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fRILVEAD (1, vorinostat) J& 417 (1 2 2 BE Ak il
(HDAC) 5, T 2007 £ 3£ E FDA #tvE Lis,
BIT R T O . E N E QIMEZ ) HDAC
PRI FR), M Ak 27 45 ¥ AR ST A AR A A2 5B AR
PP I &R A (2, trichostatin A) a4k Y, i
PIE E 2 B A M HDAC iR HERI K AR =4, 1A 2 (1)
5K B AR, 22 DU AR LT At 2 ik TR SRS 1
VIR ARAL 25K T S 25, SEBR FIB R RS AR, M
R EM S S R E R A BAEH AR
R, RRJERAEMIEAEHERN 2N EZEN SR
W o AR L A BT AR U 1T T B 4 R R AR
(DMS0).

2 #kHEY: DMSO

Friend S5 7ERF 70/ RUZL A LR 4 (MELC) #%
e (I AR, BT Al IR RS R R S IR
280 mmol-L~* ft) DMSO 2, KIA =42
MM AR L, #2278 DMSO n BRIl T MELC 1)
A A, (HAIIHEIE ARG, IR T T AL
H AR, A RIEZ 4 (normoblast), /> 7 41 it
K3%A4% (Friend C, Scher W, Holland JG, et al. Hemo-
globin synthesis in murine virus-induced leukemic cells

in vitro: stimulation of erythroid differentiation by
dimethyl sulfoxide. Proc Natl Acad Sci USA, 1971,

68: 378-382). IXFE— /MBI LN T 5
MELC 2 (19 5 4k, F HL 4] 1 1l 55 48 A 1 98 A8 A
F, Bl T Breslow IR AT 5T, JE4 DMSO 1N
W 5E BT A 5 2P kA &4
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Ve BaE; 55— iR a5 RIS A 1107
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32 WMMUEDFEMIZHEM  Bresow 54 DMSO
& B Ho A SR B V2, FOR RGN B K
TEANE N R 7V ORI WA P o U RER -/ \ 2
HE HI R (3) NON-Z BRI IE IR (4) S (5)-
PIEE (6). N-HH: OBEIE (7). N,N-—H3E 2%
(8)+ WRHERE (9). 1-FHAENRWEEE (10). 2-Mt P ki fid
(11). N-FEEEAEn% GEER (12). MERE-N-SE 4 (13)
=4O (14) (K1) SF#AAERLT DMSO
T MELC 7L HI/EFH, #1840 iUAE 5 % DNA i
HIX L ST RECCE T DNA B DNA-EHE
BRI R, 3 O M G AR AN 20 i oy A R
Ik KA (Tanaka M, Levy J, Terada M, et al.
Induction of erythroid differentiation in murine virus
infected eythroleukemia cells by highly polar compounds.
Proc Natl Acad Sci USA, 1975, 72: 1003—-1006) -
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Figurel The polar molecules possessing induction of differentiation and inhibition of erythroleukemia cells

Table1l Activity of inducing differentiation for bisactetodiamides ( 15—-20) and bispropiondiamides (21).
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“Cell growth inhibition
o

H
)K Hsc\)LﬁmerCHa

n=2,4-8 21
Concentration Percentage of positive reaction using benzidine method/%
/mmol-L™* 7 15(n=2) 16 (n=4) 17 (n=5) 18 (n=6) 19(n=7) 20(n=8) 21
0.2 0 0 0 2 2 0
05 0 0 7 5 4

1 0 0 10 19 20 30 31 4

2 0 0 20 35 37 65 72 24

3 0 1 33 69 74 97 95 51
5 8 5 64 95 99 (88)" death (99)"

7 18 12 71 96 (91) death death 90
10 28 2 90 (73) death death death death
20 64 59 death death death death death death
30 87 76 death death death death death death
50 (70) 80 death death death death death death
100 death death death death death death death death
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19 1 20 A &) C R DLRRIE, 40 10 A K 52 B
SRTAE 5 mmol-L K EE R, &%) 17 Fil 18 (n=5 Al
6) i UML) o b, T HA A EAEH
21 RO RN B A E Y, BARMA RS S
SATEYE, HE AR EIE TR 7 mmol-LTHREEF,
BE ALK . &Y 18 Jy NNN-Z ZEE /N I H
B (RN HMBA), IE B A 7E 5 M A0 25 4 2 1)
A EEX LS T, NEEMXNEY) .
RAWE T HMBA XF 4 il 73 4 4T 9, R 78
0.5~5 mmol-L ™ 4 1 T /6 2 LR BEAR O R,
1M H 73 A RE B2 0 52 INF R A P, (3R 2 4 vy DU+ B0
Y1 (Reuben RC, Wife RL, Breslow R, et al.
A new group of potent inducers of differentiation in
murine erythroleukemia cells. Proc Nat Acad Sci USA,
1976, 73: 862—866). HMBA H1T-1% 5 2 Fi it 63 41 e
S AR T ) S PR AR, I 328 4938 e e A s 4 i 110 2 [
ik, HEE I EAR 0 25 AKB) ) R g e s
SREAEE NGRS FC . 11 B PRAE 70 R, X HE v
A SR A AN SR BE M 1 I AT 5E A B o R R
ER, SRR AR g . AN HMBA 1)
MRty N 15 h, 75 AW ESS 2, DL
AN A KRB, HMBA 11 77T (Breslow R,
Jursic B, Yan ZF, et a. Potent cytodifferentiating agents
related to hexamethylenebisacetamide. Proc Natl Acad
Sci USA, 1991, 88: 5542-5546) .
34 FEEZEMERMAEY W HMBA RIIKIE
I, A RCT e B T — e R B e A&
vy, HriE R & 22 F 23, 4y RN E TR
5 Z WM st iz, %o iE S HMBA AH
A, 7E 5 mmol-L ™K~ % T 40k 3 >95%. X} HL-60
I A iE Pt 5 HMBA M2, Rit— P07
(Reuben RC, Khanna PL, Gazitt Y, et a. Inducers of

erythroleukemic differentiation; relationship of structure
to activity among planar-polar compounds. J Biol
Chem, 1978, 253: 4214-4218).
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44 MYERFBRSH XN EREGIREERA S YT
M 7 ARSMEYE, XN A MR 4 (MELC) i
S04k EA% T3 2 (Richon VM, Webb Y, Merger
R, et al. Second generation hybrid polar compounds are
potent inducers of transformed cell differentiation. Proc
Nat Acad Sci USA, 1996, 93 (3): 5705-5708).

Table 2  Activity of isohydroximic acids with flexible,
semi-rigid, and rigid structures

canpand_, 00 | DT campang o | O
Blank - <1 29 10-2 500 0
18(HMBA) 5000 >05 30 80 90
22 5000 >95 31 40-2 500 0
23 5000 >05 32 300 20
24 40 920 33 120 25
25 30 >95 34 5 60
26 20 75 35 4 65
27 20-2 500 0 36 120-10 000 0
28 20-2 500 0 37 120-4 000 0

K2PHRAERBEANED, BEBERE R
MR F, BRI T © B Fr BUR el
f5 R A i S o byl v B s . (LB 25 &
TR FRNER, WErEET 18 (HMBA) FlaE —EEXW
(=) HHE (22 F123) 100 f5LA . @ iEE 5Lk B
TR RTG53y 24 71 26), iEE
KT 25; FifE R 27 3 E g, FoRg AW
M FEEEMENERNE, X5 8080
Pk i 22 51 1A R 230000 R AETRD, e S8 R SO0 e 5 00 S
FEIGIR A AL AR @ B 28 IR o 1 FH
AR A R (S HE R 24 ), #2
71N A B8 A BE SR BT B, I AR XU I R A R oA R
KNG, @ NItER p-ok R RRH5ER (30) Mgtk
5 25 Bk Y, (HEAFRBRNCEE & 2 k51
), 2R ARG RROE R B R, MoK R R R
(31) UG, 91 N —NBR 28 = 5 32 5 R G
W (KA. 5878 T A 52 5 R 10 2 [a) Ao B 6
T4a 0 AR AER . © &% 30 MWL

RN — DL L, 32 R 50E M, BRI L FE AR )
WEEYE, SA X&) 35 G A 20, RIAE
R G KIPRE R &) 34, BRTRIES
TG YRR 32 AHIE, EIETEIIR B8R, T iS5 1 A2 )
FUERVETE R R 224k, SRR GRS B Rt ©
KB AEDE G EREIERIAE, BRZEMLE
V) 35 5T 30 HNEPEERAR 98, H 45 & AL 2 AS
[F] 1, 24 FAR - 0K B2 13X P ANk & P 35 (7] i 598
R, AR A RN SAEH, B = E AN
MHEH, g &6 R ANE R (AR &4
ZIAE &R, BEa ).

Xof b R PR ) A Ptk — 2BV X HL-60 A1
HT-29 4l i) o AEH, RIMLED 25 (R
SBHA) i& L 4T . SBHA 51LA&% HMBA (18) E4h
FIELEL, WsmI) e 2 (A2 6 NI AR IE, 7
TR, WA S 7 i 5 IR 0 02 & Jm 2 & A
B, RSN SIRMEZ R 5T i A7
InAE, AL R ALEARE . SEsE b, 24K HDAC
FEFR S RO, = iR AR R AR . (H
e Y =R
5 FAMNIRMLED

SBHA HI HMBA 73 Jill & A3 XU 2 5 T 42 P
Ak &4, SBHA WEtEH iR, HTREIERE &R
SRES G R, AH > T AR AR B AN 5k ) B R A R
Fe Wb o BRI OR B — AN, 55— I LA b Ak ik 141 4k,
B & Uk 7> 7, L& T 600 ZMMEEW
(Breslow R, Marks PA, Rifkind RA, et al. Novel potent
inducers of terminal differentiation and methods of use
thereof. PCT Int Appl. WO 93107148, 1993-04-15) . 4%
R AR v ) — AN B PR, AR ARERNG IR — I B A
FM b, R GKVERE, PT FH BE a2 AR T 1 AL
BB K B BB, R AR B KB KA AR, DA SR
e, Bt A 1R 38, 12 EEE I R RIEIR,
fAiiF% SAHA, 38 faii#k CI-UCHA (Meinke PT, Liberator
P. Histone deacetylase: a target for antiproliferative and
antiprotozoal agents. Curr Med Chem.2001, 8:211-235;
Richon VM, Emiliani S, Verdin E, et a. A class of
hybrid polar inducers of transformed cell differentiation
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inhibits histone deacetylases. Proc Natl Acad Sci USA,
1998, 95: 3003—-3007)

6 {ER%tR: AERECEILES

6.1 HERNINEEAERCEUE HAEAXC
FEALEE (HDAC) [k BRI 25 1) fig A 0 22 A b3 i e
RN ERIRTT B . HDAC 2 4H M % 9 Ak 2 Ak (1) 21
HEM O, BIRAEALBUEENEBR. 5
HDAC AHXFILI 7 — g B2 HE B ZTRALEE (HAT),
THINRE AN R, HAT J2{Edkd & A 4 WAk g
R, B OB AR LR R B 4 B A S R Ry
JE I 2 BR IR L 1Y) o200k b, W T2 oMk, &
EIIE AT IIAE 1. HDAC 52 M, e & A
WA, RER N EEE, SRR RIE A, 5 AR AT
i) DNA %454, RO mBUE G, FEEEET
s 2 B0 IEH M HAT F1 HDAC 4t T34
P fERELANAR T, HDAC i R ik S 802 2 WL fE
FAf3E5E, 3T DNA S5HAEAZ MM S, ff
P A% MA ARG+ 00 BB, AR TR e R R AR
ik, AR — R 41 1) 3 A R 20 4 HDAC wl i
e G 8 R 8 DX AE B 1 TR AL, R g R R T
SRR B A R A RS E M, 5 A T
&, BT HDAC 2 MR V6 97 i — A A .

6.2 RAFIIHHIER A I HDACER KR
SR B & A (2, trichostatinA |, TSA) A2 4% 5
R A =, R WIEAFTE R, 5 R A I AT 40 )
A% 20 R BT 3 00 AR B B, Rk S U T A SR
BN, MREa A, 2 X EE X OB
(HDAC) E#rdMl, F4ifuinsl HDAC ) ICso N
1.5 nmol -L™* (Finnin MS, Donigian JR, Cohen A, et al.
Structures of a histone deacetylase homologue bound to
the TSA and SAHA inhibitors. Nature, 1999, 401: 188—
193; Yoshida M, Kijima M, Akita M, et al. Potent and
specific inhibition of mammalian histone deacetylase
both in vivo and in vitro by trichostatin A. J Biol Chem,
1999, 265: 17174-17179) .
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H3C\N CH3 CHs H
CHs )
7 RIIEMEIRINET
7.1 SAHA HI{ER#Ef#RZE HDAC %£7T SAHA 5

TSA (&S AR, Feal 22 TR . RSP A2k
HIRFAEI 0 AT AR L, PP 7 SAHA BULRTIA

HIRUAR 1 53 % HDAC B . 25 3R B SAHA (1)
Xf HDAC1 #1 HDAC3 B i&E 15 TSA A4, 1Cs
53] 1~5 nmol-L Y. SBHA (25) %f HDAC 1 547 5%
FNHE . 2R HMBA (18) #1%t HDAC ¥4 ik
P, s XU AL & WD) 23 1 TR AR 5 00 i Ak
EY) SAHA AL, AT A e, HEEH
FEARANZ HDAC, HIBEAT L, &2 i BA IR
2 i B A B 2 A AR A A 0 1 R AR R AR 2 AH [ 1
(Richon VM, Emiliani S, Verdin E, et a. A class of
hybrid polar inducers of transformed cell differentiation
inhibits histone deacetylases. Proc Nat Acad Sci USA,
1996, 95: 3003—3007) -

7.2 SAHA 5BEMMAUMNSE SRR SAHA 5
HDAC F&EH (4T HDAC MfEfLIRAL) MRS
Vien iR 20 (8 2), BEM AR /2 78 K I 2
B, SAHA I e 5 Bk S 2 i R 5L A 5 ] v fls Ak
POERES, 51240 B8 B T TR O B A B 4 4, )
T 53— i 1) R D Ak T g ) B K TR, R AR R K~ K
MEAEH . RIRF9 TSA (2) 5 HDAC 45 &=
5 SAHA #[A (Finnin MS, Donigian JR, Cohen A, et
al. Structures of a histone deacetylase homologue bound
to the TSA and SAHA inhibitors. Nature, 1991, 401:
188-193).

Figure 2 Crystallographic diagram of the complex of SAHA
with HDAC active site

7.3 RILEMERLEET ARSI ERY] SAHA X
Z R ORI (BRI 25 0R) A BTG S A2 I T AR
I, AL A B, 5 F A AT MR 250 & B,
A v B ) RS AR R IR B BB, BRI KR
V£ (Campbell R, Sanchez E, Steinberg J, et al. The
potent histone deacetylase inhibitor vorinostat, in
combination with melphalan, markedly enhances the
anti-myeloma effects of chemotherapy in vitro and in
vivo. Cancer Res, 2008, 68: 733). /{3 /12 sL6 %
W] SAHA A EIRIR IS, 388 ty, 2 h, SILIE H 4G
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B 71%. SAHA A5 CYP RAMEAEM . AR
R AR TR A IR T AL, R AR KA R TR T IR 1
B AR ENE, EEMRPHR . HET
AR HT SAHA B2 A RPESEL, e Nikikita
Y, 4 NARSLHEAD (volinostat), ZIGKHFT, £
FEIRIT R ME R Tk R A X, T
2007 4 FDA #tifEfEEE i (Marks PA, Breslow
RB. Dimethyl sulfoxide to vorinostat: development of
this histone deacetylase inhibitor as an anticancer drug.
Nat Biotechnol, 2007, 25: 84-90) .

8 JEUAY HDAC HIHIF

81 HHIZAYM, REXANLLS KLk
FEHE b B AE FBLR] A AR AT A 2 I 00N, e ] B
'] DMSO 73 - Ak B R e 1) LA HDAC J9 L7
B PUMR 254, X 58 A 1 IR 2 WAk S ARG 2L
RAWITE, “HEALBLE 7RISR, Tl T
WA, SEBL Tl R AV BEERR RN . 5 4k
IR FCH TH 17 TSAL ARSI HDAC
A AR 2 R 0 2 AR, ERE =X A 5T R BE AR ST v Atk
MR E S Z o SRTME A SRIR K, TF R ERBE 14 1)
W24 T R G251, LAIRAS e R AT T 3 A
AL, RS PR B A EBE N OR . mh HDAC BEART &, X
A I R )RS S ARG 2 23 8 B e 3 A R T O
I OCEE T LE . PRI B ARSL AR BT 10 SRR 65 —
A~ HDAC #5771 ) 244 1] 1

82 BEiEty REW%r (39, entinostat) /& HHifx
AT I AR 250 o HLAL 7 G5 ) I R 2 AR
TR A O e e e R AR R T S R AR, IR EE
S8 FEA1EM, X HDACL fil HDACS K4
M 1Cs 40 5 0.51 A1 1.7 umol -L 71 B4 T
TRIT FLIE, ILAL T R T BAWE S M BE (Suzuki T,
Ando T, Tsuchiya K, et al. Synthesis and histone

deacetylase inhibitory activity of new benzamide
derivatives. J Med Chem, 1999, 42: 3001-3003;

Heltweg B, Dequiedt F, Marshall BL, et al. Subtype
selective substrates for histone deacetylases. J Med
Chem, 2004, 47: 5235-5243)
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S o_ N H  NHp
g
o
39

9 HDAC #5789 25 3 FHHE

B TR SZ VR AR S5 HDAC 1] 1) (144 RG22 775 T
B, N2 #7555 HDAC & 491 i 1A 45 1 1 i
Br, B AT 2 ARG RRRRE R . TR A
LR Z M HDAC i3, L TSA (2) 5 HDAC B
BV A G R R AL R O FE A, 0 A A A0 ) )
EYER G, MR T 2R A 3 s . R 2520
F R 4y 1 R AR S A, 21 €0 B2 R AR LV Atk AE
ARSI 5, G 6 S22 2 AT
RALVEARA R, —F AR & Hh EER R R
e AP S 2k, e G5 (ZBG), 5
Fily 45 5 IS A 640 i DAL 1 o TR RROOUEA B P B o =
B K S AL SR X (BK AL 3) ST Ab
KK X KA A HAEH (Chen YD, Li HF, Tang WQ,
et a. 3D-QSAR studies of HDACs inhibitors using
pharmacophore-based alignment. Eur J Med Chem,
2009, 44: 2868—2876) .

Figure3 The pharmacophore of HDAC inhibitors



