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WE:BH AT FRAATFTAEHEE E R 82 (MRSA) 4Z LS4, KK T 1 Bag 2545 K IL(FBDD) 7 ik, &3t & %
MR R FREAT Y PN L AEDFER, FiE AKRERE o-F A BB ES F 184k % R4}, i i& EDCI/HOBT #e [ Bmim ] BF, &
Z W REAL, & B AT A4 s R A BRAS A R 2T B AR AT RSN MRSA it . AR SR T 10 NEMHITAM 0 KT BR
Be#T A4, % IR NMR A= MS A% #; B Hml X 4 R AW, X £ o425 ATml MRSA A R R A2 E e ) Bk, L P ieH
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Synthesis and Bioactivity of Novel Ester Derivatives of Rhein

YANG Jia-qiang, ZHAO Shi-xin, AN Jia-li, DENG Ling, LEI Ting-yan(School of Pharmacy, Zunyi Medical University ,
Zunyi 563003, China)

ABSTRACT: OBJECTIVE To design and synthesize a series of novel ester derivatives of rhein were designed and synthesized, and
evaluate their anti-MRSA activity. METHODS  The title compounds were synthesized with rhein and a-hydroxyphosphonate as start-
ing materials, EDCI/HOBT and [ Bmim | BF, as catalyst system. And the anti-MRSA activities of the products were evaluated by the
agar dilution method. RESULTS Ten title compounds were synthesized, and their structures were clearly established by IR, NMR
and MS. The results showed that the derivatives have different anti-MRSA activity. Especially, showed potent activity against MRSA
with the minimum inhibitory concentration( MIC) and minimum bactericidal concentration( MBC) values of compound II-3 was 128,
512 wg - mL™" respectively, superior to rhein and oxacillin. And the MIC and MBC of compound I-10 to MRSA was 32, 64
pg « mL™', its anti-MRSA activity was obviously better than that of rhein and oxacillin. CONCLUSION The ester derivatives of
thein are significant resistant to MRSA, which is worth for further study.

KEY WORDS :rhein; phosphonate; synthesis; antibacterial activity

B 20 B T R E SR Y A T RiT
SKAT IR o ST, B4 B 2 A 2 AE I DR 1 it i
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B A BN R B AR TR AT R
i B ARG BRI IF MRSA S8 (0I5 —
SEBTL AT B 7 1 B 4 B 6 AR A
My, 45  MRSA ] B 116 JE.265 1 B30T k2
L, SHHHHOHT MRSA 25438 X%,

IR 790 1 T4 M KT 5 T P 2 R

UEAESR , A TRBR =1 v 2k LA I PR T T S 1
MRSA e fb A9 B A DRI R BT
2R BRIy B (K B, BA i ik
UMD B I 4 2 Fh 2 B . T AF
Sk, REE R M AT AR M A B B T R AR B R T
AT FSE D4R, S HAE 5T MRSA J7 1A 5 B b
FRGR

(ELJ2: , KHIR LA TR = 3R 05 4y, B I
L IE A SRR A A PR R Tk MR R 2 H
HLIE ), 1 A A M) L BE A0S I B R B ) T R R

EEWE SUNARIT EFRS R0 H %0 GERLE S0 G 52[2014 17013 ) 5 51N 45 vh B2 254 LR b R 24 | R 2 25 B2 BRI 7 0 H 3¢ )
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FENG AT (R A o PRI, R 8 R M A T 4% K B
i, e HEA R T, I 2t — 2B AR WA,
IR

ARG Y T 2R A 2T I R AR
Pt — B AT SR T MR, I AR A e i
AL BT 25 B b i g 2 iR
e Bt T AR RS A DL & P AT b
BRGPERIT, 45 R B, DR G H RET I 51 A, B
FAL AP RPURE T A, J IR B i i 2 0 Bt
TR S

BT CA SCHK S SIS, AT H HU7E RiT
WIRTFE AR E R ST R Bei 2y & 8L (FB-
DD) J5ik B R RS R R 4 & , BLit& AR5
HTUR BRI AT AE W), 0F 52 HL P MRSA {5 4,
EPAFA BTN ERTE S

1 X5

TR J1 e (TS IKA W) iefe7g
FALCAALR T B A R (X - 4 B3 o wUs
A E A (LTS S A R A IR A R (ZF -2 7
S HESMU(_ BRI 2SR ) Varian FT 21
HMETEAN (56 [ FLHL 2 HR 2 W] ) | Varian 400 4%
IERAL(SE [ PL L Z R 22 /) HP 1100 LC/MSD
FE A (SR E LR AR o

ST 3 B2 i R BRI 2
P A4S Y IBE 2k g P I\ 2-n I R ID IR
LW EBEER — S NBRIE T A R R A w L
ARG N 3t

2 AHEE
2.1 FEMR T8 E K
ZHOCHR20 ] ST dEdl s b ik 1o W
L,
2.2 HArd I8 6
$2.0 mmol K EHR.2.2 mmol H[A] & [ K

H__R -OR
v® + Hopor,), EtN HO PG
40~60 C R

OH O OH
g o
OO oo b 2 OO o S
on Y OR “[Bmin]BF, rPor
R
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Fig. 1 Synthetic route of target product
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1.0 mmol [ Bmim | BF, B &I A 50 mL ¢ =55
B, FEIA 20 mL Jo/k A BE T RN SR
F0~5°C T A 2.0 mmol EDCI £1 1.0 mmol
HOBT % =3+, B 48 FHi 2 == iR 45140 F b,
TLC FRERSON, W 5858 5, b i, iR ke 4 , 15 26
it , FVRE IR (3% 0 s 4lid , 5 15 3 HAR . ik
BAET8% ~85% =[], VLK 1,

-1 - OB A BE- 28 T L IR — TR, 1
[E A, 5 84. 3% ,mp 212 ~214 °C IR ( max/cm ™
KBr) :3 428,2 981,2 933 ,1 734,1 633,1 511,1 452,
1377,1263,1207,1095,1001,"H-NMR (400 MHz,
CDCL,)8: 12.07(s,1H,OH) ,11.98 (s, 1H, OH) ,
7.84 ~7.90 (m,2H, ArH),7.71 ~7.73 (s, 1H,
ArH) ,7.24 ~7.39(m,7H,ArH) ,6.59(dd,1H, ] =
8.6,20.2 Hz,PCH),3.97 ~4.03(m,4H,20CH, ),
1.04 ~ 1.15 (m, 6H,2CH, ) ,” C-NMR ( 100 MHz,
CDCL,) 8: 16.5,16.6, 62.4, 62.5,73.5, 117.2,
118.6,118.8, 121. 4, 123.3, 124. 1, 128.3, 133.5,
134.6,137.4,162.7,167.4,182.2,182.9, ESI-MS
(m/z):511.0[M+H] ",

I -2 ;o R B T A0 k- ( 2-380 R P L) B — &
fig, P A i # 79. 6% , mp 220 ~222 C, IR
(max/cm ' KBr) :3 446,2 975,2 927,1 733,1 624,
1 479,1453,1375,1256,1201,1 092,997 ,' H-NMR
(400 MHz,CDCl,) §:12.08 (s, 1H,OH) ,11.98(s,
1H,0H),7.84 ~7.90(m,2H,ArH) ,7.69 ~7.73(s,
1H,ArH),7.24 ~7.40(m,6H,ArH) ,6.58(dd, 1H,
J =9.0,21.0 Hz, PCH), 3.93 ~ 4.02 (m, 4H,
20CH,),1.03 ~1.15(m,6H,2CH;) , “C-NMR(100
MHz,CDCl,) §:16.4,16.5,62.3,62.4,73.2,115.6,
119.0,119.1,122.6, 123.3, 124.7, 129.8, 133.6,
134.7,137.5,159.0, 162.2, 167.3,182.0, 183. 1,
ESI-MS(m/z) :529.0[M+H] *,

I1-3 ;o R B 96 AR - (438 R TG JBE iR — ¢
Jig . o [ A i % 78.9% , mp 198 ~200 C, IR
(max/cm ' KBr) :3 436,2 983,2 935,1 736,1 631,
1569,1452,1377,1264,1235,1196,1151,1 090,
997,' H-NMR (400 MHz, CDCL,) §:12.08 (s, 1H,
OH),11.98(s,1H,0H),7.84 ~7.90(m,2H,ArH) ,
7.69 ~7.73 (m, 1H, ArH),7.21 ~ 7.39 (m, 6H,
ArH) ,6.58(dd,1H,J=7.6,19.8 Hz,PCH) ,3.99 ~
4.02(m,4H,20CH,),1.03 ~1.17(m,6H,2CH,) ,"
C-NMR ( 100 MHz, CDCL,) §: 16.4,16.5,62.2,

62.4,73.3, 115.7, 115.8, 119.2, 119.3, 122.7,
- 1217 -
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123.1,123.2,128.4,128.5,133.7, 135.9, 161. 4,
162.0,167.8,182.2,182.6, ESI-MS (m/z):529.0
[M+H]",
11 -4 ; ou- KB P 4 - ( 2-mk g 58 ) I R — & TR -
W R, 2 82. 6% ,mp 205 ~207 C, IR(max/
em'KBr) ;3 420,2 982,2 936,1 735,1 630,1 561,
1455,1 371,1 296,1 261,1 202, 1 091, 1 004,
"H-NMR (400 MHz,CDCl,) &: 11.99 (s,1H,OH),
11.94 (s, 1H, OH),7.91 ~ 8.12 (m, 2H, ArH) ,
6.29~7.39(m,6H, ArH),6.22 (dd,1H, J =9.2,
20.8 Hz, PCH), 3.76 ~ 4.19 ( m, 4H, 20CH, ),
1.17~1.32 (m, 6H, 2CH; ) ,"” C-NMR ( 100 MHz,
CDCl,) &: 16.2,16.4,62.5,62.7,74.0, 109.5,
110.7,118.5,120.3, 122. 6, 124.4,124.6, 126.9,
133.4,133.8,137.0, 137.6, 143.5, 155.0, 162. 4,
162.7,166.6,182.0,182.8, ESI-MS (m/z):501.0
[M+H]",
I -5 - K T 4 - ( 2-ME g L ) JBE IR — 1
T AR KR 81.9% ,mp 233 ~235 °C, IR(max/
em ™' KBr) :3432,2976,2 922,1 738,1 625,1 481,
1 450,1 372,1 250,1 206,1 090,999 ' H-NMR ( 400
MHz,CDCl,) §:12.00 (s, 1H, OH),11.95 (s, 1H,
OH),8.69 ~7.13(m,9H,ArH) ,6.31(dd, 1H,J =
9.4,20.6 Hz,PCH) ,3.72 ~4.26 (m,4H,20CH, ),
1.07 ~ 1.30 (m, 6H,2CH, ) ,” C-NMR ( 100 MHz,
CDCL,) 8: 16.5,16.6, 62.6, 62.8, 73.0, 120. 1,
120.3,121.6, 122.7, 124.3,126.5, 133.8, 134.7,
135.0,135.3,136.9, 147.5, 158.8, 162.5, 162.7,
167.0, 182.3, 183.1, ESI-MS ( m/z ): 512.0
[M+H]",
I1-6 : o- R S 56O FH L I R — S I i
o [, e Z 80. 5% , mp 230 ~ 232 C, IR ( max/
em ™' KBr) ;3 459 ,2 9842 926,1 738,1 673,1 630,
1 484,1450,1376,1261,1217,1193,1092,1012,
"H-NMR (400 MHz, CDCL,) §:12.09 (s,1H,OH),
11.95(s, 1H, OH),7.93 ~ 8.01 (m, 2H, ArH),
7.80~7.86 (m, 1H, ArtH), 7.25 ~ 7.46 (m, 7TH,
ArH),6.32 (dd, 1H, J = 10.0,22.0 Hz, PCH),
3.43 ~3.47(m,2H,20CH),1.10 ~ 1. 18 (m, 12H,
4CH,) " C-NMR (100 MHz,CDCl,) §: 24.3,24.4,
71.2, 71.3, 73.6, 118.2, 118.3, 122.1, 122.2,
123.6,124.0, 128.5, 128.6, 133.5, 133.6, 136.7,
161.3,166.7,182.1,182.8, ESI-MS (m/z) :539.0
[M+H]",
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I -7 o- RO P AR - ( 2- 950K R ) TR — 5 N
fik P {4, 22 85.0% , mp 252 ~254 C, IR
(max/cm ™' KBr) ;3 263,2 984,2 931,1 734,1 633,
1571,1 452,1 379,1 266,1 226,1 106,1 020,' H-
NMR (400 MHz,CDCl;) §:12.07(s,1H,OH) ,11.98
(s,1H,OH),7.69 ~7.89(m,3H,ArH) ,7.24 ~7.39
(m,6H, ArH), 6.61 (dd, 1H, J =8.0,21.6 Hz,
PCH),3.55 ~3.57(m,2H,20CH) ,1.03 ~ 1. 14(m,
12H,4CH, ) ,” C-NMR ( 100 MHz, CDCl,) §: 24.4,
24.5,71.3,71.4,73.5,116.1,119.3 /119.4,124. 5,
122.6,126.1,128.2,128.3,130.2, 133.5, 136. 6,
159.5,161.7,166.6,182.0,182.5, ESI-MS(m/z) :
557.0[M+H] ",

I1-8 ; - OB T AU - (4- 3R T O ) B R — 5 N
fik, PR {4, 2% 78.6% , mp 228 ~231 C, IR
(max/em ' KBr) ;3 318,2 930,2 851,1 727,1 650,
1 628,1538,1450,1383,1269,1204,1158,1079,
1 024,'H-NMR (400 MHz,CDCl,) §:12.01 (s, 1H,
OH),11.95(s,1H,0OH),8.04 ~8.12(m,1H,ArH) ,
7.69 ~7.95(m,4H, ArH),7.24 ~ 7.33 (m, 4H,
ArH) ,6.34(dd,1H,J=9.8,21.2 Hz,PCH) ,3.43 ~
3.48(m,2H,20CH) ,1.05 ~1.15(m,12H,4CH,)
“"C-NMR (100 MHz, CDCL,) &: 24.2,24.4,71. 4,
71.5,73.0, 115.6, 115.7, 199.3, 122.4, 122.5,
126.1,128.8,128.9,132.3, 136.2, 136.3, 161. 6,
166.0, 182.3, 183.2, ESI-MS ( m/z ): 557.0
[M+H]",

19 ;oK B P A0 - (2-K g 225 ) B iR — % N
fik P A, i # 83.5% , mp 236 ~238 C, IR
(max/cm ™' KBr) ;3 322,2 936,2 862,1 730,1 671,
1.624,1481,1456,1371,1259,1203,1194,1089,
1 008 ,'H-NMR (400 MHz,CDCL,) §: 12.03 (s, 1H,
OH),11.96(s,1H,0H),7.92 ~8.21(m,2H,ArH) ,
6.36 ~7.25(m,6H, ArH) ,6.30 (dd, 1H,J =9.6,
22.4 Hz, PCH), 4.60 ~ 4.81 ( m, 2H, 20CH)
1.25~1.38(m, 12H, 4CH, ) ,"” C-NMR ( 100 MHz,
CDCL,)8: 23.7,23.8,24.1,24.2,72.3,72.4,73.6,
109.2,110.5, 118.5, 119. 6, 122.0, 122. 3, 126.9,
133.4,133.8,136.7, 137.0, 143.9, 154. 8, 162.2,
162.8,167.0,182.4,183.0, ESI-MS (m/z):529.0
[(M+H]",

I1-10; o- KB P 40 56 ( 2-Mb BE 2 ) IR — S N
fik . O A, 722 82.9% , mp 248 ~250 C, IR
(max/cm ' KBr) ;3 320,2 962,2 925,1 735,1 630,
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1568,1 457,1 382,1 260,1 223,1 108,1 011, H-
NMR (400 MHz,CDCl;) 8:11.99(s,1H,OH) ,11.93
(s,IH,OH) ,8.66 ~7.05(m,9H, ArH) ,6.35(dd,
1H,J =9.2,21.2 Hz,PCH),4.70 ~4.80 (m,2H,
20CH),1.17 ~1.39(m,12H,4CH,) ,” C-NMR ( 100
MHz,CDCl,)§: 23.6,23.8,24.1,24.4,72.6,72.8,
73.5,119.8, 120.2, 122.0, 122.6, 124.5, 126.6,
133.7,134.2,135.5,135.8,137.1, 147.1, 158.0,
162.8,162.9,166.6,181.9,182.5, ESI-MS(m/z)
540.0[M+H] ",
2.3 W EMERE LR

T 245 T R T P 4 P4 K 4 5 € 7 % 3K T ( MR-
SA) , HIE SCIE A Bt [ B e o B 4 ik . AR g
M (oxacillin) 177 8 2 (vancomycin ) iy X B 254
KPR RN E HARPi) MIC #1 MBC, 377
ISRk [21 ], FREATES B, BUIGH 9%
FUAR , BB BT BE 55 BH T B, DS 2 31T 4, 3
96 FLAR S5 LA X R, AR LA UG BE T M A 25 S
Tt 25 PR, TR 2] o THEIRAR 37 CHEFE 24 h, W%
455, LAMILIE W& o o AR, ATC A A A= K 1Y
S A2 WV FE A 2 W S (IR R ok B2 (MIC) o P
8 R BFHE MIC Fi7 (%) 45 L 422 Fh 21 5% Fobr T 357 3 By
BEPARAE IR A AR 5%, 48 37 C 1557 24 h, g
55 L#99. 9% Tl Bk e i 24 ) e (IR R B
AR (MBC) .

3 Z#R5IR
3.1 HARMW AR

PLE AR -1 (6 1R ], 25 58 AN TRl A S
AT A2, 150 AN [] B R %R 45 H A
W M-1, 551 FpJrig: B 2. 0 mmol KXHTE 2. 2 mmol
a-FRIEERR — ZES A 50 mL B =50, FA
20 mL Jo/K @M T RO, 285 70 ~5 CF
B 2.0 mmol EDCI 5 1.0 mmol HOBT & = i)l
A SR TIH B 5 I A5 1R T RO, TLC B ER 52N 5 46
2 Fh 5 B 2.0 mmol R EEFR 2. 2 mmol o-F7 3L ik
MR . PR F 1. 0 mmol 4k 415z ([ Bmim | BF, B 5
P8 [ Pmim ] [ HSO, ] 8§ ¥ 44 ) il A 50 mL ) =35
S, FEIIA 20 mL oK A H B T ROV, & IR
SEAETR RN, TLC BR R FONE; 56 3 A5k 2.0
mmol KB iR . 2.2 mmol a-#2ILERR — 2R 1.0
mmol i f /v Bt ([ Bmim | BF, B F ¥ & 5
[ Pmim ] [ HSO, J & FHAAK) LA 50 mL ) =i,
FHMA 20 mL Jo/Kk @& Wb T v firh, 2R 5 T

2Rk 2019 45 8 J155 54 555 15 )

0~5°CTFhIA 2.0 mmol EDCI 5 1.0 mmol HOBT
2 =S, BAAFHR BN IR A T RN, TLC JRER
JIE o SR FHAS[R] 08 S 9 5 0 I 1 S ¥E I, 4 2. 27
T ik i 25 B k17 4lifk . DL EDCI/HOBT, [ Bmim |
BF, .[ Pmim ][ HSO, ] .EDCI/HOBT[ Bmim ] BF, \ED-
CI/HOBT[ Pmim ] [ HSO, ] 7351 A {465 , 7 5853531
H31.5% 15.7% 14.0% .83.2% F174.6% . {4k
45477 EDCI/HOBT | [ 2§ 1 i [ Bmim ] BF, 1%
PERS T WA [ Pmim ] [ HSO, JHRREA ) 75 B2 19 2 i 1%
N &, A DL EDCL/HOBT {46 A IS0 Je i
F3K 31. 5% , FF Gz AR F AL A BUR SO Y 4
i, & H EDCI/HOBT/[ Bmim | BF, fl EDCIL/
HOBT/[ Pmim | [ HSO, J Bk &l fb iR R, ROV U A
Kgd s, Hd DL F 4k [ Bmim ] BF, kG K R
TACROR B B, I 35 83.2% . FIRSEIG 45 R &
W, S bk & EDCL/HOBT R M 85 1 1A 41
B RO A P RS HEVE T, PR E AL A 1
RS
3.2 R

TELLAN(IR) S i .3 260 ~3 460 em ™' 2
(], A 5 A T R AR PR Sl Wi, Sl — B 5 1 725 ~
1740 em ™' Z [ K C = O 45 4R 30, A BRI
1386 ~1 675 cm ™' Z A AFIF C = C BRI IK
51 200 ~ 1 265 em ™' 22 )45 H5i 1 Wk WL g, Ol P =
O 4R8P — 0 — C g5 HR sh7E 995 ~1 100 em ™'
Z A A A P R M 0

FEAZHE H-NMR B354 P .2 AN R k2
PIRBMEAE 11.90 ~12. 10 Z[H], 2y 2 /> Ll ; 55 75 B
AR AR AE 7. 00 ~8.70 Z[H], K
ZHIE (BRI HEAR LD 3 4 SO A
R BIAb, ELAE 6.20 ~6.40 Z[0], 2 Ei, fF5
D5 B B AW RSO 5 W B A E Y
el A A RSB TE 6. 20 ~ 6. 60 ZJA], 32
AR, 24518 2 S5 R B
3.3 mEEKE

ZRACE W e I MRSA A5 A [] 72 B2 i 41
g, A E BT MRSA 51, JL DML &4 1 -
3 I-10 (R3& PEdsc A, o &% -3 X Bl MRSA
i) MIC F1l MBC {43524 128 F1512 pg « mL™",{f
T RAR R HETR B HT MRSA JE P, B8AL T-%F BE 24
R TG AR BT MRSA 36 1 5 46 A5 9 T-10 X} MRSA
) MIC F1 MBC 543 51 & 32 F1 64 pg - mL™", $i
MRSA TP B3 O T 840 T 174 DA 28 TR T % JHE 2 2 e
PUtke EERIZAL A P HT MRSA 3 M AL F X id
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R R HIRNE T AR A R IRE
s A, RZBACE P il il MRSA f 956 PR
PR BOR B, WA TR RR 6 J B 5L, X it
MRSA I PEAREREAE . 22L& PIRYHT MRSA i
PEAHAHRABIEST, IARIT MRSA itk 59, I
1,

4 & ®

— RIEr R SRR e A5 4 ¥ 78 EDCL/HOBT Al
[ Bmim | BF, AL AR T 8l & . (RSMT MRSA
P 08 25 SR W, i R A AR A A [ R
MRSA {64, Her B o 5 9 22 B A9 TH 1, A 5%
RS W) B EE A LA BT B A A 2R — 2B T
FEo VABFTE R AR =1 K TR ) A5 AR A0 AT 2 2
ST, D B BUIE 25 18 25 i B e g4I 1 5
Liog 3 €y BNl 1 S/

xk1 HARM A4 MRSA # MIC (ug - mL™") 5 MBC
(pg-mL™")
Tab.1 MIC(ug - mL ™' )and MBC(pg - mL™") values of dif-

ferent target compounds

Compound R R, MIC MBC
-1 Phenyl CH,CH; 1024 >1024
nm-2 2-Fluorophenyl CH,CH; 256 1024
n-3 4-Fluorophenyl CH,CH; 128 512
-4 2-Furan CH,CH3 512 >1024
-5 2-Pyridyl CH,CH; 256 1024
-6 Phenyl CH,(CH3), >1024 >1024
-7 2-Fluorophenyl CH,(CHj), 512 >1024
n-8 4-Fluorophenyl CH,(CH3), 256 1 024
-9 2-Furanyl CH,(CHy),  >1024 >1024
m-10 2-Pyridyl CH,(CH;), 0 64
Rhein 512 1 024
Oxacillin 256 512
Vancomycin 2 4
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