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BAMEIANZ & 5 6 DD, 2013 4E0 AIDS |2 LD SETHEET 150 HAIZ KA TS, HIVEGDIRFE L LT
%, 50087 3V —|Z/HE S iz 28 FREH O IEAN D & EoFEEE 2 08 FL A 7= A0 HEIE M Thiu T
273, HIV 2 ZERCERE T 2 £ TITIL 60 FELL EORMIIRA N MNETH Y, ZAIGFREEOREEZZT 5
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AL R T IEFRBAES (N\RTD) (X, WHREEERDOR Y A 7 —BEALEHIZALE T 5 Palm N A A
CINDOBKMET 1 2T U v 7 AL T %Wﬁﬁﬁﬁ%ﬁﬂb RNA 7% DNA ~OD A5 % [HE 3 % FEHi
ThoH. FAFEHZRNRIL THHTZ 77 E LUV, HIVIREO TR E LTEEBHASN, BWEELE
PENRDFE] TV D 28, %ﬁm&&%ﬁb%ﬁw:k&%M%@@Wmﬁ%éz&ﬁaﬁéﬁwﬁ
MHAILTVN D, NNRTI | iﬁ“émﬁ %, % NNRTT 23468 U CHA/ER 2R3 7 X BRI 0%
ICEDBIEEZ S RXitE), TR ERESEIC TS KI03N & Y181C o “EHARZ A9 5 HIV-1
%Kﬁbfﬁ@ﬁiﬁﬁyﬁw.WMI_E¢é7w7:wy7j—wf&/(mm)i,?w#/%
HLIC2 DOFER =y k& 1DT AT AR =y R ARGE LTARGEE LT D, NRTTIHEZ S HIV
DA R T Z EDRME SN TS, B4 0IIE ADAM FHERICE E D A F LT 2T L DINK G iE
PEOSER L HUHIVIEPEO W B4 BRYIS, EW PSR~ DT X DS RE(L T TW 2D, 2
FEXED ADAM 8K % T 2 R BERERE SR O LRI 2009 I L L0, MEERIZE S
ADAM JEDTEMIR T2 IR T2 EAN 2 L ¥ S X —_R—AD T 77—~ a7 3 T IS TRET Z L0
BE&Zeolo. 2T, AFMICTIE, NNRTI MHPEZSIZA 2072 ADAM FF 8 kDRI A HiEL, 77 —~v=a >
+ THEWRD D FREHERORRE & ARk, WONTAEMIEEOFHME AT > Z & & L.

FT, ADAMIZEEND 3 DDA TFIVT AT VA FE 2 254 UT- 33 FREEOFHER A AL, HUHIV G
D & ADAM FHIZER T D A F VT AT )VEAMRO —figPE 250 U7z, s BRIL 2 E CRAFRTE
MERLUTEMOBEOMEEICL VT AL, 2 BEOFEFER2=y b& 1 FHEHOT VX1 =
v M Pd MRS EZ WD 7 0 21w 7Y o ZETCHERE LT, CAREO R FRICT AT AT, b
LLIEA I RANVTNANATA RERT 2bEWITOT NG B AEWTEMEZ 7R L, ADAMBEIZI 1T 5 BAT
REMETHDZ ENHBNER ST, LA, KI03N & YISIC o M2 & 2 & ol Gl 1okt
LClE, WTFNOFERS HEREEZ RS20 o 72, ADAM 755K &> NNRTT & [FlEE Lys103 & Tyrl8l
& OMHABEAEMDRVMEANCH VD, HEMEZERIZAR 72 ADAM FHOLRRIZIE, MHEZERT I BRSO
7R BRI T AMAEHOEEAVETH S EBbiud L

% ZC, KI03N & Y181C @ EEHMEZEFIT Kk L CHt HIVIEMEZ MR L, DO XMt Rl T & % Af
REMEDY S D ADAM FBE(RZRGHT D720, 777 A2 MMy fHlE (FM0) EIC X » TR S - &
NNRTI O AAEA =R NAF = b7 7 —~a 757 2t L, fHEERMEROEN L3257 I Bkt



EUWE LT, PMO IEEIE, RERE/NSRT T T A NIBEIL, 797 A NI ~—LT T TR
FRT O FPUEREN D, EEROTFINAF—EBE LR T LI LRENTZEHETFEAETH
L. ZOFEZEIV 7T 7 A MNEOBAEH=RVX—PNEHENL 720, ¥ 7 ZIZsHTR
UH REFEDT X BEEROMAEEAOREZH LT HILENTE D, EHIZZOMEANEH
TRAF—E, =RVX=HENCLY, BEMRAEN, oBEREEM, SR EIEMN, SagEite
HAER 72 EHERIC 00 LT W EAER Y & UCRITT 5 2 ERFEETH D M AVERMBITICIL,
BEAF0> NNRTI 3 F4H & ADAM 2 FlifH 2 & Lo i lis G I8 480 G RS & IV TG L 72, FMO BHR DR R 6,
BEA7D NNRTT & bz L C ADAM BEDSSEVVH AAER 2R L7277 2V BRFR LD 5 B, Glul38 & Lys223 249
2 SRR AR OB & 5 U ME Phe227 & Trp229 (256095 43 BokE ALAE ] OB 38 A AS XM (2 A it % FF
O ADAM B8R % %G 2 L CEECTH D LB X, 4 FEOENT X BRI OMAERZ8HT 25 X
YIEEL =y N ET A U LIz, Gluls8 34XV VT V=D IMET D720, AFHTT Y —
NDAFNIEEAREEOB TR E LTRAESN TS N 7t r A F L EIcE#mL, Y 7L
Fa A FUEBFEST HREL Glulds8 OB LR AFREICB T A EMEEAOMEEZ B L L.
Lys223 |34 XV a DA NR=VEEEE KB EEZERT DAREENH D720, TR VEEED
KEREEVEZIR LR A IF Y nrya=y NaTHA 2 Lz, S HIZ, Phe227 & Trp229 & D4y
B EAEHZ R ST 572018, K2 D7 I/ BIEREDRIHET D8R DONEICA VR E2E AN LT
RURFTYa sy LA A VRS EZEA LT A NMIE2=y baT VA o L= Bl =
v b6 FHIT 2 TS 6 TRNTTERL, A4 VIRFAZEANLT VX /IS Z AT 5 FH5E I,
FEARGHE M U TR IS A BT 2 HIECHk L7z, fmie, SffgE2=y oOMEEIZLY
38 MDA G 2GR LT,
FHFHERSSHHDOPIHIV-1IEM 23 L2 & 24, MU 7t u A F VEERA; 7 — L&
WO LR, ARSI RIEZRB8 A 726 Lizas, TEHmMEE RIS L CHEEI RS 2o
72. FMO R L DM EMERMRITIC LY, Y 74 v AF T Glul3s & DM AMER TIEARL, AR
T W THD Lysl03 L OFEMAEIEA L Tyrl8l & O HBOHE/ERNBEIR S 2 & A RE S v,
N IFY oA T HFEEMART, KI03N & YI81C O " EHMHZAE R4 A4 % HIV #RICxt LT HIEE
EMEE TR T ZEDRA LNl ZHEMMEAREZ AT 5 WG RSR 2 FEL L 2N T 7 &2 -
T, RURAALIF Y EHT 5ROV ERR KT 2B/ ERT 21T o7 2A, 4 I8
DIV =NV R Lys223 DT =T LKBEAKBREG LB L TWD Z & BHERI S, Lys223
VX EZS B30T 5 ADAM DTGV F 2 BLEES 27 2 /B Th 5 2 L AVRIB S Lz, FMO JEIE, 7
B AT Uy 7L OMITIZB N TS AR AERE#RE 5 27208, BROBNELEZ T CTE 501
BIIFEEOFRICE ST, 7rAT Y v 7R EZBELIREEOSWMERISEONAL O LEDNS.
R RFT Vv ERTLHEERD LTI A VR TEZEALEFEROIF LA LT, KiERIE
PR B2 R T D 2 ENTE o720, AR CTHMR LEHEAROF T, Kb BAF72 BCofl (CEM-SS
MifE) AR R Sz

PLE, FMO SHRICE S W7 7=~ a7+ T b T A v aT 52 L2 - T, ZEMMEZLER HIV-1
BRICERN 2 B % R 2 STk L7z,

1) Hoshi, A. et al., Bioorg. Med. Chem. 2016, 24, 3006-3022.
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Human immunodeficiency virus type 1 (HIV-1)-infected individuals have an increased risk for acquired
immunodeficiency syndrome (AIDS) with opportunistic infection and cardiovascular disease. Although the
number of people living with HIV-1 decreased by the HIV-1 infection prevention, AIDS-related deaths have come
to 1.5 million people in 2013. HIV-infected individuals receiving highly active antiretroviral therapy (HAART),
combination therapies of twenty-eight anti-HIV-1 agents classified in five categories, have achieved an
undetectable plasma HIV-RNA level. However, it is not easy to receive a benefit of the HAART to require more
than 60 years until HIV-1 is completely expelled. Also, the individuals often have serious adverse effects and
resistant viruses, and the individuals infected with resistant viruses often affect the choice of anti HIV-1 agents.!

Non-nucleoside HIV-1 reverse transcriptase inhibitors (NNRTIs) suppress reverse transcription by binding
noncompetitively to a lipophilic allosteric site in the palm domain near the reverse transcriptase polymerase active
site. Typical NNRTI Efavirenz had become a cornerstone of the therapy, however it has psychotropic adverse
effects and drug resistance. NNRTI-resistance is caused by the mutation of common amino acid residues K103N,
V106A, Y181C, or Y188L in the binding site, and few agents effective against the K103N and Y181C double
resistant HI\V-1 mutation have been reported.?

Alkenyldiarylmethane (ADAM) derivatives are a kind of NNRTI and their structures are composed of two
aromatic rings and an alkyl side chain attached to a single alkene carbon, and have synergistic anti-HIV-1 activity
with azidothymidine (AZT) against nucleoside HIV-1 reverse transcriptase inhibitors (NRTI)-resistant mutation.
Although the initial ADAMSs have three methyl esters hydrolyzed to biologically inactive carboxylic acids by
non-specific esterase in blood plasma, the metabolically stable ADAMSs with potent activity have been reported as
part of optimal methyl ester bioisosteres.® In 2009, two co-crystal structures of RT-ADAM complex were also
constructed,* and they made it possible to find novel ADAMs effective against NNRT I-resistant mutations on the
basis of the pharmacophore analyses. Therefore, ADAMs were newly designed, synthesized, and evaluated
antiviral activity in this study.

At first, the thirty-three derivatives in which three kinds of methyl esters were converted to bioisosteres were
synthesized to improve anti-HIV-1 activity and evaluated generality of methyl ester bioisosteres. The selected
methyl ester bioisosteres have previously been successfully employed in ADAM series. Two aryl iodides and one
alkyne synthon containing various substituents were connected using the Pd-catalyzed reactions (Sonogashira
coupling, Hydrostannation, and Stille coupling). ADAMs having N-methoxyimidoyl fluoride and S-methyl
thioester on the benzene ring cis to the side chain displayed potent bioactivities, these functional groups also
revealed better bioisosteres in ADAM series. However, the thirty-three ADAMSs all did not have bioactivities
against K103N and Y181C double resistant mutation because the known ADAMSs tend to have interactions to
Lys103 and Tyr181 as well as other NNRTIs.> Therefore, the effective ADAMs against double mutation will be
found by supplying strong interaction with amino acid residues except for Lys103 and Tyr181.

The pharmacophore was extracted on the basis of interaction energies between reverse transcriptase (RT) and



each NNRTIs calculated by Fragment Molecular Orbital (FMO) method, and amino acid residues increasing
RT-ADAMs interactions were selected to design ADAM derivatives that maintain antiviral activities against
K103N and Y181C double resistant mutation and evade cross-resistance. The FMO method is a fragmentation
approach that can perform quantum-mechanical calculations on large molecular systems. The molecular systems
were divided using 1 residue per fragment, the total FMO energy was computed neglecting all dimer contributions

within proteinas E = i E, + X AE, , where is the internal energy of fragment I, A and B denote the ligand ADAM
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derivatives, and HIV-1 RT, respectively; and AE;)" is the pair interaction energy (PIE) between fragments I and J.
PIE is decomposed as AE;" = AE® + AE®" + AE + AE;"™, where AE[, AES®", AES
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and AE;™"™ are the
electrostatic, dispersion, exchange-repulsion, and charge transfer and higher order term respectively. The
interactions were analyzed using co-crystal structures containing three clinical NNRTIs and two ADAMs. FMO
calculation found out that it was necessary to increase dispersion interactions for Phe227 and Trp229 and
electrostatic interactions for Lys223 and Glu138 having no report about NNRT I-resistance mutations. The building
blocks were designed to increase interactions for four targeting amino acid residues; benzimidazolone or
benzthiazolone trans to the side chain, trifluoromethyl substituted oxadiazoles at the end of side chain, and sulfur
atom at the alkyl of side chain. The six new building blocks were synthesized 2-6 processes, and ADAMs
containing a sulfur atom on side chain were modified in the final stage. Thirty-eight novel derivatives finally were
synthesized by combining various building blocks.

The novel ADAMs incorporating trifluoromethyl-substituted oxadiazoles displayed lower cytotoxicities, but
non-activities against double resistant mutation. The molecular interaction analyses suggested that the
trifluoromethyl group increased interactions for the amino acid residues of Lys103 and Tyr181 (not Glul138). The
ADAMs incorporating benzimidazolone displayed antiviral activity against double resistant mutant strains. The
interaction analyses using hypothetical binding models of RT and ADAMs having benzimidazolone complexes
suggested that the carbonyl oxygen of the imidazolone and the ammonium group of Lys223 formed hydrogen
bonding, and Lys223 is an amino acid residue escaping the effects of NNRTI-resistant mutations. The FMO
method gave useful information in the allosteric area, however the combination with molecular dynamics will give
the highly accurate information taking account of allosteric effects. Almost ADAM incorporating benzthiazolone
and a sulfur atom in the side chain were not able to improve bioactivities. However, an ADAM displayed the best
ECso value in CEM-SS.

This study succeeded in finding the compound effective against HIV-1 double NNRTI-resistant mutation by

designing it from pharmacophore analyses based on FMO calculations.

1) Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents; Department of
Health and Human Services: 2015. 2) Cortez, K. J. et al., Viruses, 2011, 3, 347-378. 3) Sakamoto, T. et al., J. Med.
Chem. 2007, 50, 3314-3321. 4) Cullen, M. D. et al., J. Med. Chem. 2009, 52, 6467-6473. 5) Hoshi, A. et al.,
Bioorg. Med. Chem. 2016, 24, 3006-3022.
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BER LA T 7T —BIZLY ZOBEEMZE ER AT LR 223, T 2 & S ilia 2/
L CHERFES LTSS, BUE, BBARYIRGEERES (NRTD ., FEEm R 5 REHR
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T&E7o, LML S ZivE ToO NNRTI ISEAIMEZ 845 L9 < E2pfEHORERH Y | Bkl
NNRTI OBIF N IEFICEE R E 72> TV D,
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Cys ~DiEH# (Y181C) O FNFBZ > T D) AT HMAGEER IR L T HEEEZ 3 ADAM
HEEROBMAHE LT, 77 7 A2 MyfiuE (FMO) E4 W T b it7c ADAM #58(kD 7 7 —
~azx 7T, BLO, WEERERICHT S ADAM FHEAROHE BN OFHRICES X Fib e o
FHA AR, WONTH HIV iEE O 217> T\ 5,

51 = ClL, ADAM FHEAROHT HIV iGN & AR EPEITNE R A F Lo 27 )V EATR O R A AT
45720, ADAM2 73b0 3 FREED A F LT AT L fEx 1A LT- 33 D ADAM #FHE(k
(ADAM10-42) %Gk L CEdT L. BEfFO NNRTI X° NRTI & O 47> T\ 5, 25 OFFEK
T A RERI=y b 207Xl =y M 1 DIF Pd L2 W27 0 X0 > 7Y 7k
THfE L7c, £72. ADAM #FHEAROTEMEFHIIZIL, REENICRIT 2 HIV-1 Wl G RERTEME O FHE,
B LN, HIV-1 YLl e ORI ZE M o i o i A F =R D 2 ke E &2 H W TnWb, ADAM ED S AT
NFFZATIV, XYy ar X7V VERRERERLETH D Z LR LN E o Tehy,
TEHAERZ G OWEERERIC L UIEEE R IR 0T, ZDH, ZO X 9 iR EEER IR LT
t, ADAM FEAENELRNTH H720I12i%, B8R L7z Lysios & Tyrist DI OFE IR U CH AR 2 #5h
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%2 ECIX, CHEARAATHIUIRERFIC LA ADAM #FHEAE RHT 720, BEO
NNRTI ChHHTZ 77 EL LY FIEALY L VALY o 3, £7-13 2 fifio ADAM (ADAM5
& ADAMS6) & WHRE RS & OEAEROEER RE b L1, FMO JEICL Y Zh s NNRTI E58< A
AERT 2GR Lo7 I BEREEZRF LTz, & H L7zDlX. ADAM & O 4 AAE A TP
BUZES 7 Phe?2T & Trp229, X 5|20, “EZARIC L AIHMEIK T & [B58E32 72 D IS 5B A FLVE o Hyik
NEE Glulss & Lys?2 Th 5, ADAM6 ZEEARFEHK & L. ZNHD 4507 I BRIREONSHE Y &
O BEANER 28585 2 flREMEO & G2 = 2T A > L1z, ADAM6 OAFH T YV — /LD AT
NEEE N 7 A a AT )LEE (CFs) (CE#T 5 Z LT Glul3e O b /L =)V & OF B AVERH 2



X5 EHIFEINTZ, 2. ADAM6 OA4 X4 1 o D)V = VgD Lys23 |[Zxf3 5 /KERE AN
YRS 5720, BEEERIIEMB LIV A IFYar b L, 6T, Phe?2’ & Trp229 & D3HL
FAVERZ M ST D100 K4 DT X BRIREDP RIS T DALEICA A VR 28ATHZ L L,
< E3ETINOLDLEMEGHK L, L HIVIEEZHIE LT\,

EIETIE, FE2ETRH LI-WIRERSE LD 4 >O7 X /Wi Gluiss, Lys223, Phe227, Trp229
EOMABEAVERIZHE B L8 ADAM #5388 % & LIEVERE M 24T - 7=,

1 EI LR 2 BBV TE, Gluise & U< iE Lys?223 & OFFEMHEAERAOHBA HiY L Lol
ADAM #%38E{K 85-99 [ DWW TARL (8 1H) L. #i HIVIGTEOFHE (55 2 &) 17> T\ 5, CFs%
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%E ADAM #5381k 124-146 IZ W CERL (G 3 i) & H HIVIEMEOF AN (5F 4 &) %#17-> T2,
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WA b OWER GRS L CH BT E AR L2 8 BR LT D, —J5, MBI CFs 2875 L.
Y181C OZERIZ L Y Lys228 L O EEHME T35 & AL TWD,
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