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Anti-HIV covalent drugs based on target enzyme-mediated activation
BFZERR R MMM - A FocdE 12 A 19 B~Sf 443 A 31 A

WHEBARINES K4 - AR B

Yasuaki Kimura

WIIEBARINEE  PrimeERd - i - Bk
Al BRFRF BB A JE R E B i - SR
Department of Chemistry, Graduate School of Science, Nagoya University, Lecturer

IT WFERR3E OB

LHEREAERIT, ERORER L ILAREGZEN L T oML HET 2EHR S+ T, mVWEEEEZ AT 5, £
ToHENRED AW TH D | FHEEORWENIIF CE D, T DEILIZFEN S | ITFRR % 7o fER & 1
e L7t REATLERENEIN TR, EBEEHICETES> TV D812\, UL, KBS ERIEY
PG & Ry G L IHREG BT 2560132 < . ZICHKRT HEIEHN, AR EEIFRICBIT 5 RE
IR L IR TWD, 2O XD A ZENE 2. AR TIE TERBERIC X » TEM b SN2 ARG EE)
DM AR L, 2N APl HIV 3B CHRET 5, A0 FHlg T, PREANTEREER T 5 BERLURIZ L » T
EMEAL ST TROGHE 2 185§ B 12 OIS &2 v %7 & OIEFEATERRITE 2 &9, ERAEIROIEN
BEIRMEDOREZ RS D/ N7 Ta—F L2 b,

HARRNZIE, Vb e oA I 2500 AV ATEMED I S N 5 R GRS L EAl & LT, 2 -EMikie T
ez ((bEWA) ZBR LIz, ZHUIRI AT —RBICE 04 IERBICHAAEND & 2A0ITEA LR
PEERERIC LV SRETFMEMME AT T 5, ZABRRY X T —BiEETLOT I/ Wik & GRS 2 TRk
L. ZTOBREEL RIS E T2 B2 0605, EREEMA O LY U UEREZ VT D A )L AR
HFRFEREHWTC2EBEOT 74 ~—MERICEITo7Tc & 2 A, A FEEZMHE L T\ D, AR TS
W A OFEMZRBAE A T = X L OfNT & | S S ER ORETEIEFRBIMIIEIZHL Y #A T2,

AT = A LIRATIZONTIE, LB A Z a7 L 42 pull down I+ 7' n—7 2% L, Thz HnTHE
2 87 OEIL, fi< LC/MS/MS FRHTIC L0 IAFREETERO A « KT OTERRALEOFHTICIR Y Ml AT,
Tu =T O FRGHILL T OB T o7z, bEW A (TEA U TR E REFEHL I AR A% 35 N C O TE LR i

1



DERLRD, TOWMMNOEL DRSO U A—EEANLURIIZT Vx 28 AN LT, NSRRI
WREBTHRT VI ER 2=y ML, SRS G E AT 2 A=A L2 HE Lz, K
BEA I =ALHESE LFROE L2 DT n—T G % 1To72, 70— DOHEHITMEAEY A OGNV — FE~X—
AL LT, P ORETHEHPBECH LTV 2 T a=y MGkt =y NE2EA LT, R#ELOE
o BB, HHATHD M) U UL AR CRMO Y e —T 52 AR LTz, £ b U VBB S a—Tan
R T, HONUHIEE L7202 DNA It L v — T MY G F A MAAALTEA ) T Z, RAKRaT IX A b
WAEBEICX VAR L, SENWTEKR LI-fix D70 —7 220 in vitro COMERERE 21T > 72, BIED L~V
VUo7 a—7Cl, VA NAPERGRHERZICL LMV AAREZFHMLIZE ZA, TAXF U ETOY VI —ER
BT a—7 o0 E, ER &R LV OR D IAZDBHR S, 7 —7 & LTORRAMEN RSN, —J5.,
DNA #HAABIID 70— 712 OWTIE, flix 7T 4 ~—RICDFRMEEAIT 1203, Fi <HEEDOIY A T8
HENRDoTz, ZOFRREICEL L, HARETT B —7 OMBARTHIRR B Y | MAIABRFTREZR Y v 1 —
EO7 v —7 T3 BET HIEHALEOER B AR CThofeied EHEE SN D, invitro TR U U VT v —7
DEE A RRGE LT %, EEOTNVE 7 TR EIT 572, invitro 52 TIXE IABZNRIMEN o 7272 | IRESCK
ISR, - I O Ei b 21T o 7, & ORBILGEEIZIH T, pulldown EREZIT o7, BEHEER O T n—7
WP, 7Y RETERETAFAEFF L D7 ) v 7 KSUE, A MU 7B B =X X 5B LD
7AYoy LIe B o3 ORI AEIT 572, LC/MS/MS FFHTIZ £ 0 55t 28D TV 5723, :ni@*ﬁiﬁé
ETOHRNZ 37 BOEIITIEE > TWRW, Sl EREE RISENE - 7 —7 53 FEEOR#ELE 2@ U T, if
HIRFIE 21T 9,

—Ji. LB A OFBIROGHK « KOZEN D OIEWTHMIC K 0 | HEEEHEBEIIE AT > 72, bEW A 13
IR L CT T = 28T HMETH 720, FI VBRI 7 =V FERIZOWTHE AT 72, Bl Tk
FROSHEREE M= = > N2 G AT 5720 OFHPRUEO R LZERDT=DIZ, F I U EEAORELOEANNLIETH
STz, fix ORELEORFTORER, BRI EETHLI= RN THD Z L2 A LT, ki FHEEE
RERERSE R T, BOF I VFBEERLOZD ProTide Bl 7 v KT v 725K L, —J5, 77 = K
IZOWTI, i 7 T =0 2 G0 A 3EEOAKREIT T2, 260 OFHERTIT, MBELORELIINE L
BT EREEDDL ZENARETHY, X7 VAT NERET v RT v T IRENENIZOWTERK LT,

B LT AR EAROPT HIV fHliZ T o7& 2 A, FERE CIiEEE R Ls, $72bbF I ViFgkT
X AEAE A SIXEAR VBT HIV IEMEZ /TR, B M 282 " T 2 RN rote, —H 7
T = UFHEARTIE, BE A LR TH HIV IEIESE D b DO ThH o7y, REMT J 1 7 I CRHE) 72 & TR
HIV BRI 33 2 IR E 2 8l C & 7=,

FIBRT T a JICEARRRRFHRY VT e KT v 7 OB E LEDTZ, ETVOEBRT a7t LTy=
LA E BT, U UBBEMICEAT AT 2 RoEBEEOmN 2772 2 A, = e oo
BEHILDFHCAIER N L 2 A L7272, BEEREZEY A [THlL27 v R T v 7 IKOE M E1T
olce AFELT 1 RT v ZIRIZOW IR ERAFARICH HIV G EZ R LT b DD Z OIEMEIE ProTide B 7'm B
Ty ZIH DD Th o7, RIS U7 iE i bl & 18R ORI R E < BIEILE OISR IHE
fbz#ED TN D,



Covalent drugs are pharmaceutical molecules that form covalent bonds with target enzymes to inhibit their functions and
have high inhibitory activity. In addition, the inhibitory effect is irreversible, and highly sustained inhibition can be expected.
Because of these excellent characteristics, covalent bond inhibitors targeting various enzymes have been developed in recent
years, and some of them have actually reached the market. However, covalent drugs often form covalent bonds with proteins
other than the target, and the side effects resulting from this are a major issue in the development of covalent drugs. Based on
these issues, we propose a strategy of "covalent drugs activated by the target enzyme. In this strategy, the inhibitor acquires

reactivity only when it is activated by the enzymatic reaction carried out by the target enzyme.

Specifically, a 2'-modified nucleoside analog (compound A) was devised as a reverse transcriptase inhibitor that is expected
to have antiviral activity against retroviruses. When incorporated into oligonucleotide by polymerase, it forms an electrophilic
active species by introducing a nucleophilic functional group at the 2' position. This covalent bond is thought to form with the
amino acid residue of the polymerase active center and irreversibly inhibit its enzymatic activity. In fact, the two-step primer
elongation reaction using viral reverse transcriptase with the triphosphate form of compound A has confirmed the irreversible
inhibitory activity. In this study, we worked on detailed analysis of the inhibition mechanism of compound A and structure-

activity relationship studies of various derivatives.

For mechanistic analysis, we developed a molecular probe for pull-down using compound A as the core structure, and used
it to recover covalently bond-forming proteins. The molecular design of the probe was as follows. The nucleophilic functional
group introduced into compound A is the basis for the release of active species in the target enzyme. A linker of various lengths
was introduced from the site, and an alkyne was introduced at the end. We hypothesized a mechanism by which the alkyne-
containing unit, which is electrophilic, is released upon generation of the active species and forms a covalent bond with the
target enzyme. Based on this postulated mechanism, we synthesized the various probes described above. The synthesis of the
probes was based on the synthetic route of compound A. Nucleophilic units including alkyne tag units were introduced to the
electrophilic key intermediate on the way. The target probe molecule was synthesized through conversion/removal of the
protecting group and triphosphorylation as the active form. In addition to the triphosphate-type probes, oligonucleotides
containing the probe equivalent molecules were synthesized by the reverse synthesis of the phosphoramidite method. Various
probes were then evaluated in vitro. The former triphosphate-type probes were evaluated for uptake by viral reverse
transcriptase, and those with short linker lengths to the alkyne showed uptake at the same level as that of the inhibitor,
indicating their usefulness as probes. On the other hand, for DNA-embedded probes, no subsequent base incorporation was
observed under various primer elongation conditions. After verifying the validity of the triphosphate-type probe in vitro, we
performed actual pull-down experiments. Because of the low uptake efficiency in the in vitro system, we optimized the
concentration, reaction time, and additives. The pull down experiment was performed under the optimized conditions. After
probing with the target enzyme, the cross-linked proteins were recovered by click reaction treatment with azide tag-containing
desthiobiotin and recovery with streptavidin beads. However, we have not been able to recover the target protein in the

expected form. We will continue our research for clarification through optimization of conditions, etc.

On the other hand, structure-activity relationship studies were conducted by synthesizing derivatives of compound A and
evaluating their activities. Compound A has a structure with adenine as the nucleobase, and we developed thymine and guanine
derivatives. In the former, the introduction of a protecting group on the thymine base was necessary due to the instability of
the key intermediate for introducing the reactive nucleophilic unit. After examining various protective groups, we found that
a special protective group, nitro group, was effective. After conversion of various functional and protecting groups, the desired
thymine derivatives and their prodrugs in the ProTide type were synthesized. On the other hand, a total of three guanine
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derivatives, including a modified guanine, were synthesized. These derivatives do not require any protecting group of
nucleobase, and were synthesized as nucleoside and prodrug forms, respectively. Anti-HIV activity evaluation of the various
synthesized derivatives showed activity according to each base. The thymine derivative, unlike compound A, showed toxicity
to host cells before exhibiting anti-HIV activity. On the other hand, the guanine derivative showed inferior anti-HIV activity
compared to compound A, but showed resistance to various resistant HIV strains, which is characteristic of this nucleoside

analog.

We also developed a novel phosphate prodrug that can be introduced into the nucleoside analog. Using Gemcitabine as a
model nucleoside analog, we investigated the substituent structure of the amino group to be introduced into the phosphoric
acid moiety, and found that a nitrobenzyl substituent was particularly effective. Although the new prodrug showed
concentration-dependent anti-HIV activity, the activity was inferior to that of the ProTide-type prodrug. Since there is a high
possibility of improving the activity by optimizing the structure suitable for the target cell, we are currently working on the

structural optimization of the prodrug.



