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Synthesis and Cytotoxicity of Azasugar Modified Anthraquinone

Derivatives
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Abstract In order to develop the anti-tumor agents with high efficiency and low toxicity, a series of novel azasugar modified
anthraquinone derivatives have been designed and synthesized by the ammonolysis of N-alkylamino azasugar with rhine and
microwave assisted Ullmann coupling reaction of N-alkylamino azasugar with 1-amino-4-bromoanthraquinone-2-sulfonic acid.

Their cytotoxic activities against Hela, A549, MCF-7 and MGC-803 cells were preliminarily evaluated.
Keywords anthraquinone; rhein; azasugar; Ullmann coupling; cytotoxicity
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Figure 1 Structures of some anthraquinone derivatives
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Figure 2 Structures of design and synthesis
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1 HERETR
1.1 &3, 4 M5HEK

DUH S EE A JERISL 22 1,3 1 4,6 B JE 28 RS (R4
2. 5 fiFREEH BB, RESNS N-BUT SR
H- Tl N-BUT RIS -T8 R N-BUT ARE-T
TR, A RO L R R ORI N-bE g R,
ZRIEFM TR R A 2a~2¢. KRR E 1k
G 2a 456 RN FFAFAT TR, %Ry TR 1
WL Ik B KB A RCE R R 2-(7- 48 SR I = A eE)-
N,N,N',N'-VU F & i 7S G0 R B (HATU) N 4 577, E IR
NN-Z— 532 CE(DIPEAERHF, & RBELd] . i e
SERATERYY, B 1 Entry 5 6L S 3 34T T A L,
RI7ZE DMF ¥ 79, 1:2a: HATU : DIPEA=1:1.2:
2 I(WRIMELL), ERRM 2 h J5, RNRE AL
B, OIS E, S0 3, 7EFR 83%. EMIFKMF
T, KERD W S5HEY 2b A 2¢ B, & BN &4
PSS IR BERE AT A 4 (FZ % 19%)F1 5 (F=%

85%)(Eq. 1).
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Table 1 Condition of the synthesis of compound 3
1:2a ! HATU ! DIPEA

Entry A T'C  #h  Yield%
1 1i1:1:1 0o s 20
2 1:1:1:1 rt. S 75
3 1:1:1:1 0 2 70
4 1:12:1:1 rt. 3 80
5 1:12:2:1 rt. 2 83
6 1:15:2:1 rt. 2 83
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s BEAT T X S B A TR 20 R R,
TEEARET, OB K R, U B TR =,
AL =2 R . IR A HE T LU, P~ IR G FT T
B, SALGINFAS IR EE, SR HEAS A 5 B B[R] K
KYEH(10 h 452 15 min), [FIE (72 2R T840 BT 1(70%
T2 76%). % 2 F Entry 5, X&) 7347 T AR
RPTE R B AR I &4 6 pH=6~7 IR 2%t
B 2 equiv. B Z4bE 2a. HEALERIEIN, WORGHEN T
80 ‘C/XM 15 min, ZJEibH, BHUEY 7, FEEK 15%.
TEAHFI AR, B 6 0 Hl 5461 2b Fl 2¢ R B, &
FSAH B 2 BEAS U I R RR AT AR ) 8(F2 28 81%)F1 9%
89%)(Eq. 2).

NH,

(%n

(0] NH, HO//’G, N
n=123
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6 O NH,
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\  OH
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K2 WEW T EBSKHRY

Table 2 Condition of the synthesis of compound 7

Entry 6 : 2a (molar ratio) Conditions #min  Yield/%
1 1:1 MW.,70 C 25 61
2 1:1 M.W., 80 C 20 65
3 1:1 M.W., 90 C 15 60
4 1:15 M.W., 80 C 15 70
5 1:2 M.W., 80 C 15 75
6 1:25 M.W., 80 C 15 76
7 1:2 120 C 600 70

1.3 EYIRMEmETE

FIF MTT ¥, DUIGAA AN 3R BR B 55 25 M BH P 5 R,
S FT & i AR A 3~5 F1T~9 4 BIEEAT 1 ARSI
B 39U Hela- i AS49. 71 MCF-7 #1 5 f8 MGC-803
Jiebge 20 B v MR, T HERE (R 3) BB, (b &k
A R R AR B A . AT = AN Rk, TR
&YX Hela 4~ H— e Mg M, JTHZ A
WRIEE I B FE IR ) R BER 5, XT Hela PRI 3 44 B
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BARF R AS49. FLIRE MCF-7 f1 MGC-803 [/l
HlvE P, A R — 25 (0 45 H BS0E S 20 i R I AT ) T
7. WA RSN S BRI 2 (RSB K, s
ST M PR M B R R, XHZSE UM R AL S
THA R — B .

£3 LB 3~9 MRS RILN L EF

Table 3 Cytotoxic activities of compounds 3~9

Cytotoxicity [ICSO/(pmobL*l)]

© 2016 Chinese Chemical Society & SIOC, CAS

Compd. A549 MCF-7 Hela  MGC-803
3 106.88  172.03  72.56 74.02
4 120.66 14588  47.52 53.00
5 100.08  233.53  24.83 110.51
7 90.81  201.04 82.52 91.83
8 7435 75.18  58.07 135.95
9 69.85 81.30  68.88 107.24
JIsEE 8.93 6.59 6.09 12.56
NS 1.52 278 0.38 1.43
2 #ip

NIFRE AREE IR PR LAY, DIKHIR
A 1B -4 - 2- TR N SR, il N-HRe s R
B 4 A R Ol Cu® AL 1R B B
(Ullmann coupling) 87, 151HFF6 BCR F1E AL B 4 B %
MR BERATAEY). I MTT 3%, DUIBAR A 25 BR i 2 2
BAPEXT R, 0 BT A A A AT T IR S R 4t
ffi(Hela. A549. MCF-7 fl MGC-803) )4 i 75 11 3K,
A B H B S P e 2 B e . W15 4 b
BoR, XFRTIRRE ARRR, BT LAY Hela 41 &R
H 2 BB, o DA% 32 1 R A A 1 1)K 3
g 5, X Hela BI0H1E VR BALT X s AS49. FLIR
Jii MCF-7 1 MGC-803 [4iliE 1. AR 5
FEIR 2 (R R )R, oF X P 4 P P 1 b v M A
BRI, SHZBU A — D%t & B —E 1
A,

3 SNy
31 B 5H

Bruker AC-P600 R HEILHR{X (600 MHz), U HHE
TELE(TMS) N P #R; FTICR-MS(lonspec 7.0T) % 5 i X,
ESI B -FJ&; Discover S-Class KM E M ARG (FEH
CEM A#]); SGW-1 X-4 B sS4, FIFRE 2R 2
APRAA.

FEEHT AR (200~300 H) MK GF254 )2 ZHTHE
BT A )y SOMAERH(C )l YMC 2
w] AR BT AR R R I R 3 D [ P B3 1 (Aldrich 1
TCI %58 a) 43 Wl s b 22 4k, Tk 38 #
i LA,
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3.2 ZLWAHE
32.1 A543, 4425694

50 mL EJERIEF I 120 mg (0.42 mmol) KR
1, 104 mg (0.50 mmol) 2a, 380 mg (1.00 mmol) 2-(7-fH %
7K H = % MW)-N,N,N',N'- VU B 3 IR 7 % 2 s (HATU),
I 4 mL #7175 DMF, Z R 15 min f5, SO 110 pL
N,N-_"5H % 2 (DIPEA), k82 =ia k2 h, TLC ¥
MR 5E4. 1 mol/L ShRRIER Pz k. sz
TR LA, 200~300 HEERAEZNT, WLV aonp -
Vs - Vaee=5 © 1 :0.08), 1522414 165 mg, 7=
%R 83%. FIIZITIERWED 4577 5N 19%). 5P
N 85%).

4,5- "2 F-2-(N-2-((2S,3R,4R,58)-3,4- 4 3-2.5-—
2 R R R I ) £ ) R R BRI (3): AR AL LB A, 7
3 83%. m.p. 250 ‘C(4#); '"H NMR (600 MHz, CD;0D)
5: 3.08~3.12 (m, 1H, CH), 3.42~3.44 (m, 1H, CH),
3.69~3.71 (m, 2H, CH,), 3.82~3.84 (m, 1H, CH), 3.86~
3.88 (m, 3H, CH,, CH), 4.00~4.02 (m, 4H, CH,), 4.27 (d,
J=2.4 Hz, 2H, CH,), 7.36 (d, J=2.4 Hz, 1H, CH), 7.77~
7.81 (m, 3H, CH), 8.20 (m, 1H, CH); *C NMR (150 MHz,
DMSO-ds) d: 23.97, 29.30, 33.90, 39.17, 46.11, 48.52,
53.90, 57.93, 117.55, 119.26, 120.08, 121.40, 124.38,
126.30, 133.10, 138.59, 142.48, 161.86, 162.93, 173.15,
177.98, 178.20. HRMS calcd for Cp3HayN,Op 472.1482,
found 472.1485.

4,5- " §FF-2-(N-3-((2S,3R,4R,55)-3,4- £ H-2,5-—
2 R LI e bR 3 ) P 6 ) BRI PP B Jie (4): RS 4L Gl ik, 7=
K 79%. m.p. 250 ‘C(4#); '"H NMR (600 MHz, CD;0D)
:2.10~2.14 (m, 2H, CH,), 2.21~2.23 (m, 1H, CH), 3.37
(s, 1H, CH), 3.42~3.44 (m, 1H, CH), 3.57~3.60 (m, 2H,
CH,), 3.91 (s, 1H, CH), 3.99~4.01 (m, 2H, CH,), 4.26 (s,
2H, CH,), 7.36 (s, 1H, CH), 7.72~7.83 (m, 2H, CH), 8.20
(s, 1H, CH), 8.54 (s, 1H, CH); *C NMR (150 MHz,
DMSO-dg) d: 21.31, 26.10, 29.27, 37.51, 38.60, 49.37,
57.12, 68.13, 75.87, 79.04, 79.17, 119.41, 119.71, 127.11,
129.72, 130.06, 137.15, 137.55, 147.28, 153.34, 158.44,
162.89, 171.61, 178.08, 179.13. HRMS caled for
Ca4Hy6N,00 486.1638, found 486.1643.

4,5- "2 F-2-(N-4-((2S,3R,4R,58)-3,4- 2 3-2.5-—
2 PRI e b I ) T ) R R R S (S): RS ALl Ak, 7=
K 85%. m.p. 251 ‘C(4M#), '"H NMR (600 MHz, CD;0D)
5: 1.42~1.48 (m, 2H, CH,), 2.35~2.36 (m, 2H, CH,),
3.40~3.44 (m, 1H, CH), 3.49 (t, J=4.8 Hz, 2H, CH,),
3.54~3.58 (m, 1H, CH), 4.01 (s, 2H, CH,), 4.03 (s, 1H,
CH), 4.05~4.09 (m, 2H, CH,), 4.29~4.32 (m, 2H, CH,),

1924 http://sioc-journal.cn/
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7.36 (d, J=6.6 Hz, 1H, CH), 7.73~7.81 (m, 3H, CH),
8.18 (s, 1H, CH); “C NMR (150 MHz, DMSO-d) o:
19.29, 22.96, 26.28, 29.25, 39.12, 46.09, 52.33, 56.54,
69.48, 71.61, 75.31, 117.50, 119.55, 127.26, 131.10,
133.60, 134.03, 134.38, 134.67, 136.72, 137.28, 166.27,
172.38, 181.45. HRMS calcd for C,sH,sN,O9 500.1795,
found 500.1791.

322 b7, 8429 ahE

T 10 mL FIREE PARUTINA 100 mg (L&) 6.

pH=6~7 MR ZZ ¥ 3 mL. 100 mg (2 equiv.) %A%
BE 2a, IOANMEALERAR. FBAHBIT 80 CRM 15

SrEARIEAREA 7 98 mg, FEER 75%. $&BRZ A
BEMLAEY) 8077 81%) 9= 89%).

1- % 3£ -4-N-(2-((2S,3R,4R,58)-3 ,4- ¥4 K 2,5-—
PP 356 Ak e b 3 ) 2 3 ) G - 2- BB R R (7): W (R [ 4
PR 75%. mp. 278~279 ‘C; 'H NMR (600 MHz,
DMSO-dg) 0: 2.87~2.93 (m, 1H, CH), 3.07 (t, J=6.6 Hz,
2H, CH,), 3.15 (d, J=10.8 Hz, 1H, CH), 3.23~3.24 (m,
2H, CH,), 3.48~3.81 (m, 2H, CH, ), 3.51 (s, 1H, CH),
3.67 (q, J=18 Hz, 2H, CH,). 7.77 (s, 1H, CH), 7.83~7.84
(m, 2H, CH,), 8.24~8.28 (m, 2H, CH,); *C NMR (150
MHz, DMSO-ds) o: 109.93, 110.47, 120.96, 126.21,
133.20, 134.21, 143.52, 144.88, 181.98, 182.32. HRMS
calcd for C5,H24N3NaOoS 529.1131, found 529.1127.

1- % J-4-N-(3-((2S,3R,4R,55)-3,4- 2 F-25- %
P56 M R S ) D 5 ) S - 2- R R R BN (8): i (L [ 4
FEE 81%. mp. 285~286 ‘C; 'H NMR (600MHz,
DMSO-d) 6: 1.62~1.70 (m, 1H, CH), 1.96 (q, 2H, J=7.2
Hz, CH,), 2.50 (s, 4H, CH,), 2.76 (t, J=7.2 Hz, 1H, CH),
3.06~3.10 (m, 1H, CH), 3.35 (dd, 1H, J=7.2, 21.6 Hz,
1H, CH), 3.51 (t, J=6.6 Hz, 2H, CH,), 7.77 (s, 1H, CH),
7.80~7.82 (m, 2H, CH), 8.22~8.23 (m, 1H, CH), 8.24~
8.26 (m, 1H, CH); “C NMR (150 MHz, DMSO-d;) o:
22.20, 26.60, 27.65, 31.70, 37.11, 42.57, 64.70, 73.18,
109.84, 121.51, 126.19, 126.41, 133.24, 134.32, 143.09,
145.14, 160.53, 173.66, 181.84, 182.39. HRMS calcd for
C,3Ha6N3NaO,S 543.1287, found 543.1284.

1- % 3 -4-N-(4-((2S,3R,4R,55)-3 ,4- ¥4 5 2,5-
PP 36 Ak e bR 3 ) T 3 ) G - 2- BB R R N (9): T (B[ A
P2 89%. m.p. >300 °C, '"H NMR (600 MHz, DMSO-
dg) 0: 1.48~1.53 (m, 2H, CH,), 1.98~2.02 (m, 2H, CH,),
2.61~2.62 (m, 2H, CH,), 3.27~3.30 (m, 1H, CH), 3.42~
3.43 (m, 2H, CH,), 3.49~3.49 (m, 1H, CH), 3.86 (s, 1H,
CH), 3.98 (t, J=3.0 Hz, 1H), 4.18 (d, J=5.0 Hz, 2H,

Chin. J. Org. Chem. 2016, 36, 1921~1925
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CH,), 7.50 (s, 1H, CH), 7.59~7.61 (m, 2H, CH), 8.01~
8.02 (m, 2H, CH); *C NMR (150 MHz, DMSO-ds) o:
23.07, 24.87, 25.05, 26.57, 34.45, 38.27, 38.86, 42.07,
55.45, 73.38, 81.46, 109.36, 121.34, 126.16, 126.37,
133.08, 134.35, 143.43, 145.62, 181.24, 182.08. HRMS
calcd for C,4H,3N3NaOgS 557.1444, found 557.1449.
323 fafAEPEE R

U IR 1 B 75 11 >R U ) Mosmann’s MTT Ze
P ER, BARREUNR: T 96 FLARCEE RPN E, 90
uL/FL, GRS RE 2X 104 AN/mL, 37 C, 5% CO, W FE )
BRI B IR R, N 10 pL/FLAR R R BE 2541100 u
mol/L), 4k&:8%53% 44 h, Il MTT 10 uL/FLEE 3% 4 h, M85
FRFFHECH, & B3EW, I DMSO 100 pL/fLi% fiE
MTT, & 570 nm K TR 4IHE OD B, RAAZ:
8 Z(%) = (ODontro— ODyreated)) ODeontrol X 100% 11 5.

45 Bh#1 B} (Supporting Information) fif & b &K
'H NMR. "C NMR %[, iX2pppbn] DL G 2 A AT
¥ (http://sioc-journal.cn/) . F %K.
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