° 666 Acta Pharmaceutica Sinica 2004 ,39(8) :666 - 672

HIV

( , 100850)

: R916 .4; RO16.693 A : 0513 - 4870(2004) 08 - 0666 - 07

Progress in HI'V non muclecside reverse trarscriptase inhibitors (NNRTIs)

ZHOU Ting, XIE Lan’
(Institute of Pharmacology and Toxicology , Academy of Mlitary Medical Science , Beijing 100850 , China)

Key words: NNRTIs ; reverse tramscriptase; HIV; AIDS

1 (ddO) . (d47) . ( ABC)
( AIDS) ( HIV) (tenofovir) . s
. HIV RNA , ,
HIV1  HIV2 DNA , "1, NNRTIs
DNA , HI'V1 s
HI'V1 R ( nevirapine ,1) . ( delavirdine ,2)
HIV1 . HIV (efavirenz ,7)'%) . , NRTIs
, DNA NNRTIs
s R , NNRTIs
2 (NNRTIs)
HIV , ( RT)
RNA DNA \RNA DNA ,
DNA . , s >
HIV HIV/ AIDS
. HIV 1989 - 1990 ,
RT ( NRTIs) RT 40
(NNRTIs) . NRTIs 7 s NNRTIs s
(AZT) . (ddD) . (3TC) . . ,
: 2003-09-27 . 2.1 = e
Tel / Fax: 89 - 10 - 66931690 , Nevirapine(1) | TIBO

E mail : lanxieshi @yahool .com

[ 8- CF TIBO( 2) ,9 C-TIBO( 3) ], UKI29485(4) ,



(HIV

* 667 °

Pyrrolobenzodiazepinone ( 5) MEN10979(6)"*! .

OHy o
N
X
<\ VAR Ry

8-CI-TIBO 2
9-CI-TIBO 3

Nevirapine 1

[ Y9

Pyrrolobenzodiazepinone §

2.2
Efavirenz(7)"*'
DPCY61(9) 1 ,1-738372(

DPC

/S

Y\ FaC
N
3 N / “
1lICH3
| I\
K N= Efavirenz 7
R, Cl R,=H UK-129485 4
R1:H, RfCl 2 .3 153
b
S,
”
N\
N=
U.
MEN 10979 6

R4

\\\\\Rz
Cl
ok

/l\o DPC083 8 R =CF; Rz
DPC961 9 Rj=CF3,Ry==
L-738372 10 Rj=A\ ,Ro=

>

Delavirdine ( 12) ,

[ DPCO83(8) ,
10) ,HBY 097( 11) .

, 2, 3-diaryl-1

Loviride( 14) , PNUF142721 ( 15)"
TMC 125 ( 17)""!

ﬁl‘w

=/(“:> HBY 097 11

1-697661 ( 13) ,
, TMC 120( 16)"*’

, 3-thiazolidinr 4- thione

(18)17* MSG204(19)), UCT81 (20)°M | AGL549
(21" SF3366(22)!"' .
Cl
MeO2SHN D\‘// ° H ° O— ¢
N | H '\,‘ N Z 1 s N=
L T g NP
ﬂ SN0 RNt o HsC NH;
(@]
Delavirdine 12 L-697661 13 Loviride 14 PNU-142721 15
CN
CHs CN Br
HiC” i “CHs
H3C/©\CH© H N, O i\)\ p N it \\‘
HN. N NH Y
LN NC N e
=
NH,
TMC 12016 T™MC 12517 2,3-Diaryl-1,3-thiazolidin-4-thione 18 MSC-204 19
$ C' NZ g o) CHs
@ u HN
Y U}W Fr
uC 781 20 AG 154921 SJ-336622
24 (23) 11
( +)-Calanolide A (23) 12- sl
Oxocalanolide(24)""* 23 , 3
20 h, . PNU
142721( 15)
(+)-C_alanolide A23 12-0;0calanolide 24 >
[15]
NNRTI |
s KI03N

() i
( +)-Calanolide A HIV1 RT



* 668 Acta Pharmaceutica Sinica 2004 ,39(8) :666 - 672
| . UC781(20)
DPC083( 8) 11 , / AZT
( KIO3N, YI81C, VIO8]/KIO3N, KI03N el uc781 (20)
Y181C K103 N P225H) . ,
1x10 "moleL™" 8 HIV I AGL549
, HIV ( capravirine ,21) p66
1020 ', ( 101,103 236 ) t
, HIV ( KI03N)
DPC083 >90 h e 11/
1 /d 23/ . R 111 . ,
DPC083 , FDA 2001 1
. . Capravirine
[4]
TMC125(17) HIV Agouron FDA ,
. L1001, , . Sk
KI03N, YI81C, YI88L, KIO3N + LI100I KIO3N + 3366(22) HIW1 EGC, 1
Y181C 7 d nmol* L', ( therapeutic index)
, 4 000 000", , 22 HIV-2
TMC120( 16) >
II
1 NNRTIs
HIV1- Cytopathicity HIV1 RT
Compound ;
Cell® ECso/pmols L™ 1° CCso/ pmol* L™ 1 ¢ s1¢ ICso/pmol* L™ !¢
Nevirapine (1) 8166 0.048 321 8 025 0.032
8- G- TIBO (2) CEM <0.001 85 5.85 >3162 0.057
9 Ck TIBO (3) CEMSS 0.009 46 5111 .11 0.006 - 0.015
UK-129485 (4) H9 <0.002 >10 >5 000 0.156
Pyrrolobenzodiaze pinone (5) MT-2 <0.3" 10 >33 0.04"
MEN 10979 (6)!3! 8166 0.002 5 38 15 000 0.18
Efavirenz (7)!?! MT-4 ECys 0.001 5 80 80 000 >300
DPC 083 (8)!*! MT2 0.002 1 - - 0.023
DPC 961 (9)!*! MT-2 ECyy 0.02 - B 0.031
1> 738372 ( 10) MT 4 <0.025 - - 0.012
HBY 097 (11) HY 0.001 200 200 000 0.8
Delavirdine (12) PBMC 0.000 1 10 >100 000 1.1
1-697 ,661 (13) H9 0.012 > 60 >4 800 0.019
Loviride ( 14) MT 4 0.013 710 54 615 0.2
PNU 142721 (15)1°! MT4 ECyy 0.001 - - 0.02
TMC 120 (16)!¢! MT-4 0.001 2.08 2314 -
TMG125 (17)18! MT 4 0.001 4 >100 >9523 0.01
2 ,3-diaryl-1 ,3- thiazolidin 4- thione (18)!7 3! MT 4 0.028 24 .4 86 -
MSG 204 (19)!°} MT 4 0.016 87 5 438 0.007
UC 781 (20)!1011] MT2 0.008 - >3 000 >30
AG1549 (21)!'2] MT 4 0.001 4 1f 7 850 0.45
SF3366 (22)[13] MT 4 0.002 1106 .842 553 421 -
( +)- Calanolide A (23)!'* CEM SS 0.1 20 200 0.07
12- Oxocalanolide (24)!'*! CEMSS 0.4 5.6 14 5.8

Different cell lines ; 30 % Effective concentration , or concentration required to inhibit HI'V*1-1induced cytopathicity by 50 % ; 50 % Cytotoxic

concentration, or concentration required to reduce viability of the host cells by 50 % ; $elective index, or ratio of CCs, to ECy ; 50 %

Inhibitory concentration, or concentration required to inhibit HIV1 RT activity by 50 % ; These values are expressed in mg* L~ ! (instead of

pmole L")
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:HIV 671 -
2 NNRTIs RT
No Cell Mutation ECso/pmols L' No. Cell Mutation ECs/ pmol* L™ "
g4 ME4 KIO3N <0.027 17t¢] ME 4 KIO3N 0.0012
MT-4 L1001 <0.09 MT-4 KIO3N, YI181C 0.0043
MT-4 KIO3N, P225H <0.14 MT4 L1001 0.0033
MT-4 KIO3N, V1081 <0.09 MT-4 L100I, KIO3N 0.019
MT-4 KI03N, L1001 <1 .69 MT-4 Y188L 0.0046
9l ME4 KIO3N <0.01 19131 ME4 KIO3N 0.358
MT-4 L1001 <0.038 MT4 L1001 0.053
MT-4 KIO3N, P225H <0.073 MT-4 Y181 C 0.095
MF4 KI03N, V1081 <0.038 200! CEM EI38K 0.015
MT-4 KI03N, L1001 <1. CEM KIO3N 0.069
1113 CEM L1001 0.006 CEM L1001 0.024
CEM KIO3N 0.009 CEM V106 A 0.015
CEM Y181 C 0.006 CEM V179D 0.017
CEM V106 A 0.021 CEM Y181 C 0.033
CEM M 841 0.003 CEM Y188 H 0.045
13 CEM L1001 1.45 21012} ME 4 KIO3N 6.9x10°*
CEM Y181 C 0.24 MT-4 F227L 0.001
16!¢! - L1001 0.016 ME 4 GL90A 7.5%x10°*
- K103 0.004 MT-4 L1001 0.0021
- VI06 A 0.003 290131 CEMSS Y181C 0.009
- Y181 C 0.008 CEMSS Y188C 0.06
- Y188L 0.042 CEM SS A8 G 0.0006
- GI90A 0.001
5 522
NNRTIs . . [2] Young SD, Britcher SF, Tran LO, et al. 1-743 ,726 ( DMP
266) : a novel , highly potent nonnucleoside inhibitor of the
’ h ° human immunodeficiency virus type 1 reverse transcriptase
[J]. Antimicrob Agents Chemother, 1995 ,39(12) :2602 -
. N 2605 .
[3] Bellarssa D, Antonelli G, Bambacioni F, ef al. New
’ ’ arylpyrido diazepine and thiodiazepine derivatives are potent
> and highly selective HIV1 inhibitors targeted at the reverse
( strudture- based transcriptase [ J]. Antiviral Res, 1996 ,30:109 - 124 .
drug design) . HIVF RT [4] Corbett JW, Ko SS, Rodgers JD, et al. Expanded spectrum
nonnucleoside reverse transcriptase inhibitors inhibit clinically
’ relevant mutant variants of human immunodeficiency virus
, RT type | [J]. Antinmicrob Agents Chemotner, 1999 ,43(12) :
. 2893 - 2897 .
[5] Wishka DKG, Graber DR, Kopta LA, et al. ( - )-6-
Chlore2-[ ( 1-furo [ 2, 3-c¢ ] pyridir5-yl-ethyl ) thio }4-
RT pyrimidinamine , PNU 142721 , a new broad spectrum HIV1
o norr nucleoside reverse transcriptase inhibitor [ J]. Antinicrob
RT N Agents Chemother , 2001 ,45:1379 - 1386 .
NNRTI [6] Ludovici DW, Kavash RW, Kukla MJ, et al. Evolution of
ant HI'V drug candidates . Part 3 : diaryipyrimidine ( DAPY)
° A analugues [ J]. Bioorg Med Chem Lett, 2001 ,11:2235 -
. . s . 2239 .
[7]1 Rao A, Carbone A, Chimirri A, et al. Synthesis and anti-
HIV activity of 2, 3-diaryl-1, 3-thiazolidinr4-( thi) one
References : -
derivatives [ J]. Il Farmaco , 2002 ,57 :747 - 751 .
[1] Zhang WS, Li AL. Medicinal chemistry ( ) [ M]. [8] Rao A, Carbone A, Chimirti A, et al. Synthesis and anti-
Beijing: Higher Education Publishing House , 1999 .506 - HIV activity of 2, 3-diaryl-1 , 3-thiazolidir4-ones [ J]. II



* 672 ¢

Acta Pharmaceutica Sinica 2004 ,39(8) :666 - 672

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Farmaco , 2003 68 :115 - 120.

Vig R, Mao C, Venkatachalm TK, et al. Rational design
and synthesis of phenethyl-5 -bromopyridyl thiourea
derivatives as potent nomr nucleoside inhibitorsof HIV reverse
transcriptase [ J]. Bioorg Med Chem, 1998 ,6:1789 - 1797 .
Balzarini J, Brouwer WG, Felauer EE, et al. Activity of
various thiocarboxanilide derivatives against wild-type and
several mutant human immunodeficiency virus type 1 strains
[J]. Antiviral Res, 1995 ,27 :219 - 236 .

Borkow G, Barnard J, Nguyen TM, et al . Chemical barriers
to human immunodeficiency virus type 1 ( HI'V1) infection:
activity of UC781, a
nonnucleoside inhibitor of HIV1 reverse transcriptase [ J]. |
Virol, 1997 ,71(4) :3023 - 3030 .

Fujiwara T, Sato A, El- Farrash M, et al. S1153 inhibits
strains of human

Antimicrob  Agents

retrovirucidal thiocarboxanilide

replication of known drug resistant
[T].
Chemother, 1998 ,42 :1340 - 1345 .

Buckheit RW, JR, Watson K, ef al. SF3366, a unique and

immunodeficiency virus type 1

highly potent nonnucleoside reverse transcriptase inhibitor of
human immunodeficiency virus type 1 ( HIV1) that also
inhibits HIVV2 [ J]. Antimicrob Agents Chemother , 2001 ,45 :
393 - 400 .

Xu ZQ, Buckheit RW, JR,

immunodeficiency virus ( HI'V) activity of the chromanone

et al. In utro anti-human
derivative , 12- oxocalanolide A, a novel NNRTI [ J]. Bioorg
Med Chem Lett , 1998 ,8:2179 - 2184 .
Creagh T, Ruckle JL, Tolbert DT,

pharmacokinetics of single doses of ( + )-calanolide A, a

et al. Safety and
novel , naturally occurring nonnucleoside reverse transcriptase
inhibitor , in healthy , human immunodeficiency virus- negative
human subjects [ J]. Antimicrob Agents Chemother, 2001 ,
45:1379 - 1386.

Borkow G, Arion D,

thiocarboxanilide nonnucleoside

The

restores

Wainberg MA, et al.
UC781
antiviral activity of 3 -azido 3 - deoxythymidine ( AZT) against

inhibitor

AZTresistant human immunodeficiency virus type 1 [ J].
Antimicrob Agents Chemother, 1999 ,43 :259 - 263 .

Ren J, Nichds C, Bird LE, et al. Binding of the second
generation norr nucleoside inhibitors S1153 to HIV1 reverse
transcriptase involves extensive main chain hydrogen bonding
[J]1. ] Biol Chem, 2000 ,275 :14316 - 14320 .

Rao A, Chimirri A, De Clercq E, et al. Synthesis and anti-
HIV activity of 1- (2 ,6- difluorophenyl)-1H ,3 H thiazolo[ 3,
structurally- related 1, 2- substituted
Il Farmaco , 2002 ,57 :819 - 823 .

nomr nucleoside

4-a ] benzimidazole
benzimidazoles [ J] .
De Clercq E.

Perspectives  of reverse

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

transcriptase inhibitors ( NNRTIs) in the therapy of HIV1
infection [ J]. Il Farmaco 1999 ,54 :26 - 45 .

Yu H, Kalyan D, Ding JP, et al. Structures of tyrl88leu
mutant and wildtype HI'V1 reverse transcriptase complexed
with the HBY 097:

design feature for reducing drug

nomr nucleoside  inhibitor inhibitor

flexibility is a useful
resistance [ J]. ] Ml Biol , 1998 ,284 :313 - 323 .

Parreira RLT, Abrahao O, et al. Conformational preferences
of nomr nucleoside HIVF1 reverse transcriptase inhibitors [ J].
Tetrahedron , 2001 ,57 :3243 - 3253 .
Barreca ML, Carotti A, Carrieri A,
molecular field analysis ( CoMFA) and docking studies of
nomr nucleoside HIV1 RT inhibitors ( NNIs) [ J].
Med Chem, 1999 ,7:2283 - 2292.

Kalyan D, Ding JP, Yu H, ef al. Crystal structures of 8 Cl
and 9- Cl TIBO complexed with wild-type HIV1 RT and 8- Cl
TIBO complexed with the tyrl81cys HIV1 RT drug resistant
mutant [ J]. J Ml Biol, 1996 ,264 :1085 - 1100 .

Gonzales MJ, Wu TD, Taylor J, ef al. Extended spectrum of
HI'V1
multiple nucleoside analog inhibitors [ J].
(6) :791 - 799 .

Wang DP, Rizzo RC, Julian TR,
desigh : computational analyses of the effects of the L1001
mutation for HI'V- RT on the binding of NNRTIs [ J]. Bioorg
Med Chem Lett , 2001 ,11:2799 - 2802 .
Ludovici DW, Kukla MJ, Grous PG,
antr HIV
anilinophenylacetamide ( a APA) to imidoyl thiourea ( ITU)
[J]1. Bioorg Med Chem Lett, 2001 ,11:2225 - 2228 .
Ludovici DW, Kavash RW, Kukla MJ, et al. Evolution of
antt HIV drug candidates . part 2: diaryltriazine ( DATA)
analogues [ J]. Bioorg Med Chem Lett, 2001 ,11:2229 -
2234 .

Hogberg M, Sahlberg B, Engelhardt P, et al. Urea- PETT

compounds as a new class of HIV1 reverse transcriptase

et al. Comparative

Bioorg

reverse transcriptase mutations in patients receiving
AIDS, 2003 ,17

et al. Antiviral drug

et al. Evolution of

drug  candidates . part 1: from o

inhibitors . 3. and further
relationship studies of PETT analogues [ J]. | Med Chem,
1999 ,42(20) :4150 - 4160 .

synthesis structure- activity

Esnouf RM, Stuart DI, De Clercq E, et al. Models which
explain the inhibition of reverse transcriptase by HIVI1-
specific ( thio) carboxanilide derivatives [ J]. Biochem
Biophys Commmun , 1997 ,234(2) :458 - 464 .

Balzarini J, Pelemans H, Riess G, ef al. Retention of
marked sensitivity to HBY097 in the combined presence of
quinoxaline HBY097 and lamivudine [ J ]. Biochem

Pharmacol , 1998 ,55(5) :617 - 625 .





