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Abstract: Antiretroviral therapy has been used for treating AIDS with 31 single-target anti-HIV drugs currently
on market. Searching for safe and effective of novel anti-HIV drugs remains a challenge worldwide. Multi-targets
single-structure compounds referred to as designed multiple ligands (DMLs) have become a hot topic of producing
anti-HIV drugs recently due to reduction in the likelihood of drug resistance, simplified dosing and improved
patient adherence. Integrase (IN) and ribonuclease H (RNase H) are two indispensable enzymes in HIV republication,
therefore are two important targets for developing anti-HIV drugs. Recently, diverse dual inhibitors of HIVV IN and
RNase H (IN/RNase H) have been developed via rational drug design and screening. This review summarizes the
advances in chemically synthesized dual inhibitors of HIVV IN/RNase H to provide the information for developing
multi-targets anti-HIV drugs.
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P (CRIS)E3, SR, HIV [ i B A S ok B 0L 5 25
YIRIT AN EAR, H AT IR K B YR IT AIDS BT FH 16 =
RIS 55955 1597 1k o6 AIDS B4k i — R ig ik T 4
PRI, ABAFAE T R 2 IR TT 9 IR G 4 Mt 22
AN RN K R A8 ST 24 45 ik i[RI, 38 FH B IR 24
W BE i TR AR A 30 5T 2% 3 2 A B R I
BB HIV 2395 B KR L.

HIV #Z §¥ % B2 B8 H (ribonuclease H, RNase H) #l
AW (integrase, IN) [FJ& T 1% R 4% # 1§, RNase H
FIIN A A% 00 [X 33k i = e S5 MWF R 0, 3 B W
FLARRAR 37 B 7 ORI PR AT A0 TLAT A 5, HL AN Bl
T P R B A B R R AR L 3 1 BT T W A &2
BT, ThRE b 26 IS AL BE AR 9% 5 DNA & J I RNA/
DNA & £ 8 1 1 RNA FURE 5 7% 1) XUEE DNA % 4 %)
1 20 L DNA H, 359 995 55 A= iy B 0T o 1) DG B il i
RNase H F1 IN — B &2 T HIV 250} K () 5 2 40 b0,
RNase H 1 Jyi¥fi % 5k i} (reverse transcriptase, RT) | H.
A ST 4k T g 16 45 M 3, H AT G RNase H 41 il
7] (RNase H inhibitors, RNHIs) _E1i7, H.7E X 35 it A
KB PR b H B 3 B 25 HIV R AR (R &
RNHIs 7] I IR T AIDS $2 (i H i 5 %8 BT
TENPRATEHIV IN (T RESAA, LA REAR T RAK
B A POHIV 258 — B2 PSRRI G, BRI —
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DI 24 Mg R A e A 3t 1 R 4% 15 M CTD B i 55
213~288 i S FL Rk L, B E B SH3 T &, %X
AR Sy P A%, TETh g B2 5 9% 5 15 £ DNA 1)
ghaE,
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IN ICsp = 0.41 pmol'L”!
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Figure 1 Structures and activities of madurahydroxylactone (MHL) derivatives
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Figure 2 Structures and activities of hydroxylated tropolones

5 &Y 840 4 Bing o, HALT HALS M mR A .
TG 8, 1) B AR A9 12 5 A i
RNase H.IN3-P Fl INST i) v 14 F % 2. 2%, 1fi C-7
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WK, b L5 b B U T IN HT RNase H 5 £
K T B, AR AR R R e 197 4R 4 (0 15a) W PR
B R T R B AT 2R 4 15b P RNase H i PR A
0.061 pmol - L%, S IN il 7% 1t bb 14 % vy, HL4H K
PP HIV iEPE 3 (EC5=13.44 umol - LY).
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TN 00 ) A £ R e 58 K, 4 A T 2 i A 56 2 A AR
72 T A A e, R 4 B I R R R AT AR
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B3, Tang 24210 18 NEE MBI, T & T 3-FRFE M
WE-2,4- 2% IN/RNase H U 25 4014157 (4 4).

Xf 18 [ C-6 fr AT S M T A A, 15 BRI 28 — &
547 A= P Pt RNase H 3 M 36 A FH 24, 76 13l BE /R /K1



-+ 1396 - 2% %4 Acta Pharmaceutica Sinica 2019, 54(8): 1392 -1401

Ry

(o] 5 4 o
6 3 0
R;mm—i — WOH = N
o c7 § 1 C-4 "OH
0
17 14 15
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15a: Ry = 4-F-PhCONH
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RNase H ICs = 0.36 umol'L™!

17b: R; = NHCOCH,Ph

15b: R, = COOMe
IN ICsp = 0.061 pmol'L™!
RNase H IC5y = 4.77 pmol'L™!

ﬂ c6
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16 ©
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INICs=3.8 pmoi'L": RNase HICsp=1.3 umoI'L"
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IN IC5y = 3.6 umol'L™"; RNase H ICsp = 0.40 pmol-L™!

Figure 3  Structures and activities of 2-hydroxyisoquinoline-1,3-(2H,4H)-diones
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Figure 4  Structures and activities of 3-hydroxypyrimidine-2,4-diones
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7 18 1) C-5 7 F1 C-6 13743 7] 5] N\ N-~15 J H i fi&e Al
b @ B A5 25— RANATAEY, HXE RNase H FTINST )
) & PR S AR AN BE IR UK P o E C-B AR IR B gl A
A S L S AR AT Ak S AT AR 4 1) BT RNase H
T, AE T INST 40 ) 3 P A7 A 22 S, b 2-980-3-
SR =4 20 40 RNase H Al INST 3 % 1, 1Cs, {5 73
“40.029 F10.021 pmol - L, FL 5 5 A #8525 [ 25 467 3%
B, BRBATAEYIPL INST i M T RAL, 5 DTG
2, %F RAL i 24 23 45 /& Y143C .N155H . G140S/Q148H
J G140S/Y 143H/Q148H [ # il ii& ¥4 5 DTG AH L, T
H.AH Bt RAL 1 DTG 471 RNase H 3% ¥, it ) RNase H
HE R .

B2, 3-FR Ik mE g -2, 4- — Wi v] {F N FF & IN/RNase
H OUCHE s 400 110 700 7 5 46 BER, | T BG4k & W 45 4
e, A E R, B B, ToaE R I, A A
uF, BAT R AT U , Re A & 20 33— B A
FLHITE 1K

215 Z—EIESE LAY R (diketo acid, DKA)

KA RZ M HIV INSTIs, it 5 48 B 1B ALY
DKA & A 71 5 FAH & 1) B K 0% & 2 B R &)
)25 R B ), Ak, AT R I DKA K4k &
W R A5 P RNase H i 7, 3 o 30 4 b & 0 6 IN R
RNase H & 7% H X0 = #0113 1 o

g E BRI E 4 6-[1-(4-F K RE) H -
1H- I 1% -2-3E]-2,4- 44 -5- O R £ fis (RDS1643, 21)
J& T B HIV RNHISs, % INST f #7074 45 551290,
Costi 5 560 & H AL F AU VU S5 B 4. RDS1643
H AR R R T, B30 T BL22 AR E R R AT E
Y1 (E5). 1ZRIKF A VBT INST 5 PELE KGN EE
JRIKF-, H RNase H il v 14 B G 7E f B 7K 7K SF-, 48
7K P P HIV 35 M 7E 0.2~26.3 pmol - L, H ik £k
FEBUR . fEULIERE |, Cuzzucoli 22811 RDS1643 Hy
e FWHEAT T RO RIRE, K IUH AT A VB K T 1
IN A1 RNase H #0175 44 2 41 B /K 7 (19 Bt HIV 35 1)
A Costi SR L 25 AL A — 3. A/ —12
)7, RDS1643 ] N-1 £ 4% 5 LA T 42 4 23 X INST
M1 RNase H [ 35 465 #1115 4 5 B, 1Cso 18 70 ) 9 1.2 Al
1.8 pmol - L%, it — B0 T 1 i K. Rz, ik g
T HAER AT AE A IT R IN/RNase H XU A 40 1] 71 1) 45 74
B, BAT TR S B arisd g ik Lz
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RNase H IC5p = 8 umol'L™'; INST ICsy = 98 pmol'L"!

F COOEt <
@ ﬂ ~ oH

sk

23
RNase H ICsp = 1.8 umol'L™"; INST ICso = 1.2 pmol-L"!

Figure 5 Structures and activities of pyrrolyl diketo acid derivatives

=Pt RNase H & P [ 58 IE7EJEAT .
EEINE ZERER X&) WA R R SR AL
EWE N FEE HIV INSTIs 8 Bt 51k 7 A1 9%
7, AR S ) 24 3BV PEIE 2] T 28 nmol - L2 129300,
AR INFIRNase H A6 A7 i (1) 85 K A AL PE, Costi 25634
I X e T 24 (AT AR AR R A Bk, RN T VR R
i 2 R B2 2% IN/RNase H SUSE S 30 71 (& 6). 3%
T A ) Bl 7T B INST 40 3% 4 £ AR 40 R 2R K SF, T
RNase HiE B AIRAE B /R K. FEIEEEA |, Pescatori
SELARE KR ) 25a (1) C-7 1 4- L BEWR R 2, 7E 3L N-147
FINIRAREE e BB T e 2, AT TORTIR R . K
GBI 25 RIEAS N, B A AT AE ) INST 41761
WM KCE 5 R0 IA R 2, {HHT RNase H 3 14 2 35 1 pF R
Z IR R, Hoh 26 ARIFIIATAEY), R W] C-7 AL RL{R
FEOINI & BRI A . e RV fT AV BT INST %
P 5 RAL F1EVG #1124, X+ RNase H 11l i P4 75 3 25
IR, S, W v B R R R T AE AT K IN/RNase H
RUHE R AR e G, S J5 0t 78 mT 4k S0 H
1T 45 A P S Hopt RNase H iG 1
216 S-FEMIE-4-FIRLTESY  Kawasuji FEEUR I
-FRFLMLE-4-H & —FoEr &R E T B G HR, HC-
6 A7 SI NI BE L I T A4E 4 27 /2 HIV INSTIs. 2tk

22

22a: X=Et, R=3,4-2F

RNase H IC5p = 3.0 pmol'L"'; INST ICs, = 0.60 pmol'L"!

22b: X=Et, R=2,5-2F

RNase H ICsp = 9.0 pmol'L""; INST ICsq = 0.45 pmol'L™!

22¢: X=H, R=4-F

\-RNase H ICs = 2.5 pmolL""; INST ICs = 0.026 pmolL"!

J& &, Mohammadpour Z5B45 i 7 5% JE i i -4- i 5
R, RFHEAAY N 28 F129 (K 7), H4i /K F 1)
PUHIV G LR SR K o AR EZRAE & 4 1) LA
1 F#E £, Sirous S5 B52KE 4351 55 IN AT RNase H 17
T o R AT, RIS 1 1) B- 3R B Ak IE -4- T Fr B
A5 IN F1 RNase H JEZ BRI 5 8 25 1 2S5 /E H, C-
2 57 77 BE B8 55 PR AN B8 A5 AR G B I 9 B K AH TLAE A
1IE 55 5- 52 B M e -4- 1 25 4k 4 0 7T /E 2 INJRNase H 3L
B SR A ) e S . BT, AR E Y R S AR
A B 5 1) ¥ 1 0T e TEAE BEAT T .
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25a: R=CH;CO

INST IC50 = 0.08 pmol'L™!; RNase H ICsy=3.3 pmol'L"!
25b: R=CH,CH,Cl

INST ICsy = 0.05 pmol'L"!; RNase H ICsy= 5.7 pmol'L"!

INST ICsq = 0.028 umolL™!
RNase H ICsy=5.1 umol'L™!

INST IC5p=0.019 pmol'L"!
RNase H ICsq = 10.8 pmol'L"!

Figure 6 Structures and activities of quinolinonyl diketo acid derivatives
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Figure 7 Structures of 5-hydroxypyridine-4-one derivatives
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Figure 8 Structures and activities of hydroxypyridone carboxylic
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RNase H ICsq = 10.0 umol'L" RNase H ICs; = 8.0 ymol'L"!

Figure 9  Structures and activities of nitrobenzofuroxane deriva-

tives

219 N-BAERZEATEM N-BHIERMULEWET HIV
RNHIs,  Sanchez Z£1214f i e IS A & W) e i) A28
e KA b R AT AR AE K7 (LEDGF/p75) 5 IN 2 [f] )
MEAER . eI [ Carcelli 253145 B T — & %1 N'-
i B2 A & (1 10), & 3B /K Y IN FI RNase H
] 3% 1 2 Ak T BUEE IR K P ARG BE ZR K, HoAm i
KPR HIV G T A T BE IR K o R 8008 RF LR
WY, AHEE T 200 B R BB AT AR, = BURAT
AP INFI RNase H 36 P 550, RIRIR =558
BB R, b 3,4,5- = $R FE AR AT AR 4 36¢ )
IN F1 RNase H ¥ 25 1 #0 i) 3% £ 55 &, 1Cqo 1H 53 5 N
0.165 £10.18 umol - L, it — S 5L M E. BN

B B 50 & A BT IN S 1 5 RAL A1 2, i B X
RNase H {1 4 il #& 14 75 1K 4% BE JR /K F, 7] 4E 9 IN/
RNase H %L s 41 770 1) S S A B0

OH

Hoﬁ

H

R

v \g ) @

R

(g2

36
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36¢: R=3,4,5-30H
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Figure 10 Structures and activities of N'-acylhydrazone deriva-
tives
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Figure 12  Structures and activities of 1-hydroxy-1,8-naphthyri-
din-2(1H)-one derivatives
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Figure 14  Structures and activities of pyridopyrimidinone inhibitors
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Figure 13  Structures and activities of 5-hydroxypyrido[2, 3-b]
pyrazin-6(5H)-one derivatives
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