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Abstract
In this paper, the biological complexes of DTC with arsenic, antimony and bismuth were synthe-
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sized by liquid-liquid reaction at room temperature, which correspond to three active drugs re-
spectively. The powder X-ray diffraction pattern of the complex was determined, the pattern was
indexed by computer program, and the crystal system and cell parameters of the complex were
determined; the composition of the complex was determined by elemental analysis; the coordina-
tion of metal ions with biological ligands was studied by tHNMR; the thermal decomposition
process and bonding behavior of the complexes were studied by differential thermal gravimetric
analysis; the biological activity experiments of H1299 lung cancer cells were carried out for the three
biological complexes of arsenic. The results showed that the synthetic complexes had stronger inhi-
bitory effects on lung cancer cells than ligands and arsenic iodide alone.

Keywords

Arsenic Antimony Bismuth, Biological Complexes, Characterization, H1299 Cells

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 3]

i B WMEBETHEV ERSELR, HTIREBEE FINZRTHOEAR dPuE, Fr LR RS
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TLEME NMARREAEGoE, ANTERA RIS i FE, AR A KRB mER A EA,
[FiJ BN 30 e 0 1 5 LB R0V P, (R AT IR AT o S S 200 M 1 L8 2 — b ™™ Bt A\ S R P 1L 805
i IR T U AT 7T R DU BE 5 1 S S AR (A MR NB4 I TI[1], EA R E AR
FEARIREE P S H L, mIREEE ST SCHTPARRY] As,0, 5UFZ 29 E BA T REM, 41 BaZarachi
ZEARIE As,)O5 fl IFN-o B [A1E S HTLV-1 FAGANIIE TS, 2R As,05 525 il LAVR YT HoAt iR .
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BRGRAMEPRENRESEOR. B EYTERS: R H D 200 4, HEAYNLY
HEARARGHIHTL, EREFERAZE TR EN . B NP I RAC, R 72 HH B I 22 PR
Heth o TR T K, HLAYIRIE RN, ARIEHEERS . 7 B0 EF (5] [6]. ATLA, MRTE4szy
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2.DTC =8 HEaW
2.1. L EHMINERK

FREL 0.8599 g (3.77 mmol) SbCl; 5 2.7520 g (11.30 mmol) DTC(%> T3 CsH (NS,Na-3H,0, H &:
225.31), 7 HIE T HEE, ¥ DTC B F EEE R I A SbCl I VA, iR G0°CHBERE N E 85,
SO OUUENT RN 4 h, #F1E&M, I 10 mL ZBEZEHG, $5idE 2 min f5, #l
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Figure 1. Powder X-ray diffraction pattern of SbCl;-DTC complex
B 1. SbCL;-DTC ELAHIRIM AR X-SHET ST %
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Table 1. X-ray diffraction data and calculation results of SbCl;-DTC complex
# 1. SbCL-DTC EL &4 X-SHEATHBURFITEE R

hkl dexp/nm dga/nmM /1, hkl dexp/nm dga/nmM /1,
100 12.479 12.47 7.2 342 2.831 2.833 24
110 9.907 9.939 100.0 40-4 2.788 2.79 18.4
020 8.247 8.23 26.7 160 2.681 2.679 16.5
013 7.236 7.216 2.7 432 2.635 2.635 32
103 6.817 6.81 14.7 317 2.593 2.593 2.8
200 6.232 6.235 43 441 2.469 2.468 4.0
122 5.98 5.994 1.4 247 2.42 2.418 4.7
21-1 5.684 5.69 32 318 2.391 2.391 2.4
202 5.577 5.581 4.6 337 2.368 2.369 2.5
104 5.369 5.382 6.9 17-1 2.301 2.301 2.6
220 4.962 4.97 5.4 17-2 2.272 2.271 2.0
005 4.808 4.817 6.8 362 2.254 2.254 3.1
222 4.579 4.569 16.5 347 2215 2214 3.5

11-5 4.367 4.361 124 272 2.166 2.167 33
300 4.157 4.157 2.7 418 2.128 2.127 1.5
006 4.004 4.014 17.8 610 2.063 2.062 1.4

MR THSRLEE R AT UK HL: A 7 S e S e AR e 42 B A R ) — B AR S BOR AT $R AR AL T 52
T HL, TS T () 2R DA S50 7R S8 T R) PR DO AR 243860, S RARN B 7R Z /N T 0.5%, XK
PRI i, R RS E TR AR

2.22. TESH
M SE (AL B AR SO B0 4, 4@ Bk R TR AT RE R SN MR R T O SECAL 1070 T 450, 724
ATREMI TN Sb(CsH NS,y it Te &4 B e e 2 72U B an 22 2 s

Table 2. Percentage molecular formula Sb(CsH;(NS,); of each element in the reaction product of SbCl; and DTC
2 2.SbCl; 5 DTC R~ ETTRNBE I EE S FI Sb(CsH (NS,);

S

JLER & T &= A
PRI E (%) 21.49 31.82 5.30 7.42
SEIS S HTE (%) 21.80 31.87 5.11 7.41
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Table 3. Possible thermal decomposition processes of complexes

3. ELaARemA i iz

AR H R L BE(C) PRI
(DSC) W se6(%) W (%)
Sb(CsH (NS,)s
AR 125 (W k)
Sb(CsH (NS,);
VAR 139 (R HE)
Sb(CsH (NS,)s 322.3 (W) 66.64 70
b -CysHyoN;S5 5
SbSs, (FeR4) 367 33.36 30
| A A 549.5 (i) 0 0

2.2.4. BB '"HNMR i

HZE 3 - FAEE 2B 1 45 SR 53— T S e 1 P4t 251 XA IR o O IE & P I A 1k i 9 3
PR AR = A b IR, MRS &GN RIX LAY U T "THNMR 3%, i 2 fr
e WEEAIRAEAE 7.3 B AR =S B e, A AL Re B £E 3.8 (1 DY S IE N5 44053 1+ -CH;
B MRS 3 A H 2 Frali&e ) A=A B EAE 1.3 = E NI &Y 5 1 -CH, £ 4] A
FACEEIAET ) 2 AN H 2243 BT sl . LA BB AEAE 1.5 BTG B0 m] B A2 R T S BE VA 771 B I R e 194X
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Figure 2. "HNMR spectra of SbCL-DTC complex
B 2. SbCL,-DTC BL& ¥ 'HNMR [l
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2.3. IhNGs

PR BT VR TS 211K SbCls 5 DTC AYBC &4 B 25 Fh 734 i i 28 SR W g (X w] e 2 1 502 1R
B, AR XRD 45 R Be A e AR 5 7 )8, (HVERRIBC AL DU A Fr T80 S kit — 2D 3

3.DTC =§ L&Y
3.1. EEEYIRER

HERAFREL 1.5184 g (4.82 mmol) BiCl; 55 3.2547 g DTC, 25T HEE, K DTC #H BV IGET I E
BiCly (9 R, SR (30°C) A4 S N B 73 s S SV VR P A S DT iE M, AR BEERE SN 4 by I
10 mL ZBEREHGR], 4 2 min J5, I8, P HK QBB 2 I, RIEH LB FRBREETL CI
(H AgNOs K ), 60°CHIEZ TIP3 h, BEOLNIAK 295 g PUWETPaE, ABE,
AE TR .
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Figure 3. Powder X-ray diffraction pattern of BiCl;-DTC complex
[ 3. BiCl;-DTC EC &R R X-SHEL1T5 Bl

HIHENUEE XS BiCl-DTC FE S8 R X AT B AT R bR th 5, b SEa RAIAEL 4.

MR SEER AT LRI P A T I B AR A M 2 IR A AR R 1 — B R S B AT 1R A T 5
0 H, THARCR T R B D NI SR8 I &R (1 5 T AL BE DO A =S4, S RAH B 2R ZE /T 0.5%, XKW
PRI SR, LR ARG JR TR R
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Table 4. X-ray diffraction calculation of BiCl;-DTC complex

% 4. BiCl,-DTC BL &) X-SHEL AT B4R,

hkl dexp/nm dga/nmM /1, hkl dexp/nm dga/nm /1,
100 12.441 12.484 7.1 061 2.69 2.688 11.9
110 9.973 9.902 100.0 33-5 2.638 2.643 3.0
102 8.278 8.226 19.7 432 2.592 2.592 1.8
11-2 7.309 7.34 42 163 2.481 2.485 2.7
120 6.817 6.813 17.4 42-5 2.444 2.445 3.6
10-3 6.214 6.227 34 047 2412 241 4.1
103 5.982 5.973 2.3 218 2.347 2.349 3.4
030 5.381 5.42 2.7 34-6 2.274 2.273 5.8
014 4.99 4.986 15.1 532 2.236 2.237 1.8
131 4.829 4.816 7.6 270 2.179 2.177 2.0
114 4.553 4.558 8.8 610 2.066 2.064 2.8
213 4371 4.378 11.7 516 1.97 1.971 4.0
005 4.184 4.191 33 374 1.908 1.907 1.7
31-1 3.997 3.994 11.9 276 1.834 1.834 3.7
11-5 3.907 3.914 39 383 1.776 1.776 1.4
32-1 3.681 3.675 5.1 094 1.707 1.708 0.8
313 3.43 3.422 7.6 573 1.665 1.665 1.2
323 3.22 3.215 1.6 637 1.596 1.597 1.1
41-1 3.054 3.054 11.2 802 1.532 1.533 0.6
411 3.009 3.012 43 198 1.473 1.472 0.9
036 2.932 2.936 6.2 593 1.425 1.424 0.8
252 2.793 2.797 16.5 59-5 1.393 1.394 0.9
3.2.2. TERSH

AR TR AT e S NN R T TR S BC AL ST SbCLy 5 DTC RN i) 7 1454, it
TER TSR WAL 13X —RBAE5H, BiCly; 5 DTC RN I TGER A 45 R a4 5 fron:

Table 5. Percentage molecular formula Bi(CsH|(NS;); of each element in the reaction product of BiCl; and DTC

2 5.BiCl; 5 DTC RN HYIF & TENE TS EN TN Bi(C:H (NS,);

=

JLE %k T = A
HIR{E (%) 31.96 27.57 4.59 6.43
SEIS BT E (%) 31.52 27.84 4.48 6.42
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3.2.3. E#R - AESR

5 SbCl;-DTC Fe-& A Rl 77355 BiCly 5 DTC RN P2l 7 28 - B 6 fis:

Table 6. Possible thermal decomposition processes of complexes between BiCl; and DTC

% 6. BiCl; 5 DTC & R =Y vl BRI S R0 2

AT BE I e B
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VicE'S
Bi(CsHyoNS,)s
1-Cy5H3N;S5 5
BiSs,
1-05S
BiS (JR&)

BECC)
(DSC)

133.5 (W &)

193 (W Hig)

332 (W #eg)

511 (W Huig)

EREN
W s5(%) W siein(%)
60.65 60
2.3 2.45
37 36.9

B BiCly 5 DTC NP2 A i 76 &R b 5 Z= 8 - E T e A i FE 1 o A i — e
BiCl; 5 DTC &M HIFE¥4r F AT 884 Bi(CsH oNS,)30

7.261

3.827
3.809

< .

3.791

3773
—— 1563
1347
< 1.330
1312

T T

75 70 65 60 55 50 45 410) r 35 30 25 20 (T r 05 0.0 ppm
Figure 4. "HNMR spectra of BiCl;-DTC complex
[ 4. BiCl;-DTC BLA¥#) 'HNMR [Eli%
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3.2.4. BB '"HNMR i

TG G R IRIE R B . BiCL-DTC FLAEWIAIE T =& Fht. —HIEWHR, HIMAR =S T
FIXTEC AP AT "THNMR 3%, W0 4 Fios: AR ELE 7.3 (i iR = & R B i mlig, fh2edn
FeAEAE 3.8 U IE NS5 1 -CH, B2 EAHEG A5G 3 A H R0 B g A2 1 A A AR AE 1.3
(1) = WAL A Y5> T -CH, 2R ] EAH RS R EE R 2 /> H 250 Fr gl i i) AL RS MEAE 1.5 B o
U TT B8 A2 HH T S SV ) R BE AR e TR RN 28 i b, X AMIg S SbCL-DTC BLE Y i —FF, W8] 1 ik
HE DT (1) 1E A 1

4.DTC ML HEC &
4.1. EEEPHNERR

FREX 0.8911 g (1.96 mmol) Asl; 5 1.3219 g DTC, 4373 HEE, & DTC [ B2 125 N2 Asly
(R B, B TR R S B S DS BV R AT R B e, ARSI 4 h, I 10 mL
TR, $idk 2 min J5, $hEE, FHICK CBEPREDTIE 2 IR, 60°C I E 25 T4548 T4 3 h, B3 kK.
FEYIE AR E, AN, ATIE TS .

4.2. EEEYEHFRIE
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Figure 5. Powder X-ray diffraction pattern of Asl;-DTC complex
B 5. Asl;-DTC ECEHMEIMR X-STE T EE

HIHHENUEF A Asl-DTC BL &R AR X-E AT BRIt 5, ok S RAIEE 7.
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Table 7. X-ray diffraction calculation of Asl;-DTC complex
% 7. Asl;-DTC e &#) X-SH 0T8T AR .

hkl dexp/nM dgai/nm /1, hkl dexp/nm dea/nM /1,
100 8.60 8.59 100.0 240 3.312 3.312 4.2
022 7.769 7.72 12.7 027 3.134 3.137 2.0
111 7.369 7.396 19.7 05-5 3.087 3.088 7.5
102 7.054 7.066 2.5 215 3.029 3.029 5.6
120 6.612 6.624 3.6 252 2917 2.919 4.4
023 6.154 6.177 8.6 155 2.873 2.874 6.5
032 5.997 5.942 2.6 018 2.848 2.851 13.1
11-3 5.668 5.659 18.0 30-3 2.733 2.73 5.7
130 5.414 5.397 7.8 33-1 2.644 2.644 4.6
033 5.163 5.147 283 236 2.593 2.588 4.6
104 5.908 4.904 1.6 304 2.512 2.511 5.2
114 5.544 4.556 17.3 181 2.469 2471 3.4
200 4.296 4.295 2.8 342 2.431 2.428 33
14-2 4.188 4.19 10.7 058 2.368 2.368 2.9
10-5 4.153 4.152 8.2 091 2.304 2.301 3.0
212 4.041 4.019 7.6 274 2.275 2.275 3.6
212 3.89 3.887 7.2 33-6 2.231 2.23 11.8
12-5 3.854 3.856 6.1 257 2.17 2.173 53
21-3 3.767 3.772 10.6 078 2.07 2.068 4.7
231 3.584 3.582 9.3 178 1.991 1.993 2.1
214 3.501 3.483 29 38-1 1.922 1.924 3.1
12-6 3.386 3.381 49 446 1.727 1.729 1.3

M BB SEER AT LU I I A T I BE AR A M 22 I AR R 10— B R S B AT Fa AT 5
1 HL, TS5 T ) R D ARS8 00 58 ) T )R Do AH 43230, i KA 1 MR Z /N T 0.5%, XK
PRI SR, LR ARG R TR R

HI TR X AR FE R JTER, X DTC 5 ML BB & A e i — P 19387, 735, Asl;-DTC
B A a2, BRIt AR "THNMR A

5. Bo&HIRYE YDA SEEE (X H1299 i 4RARHIHI R AV E)
5.1. K /RTE

ME AsL-DTC BC&0Hm 40 Mr 4l 2, Al bk S 25t 225 . 77368 MTT k. H 532 MTT (4
R R )y — P e 55, mITE A e b, TR RIS TK I R 8 W, X R A 1 28 i i 5 0 4
MFIECE « AR, VI IS 0. 2 40 MR 2RI 1 P B () — S B, D o A P A b 5 400 B ) 2
BIREL KR MiZam A LA T DMSO 255 HUAF, X R T LLUE S EEAR A 490 nm~570 nm )%
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KA RE FEME AR, AR 58 e PR AL i, DT 00 R v £ P B
5.2. SEW7SE

1) HHLAIR 5 BIFREL DTC. Asl; fl DTC-Asl; Bt 547 0.2 mmol, F DMSO AR, HEE G
B LR IR A e A, SRS AE W = P AR B AR ACK =R B S B RE A 80 pmol/L, 40
pmol/L, 20 umol/L, 10 pmol/L, 5 pumol/L, 2.5 pmol/L, 1.25 umol/L & .

2) ¥ H1299 41237 AT 96 FLEEFRMH, 4L 100 pL, SRJE7ESEIS AN _FR A R R BE I 2
VIR R 100 L, STRAAINZ, R ORI ARIRE, L), 544 NEFL. 1E37CH Co, Ky
FEFER R 72 /N, SRIGANN 5 ug/mL 9 MTT 20 pL, 4EZE7E CO, 53546 s E 4 /N, S ETwiee
FFLrP A RIS IR 6, EBONL BB 0 20 204h, (gLt i 4a G Tk R B b, {3
P FEER, ERILIN DMSO #5200 uL, SRJETERRIK BEES) 1 /N, ONEEARAC_EASI 530 nm &b
HIM FEAE (As30) o

3) 4i% IR ETHE AR

M (%) = (A — Ay )/ Ay x100%
¥ DTC. Asl;. DTC-Asls 43 5% H1299 4 B Bl e B WG AR R % REER 51 T4 8 He

Table 8. Comparison of absorbance values of three substances on H1299 cells

= 8. SHMIERIT H1299 ZHBEEY IR L& bL

WA pmol/L 0 1.25 2.5 5 10 20 40 80
g DTC 0.765 0.721 0.645 0.635 0.623 0.514 0.456 0.421
DN DTC-AsI3 1.007 0.895 0.864 0.821 0.586 0.429 0.386 0.117
fft Asl; 0.771 0.674 0.654 0.612 0.601 0.489 0.413 0.169

¥ DTC. Aslz. DTC-Asly =Fh st #2 i A oh S SR MR, 2R )a FilR BER I R 20 A N
B ARAR A #2218, &) 6 P

100

904 —o—DTC
1 —v—Asl,
DTC-Asl,

80

70
60

50

g / o
40 ‘ /

4 N
30 o———°

< 0-0—0

20 - / vV

inhibition rate(%)

104

concentration (umol/L)

Figure 6. Comparison of inhibition rates of three drugs on H1299 cells

& 6. =Fz54xt H1299 4HAEANHNFIZREL 5
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5.3. &5ig

MR DUE H, 24 3H R [E D S0%I0, R =R 5 R, DTC-Asl Bt &9 R i ik, X
ANRIGWIL U T DTC-AsL Bt &40 B A b s R B L B AN DTC 58 47 1 2530

6. &t

M2, MERBBRNEIIE T DTC S5hf. 8. WAEME Y, B aMIhAR X5 LT
SEREIRE, R SN et B f bR Ak, TR SR S T (B D AT SIZEG I A S T R ER DO A B0, R
KA B 3R ZEANT 0.5%, FIRPDRPARZ 1), HEREH R T 8RR R il em 51
AHEAT TI0E. FAZEH - T IT 1 I S A R S B AT s Mg — AT e e 1 it 2
FAMIEMYE. H 'HNMR B 5 1 &8 8 F AR AR R . &G, % =FEhmEmEe & etir
1 H1299 Jilife 40 A Ak SRR 7T, 2R WA PR IC 5 400 B SR TG A4 AL ekt s 20 6 ) 440 A £ FH 948
5o

SE3Hk
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