(2)
3N 4445(4)  6470(7)  710(2) 70(12) 35C  6021(6) 7283(9) 558(3) 80(18)
AN 3547(3)  3624(6) 1577(19) 60(11) 36C 5162(5) 7 304(7) 916(3) 64(13)
1C  11260(8) 6550(10) 4 114(4) 98(3) 37C  3564(4)  6230(8) 988(3) 69(14)
2C  11122(7)  8088(9) 3841(4) 96(2) 38C  2776(7) 6918(12)  628(5) 103(3)
3C  11354(5)  8300(8) 3291(4) 80(19) 39C  3455(4) 4299(8) 1073(2) 61(13)
4C  11691(6) 6889(11) 2 999(5) 95(2) 40C  3831(7) 4527(11) 2082(3) 92(2)
5C 11829(5) 5357(10) 3285(5) 98(3) 41C  3973(11) 3117(13) 2 475(4) 128(3)
6C 11642(5)  5150(9) 3840(4) 80(2) 42C  3894(8) 1487(14) 2231(4) 115(3)
7C  11833(5) 3450(10) 4 124(4) 90(2) 43C  3481(4) 1759(9) 1661(3) 69(14)
8C 11031(6)  2704(9) 4447(3) 80(2) 44C  2517(4) 1048(8) 1639(2) 61(13)
9C 10162(5)  2684(7) 4085(3) 63 (13) 45C 887(4) 1600(9) 1556(3) 69(15)
10C  8559(5)  3752(8) 4012(3) 67(14) 46C 242(5)  2685(14) 1924(3) 92(2)
11C  7773(6) 3058(12) 4 371(5) 98(2) 47C  —483(5) 3315(14) 1513(3) 90(2)
12C  8448(4)  5690(8) 3928(2) 61(13) 48C  —43(7)  4687(13) 1172(5) 107(3)
13C  8823(7) 5427(12) 2920(3) 90(2) 49C 652(5) 3718(12)  807(4) 89(2)
14C  8972(11) 6879(17) 2509(5) 128(3) 50C 502(4)  1831(10)  970(3) 68(15)
15C  8908(8) 8517(15) 2778(4) 110(3) 51C 868(7) 497(18)  569(4) 116(4)
16C  8487(4)  8216(9) 3338(3) 69(14) 52C  —556(4) 1794(11) 1097(3) 73(16)
17C  7514(4) 8936(8) 3362(2) 60(12) 53C  -927(7) 124(17) 1 353(6) 121(4)
18C  5883(4)  8376(9) 3448(3) 69(14) 54C  -1175(5) 2194(16)  592(4) 100(3)
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Table 3 Torsion angles data of bonded atoms

JRTHE A JRTHE HEAI() JET R HEEAI( JRTHE HEMI(
10-3C-2C-1C —178.9(8)[2C-1C-6C-5C —2.9(13)[22C-21C-20C-19C 68.9(1)|43C-4N-39C-120 2.9(8)
10-3C-4C-20 -1.3(14)[2C-1C-6C-5C 178.2(7)[22C-21C-20C-25C —39.4(1)[43C-4N-39C-37C -177.5(6)
10-3C-4C-5C 178.3(7)[2C-3C-4C-20 176.6(1)[22C-23C-25C-20C —53.5(6)[43C-4N-40C-41C 2.3(2)
30-8C-7C-6C —69.0(8)[2C-3C-4C-5C —-3.8(1)[22C-23C-25C-26C  —171.1(8)[43C-42C-41C-40C -12.4(2)
30-8C-9C-40 179.6(6)[4C-3C-2C-1C 3.4(1)[22C-23C-25C-27C 62.9(9)[44C-140-45C-46C 138.0(6)
30-8C-9C-1N 0.9(8)[4C-5C-6C-1C 2.5(1)[23C-18C-19C-20C 4.2(8)[44C-140-45C-50C  —107.0(6)
50-12C-10C-1N —75.9(7)|4C-5C-6C-7C —178.6(7)[23C-22C-21C-20C 2.6(10)44C-43C-42C-41C —111.1(10)
50-12C-10C-11C 45.3(8)|6C-1C-2C-3C 0.0(1)[23C-25C-20C-19C —53.3(6)[45C-140-44C-130 -3.0(9)
60-17C-16C-2N 176.3(6)|6C-5C-4C-20 —-179.5(1)[23C-25C-20C-21C 58.2(7)|45C-140-44C-43C 178.4(5)
60-17C-16C-15C ~ —64.5(1)|6C-5C-4C-3C 0.8(1)[24C-23C-22C-21C 160.0(8)[45C-46C-47C-48C —~74.4(9)
70-17C-16C-2N —5.6(7)[7C-8C-9C-40 56.4(8)[24C-23C-25C-20C 178.4(8)|45C-46C-47C-52C 33.4(8)
70-17C-16C-15C 113.6(7)[7C-8C-9C-1N —122.3(7)[24C-23C-25C-26C 60.7(11)|45C-50C-49C-48C -71.1(7)
70-18C-19C-20C 125.7(7)|8C-7C-6C-1C 49.2(1)[24C-23C-25C-27C  —65.3(11)[46C-45C-50C-49C 66.7(7)
70-18C-23C-22C  —53.6(7)[8C-7C-6C-5C —129.6(8)[25C-23C-22C-21C 34.6(9)[46C-45C-50C-51C  —164.2(8)
70-18C-23C-24C 77.6(9)[9C-1N-10C-11C 122.4(8)[26C-25C-20C-19C 62.8(8)46C-45C-50C-52C —=39.2(7)
70-18C-23C-25C  —158.9(6)[9C-1N-10C-12C —117.5(7)[26C-25C-20C-21C 174.2(7)|47C-48C-49C-50C 2.0(8)
80-30C-29C-90 —0.2(15)[9C-8C-7C-6C 50.9(9)[27C-25C-20C-19C  —173.3(6)|47C-52C-50C-45C 58.3(7)
80-30C-29C-28C 178.5(8)[10C-1N-9C-40 —1.6(11)[27C-25C-20C-21C —61.8(8)|47C-52C-50C-49C —51.7(6)
100-35C-34C-33C  —72.6(9)[10C-1N-9C-8C 177.0(6)[28C-33C-34C-35C  —124.3(9)[47C-52C-50C-51C 178.4(8)
110-36C-35C-100  179.5(6)[12C-2N-13C-14C —170.8(8)[30C-31C-32C-33C 0.7(16)[49C-48C-47C-46C 69.3(9)
110-36C-35C-34C 58.3(8)[12C-2N-16C-15C 163.3(7)[31C-30C-29C-90 177.2(11)[49C-48C-47C-52C —36.2(8)
120-39C-37C-3N —72.1(7)[12C-2N-16C-17C —73.0(7)[31C-30C-29C-28C —4.0(14)[50C-45C-46C-47C 4.1(9)
120-39C-37C-38C  48.2(10)[13C-2N-12C-50 174.9(7)[32C-31C-30C-80 —178.8(9)[50C-52C-47C-46C —56.0(7)
130-44C-43C-4N 175.9(6)[13C-2N-12C-10C —4.8(9)[32C-31C-30C-29C 4.0(1)50C-52C-47C-48C 54.1(7)
130-44C-43C-42C  —67.9(9)[13C-2N-16C-15C —9.8(9)[32C-33C-28C-29C 5.4(1)[51C-50C-49C-48C 162.8(7)
140-44C-43C-4N —5.4(8)[13C-2N-16C-17C 114.0(7)[32C-33C-34C-35C 52.0(1)[52C-50C-49C-48C 32.1(7)
140-44C-43C-42C  110.8(7)[16C-2N-12C-50 2.7(8)[33C-28C-29C-90 178.1(1)[53C-52C-47C-46C 65.6(8)
140-45C-46C-47C  122.5(7)[16C-2N-12C-10C —177.0(5)[33C-28C-29C-30C —0.7(2)[53C-52C-47C-48C 175.8(7)
140-45C-50C-49C  —53.4(7)[16C-2N-13C-14C 1.9(1)[34C-33C-28C-29C  —178.1(8)[53C-52C-50C-45C —62.2(9)
140-45C-50C-51C 75.7(9)[16C-15C-14C-13C —13.5(1)[36C-3N-37C-38C 121.5(7)53C-52C-50C-49C  —172.2(8)
140-45C-50C-52C —159.2(6)[18C-70-17C-60 —-3.8(9)[36C-3N-37C-39C -118.3(6)[53C-52C-50C-51C 58.0(1)
2N-12C-10C-1N 103.7(6)[18C-70-17C-16C 178.2(5)[36C-35C-34C-33C 49.5(1)[54C-52C-47C-46C  —173.2(7)
2N-12C-10C-11C  —135.0(6)[18C-19C-20C-21C ~ —75.9(9)[37C-3N-36C-110 —2.0(1)[54C-52C-47C-48C —63.0(8)
2N-13C-14C-15C 7.4(13)[18C-19C-20C-25C 32.8(8)[37C-3N-36C-35C 176.6(6)[54C-52C-50C-45C 173.5(8)
2N-16C-15C-14C 13.6(11)[18C-23C-22C-21C  —72.9(9)[39C-4N-40C-41C —170.0(9)[54C-52C-50C-49C 63.5(9)
3N-36C-35C-100 1.0(8)[18C-23C-25C-20C 57.1(7)[39C-4N-43C-42C 163.2(7)[54C-52C-47C-51C —66.3(1)
3N-36C-35C-34C  —120.3(7)[18C-23C-25C-26C  —60.5(9)[39C-4N-43C-44C —78.1(8)|17C-70-18C-19C 137.1(6)
4N-39C-37C-3N 108.3(6)[18C-23C-25C-27C 173.5(8)[40C-4N-39C-120 174.6(7)[17C-70-18C-23C —108.3(6)
4N-39C-37C-38N  —131.3(7)[19C-18C-23C-22C 65.0(7)40C-4N-39C-37C -5.8(1)[L7C-16C-15C-14C  -111.1(1)
4N-40C-41C-42C 6.4(2)[19C-18C-23C-24C  —163.7(8)|40C-4N-43C-42C —9.4(1)[19C-18C-23C-25C —40.3(7)
4N-43C-42C-41C 12.3(1)[31C-32C-33C-28C —5.4(1)[40C-4N-43C-44C 109.3(7)[31C-32C-33C-34C 178.2(8)
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Table 4 Bond lengths of bonded atoms
JR BRim | Hr K /nm JR T K /nm JR - £ /nm
10-3C 1.377(9) | 3N-36C 1.295(8) 17C-16C 1.512(9) 36C-35C 1.524(10)
20-4C 1.310(13) | 3N-37C 1.463(9) 18C-19C 1.494(11) 37C-38C 1.484(10)
30-8C 1.416(10) | 4N-39C 1.296(8) 18C-23C 1.497(9) 39C-37C 1.535(9)
40-9C 1.214(8) | 4N-40C 1.423(8) 19C-20C 1.534(12) 40C-41C 1.448(12)
50-12C 1.234(7) | 4N-43C 1.478(9) 21C-20C 1.499(15) 42C-41C 1.402(13)
70-17C 1.328(8) 1C-2C 1.375(12) 22C-21C 1.462(14) 43C-42C 1.453(9)
70-18C 1.471(7) 1C-6C 1.397(13) 23C-22C 1.531(12) 44C-43C 1.493(9)
80-30C 1.369(9) | 3C-2C 1.358(14) 23C-24C 1.495(11) 45C-46C 1.549(11)
90-29C 1.286(13) | 3c-4C 1.398(11) 23C-25C 1.548(8) 45C-50C 1.470(8)
100-35C 1.409(10) | 5C-4C 1.385(13) 25C-20C 1.552(12) 46C-47C 1.473(11)
110-36C 1.209(8) | 5C-6C 1.350(14) 25C-26C 1.537(13) 48C-47C 1.497(15)
120-39C 1.221(7) | 7C-6C 1.509(11) 25C-27C 1.517(11) 48C-49C 1.544(15)
130-44C 1.220(9) | 8C-7C 1.525(13) 28C-29C 1.385(13) 50C-49C 1.545(12)
140-44C 1.327(8) | 8C-9C 1.479(9) 30C-29C 1.383(10) 50C-51C 1.516(12)
140-45C 1.447(7) 11C-10C 1.539(11) 31C-30C 1.351(12) 52C-47C 1.541(12)
1N-9C 1.320(9) 12C-10C 1.539(9) 31C-32C 1.384(12) 52C-50C 1.563(9)
1N-10C 1.424(8) 13C-14C 1.512(15) 32C-33C 1.375(12) 52C-54C 1.481(9)
2N-12C 1.312(8) 15C-14C 1.434(17) 33C-28C 1.338(14) 53C-52C 1.546(13)
2N-13C 1.459(9) 16C-15C 1.490(11) 33C-34C 1.528(11)
2N-16C 1.466(9) 17C-60 1.217(8) 35C-34C 1.497(12)
i s
e W
YL &G
RS A 2f o
T Bad Y
Bte O i
S SR » an e
‘”‘%y @» X gF

B2 FAeit-L-RAElk-L-Eaigk BRI s
Fig. 2 Stereostructure of tanshinol acyl-L-alanyl-L-proline
bornyl ester
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Fig. 3 Cell stacking diagram of tanshinol acyl-L-alanyl-L-
proline bornyl ester
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Table 5 Data of hydrogen bond

D—H--A d(D—H)/nm d(H --A)/ nm d(D --A)/nm ZDHAI(9
010—H10 --012! 0.83 1.89 2.676(7) 157.8
01—H1 --042 0.83 1.95 2.763(8) 166.1
08—H8 --0113 0.83 1.86 2.685(7) 177.9
03—H3 --05* 0.83 1.81 2.609(6) 160.8

H-Xo 124Y. -Z; 24X, 1+Y. +Z; 33X, -1+4Y., +Z; 22-X. -1/2+Y. 1-Z
23 M% X BHELTEH .

XF P2k -L- T4 2 e - L - il PR UK v s ) A4 Hy 1008} 1
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Fig. 4 X-ray powder diffraction of tanshinol acyl-L-alanyl-
L-proline bornyl ester

2.4 BMESHE (TGA) -ERFMEME (DSC)
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Fig. 5 TGA graph of tanshinol acyl-L-alanyl-L-proline
bornyl ester
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Fig. 6 DSC graph of tanshinol acyl-L-alanyl-L-proline
bornyl ester
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