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RS U A )L AEYIEIZ DOV T

IR SR A AR 7 A /LA (Respiratory Syncytial Virus : RSV) (%, $hEHO%4E X
ROMRDIFK E L TELMBILTEY D, 8RO BIREIER ) S E., EEO

REZR, MRR2EOTRERBICED T, A ERERT D 2D, — &1
2. RSV TG T D & 4 ~ 5 HOBRBIM 28T, BE, Syt KR Eo ER
BERERIET D, K 7 BIOEH TIEEREROADIERICE & F 0 $ A CRIE
THM, VO IEITIE2 ~ 3 HRRIDEED FTRIBEICKR D, OB, Wi,
S DIZIEMERL R EE 2 & O TFROER (KUE Xk, MRS Xk, k) OfEfkE 2L
(LT 2, ZO% FTROERITEEHICAY . 2H~ 1 BEEZFE L TRAIC
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Figure 1. RSV O — X2 ERIRRE  (OCTHR 9 2 —H#FdZs)

RSV IR HIZHA L TRV, 0K UERET 5, 1 AR OILIRO 5L
by 2 AR OFAIRDIZE A LR DR EH 1T EILRSV IS 5 Wb T
WA D SEEPITFOFEH D 95 5 RSV IZ L D58 FAUERYYE (Acute Lower
Respiratory Infection : ALRI) @ BFEHIIHEE 3,380 77 AT (ALRI D EIER] D 22%
hD) £DHH 340 HNLLEB AP ELE L L, [ 66,000~99,000 A7
LTS EHEIN TS 8, RSV EYE BIH A 1 RIIMIB DL RIZK
WTEIS, A VTNV PFORERID HEL RTINS D, ST, 1 AR
TOHEJE RSV ZEXRDIIEIL, BAFHICT LA —Mhg R A2 RBiET 2 Y X
7 OEEMERE L THY I A TIIERTH D 2 &OMERRODMMERR E
DIEBEHRBEFT D 2 &2 RSV BYE D EIELIZH 5T 2 SR 1 & LT
mEhTns 3,



BIfED & Z A RSV EYYEIZ T 2 B RIRIEESL T 7 F 137 < 1RRED
BPUBIIIR G TEB Y | BBRMTE. Kb, FERE 7 & OSRHRIENR O &
72T D WD 2002 I HARENTHERB SN RSV F # U X7 EIZxtd 5
E /7 a—F VPR TH 5 palivizumab (Synagis®) 1% RSV JEYYE D/ NE D AR
FRHCAZI TH DN, MEATH D Z L0 D LI SR B L2 AT 5 RAE
RNRDOANA Y A7 BFIZ UMER STy B F 7= KEIZIB UV TEGE
ENTWDH T T =27+ 87O ribavirin & RSV Tk L TH VA NV AIEEEZHT
%03 ) FEME D 58 < L BRIR B 22 B I DWW TR OB & 72 5 T % 202D,
L7eio T AR TOREERNEL | mlinE B R eE COHERIENY 27 0
B RSV EYE 2 IR ICIRIE T 5 72 OI2iE, AR TREN DLl 8 L0
B FHEOBEGNEEND,

RSV OEEB LT A 79 A 7L & RSV YL Z 4 2 A K+
RSV (F=a2a—FEUANARBIIETHNNTITVUANATHD, BELEL 200
nm N HED TN —7 % L, REITITHRA~OWE | I L ORG24 5
10~12 nm D A/NA 7 3% % (Figure 2), RSV O T AV AT ) NTHK 15.2 kb
T, VAT A=K RNA DR SN TEY, W HOX 7' EEka— KT
H10HOBRTRNH D 2, Fi=. G ¥ 737 E (glycoprotein: G protein) D4
ROZFENS, RSV IZT = HOH 7 7 /—7 (RSV-A & RSV-B) IZ¥EIND,
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Figure 2. RSV D& & 7/ LR (OCHR 22 36 K OSCHR 23 72— FEZ)

Figure3 (Z RSV DT A 7H A 7 V&R LTz, RSVIZ G ¥ X7 EEH L 1E
EHAEICEERE L. F & 2327 F (fusion protein: F protein) (ZHEEZALMEE Z 1 |
ENENLTUANAT N — 703 g Rl & e 5 2 & 0 Mkiai
IZIRAT D 242, RAL, L ¥ 737 E (large protein: L protein) & P & L /X7
'E  (phosphoprotein: Pprotein) 7>5 %% RNA {EK/FE RNA R Y A7 —E 3, 7/
2 RNA-N % >R 7 '8 (nucleoprotein: N protein) A% #55 & L CTisE & 5
DA AN 20 F Z X7 F a2 & Lo iia—EE & ls L0 v A AR
PEB L B RBRD TR S 41D 2D, RSV LA FilfH 45 72 DI2iE, U A VA DJEY -
BRIV EL I 2D T A VAR T EHETALERD 5,
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Figure 3. RSV DB RERE (T4 7% 7 v) (OCHK 22 2 —H#FE )

INSDEMRFOHTINETIZCFE XXV, L X078, BXON
BRI B EERE LTRSS RSV IBRIEOBE A HME SN TWD, £DOHFT
HOF X RN LIRS 1 RSV {EHIE & L T presatovir (GS-5806)
2 INJ-53718678%), RV52139, ziresovir (AK0529) 1, BMS-433771%2, VP-146379
WG SN TEBY | BZ < DS FALE D R £ Tl 72 & TEFRIZAIZE
WFZENEBI SN TV D, /o, L X U BEER L LIiGREOBR E L TiX
lumicitabine (ALS-008176) ¥, PC786™ 4%, N # L X7 E &=L Li-bo L L
TIX RSV604°9, EDP-9383 3 #i 5 S Cv% (Figure 4), — 5, G ¥ XV &
IFERE - FIEROBRICEBEE CERA AU D Z L BAKS+ RSV IR L 72
ERIDE PRI ARTH D78, FEBEY R AIEEMFZEIT T TH7ZRuy,

I DRSS F RSVIBRIEOT T, VA NVAKMEIZHD F X ™7 E xR



P& L7oipiEdEld, 15 BNl W T U A LR & DEFHE ZHET 5 Z & T,
DANATA THA 7 VOPMERZHE TS LW FIERH D, IHIT
BURTBIEG R RIELE i%‘eiﬁ D HRE - FHRR OEROLRAEME S im0, E 72,
L %2R E LIS a1 130 MR O R A B R L EEA & IR
PEDHERDBMATHY , U A /vmﬂl WZDOBAFET D F 2oV EEiEE L
TR E e U CRIBEEED SN LN D Z ENEESND, LTz > T, F & U
7 EOMRETH DA A EEZ TLET D Z L1k, RSV OBFHZIHIT 572D
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— 07 RIS > TERIKEBRNEA TS F ¥ o X7 EHEWEICB W THE
DM BERR DS S S AU, F & X 7 EWE X 2 AL ™ A v &
DO HBLOBENBEN L TE 72,

RSV D FEANMHEAKIZ DU T

F % Ry EREWEIL, VA NVAD—RERERTHH Y A VAIEEZ K D
ZENBNZERMBNT WD, F & L7 B EWE Ol BERRIE. LR D
3ODERCIELEREZFIERITZENL- EHLZW, OFEXTF K (7
J 1 140~144) . QT AT A U v FaEhk (72 /B 392~401), @~F % KV
B — k2 (73 /% 486~489) Th 5 0,

BEAI DO FARD 5 5 DA8ON 28 HLAKRITL presatovir Z 1L UH 9% RSVF ¥
XY EREYE ORI TR 0, VP-14637 X° TMC-353121 72 &
Bz AL G AT HALAWITK L TR ME2 78 LTV D (Figure 4) 4142,
RSV L[HI U RNA YA NVATHLA 7 HF A LA (A/HIND) TIEHIA
YINT YIRS I TDFTEDNG 12 FEIT 98%D U A L AN IRAIM AL A
RO BT B, L7hd > T, DASON 7¢ & D FRANME LS FARSCAS 2= iR 28 FAR
DOHBLIE, ANBEORESOEBIENRIBESFHE 2o TE Y P, ZRENS IR
IZIRE DRI, ZNBICRT 248072 RSV F ¥ L X7 ELEYE OB NS
Lo TNA,

AWFEo H iy & B2

FEA I RSV IR A Al 3~ < | RSVF ¥ 37 EIHEWE ORI
B LT, BB DR BME LTC R T CICE O RISE 45 RSV F 4
VR EIEMENRE SNTEY F ¥ T EREWE LA T AL L
T BV a[,5alE) S Vv ) =X RO I X — )Ly ) — K50
) NGV F )Y Y= RN e TWE, FOFTHE T Y
a[1,5-alt' VU 2 VB EA T D presatovir X, FEEEAY) o THRABR D ED 5
NTEYH, bo b bRARPIRSVIEHEZRL TV, £I T, FHIFIE IV m
[1,5-a]E" ) S v U =Xz GRUET 2 2 & TLARIZRHBL RSVFE ¥
YR EHEME ORI B R T Z 2T LT,




F7-. EEWL OO EWEIZOWT F & L2837 B L o4 B EES X R
HEMTIC L VBN E s TV D, 2 OREEF#RZFIH L <, 3EAImHE
DR D & L MHPEZE BRI LT AMEZ R T 88 RSV F ¥ 37 BHEY)
BE@RFTHZ Lz,

1 ETIRE T Y a(l5-at ) SV UEKREAT HILEWY ) — X &2 T T
YA, BRLTRBELIEHREREET D 1-ATF AT I I r EAFERD
A, BLORESEEIEMB (SAR) #FZEIC DWW TR~ %, Gilead #hiZ, BT v 1
[1,5-a]E VU X VB EH T 5 presatovir @O X MREFESESEHEHRN-OET Vo
[1,5-a]E U S U UEBRET VA ERY DUBRBIERT D 2 AN BB RSV IE
WaERTOICEETHD Z EE2HE LTS, FEFIL, presatovir 28 H D AL
U VBREBER LY O 2 HANHERITILEWET A, AL, ZD 2
34 EPL RSV IEEORBIRZRET 5 & L bic, K Vi&EI172Ht RSV IEEEH
TOHBLRSVFE # X7 EAEME ORI A B L=, T OREE, presatovir &
LD 2 HANAIEZ B D 1-AF AT 2 7a EGFERR G - &b BAFaiEE
Lz, EO%, Ar fLEHEORELIZ L Y, 7250 RSV IEEZ R~ 9 (bG
¥ 20f (ECso=0.15nM) ZHH L7z, £7=, 7V a[1,5-al8°) I VU8 7L~
DOEHIEG N LY | TAERIEOT R AR L, EWFER) - B L7 e
T AN EIDIZWETE LML LT, LOLERL, 2 1-AF L
7 X 7 EOVEHEEARIZIT presatovir & [FIARICIITEZ FAR D486N (2% % 1E M
TR BT,

%5 2 BCIXMIPEZE B8R DA86N BRI H BN 2Bl ~ 7 v 1 7 /L k&% 39h DAl
HIZHOWT, w278 A 7 LIZED RT7 v 7T A U EZD SAR ITHOW TR
X5, Fim, w7 aVA 7 ALEY 39h L D4S6N IZA 7N T - 7=HHIZ
DOWNWTRyFL 7o Ialb—ra a0 TiHL 5, 2015 4512 Battles (Janssen
) BIZESoTF Zo0BE WL ONOREWE (VAL IX =1l
—XO(LEY) & O X ARG EUS S Y, fEmAEEERIC LY B
EWE L F Z N TEEORFEHRRCEHOT I BERESH O E 720 | it
PEAEBRICHET HER L AREIC R > T2, BRI INDL D X FRHRE MG E W
ZHWTEZ YV a[l5alt ) SV AbEME F # o0 HED RyFx 7o
2 b—a U a SN L, ZEEER D486N 1Tk L TIEMEZ R & 7227 o - L 2 % %%
L7ce 8T, o~ at A 7 UL LEERT 5 Z LIk 0 225k D486N

1)



S AR LA A R 2 O TRV E ORFE ST MEE LTz, Z DR 5,
BPAERRTZ U Tl <A EBR D48ON [T b H %072 15 BB~ 7 vt A 7 LG4 39h
(A2 ECs0: 2.0nM, D486NECso: 8.1nM) Z R L7z, L LZanb, 15 BRE~
g uathA 7 EEY 390 LT Fa TREERDIEREW TH D Z LA, NMRIZED
7 b T BRI BGE R EN SR Lz, 7 b e T BERES Y ORI HKEB %
L. BBAT =V T IO BRMRLL 2R T DM ERH D720, IEFICRET
HHEINTND 3D, 7 b a FEMEROERENH - 7eifE & 2o T,
WIWETIET b 7B KRR LT S RY v —2 AT 58 16 B~
7 a4 7 IVEEER 93b OAIHICHOWT, 7 b T EMEKE[ERES S 72D DR
e BEEICRBIT A U L (w7 A 7 AL DBEREE ) O, S5
R L7287 < N Y o —F 8RO R bR FTRE R IO\ Tk~ %, T/
bbb, 15 BERR~7 oA 7 /ULAY 39h OFT b o BRI A T T B JRIE N
15 BRRO L ORI 2 HlfIcH D LB Z2, Vo — x| REWETDHZ &
T7 e 7R EZEECTE 5 L DR AL Tz, 16 BR{ILEMEZ TV A -
BRL - B L72RER. 7 e TR R A ELEE L, B AR IS L OVE B D486N (T
T HIEENRH E LT X RU o —{b&W T6e % L Lz, LA 76¢ O Ar
MEH#ILBIOE T VY a[l,5-a)t' ) 2 VU S EfREZ RiE(lkd 22 & T, &
SIZPIRSVIEMEZ K E LT X FU o — (LA 93b OAIHICE 7=,
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152 P RSVEEEZETATRI1-AFAT I Fu /LVHEEORIH
FHIE 2mANME RT v I TFH A

B RSV F % U7 HILEWEZAINT 212H720 . #1012, HkeME—FIH
ARECdH > 7= TMC-353121 & F Z o X7 B L OEAKR X fiEafEs (2010 4
Johnson & Johnson L3 #4E) BEHWT, 7 7v—~a 7 3 TGS L, B
IEEMT A 7 F U D insilico A7 V—= 7 %3FfE L, {bLEWZEK LT, Bk
L7 LB OBHL RSV IHMEO RIS & OVELFH SRR 2 i L7223, IHMEDHE
e bEdT 2t aluG3T 52 I3 TERhoTe, £22C BBEHIELEY G D
FERERICLDT 7Y u—F%2X5Z L2 LT, RSVFE X X7 EEWE T
o7y r[l5a ) IV UoFKEAGT LEWT U — XITIT Gilead D
presatovir (1) < Janssen £ P3 (2) 235 4L CW% (Figure 5), 7V =
[1,5-a]° Y I v U —XIofbE s ) — XA~ TH RSV iGN E < |
F 7=, presatovir DEFRFRER 7 = — X 2b OEMEICH Y | & NI 2 ZaMEN
ER SN TWDIEEW T ) — A ThDHZ hn, KU —XDLEW%E I
KA RIS 5 78t & T,

C

Qe O p

o] HN—-S=0
N

N |_ o HN-8=0
3~ T=—
HanC’}I N NS

1 2
Presatovir P3
RSV EC,,=0.37 nM RSV EC,,=0.56 nM
Gilead Janssen

Figure5. ©°7 Y 2[15-atV IV U —X



Presatovir (1) & ZDFHERD SAR ITHOWTITEEMICHRFT SN TEY . Gilead
P HHE SN TN D 9, Gilead fH1E, {LEW 1 O X BRHLE SIS # 5 |
E7Yu[l5-at ) I VVREERY D UREOT I REATEE OO 2 @
AN BRI 72 P RSV IEMEORBUCEETHH Z & 2HE L TW% (Figure6), 7
b, BEXY P URIZE D FOEED BAF 72T RSV IEMEFBU K72 2
A ZHERF L T D ST T s, E£72. Gilead #1355 & O Janssen #1723 AFH
LTWaEZ Y a[15-al8) I Vv —XORFIZEWNT, Wb XY v
VEINEARIEL LT/ LA ENTWAZ ENDH ERY PUBOH RSV IE
PRI 2 BN D S 2% T4,

Figure 6. £°7 Y [1,5-a]lt’V I VU ET I RE5EFm & oo 2 mf (0)

I T, EXUPUVEROFEET D 2 mADOH RSV iEHE~D 2 2 10 B
THZLEEHMELT, /AW 1 BN HoeRY DUBAEEL, a0 2 mHA
DRI AbEE T A L AL, £D 2 mifsrAn EIEME L OBRR A TR
THZEELEE, EXNUDUVRORDVIZET Va5l I VU 2 i
ICIEBRIRBHZ A LT LA T, YD 2 mANME (LT 52 ENTER
(X, XV RRPI RSV IEEEZ AT 28 RSVE & LR BIEWE NG LD
AREME S B D & W ) RER A N Tz,

EFP. BN UBRELOMAEW 1 Oar T A—a R LT G HSY
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T8 /)15 (replica-exchange molecular dynamics: REMD) I X W ST L, ¥ 7
Y u[1,5-alt ) I UUERET I REHEE OB O 2 Hf O E R Lz, REMD
Sl FENFEY I 2 b —v g VERRIRICERORE CTE/MT 52 LIk,
LAY D T RV —AREED/NIRREIC N7 v 7S5 Z L &2 REET 5 HETH
%, REMD ZHIHT 2 Z &1LV, ko FaE/151E (MD) &L T, 4
e CIREIPH D = R L X —4REEZ S L TV v VT H L NAREL v D, B,
REMD ¥ a2b—ya Y ICEFEnFE8NF Iab—ra Y7 ThD
GROMACS 5.0.4. 9% 7=, {LEW 1 O 2 E 554 % Figure 7 (ZoR$, fedlhic
Far 7 A—va Uy, B 2 mAOAKEELRTLLTND, EXYY
ALEW 1 OBE, 2 HAN 82° Lo ar T A—varRnbo b b < H
HEhiz,

1000
5 800
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S
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S 400
e
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Z 200

0 30 40 50 60 70 80 90
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Figure 7. {bAW 1 O 2 w4554

T, FEBRIRBEA AT 2k 3-8) 25V AL, £DOET Y [l,5-a]
UIVUVERLET I FESTFEEOMD 2 mAanAm%E, L& 1 LREOTFIET
fEMT Lic, k&1 & 22 oIRIRELEY (3-8) D2 mANMEENRE
745 R % Figure 8 (RT3, JKEAIZEY SR LIEEO ™MW 1 O 2 HAY
Mz, BEOERNENENOIERFULED D 2 HASMEZRL TWD,
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Figure 8. FEERIREMLAH D 2 A M (KEADED DS LMW 1 D 2 HfA
oA, BEOERDIEERIREULEME % O 2 HA A E7T)

FT, RFEBALEZTICERY DUBREHWALEY 3. 4 271 LT,
ZD 2 HAZANTDOWTIENT LTz, {LAW 3 TIL2 AN 82° fhkd=a 7
A= arBqntbotb i<, LEW4 TIL84 L 89° fHiTIZ —IEMED 2 Hifd
DHRBD LN TS, (LEW3, 4 £ b mA%1@2ﬁﬁAﬁkm@#5
lar g A—varBntbo bbbl b= AELRENL 2 mASA
DN — 2 H LTV D, ﬁ“f\m@pﬁg%ﬁ%@ AF NI, = F v
B BLEOAS Y e A RICEB LIALEY (5-8) O 2 HADAAIZ DOV TREHT
THE ALAEW6, TO2HMANADOE— 21287 L THY ., 2IRM 2 HA
DANEE 1 O LD LHEP LT\ D, —JF, Ry EEHLEY 5 TiL 90° i
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THo b RERIALV T A A—varikE ), 2 mALEEKIZ 90° OFIZSh
LTS, £, A Y7V EELBEALTALEY 8 Tlxar 74 A—T =
YER oL b RO =T AEITLEW 1 LRERIC 82° fIETH LN, &
(KA 2 EASHRIMEEW 1 Db D LT RE L Bip o> Tz,

INHOREENSL, BTV a[,5alt) IV UEBRET I REAFE & OO 2
A DAIL R R DEHILIAKAE L TR T D 2 EBNRBENT, Thbb,
Ri°R DEMILALR TS LT, ERYDUREAT AW 1 LELD 2
A A 2 R TAE e, RHTAEE 1 L% 2 mfaomnKE < Birnibs
MIINTHA L TEDLZEEERL TS, LB 2 w54 & HLRSV M &
ORRERALNCTHZ 2 HE LT, FERIREEZ LG (3-8) & FEKE
IZARL L., PLRSVIEMEAFHMET 2 Z L IZ LTz,
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FH2H ERIRAZ AT LY 3-8) DAL

7V a(l5-alt ) I VRO 2 MIZERREEET H(LEY (3-8) %
Schemes 1-3 (R THIETAR Lz, BTV a[l,5-a]t ) 2 VU BHRA 13a—f
AR D tert-7 F VA X TVAR =)L (Boc) ZETHR#EINTZT I /91 LD
Scheme 1 |2/~ HIETEK LT, 778056, £7, RIBIO R ICEHLLE
L.Boc B CLR#ESNTT X /B 9aAf % AT )L A7 /UL L 10a—f IZEH# LT,
BT, 10af 127 b= R LT =4 2REMICHMESEE, E KTV
CTERESEDAZLICEVT I VT —VBRAREL Naf 2 G-, 7 /5
V= MaAf %F b T AT FFY REEF, =FL (- FFT2-AF LT
ZV L= FERSELZ LK, BT Y rEY I R R2af 257, (LEW
12a-b ZHK M) TN A O AZ U ANVKAET Y 7T — ME L7, Boc &%
BrETHZLICEY, BTy a[1,5-al ) 2 UUETBA 13a-b 2. F72. 12¢-
f D Boc KAMIRE L OB X IHLY o TCHFELTHZLITED, BTV R
[1,5-a] Y X ¥ BRI 13e—f 21572,

el

W y - 13a Ri=H, Ri=Me

R
Ay, ——— N‘\<o —d4 . rﬁ_{q Y 13b R'=Me, R?=Me
-
RO R HZNM—(Rﬂ o) ” R' & Hel
L9 Py e
R=Me ~ =
9a,10a R'=H, R2=Me 11a R'=H, R%=Me 12a R'=H, R%=Me CI” 'N R!
9b,10b R'=Me, R2=Me 11b R'=Me, R?=Me 12b R'=Me, R?>=Me
9c,10c R'=Et, R%=Me 11c R'=Et, R?=Me 12c R'=Et, R2=Me 13c R'=Et, R*=Me
9d,10d R'=iPr, R2=Me 11d R'=iPr, R2=Me 12d R'=iPr, R2=Me 13d R'=iPr, R?%=Me
9e,10e R'=Et, R%=H 11e R'=Et, R%=H 12e R'=Et, R2=H 13e R'=Et, R*=H
9f,10f R'=Me, R2=H 11f R'=Me, R?=H 12f R'=Me, R2=H 13f R"=Me, R*=H

Scheme 1. (a) TMSCH2N;, toluene, MeOH, r.t.; (b) MeCN, NaHMDS (1.9 M in THF),
THEF, -78 °C to -50 °C; (c) NHoNH», AcOH, EtOH, r.t., 3 steps 56-96%; (d) ethyl (E)-3-
ethoxy-2-methyl acrylate, Cs2CO3, DMF, 120 °C, or NaOEt (2.94 M in EtOH), EtOH,
90 °C, 22-77%; (e) TH:0, pyridine, CHCIs, r.t., 84-99%; (f) 4 M HCI in dioxane, 1,4-
dioxane, r.t., 100%; (g) 4 M HCI in dioxane, 1,4-dioxane, r.t., 100%; (h) POClI3, 110 °C,
98-100%.

v7vnll5alt’y XY URO 2AICSHERIREEZ AT 5659 (5-8) Z Scheme
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QITRTHIETEK LT, 774206, 13ad & 5-7un2- (AF VALK T I
R) ZREER E ONEEISIZ LV ELNT- 14a—d (2% U, HEEEMESRME T (S)-tert-
TFAERY VU3 ANTINNA— NORBEERKSZE VT vr ) v
2=y FEEALRZ, K%IZ, Boc BERETLHZ LIV HNETHLEY
(5-8) =137,

Cl

Cl
a %o b.c o:z HN g/o
-d — = Il _ = -S”
13a-d o HN*S\/ \

= N’N\ N—

e N—
J o= W R
6" N Y R HzN"-C," N R
14a R'=H, LG=0Tf 5R'=H
14b R'=Me, LG=0OTf 6 R'=Me
14c R'=Et, LG=CI 7 R'=Et
14d R'=iPr, LG=CI 8 R'=iPr

Scheme 2. (a) 5-chloro-2-(methylsulfonamido)benzoic acid, HATU, EtsN, DMF, r.t., 30—
76%:; (b) (S)-tert-butylpyrrolidin-3-ylcarbamate, EtsN, THF, 80 °C, 84-98%; (c) 4 M HC1

in dioxane, 1,4-dioxane, r.t. 79—100%.

—F, RICE=FNVEBLIOT o BV EEZEALTALEY (3, 4) IXFRA 13e-
f 725 Scheme 3 (2T HTETER LTz, 77005 FEAK 13ef 1IZ5x9 5 (S)-tert-
TFAER Y D3 A NHNNR A= NORBZERKSICEV T I R v
a=y FEEALEE, SIS TATAFZANTA REFAWET I )V Eo® /)T
LFIARIZ LD 16a-b #1572, %2, 16a-b & 5-7 mr-2- (AFI)LVALAKR
7 R) BREEmE ONE ISk, Boc Ea kiS5 ik, BWLAD
(3. 4) =AML,

Cl

—R2
a AN NH AN HNR od 9,
13ef —— > @ A= o ———— N A)_(W - . o HN-S”

BocHN - BocHNmG\‘ N NN N-RED
\
T IO
Herm@ N R
15a R'=Et 16a R'=Et, R2=Et 3 R'=Et, R=Et
15b R'=Me 16b R'=Me, R?=Pr 4 R'=Me, R%=Pr

Scheme 3. (a) (S)-tert-butylpyrrolidin-3-ylcarbamate, Ets3N, MeOH, 65 °C, 49—65%; (b)
R2-1, K2CO3, DMF, 80 °C; (c) 5-chloro-2-(methylsulfonamido)benzoic acid, HATU, Et;N,
DMF, r.t. 2 steps 15-24%; (d) 4 M HCl in dioxane, 1,4-dioxane, r.t. 100%

15



FI3H IEmRIREHAEFIT DAY (3-8) OFHLRSV IEME

B LTAL S OB RSV IHMEIX, M MR (cytopathic effect: CPE)  #iiil
FEIZ X 0 Rl L7z, CPE HifliAIX, RSV IEYRIZ L » TEE XD CPE 12X 5
KN OB Z TN T 5 L TH D, Bi7&E L7z HEp-2 Ml &8 b &9 % s
L72# RSVA2 [ZJEG & H 5 E SN D CPE (ZxHT 2L &M OMLEEMEZ XTT
RIEEHNCFMM L7, £72. L&D CPE % 50%FAE T 2 DI LR RE

(ECso) Zde/N_FIEIZEVEH L., FLRSVIEMEE L,

BN AT DAY (3-8) OHLRSV k% Table1 (2”7, (LAY (3.
4, 6, 7) 1%, ECoflER 4nM LLFTH Y, RAFZRHLRSVIEHAZ R LT, 2 b
DILEMOE T Y all,5-aley) I VU ET I REEFm & OO 2 mfhoAi
X, IbE 1 BT D (Figure8), — 7. HFLRSVIEMENE LUK T L
k& (5. 8) O2mMAIMII. ALEM 1 DL O LT > Tz (Figure8),
INHDFRERMNS, B DUBREREERVEAEY (3-8) OFLRSVIEELE ZD
2EASHNEISHETHZ LR ENT, £, ZhoD{bEMO T, 1-
AFNT I TN BT 6 7136 o & bR T17250 RSV G Z R
L. ECsofEifbAM 1 LERREDOY 7 F ) /L L UL ThH -7z 49,

LEDFERNG LA 1 OB D UBRHAMIIE 7 Y u[l,5-al’) I VU ER
ET R REAFHREDOHO 2 HAZGIEIL, RSV F ¥ )0 E LR 72/ A
TEF &2 TREIC T D EE KB 2 B2 L Q0D Z EAVRIR SN, 2R, &
N D UBRERC VIR E A T AL EMICB T Y 2 AR Z I
S5 2 & T, MAORPIRSVIEMER G LN D Z L2 AL LTz,

SORDPLRSVIERDOSEZ HIEL, HONTC 1-ATF AT I ) e ELGHE
72 Y—NMeEmE L TRE(LITELZED D Z LI LT,
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Table 1. FEERIREH A BT H1LEY (3-8) OFHL RSV iE!E

cl
0
o= Hn-§°

AN MRy

> == R2

A\ . o

N—Rs  Anti-RSV activity
Compound  «—{

=R, ECso (NM)?2

R;

\

N 1.8

&

N} 3.8

L

\
5 N— 110
),
'\N_
6 ; 25
\
7 N— 0.58

-
'\
N_
8 -—5; 420

¢ RSV A2 (ZJf&¥Ys L7~ HEp-2 iz H\WC. L&D CPE BHLEEM: 2 514 L .
ECso fEZ=FHH L7z,




A 1-AFLT I T aIVFHEEROAR

U— R{EEY 7T D SAR Z 5T << | Figure9 (2R L7z Ar il KO T
2[1,5-alt’ V) I VU T AL A LTCRER A AR LT, Ar S0 A 2R L 721k
AWIIH A 19a £721319b & IO Ar B2 A9 5 VR R & OfaA ROG
IZE VAR L7 (Schemes5, 6), H[H{A& (19a, 19b) (X Schemed |2/~ /7L T
B LTz, 370bb, PRI 13e IZkT 5 (S)-tert-7Frenm VU3 A V710
NA—=FEZIEE)-o o n ) P r3-A VTN A — ks DREE )G
Forisvnlvra=y hEHBALEZR IKTIV 2 NI 7vdaTreF
NIETHR#ET DL LICE D, /LAY (18a, 18b) Z#1537-, (LAY (18a, 18b)
WHMESRMET, a ATV EERSE S 2 LI 7 2 REMLZE /) AT L
fbLictt, N oagtaT7eFrEezREd 528180, FRIK (19a, 19b)
5T,

cl cl cl
>>j( : o Q o) D o
HN—I( HN—4 ¢ HN4 HN-§:0
o— HN— HN—
i/ 7\ N l‘i
g Q ;1 Fie P30 R 50 S 56
HNSOsHNSO NS NS H s ﬁ’s§

Figure 9. A CAK L= 1-AF LT 2 70 BLFEEIR

18



RF

Pav)

= N/N\ NH,
__a ,r P

15a P=Boc
17 P=Cbz

f“'“

18a P=Boc
18b P=Cbz

13e

f\

19a P=Boc
19b P=Cbz

Scheme 4. (a) tert-butyl-(S)-pyrrolidin-3-ylcarbamate or benzyl (S)-pyrrolidin-3-
ylcarbamate, EtsN, MeOH, 70 °C, 65-76%; (b) ethyl trifluoroacetate, EtsN, MeOH, r.t.;
(c) Mel, Cs2CO3, DMF, 65 °C; (d) 1M NaOH aq., THF, MeOH, r.t., 3 steps 43—-98%.

Ar 5L & 22 U T2 &) 20a—s DA% Scheme S (2777, HEK 19a & %fiis

TOHEEI VAR = & ZfgE Licik. Boc

FEBiRi#EST 52 LI2& b,

EEY 20a—s Z G LT, —EBOIMLEMIZHOWTIT Boe EzRET DHIIC, 7

AR AVMET S LKA LT,
0
Ar)kOH
a‘,)rb :<Ar
o]
108 a,c b = N’N\ N—
H2N“.® \N =
20a-s
\
Q Q Q Q @ %3 Q o
HN- s o] # s:o
20f 20g
H H O
” HN-$-0 4 Hn- 'sl':o
0i j 20I On
|
N
W [\ e W [ \ / O\\,
;]\N/S/o QN’S/O N,S/O ),lN/S/o AH/Sio
20
\ 204 0 J

Scheme 5. (a) HATU, Et;N, DMF, r.t., 35-97%; (b) 4 M HCl in dioxane, 1,4-dioxane, r.t.,
69—-100%; (c) MsCl, EtsN, CHCIs, r.t. then NaOEt (2.94 M in EtOH), EtOH, r.t., 43—87%.

19



FENT, AFNANVR T I N2 L 72 kA4 22-25 % Scheme 6 (271
THIETHEKR LTz, FHEE (19a, 19b) & 2-7 2 /-5-7 v n ZREHFREHMEE
HZEICEY, T=U UHRE (21a, 21b) (28 W=, T =U UHHIA 21a (2
TS, BKEERZERH SE 5 Z L1k 78T b L=, Boc & BRrZE
THZIEITEY 22 24572, fEWT, T =U UHRRKR 21b I EMESRME T, Zm
B R A TV ST, KBS Z L2k 0 Cbz 2% Pifr#
THLZETH—" A= 23 2157z, FROTFHEICLY, LT 24 BLU AL
A= LT 25 AR LT,

Cl

cl
0 NH,
OH From 21b
a d, e O
192,19 ———— > o NH, ——— o= HN—HA

~N N— _N N— o—
~ "N N\ ~ "N N\
P\ NS = NS S
HN @ N N CN N
21a P=Boc 23
21b P=Cbz

From 21a From 21b From 21b
b, c f,g h,i
cl cl cl
(o] o) (0]
1.
Oji HNJ< o:j HN— o:i HN-87°
N—

-N — — — _
Y\M = N/N\ N HN = N’N\ N HN
N \N ~ X A)—L X, N—L

22 24 25

Scheme 6. (a) HATU, Et:N, DMF, r.t., 91-96% (b) Ac20, pyridine, CHClI3, r.t. 60%:; (c)
TFA, CHCI3, 1.t., 100%; (d) methyl chloroformate, pyridine, r.t., 40%; (¢) H2, 10% Pd/C,
MeOH, r.t., 91%; (f) 4-nitrophenyl chloroformate, pyridine, CHCl3, r.t. then MeNH>,
CHCI3, r.t., 81%; (g) H2, 10% Pd/C, MeOH, r.t., 85%; (h) chlorosulfonyl isocyanate, 2-
chloroethanol, EtsN, CHCI3, r.t. then MeNH,, EtsN, CHCl;, r.t., 30%; (i) H2, 10% Pd/C,
MeOH, r.t., 92%.

WIZ, 7Y al,5-alt’ ) I UV TALICEBRILZEA LZLEY (29a, 29b,
29¢. 29f. 30a. 30b) % Scheme 7 |2/~ HIETEK LT, T78bb, MU D
AT FFLREET. 7I /85— e & 2-AFN~a BT L&
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ST AHZLICEY, PRIy IV 26 25, (LEW 26 124X
HARY VARSI EDL Z EICIVEFRIL, S5k TAUC ClEE b HOE T Y
a[l1,5-a]t’V 2 UMK 27 AR LTZ, R 27 i L, T h= KV b-
IKESIEA | REEAKFET R U U LT ST 57 I VEEAER S e 2 L1
K0 THAICORT I U LT G 28a—f 2157, (L&) 28a—f % 5-7 1
2-2- (AFNVANK T I R) BREFWE MG Lc#k, WEESRGET, ~1 71
U x—7 150°CIZTES)3-TI/vu ) v EEHEE Z LY., HI LS
¥ (29a, 29b. 29e. 29f) I L OHIBKIA (29¢, 29d) =GR L7, (LAY (29¢.
29d) (X Boc A FRETDHZ LICX Y BHEMLEY (30a, 30b) (&=,

OH HCI

¢ 0'Bu cl
\ O'Bu \
a - N b
HN-N N— - . 7NN *\<o - - AN-N AN
J o ° IO P9
HaN S N
e 26 27

Risy-Re
o}
H Ris-Re Risy-Re 0 0
c de o HN-S
- .

A NN AN AN N
A P9
N

cl H 2N,,,©N N

28a Ry=Me, R,=H 29a Ry=Me, Ry=H

28b Ry=Me, Ry=Me 29b Ry=Me, Ry=Me

28c Ry=2-(tert-butoxycarbonyl)aminoethyl R,=H f E 29c Ry=2-(tert-butoxycarbonyl)aminoethyl R,=H

28d Ry=2-(tert-butoxycarbonyl)(methyl)aminoethyl, R,=H 30a Ry=2-aminoethyl, R,=H

28e Ry=2-(methylsulfonyl)ethyl, R,=H f E 29d Ry=2-(tert-butoxycarbonyl)(methyl)aminoethyl, R,=H
28f Ry=2-(N-methylsulfamoyl)ethyl, R,=H 30b Ry=2-(methylamino)ethyl, R,=H

29e Ry=2-(methylsulfonyl)ethyl, R,=H
29f Ry=2-(N-methylsulfamoyl)ethyl, R,=H

Scheme 7. (a) diethyl 2-methylmalonate, NaOEt (2.94 M EtOH), EtOH, 90 °C, 89%; (b)
POCI3, 110 °C, 42%; (c) corresponding amine reagent, NaHCO3, CH3CN, H>O, r.t., 27—
100%; (d) 5-chloro-2-(methylsulfonamido)benzoic acid, HATU, Et;N, DMF, r.t., 43—
90%; (e) (S)-3-aminopyrrolidine, EtsN, DMF, microwave 150 °C, 29-56%; (f) TFA,
CHCI, rt., 82-91%.
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FSE 1-AFAT R T 0 EAFHERO RSV 15

AIET CERR L7 b OBt RSV IEMEILEE 3 i & [AfRIC CPE #filikic L v FF
fili L. {LE7H CPE % 50%PHE T 5 DICHLE /2T (ECso) ZHIRSVIEMELE L
THRHE L,

WHIZ, BTV a[1,5-alE) S DUERET X NEEA T & ORI O 2 HA IR
2 DEEMEOH LN VR FEOEBILICIER L, NUBUER EOE#
FEEHIZOUVNT D SAR % Table 2 IZR" ¥, U—RNMEEWT OB UERD 57
o DB T OVLEMOF ML Foi (#2572 010, 2 HA0EIH
R %2 HobEY (20a, 20b0) &, BWHERTZH7RWEEY 20e 25 L
7o {LAY (202, 20b) OHT RSV IEMEIL, (LAY 7 OHL RSV IEHEIZ AT 7 1%
PLESSWA, LB 20¢ 3L T L REOTEEZ R LT, iz, NUBUER?2
NDAFNVANKR T I REZRE LIZBERS B ALAEY 20d OIEMHITE
LI Lz, ftW\T, RUB VRO 5 MOBEBREDOS IR 2R 25 7=
DIZ, SHALITEk A 72 R&E SOEHILE LG 20e-i G LT, {LEWT D
WHRIFE 1L, ATFHE (20e), =F L3 200, BLOA FFH (20g) LD
72 FEESH/ N S 7R BRI EARE CTH o 7oy, e ELE 20n) BLO VT
= EULVHE (200) X O AR HGAY RS OB E m WO B~ O BT, HLRSV
EMEZ 2 A — & — s &z, NP UBRO 5 ALICEREAZEA LAY
DO TIEALEY 206 23 - & B8R 72PL RSV IEMEZ 7R LTz, (LA 20f D ECso
fEIZ 0.150M TH Y, bEW 1 Z EREISH RSV IEMEZ R LT, (LAY 20 D 2
AN E LT ZA, LA 1 @ 2 HASAEEELTWD Z LR
- 72 (Figure 10),
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Table 2. X B B EOBEHILEHLIZ OUVNTD SAR

Anti-RSV activity

Compound R
ECso (nM)?

7 2-NHSO;Me, 5-Cl 0.58
20a 2-NHSO;Me, 3-Cl 4.4
20b 2-NHSO:Me, 4-Cl 13
20c 2-NHSO:Me 0.59
20d 2-H 42
20e 2-NHSO:Me, 5-Me 0.33
20f 2-NHSO:Me, 5-Et 0.15
20g 2-NHSO:Me, 5-OMe 0.43
20h 2-NHSO2Me, 5-Pr 39
20i 2-NHSO:Me, 5-iPr 51
20j 2-SO;Me 1500
20k 2-OMe, 5-Me 3.8
201 2-CF3, 5-Me 9.2
22 2-NHCOMe, 5-CI 0.84
23 2-NHCO:Me, 5-ClI 0.57
24 2-NHCONHMe, 5-CI 1.0
25 2-NHSO2NHMe, 5-ClI 1.8

“ RSV A2 IZf&Y: L 7= HEp-2 Mz T, {b&#¥® CPE BHEIE M %

ECSO 1@6}%‘& L/f:o

23
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. 1000
(o] w
YN,NO . HN-g=0 § 800
.S o
e 5 600
. =
3
= 400
g
o HN*ES)‘/’O g 200
o NN 030 230 50 60 70 80 90
20f Dihedral angle 6 [deg]

Figure. 10. 5% 20f @ 2 w404 (KEDOEY DS LIAMEEW 1 O 2 A5
i, BAOEBIMEEW 20f O 2 [HA Y H & ~T)

WIZ, RUBVEBO 2 ffDOAFILANLKRLT I REICOWTERO IS Z K
AET A7, 2D ERRIEEZ B LT T >DILEY (20§, 22-25) #ARKL
Too ZORER, AFIVANVIR FA BN LTALGEY 20 1%, 6 CALEIZ A F /LA
NWNRT I REEAT LG 20¢ &l LT, HLRSV IEMEN 4 M4 — & —5F
PN T LTz, E72, AF VAR T X R (20e) OOV IZA K F 23 (20k)
RNV 7 a AT (200) ETEBRLEGAICH, PLRSVIEHIXZNZE 12
R IO EEE Lz, —J7. AFILANLKLT I RE (7)) ofbvicTr b
7IRE Q2), AMFTANNRFHIRNE 23), ATFALULA NE 24), B
FORAFNVANR =T LA R (25) TE#EL7ZGAIZIE. ECso fEIX 0.57~
1.8nM EiEMEZHERF T 2BMARD b, T72bb, BIFZRHLRSVIEHEH
THAEMDOR B U 2 fOEBREE LU, e b R —¢s7a b7
v B =DM OWREE AT DEMEDP G E LW EARE IR,

AL THE LN B VB EOBEBRILD SAR 1, (LAY 1 BLXOZDH
WRIZET 2 TR OR R E K<~ LT\ 9, LirLians, XUEr
RDOEZBES~DOEBRIZONW T INETIFEAEEE SN TV oo 2 &
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WH, ke~ Ta s BRBLUNTr 6 BREZ AT 2/ILE6Y 20m-s) 27V

AL, ZDOPLRSV {EHE~OREL KRG L2 (Table3), A& LIZT
f\“CODf\THf/'MK/\% X, RAZRFIRSV IEHERBUCEE L EX D AT L
ZIVIR T X REEZEEY) 20 DR P UBR 2 MRS T A EICEN Y
ALT,

VU PVBREAT DAY (20m, 20n) DX O~ T o6 BBRSTF AT =
BEAT LAY (200, 20p). 7V —ILEBEAT LAY 20 BL LT Y
—NVEBREFT LAY (20r, 20s) DL D 7e~T 0 5 BRE2GT 2{LEME G
L7, WTFNOEEM B P RSVIEMENRE LK F Lz, £, T—HIIRL
TWARWAE Y P UB(LEY 20m, 20n) DOEFF-OMERERS, © 70
VROV IVUVREGET ONT RERFBERD HLRSVIEMENE L KT LT,
AT HEFEROFTHL EHIEENRFThOoTT A 7 = v BREFT HLE
) 200 12BN TH ECso 78 53 nM & R B U BILAW 20¢ & H~<T 100 {EFEE
TEPEDSEGES L7z, BLEDOREEIL, RUP VBN L EEBRE~DOLEHBPNTFR SN
ZEEREL TS,
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Table 3. X B UL ERE~DELIZ OV TD SAR

0=
~N N—
1o
=
mNm<iF N

Anti-RSV activity

Compound R
ECso (NM)?2
N
7\
20m —( O 900
HN—S=
NN
20N =( O 550
HN-5=0©
\
S - O\\ /,o
200 /):LN’S\ 53
H
s
20 I 90 110
p N~ S<
H
JN\
20q =l P 570
RN
H
N

20r _N?/l P 880
N7=N
H
\
N
20s N}\l Q.0 860
N7\
H

“ RSV A2 |Zf&¥L L7z HEp-2 filaz H\\ T, {b&%W @ CPE FAEIRM: %

ECsofEZ B H L7,
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ZIVETGilead fl:& Janssen £ 1ZE VU S U UEAE D OFBEMRIIH L, BT Y
a[l1,5-a]t’V S VUBRO T ALICEBRIEEZE AL TH, FLRSVIEEIZIFE AR
Wh 2RI EEHTFTRELTND YY) | 22T, AR TR LEZEY
SVVRERELE I ATFATI ) e AiFERE LT, BT Y a[l,5-alt’
IVUVER T AL A OB A GA LT FEREGRT H I LT, BEfEON
RSV {EVEIC KIET B 234 L7z (Table 4),

ZORER, BT a[1,5-a Y SVUVBRO TR AF AT R ) EEEA LT
B 29a BI OV ATF AT I BB AN LTALEY 29b 121X, LA T & g
LTENEN 7.8 EHB X 21 FOHL RSV IEMEDTINFED Hiviz, 7THLIZHB W

TIE, 3T I (29b) (ZHEG L CTEH 287 I > (29a) OFRFENFmNT &
WIRBEEND, —FH, ZF LT IVRATF AT LUUT I DL ) 7REH
W R—=2 %2 FANLTALAEY (30a, 30b) Tix, (LAY 29a &L L T 4.2~4.7
fEHT RSV IEMEME T L7, BMGEWZ L2, BT Y a[l,5-alE ) IV VRO 7
FLZATF N AR RANVKR T I RaeF T 2{6E641) (29¢,291) |58 /) 72 5T RSV
EMEZ R L, ECsofEIZ InM Rii CTh oz, ZNHDOFRERNL, AF VALK

(29¢) BELOANLKRLT I K (29f) (X, RSVF ¥ RV EF LT~ I AEER %
BEL TWDLHRMENRH D Z E N R ENT, £/, 1-ATFALT I ) Fr L
ERICBONTS, BT Y a[1,5-alE ) 2 VU T AL IT A K & 2k RS
KRINDHZELnb, KRETH o & b9l )17281 RSV IEMEL A3 HEW 20f D4
YRR L OWBYL AR, T AEHRIC LD SRR EETH DL LB 6N D,
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Table4. ©°7 Y 1[1,5-a]t’V 2 VU8 7 EHILE AIZ OV TO SAR
cl

R 1
7 O HN—-S=0
_N N— |
fm
>~ =~

Anti-RSV activity

Compound R
ECso (NnM)?2
~
29a 'I'H 45
~.
29b T 12
H,N
30a \L 19
NH
|
|
HN
30b \L 21
NH
|
f.
29e o \L 0.75
NH
|
e
HN\ /7
P
20f S j\ 0.86
NH
l

¢ RSV A2 (ZJf&¥Ys L 7= HEp-2 iz H\WC. L&D CPE BHLEEM: 2 514 L .
ECso fEZ=FHH L7z,
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FWT, RETHONTEFHERZAET S 1-AF LTI 7a iFako
M2 AR D486N (%3 2 5L RSV {EMEZFHET L 72, L& DHL RSV IEVEFHE
(21356 3 € & [RIARIC CPE #ifiliE 2 7=, RSVF & L /X7 |2 D486N £ % 1,
OMHELE BARIT, ALEW TIFE T, BAEK A2 2R TS Z LICI VRS L
oo FTo. T OMMZESER D4S6N LB FRMTIZ LV | F Bl IO 5
MIRNT & ZfER LTV D,

Pt RSV {HMEDOFHMAE SR A Table 5 12”3, SEAT LA 1 IEGEm ST L 0 M
2 HAE DASON (Tt DIEMEN . AR A2 (23T DIEME L LB LT 1 %L E
WET 22 LB TD D, fbAEW 1 ERERIC, 1-AF LT FrEL
FER (20K, 29e) bifffMEZS FLRE D486N 1Zxt L CIEMEZ2 /R S 7eino iz, AREIC
BT DM CEARICE R 2 A+ 5 RSV F & VX7 EHILEWE X5
LT b DD, MHMEZFL D48ON (T3 2 A NMEDEFITIZE LR o T2,

—7J5. Y (2015 4F) (T Battles (Janssen f1:) S K-> CTF Z /X0 LB
DIEEDE (N XA IZY =L U —=XDEW) & O X fIE i E2 H
LT ST Y, T OREERATIC LV IREME ORGSO T X EBi%
EPHEALS I, THERICET2BELTEL LI Ro7, FEHITIINHD
X AR A E T A R LT, MPEZEBER D486N I Zh b a & Al 5
RS LI EED D Z & L LTz,

Table 5. ©'7 > 1[1,5-a]t" Y X ¥ U FFERD D4SON 2k T 5 HT RSV I ME

Anti-RSV activity

Compound
A2 ECso (NM)2  D486N ECso (NM)?
1 0.10 £ 0.07° 1193 + 562°
20k 3.8 >1000
29 0.75 >1000

¢ RSV A2 ¥ 1" D486N (2 Yk L 7= HEp-2 #ilfZz VT, k& ® CPE BLEE
PEAFHE L. ECso &2 L7z, ECsofEIZ 3 DOMSL L7232 (n=3) DT
FHIE T, P Gilead #EANERES LTV D ECso fE 42,
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FHoHi T

ARETIIHATLAED 1 OEEHRE D LI, BTV a5 IV UBRET
I NREAE & OO 2 mASAMICER L, fx 72 2 mA o0&~ T FEERREH
HERE T A B L, 2 HASA & B RSV IEVEDBIRIZ OV TRRGE L 72,
ZOFER, R DUBRE LAY 1 LHERO 2 mA 5 AT IR
R (3, 4, 6, 7) [XHEAELF 7250 RSV iEMEZRT—5 T, 2 WA DAL
A1 LRI DAY (5. 8) TIHEMENKIBICET TS Z 2R L, 20
FERIL, BENUDUEN, BT a[15alt Y SVUERET S RS FEE DR
O 2 ALY MAIZEET H I & T IEERBUCEER&E ZH > T
TLERBLTWD, FRFEC, B U URA R LIRS ERIC R
WTH BRI ARG 2 Z & ¢, R 2 mASHE b ALEWET AT
ELZEBHALMNERoT, U EDKRFHZ LY, HlEsL AT S5 RSVFE #
RUGEREWE 1-ATFAT I 7aVFER T ZRHLEZEnD, (LAWY
TE2V— AW E L, Ar iDL L ©°F YV a[1,5-alt' ) I DU T ii~DiE
PIHSE ARG Lo, ZORE%, 1817280 RSV IEMEZ AT LG 208 Z Al
THELEBIT, BTV a5l S DU T OBERLITFAE AR LZ, L
DUZEN D, BERBLRSVIEVEZ RT 1-AF LT 2 70 EVFEEK 20k, 29e
(DN T EZE FAE DA8ON (ZkF 3 A IR A 1M L 72/ . B T ka1 &Rk
12 20K, 29e (2B T bl ZE Bk DASON (2T D IEMEILRE® B ho 1=, i
PEZE FLER DASON (AW b A 2455 12 D121, X AR s i 2 v ¢
FLEME OMEGHEREELRZ L, B0 b L ITHERBETINERS S &
27,
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FB2E MHEEEK DISON ICERRFH~ 7 vih A 7 VLB DAIH

FIE bLEW1IORyF T Ialb—v gy

DT RoyX 7%, 2oy EE ) B R E O EERBTCER D %5
REWIELSFIHENTWAEY I 2b—va VFEDDOESTH D, 5 1 E T
AL LT, MRS Bk D486N (k4 2 iE M2+ 2L A& R4
b=, T, ALAW 1 OBFAERE A2 F5 X ONHEZ FLER D486N 12k 2 fE Ak
KERyF U7 Iab—rva il VL, ZRENOKICHT 558k
& PHETEME & OBIRIZ OV THRGE L 7=, Battles (Janssen f1:) HIZXk > T, ¥
RIBET =437 (PDB) IZHE STV RSVE # U XV EOBARE A2 &
FLEME & O X RS ETER SEA A2 AW T, FyF /v 3al—is
VEFE LT, Ry X3 2 L—3 3 T, Discovery Studio 2017 R26V
?® CDOCKER 7 /LT Y XA LZMEH LTc, Fio, MEZEEK D48ON (2D T,
BERR A2 D MHEZS FER DASON ~ FEEEM IE & F8) TfT - /2% . MOE®®
Amberl0 /1354 HWTT 2/ BRREOMEL Kk L7 b 0x Ho - (ka1
EARA2 LD Ry XTI o b— 3 VR Z Figure 11 (2R,

} )
W Sy
-— Asp486 1\ \

Figure 11. {bt&#M 1 (B %) AR A2 (KE) LD Ry X 7ET L
RORBGERIIKEE S 2T
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RSV F Z UV BITARE 3 BAEDORY | 6 EMIE & @a 3 2 BRICHEEZE
b3 2%, (bW 1%, BEE(LRTDO F ¥ 2 /37 BRE 3 &ENEHRT 2 R0
RIS LTS, FHAERHOREE LTIE Asp®® o LR g7 /v
n Yo7 I HEDHMOKRBE-RENET NS, £lo, {LEW 11T Ar FTL
DAF VALK T I REOKFRTEET YV a[1,5al8) I VUi | (2R
E%&@%T %W%%FA%%&waé EWTRBIND, ZD5FHK
FREEIT & RO T F A= a URFEELSIND Z T, Phe® 0

e liﬂt SN T ENCI > TV D EB 2 bhvd, WRIZ, LEW1
EMHEEEEE DASON & D Ry ¥ /v o b—v a UiER % Figure 12 [Z7R T,

»
7 Phe488

als By

' Phesss
y. B >3

Figure 12. (L4 1 (%@) CMPEZE SER DABON (K1) LD Ry 7ET L

28 BER DASON DIFE . 486 (DT X /RIS Asp 705 Asn ICER LT 5
7o, T /en U UrVENLE Asn®® L TTAKFEE S OERITRED Bz,
ZORDY, EHICHERMIZHD Glu®™ OHILR R LTINS bR A
TEHZ L TCWD AR R SN D, F70, (LEW 1 D Ar S A FIVALR
7 REOKZEFRFLEET Y a[l5-a]) S VU 1 NEBHEET L OO T
NAKFERES B KDL TS

Figure 13 |2 D486N _f*/\w_{h/\ﬁlﬁ@ 1& A2 ICHRE LTAEE 1 ZEHRGD
Bl RyF o vIalb—rarOfiRaRd, DA86N IZxtT HbEM 1 Ofk
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AR—=RE, A2 1T HREAER—XITHRTE TV a[l,5-a]l8 ) 2V UVERM
90° FRERERL TWDH, ZORERIZE YD AL A F /L ANLKR T I REDKFHE
e ya(ls5altV IV UR I ERR L ORBENEEND Z LT o1
WAKFZRE G DTS 72V (Figure 13A),

486 NEDT X JBEDS Asp 7D Asn ICERTH T LT, 320 Asp £721% Asn
T SID T I/ vu ¥ EL R OZE[#] 5 A2 BRIZEE~T D486N #k Tl
W lpoTWVD, BTV a[1,5-a]t ) 2 P UB 6 (fLD A FILEED SRR X
V. D486N B TIZ 90° FREMER L7-a 74 A—2a vV TRAETH LD L B
L7z, RyFXo 7o 3alb—yarfRaeTr I/ en ) DU nsG s
& (Figure 13B, JKfa73 D486N & L /X7 AL VRN A2 ¥ X7 E &R
). G OEEI NV R= VI L Asp™ DB LR F VL L DRFEEAN 49A
Asn® DIV NF A NI E DOBRBEN 3.6A LSRN 2o TWVWD Z ERD
M5,

Phe140 ™~
| -
A

Figure 13. (A) D486N (JKf2) (ZHA L7721 (GEE) & A2 (L) ITHEA L
Im1(=EBr &) EREbEE RyX o 7E25 0, BOBRITIKEREEZRT,
B)7 X/ er U UG R Ry 7 ET b, DAS6N # > /R E DK
[ 2 72 )R TR,

LLbE, Foyx o7y Ial— g i k5661 OBER A2 B X OMMHEZ
HRk D486ON (25T DA RERD s S . (LAWY 1 Ot EZE Fkk D486N %)
T AHIEMEEES LI ERIX —oF 2 bbb, —olk. BAK A2 &2 Sk
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D486N DALAW) 1 AL JE L OREEZEIZ LD Asp®e LTI /R Y VU D
T EEDOMOKERENEDNT-Z L, b9 —DlF Ar LA F L ALK
7 REOKFERFLEET V(1,508 S VU 1 (EEFFL OB DOSF
NAKFFEE D KD L Th D,
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2T RT v OTFYA L (w7 aY A 7 ul)

BEIDO Ry X 7o Ial—v a2 L AbaW 1 & BAERK A2 35X Ot
ZHAE DASON 1Tkt DGR OME S, HL RSV IEMHFR B EE /2 EK D
—D L LT, HTHKREBAICLDAERE S 7+ A= a VORBERZET S
o, 2T, ALAWITIEZLE FER DASON ITHE AT DB, B4R A2 ITFEA
THEERBRICIEE 2 73 A=V a VB REFLESERAET O ENTEN
(X, MHPEZE FERR DA8ON (Tt 2 A 22 /R 2 b D & DAl 2 STz,

A2 B UNRTEHIRES LIEBEOLEY 1 OIFEa 7 A—2 3 LB N T

(Figure 11), X2 Y A VL2 L& BT YV a[1,5-al ) I VU EBRO 70T A
WL WD Z bbb, £z, H 1 EOFEREMNOGE T Y 1[l1,5-a]
UIPUBEDTALZITHIRAIC R E REHREDNTFREIND T L 2R L TN D,
% Z T, Figure 4|\ R”T KO Ta~vruar A 7 k352 L2k, HHE
AT A—varEEET KA SIRZ LT, Thbb, LAY 20k DX
UYANENL 2 fLEE T Y R[1,5-ale ) R U UER T AR Le~ s ath g s
MEEWET YA - AL, B L7 REL 2 REET 5 & & b Itk 2 Bek
D486N IZH b ORI A Bfe+ 2 & & LT,

\
(. T
Macrocyclization 2~
0o y > N o

— [ R —
4 N’N\ N 1f\£l\l>_<N Ay
N\ =
H2N1h<i:jf N Az

20k Macrocyclic derivatives

NS =

kwm<} N

Figure 14. (L&) 20k O~ 27 a¥ A I bz Licar 7 A— a VEEL
B
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H3HT ~ratAg 2 ALESY (39a-h) DA

LB 20k DR A NVENL 2 AL E BT a[1,5-a]l ) I U8R T AL A RS
Lic~ 7 a¥ A 7 ALEM D SAR Z a7~ < | Figure 15 (Z R~ k&M% 7
B LTz, £9. Vo —f o EETe Ar-N—>" (33a—e) % Scheme$ |
mﬁ“jﬂff“é\ﬁk L7c, 37205, Boc ETHR#ELLZT I /T /La— L (3la-e)
DKEEHZ A Ak Lf:?’ﬁ RS T, 2-8 Fa v -5- A F LV LZRERA T
WEERESED Z LT . AEEY (32a—) 1570, EZIZ. Boc EAEFRET
HZEIZED, ArX—Y (33a—e) AR LT,

e e RZNC C j}

n=3~6 (er RZ) = (Hr H)r (Hr Me)f
(Me, H), (Me, Me)

Figure 15. ~ 7 u %A 7 Wb EWMDOTH A

Boc. a,b
EH;OH — BOC\NHO/E?/ — RZ\N’H‘O
2
~

H2N:-G*|

(0]
31a:R,=Me,n=3 32a: R, =Me,n=3 33a: R2-Me,n-3
31b: R, =Me,n=4 32b: R, =Me,n=4 33b: R, =Me,n=4
31c:R,=Me,n=5 32c:R;=Me,n=5 33c:R,=Me,n=5
31d: R, =Me, n=6 32d: R, = Me, n=6 33d: R, =Me, n=6
31e:R,=H,n=4 32e:R,=H,n=4 33e:R,=H,n=4

Scheme 8. (a) MsCl, EtsN, CHCIs, r.t.; (b) methyl 2-hydroxy-5-methylbenzoate, KoCOs3,
DMEF, 90 °C, 2 steps 71-86%; (c) 4 M HCl in dioxane, 1,4-dioxane, r.t., 90-100%.

Wiz, ~7 A7 AbEY (39a-h) % Scheme9 |2 " T HIETHA LTz, T
bbb, 72787V —L (1le, 34) #F NI U AT hFU REFEETR, v
e 27 )LiR3K (38a-b) LGB AZLicky, ¥o e I RURLHE

36



LT, A VLY v E2EA S, Boc DO BLR#ER L OMERL & RIFHIAT
Sz Lzl Iy a[,5-a ) 2 YV UohlE (27, 36a-b) 57, A
(27, 36a-b) |ZHEIEIFE T, ®inT 5 Ar 23— (33a—e) ZZTNTNIEHSHE

HZEWZED, 7V a[,5-alt ) S UV TALIZ Ar 28—V ZE A LT-LEY
(37a-h) %157, H\T. T AT IERALZ MK LI=1%, &/ RELE T, 4

FNT 2 MBS &0, ~7 v A 7 LAY (38a-h) 2 A LT, &&IT,

WREMSEET, ~f78e0=2—7150°CIcC7I/vnr)vra=y h&EA
L. HEICGUT Boec & RETHZLICEY, D~ 7 a¥-A 7 UbEW
(39a-h) %157z,

o0 O 33a:R,=Me,n=3

33b: R, =Me, n=4

t / /\OMO/\ RZ\NHO 33c:R,=Me, n=5
-

o Ry 35a:R,=H H n 33d: R, = Me, n=6
O:< 35b: Ry = Me cl HCI 070" 33e:R,=H,n=4
HN-N NTA 2 b RinSn-N HNA c
e P
H,N Az Cl N Az
11c: Ay = Me, A, = Et 36a: A; = Me, A, = Et, R, = H
N 27: A, = Me, A, = Et, R, = Me

\

N
34: = N—A
2
Az
\ _CNH
5 N

o) H Wo
b o R3=H or Boc R n
RZ\ n Z\N
J/-)—o d, e N f.g 0
Rov/ M E— 0=\ - Ry N-A,
NS

\
Ry _N_ HN-A S )\)—< =~ A\
=
cI” N Az
37a-h 38a-h 39a-h

37a, 38a,39a: A;=Me, A, =Et,Ry=H,R,=Me,n=3
37b, 38b, 39b: A; = Me, A, =Et,R{=H,R,=Me,n=4
37c, 38¢c,39c: A;=Me,A;=Et,Ryj=H,R,=Me,n=5
37d, 38d, 39d: A; = Me, A, =Et,R{=H,R,=Me,n=6
37e,38e 39%e: Aj=Me,A;=Et,R{=H,R;=H,n=4

37f, 38f, 39f: A;=Me, A,=Et,R{=Me,R,=H,n=4
379, 38g, 39g: A, ?Me, A, =Et,R;=Me,R;=Me,n=

\
N*A1 N
37h, 38h, 39h: = Ri=H,R;=Me,n=4
AR,

Scheme 9. (a) NaOEt (2.94 M in EtOH), EtOH, 90 °C, 68—-100%; (b) POCl3, 90-110 °C,
42-100%; (c) EtsN, EtOH, 70 °C, 42-100%; (d) 1M NaOH aq., THF, 2-propanol, 65 °C,
(e) HATU, Et;N, DMF [0.02 M], r.t. 2 steps 16—100%; (f) EtsN, NMP, microwave 150 °C,
27-86%; (g) 4 M HCl in dioxane, 1,4-dioxane, r.t., 986—99%.
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Fafi ~rvatA 7 bEY (39a-h) OHL RSV IEME

A CAK Lz~ 2 a1 7 b EWOH RSV IR, 56 1 % & [FERIZ CPE
A K 0 EHI L, L&A CPE % 50%MHET 5 DICHLERIEE (ECs) %
PLRSV {EMEE L CHE L7, RSV F ¥ L /7 BT D486N AR % & OffitfE 28
BT, B 1 ETHLET Y a5t IV UFEIR T HAE T BFAEK A2 2/
REEBETHZEICEVEIE L, £, 2 OIfifEZE Bk D486N [l 1A fiFAT
IZ&D ., FEEFICMOER NN L ZFHRL TV D,

~ 7 atA 7 LAY (39a-h) OEFAER A2 3 X OVRMEZA EAK D4SON (237
LHL RSV I&EMEZ Table 6 (2”9, £7. {bEW 1 O FPIKEREIZ LD BEE
fban7eiEtEa sy 7 A= a YRR LTz~ 7 v A 7 WUALE Y D FiiE 72 57
YA RERRD720, 14~17 BRY A XD~ 7 a4 7 bt (39a-d) &4
LT, 7 ot A 7 AL G OE AR Z i b 2720, U o —E431Ci
iz T v ) — T IV o h—%E@&R LT, v~ 7 at A 7 U bEY (39a-d)
DOHF T, BYA X015 BEROILEW 39 8 - & L5172 HT RSV A2 it 42 F
LTEBY, E~vradA 7 UbEW 20k & 58 5 LRI DTEE 2R LTZ, & 5I2,
LG9 39b | XMPEZEZEER DARON [T DIGMENRFE~ 7 m A 7 (ka1 X
20k EHEART 2L ESE L2, BBY A AR 15 BRBX O 16 BERILAH TH D
{EE® (39b. 39¢) 1%, ZENENHERABAFRHL RSVA2 IEMAZ R LT, 2D
— T, MERBION17T BERILAEMTH LAY (39a, 39d) 153 L < HLRSV
TEPEPME T Lz,
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Table 6. ~ 7 a1 7 )UALEWDOFHL RSV JE M

o
RZ\N o
R1J\\//kN~N\ N-A,
HZNHQN \NMA
Nea, A2 D486N
Compound  — n Ri, R2
A ECso (nM)? ECso (nM)?
1 0.10£0.07° 1193 +562°
20k 3.8 >1000
\
39a { 3  H,Me 17 >1000
\
39b { 4 H,Me 0.66 440
\
39¢ { 5 H,Me 6.2 >1000
\
39d { 6 H,Me 54 >1000
\
3% { 4 HH 61 >1000
\
39f { 4 Me, H 1.4 >1000
\
39g { 4 Me, Me 8.1 >1000
\
39h 4} 4 H,Me 2.0 8.1

¢ RSV A2 ¥ J 1" D486N (2% Ys L 7= HEp-2 #ilfZz VT, k& ® CPE FLEE
P2 L. ECsofEZHH L7z, ECsofEIZ 3 DDA L72FEER (n=3) O]
PR A2 o9, P Gilead £#ENEREE L TUND ECso i *2,
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BAF72PIRSVIEMZ R LT 1S B~ 7 A 7 LB W39b & A2 X 2 /N7
BLEORyFxFrr7vIal—raraEiiL, TOMER—AEMBLzE 2
5. ALEY 39b 1HMEEW 1 EREOFR—XTHEA L TWD Z RS
(Figure 16), 372 b A{LAW 3 OT 2 /0 U PUENOT 2/ HiT, A2
B NTED Asp® DI IVIRF U NVH L KFBRESEER LTS, iz, bE
W39b DRV UBREET Y a[1,5-al ) 2 U URIT LAY LEEE R
BFEINTND, ZNEDOREENL, w7 vt A 7 LG 39b 13 A2 ¥ X
JBEICHEAT DB, LA 1 OO TRKE/BEICL VRSN iEE= 7
A= g RO ZIRTTREIEZ TR L TWD Z E PR EN D,

b Asp486 Phe488
| %/ / | _N

Figure 16. {bt& 1 (B %) BIMEAY 39 (F) OBEFAEK A2 (JK£)
XD Ry R T E2T v, BREOMRMIKHERES 2T,

W, =7aP A I NDayTxA—a AW BEE 2 5RO H 5 B
7V u[l5alE ) L PUBRO 6, 7L (R, Ry) DEMIEZHIZOWT, Kl
R A X% 6015 BRILEME O THRE Lz, BARMIZIZ (LA 39 &I
6. 7AL (Ri. Ry) DAFNIEFED RS — U PNRIpHILEY (39e-g) & ERL L,
PLRSV IEMEIT T 5584 Mat L7- (Table6),
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ZDFER., LAY 39b OEHILOMAHHE (Ri=H, R2=Me) 23H o & Hill
JI7ePL RSV iEMEZ R LT, — ., MOMAGHLE (Ri=Me. R,=H) %% >1b
W 39F TIXTEPEDRSPTRES L 72 LECso i : 0.66 nM (39b) 35 LT 1.4nM (391) 1,
F72. 6, TALY A FNALEY 39g (Ri=Me, R,=Me) (Z—H1F / E/LDIEMEE
R, 6, THAE ) AF LAY (39b, 39f) IZLERTEDOFFMHIETICE & -
72, 6. 7 ArEEESIR 39e (Ri=H. Ro=H) TIZBEEITIEMEIME T L7z [ECso
i : 8.1nM (39g) L TU61nM (39e) ],

RyFor7v3alb—yarlib, A2 278 iZ~7 ayA 7 ubs
Mo Ry BEO Ry @EHILCBKYER 7 > RMFEL TS Z EAVRIRE 1
Teo LIZD3o T, 6. THLE S/ AF VLG (39b, 39f) [TRN=RANIZE DBUKPER
o hebEETHI LKV PLRSV IEEEZRT—H T, 6, THLIZ AT IV
Ex b2 MEEY 39e ITBUKMEAR AAEH 245 T E W o DITIEMEDN BT L
B ZOND, Tz, BUKERT v N E5ET LY AT EE L LAY 39¢g
THIRSVIEENHFRE CTH - HE & LTIE, 2D A FLEOB ORI 72
KFEIZLY~r a7 AMENELZ LT, @Ulary7rA—Tarvkrl
NNz EBE LT,

~ 7 atA 7 MEEMOBREEZ X DIZHIRT 5 Z 12X 5HL RSV IHHEIC &
ETEHELHERT DD, 1-AF AT ) 7a iz b obaY 39 OfX;
boiceXY UUBEAT LAY 3% 28k L, = DOH RSV iHM % 514 L 7=

(Table 6), = DfEH:, MHEZ BAER D4S6N (ZX1 3 21LA M 39h OIEMEIX, FE~
satA 7 UbEY (1, 20k) L LT 100 5L EOBIR R SERN R Hi
7o —H T, AR A2 12T 2{LA W 39h OTEMIX. L& 39b &L T
T NZPES LTz,

M2 Bk D48ON 12 L CHEN IR 2B T 5L 5% 39h OS2 7 + A
—Ya v ETT 5720, Ryd /v ab—ra &% L7 (Figure17),
F A DASON & /X7 BEITHES LIZBR D 39h Z7n L, K@y A2 % X7 g T
fEA LIZBED 39h &7~
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Figure 17. D486N (JK{4) 1ZH#EA L7239h (FHfh) & A2 1THEA L7172 39h (K(R)
FEDGDEZ Ry 7E270, V7 0L CH-» A EER 2”7,

~ 7 aY%A 7 LAY 39h 1, D486N ¥ LRI EHB I N A2 X X DO
Tk U CTHBOMER— X %ZR L TEY (Figure17), AFEF 1 HTr L7k
B OFEER—R L1325 (Figure 13A), 3 CIZ5 1 81 TR ~7223, D486N
ZUNIETIET R /vn ) DU ELOZEM D A2 FRIZHESTHRLS 2o T
Y (Figure 13B), ZIUZHEVMEA 1 TIED4SON ¥ LRV B & A2 # 2%y
BT DREAR—ANKELL R ->TnD, T, ~7 A 7 LEY 39h
Tl D486N # o NIV HITHEG T 2GBTS, A2 X XV E LG T HEROIE
Mo 73 A= a URHERRF SN TV 5,

E 512, ALAY) 39h DAMFEZS FLRR D4S6N (2% d- HIEME s LT BN &
LT, w788t A 7 LT H7DICEA LY I —{5575 D4S6N # L /X7 'E
EHTZIMAEEREZEE L WA EREILND, Tbh, BT Y 1[1,54]
BV IVUBRENCEUVREZGET D IR FEEHDS, Phe!*? X Phe®™ FR AL ICHEE
DI CHKMMAAEER T2 Z & T (Figure 17, )., D486N (Zx)3 D ih 1k
BILFGELTWDLHEDEEZ HILD, — . ALEW 39 7 A2 # /37 BITHEA
T HERDIRACKFBHHOREA R — XL DA8ON Z L R B LA T HE L b3
B0 | CH-n FHEAEM T 2 RAbAKFEEH & Phe! 0 7 0L & D BN 0 < 725 T
W% (Figure 17, /Kf), L7z23-> T, LG 39h DEFAERR A2 (2T HIEMED
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BEINRD ST ERD—2 L LTE, ZDRILKFEY B —E55 O AEH
DEFEWZH D EEBEZBND,
ARETOPGRIRFEZ BN T, v 7 a ¥ A 7 b’ ALE Y O = IR o E % 151
AT H A= a CEENT DT LT, DASON X LN BITKIT DR
IRV RNCHBEET A2 Z L2 A LTz, S 62, w7 ¥ A 7 LOBRITEA LT
FRALIKSE U T —3L S, il e UK ER AAE 21815 L TV D 2 L ARIB X
Nize 272 A 7RI LD RO = >DFI2 k0 | (LAY 39h DML
FLER DABON (T3 DIHMEN RIBICZE LT b D LB LT,

EEW 39b D 1-AFNLT I ) T a2 XY DUBRICEBR LT Z &1
KU PEZS AR DASON (2% 3 D M3 L < A _E L7275 (Table 6,39b vs 39h) .
ERYDUVBRIZEBLIZZ LK DRI OVWTIE ERDO Ry F o7 Ia b
— g VORERN DTS TE Ty, BBHO—2 L LTiE, LAY
39b O 1-AFNT I T AL E ERY U UBRICAER LRSS LS
Ik, EMEar T A= a URESBICEEL SN A REENE 2 B
5o b OO L LTI, LAY 39h OB UBR 5 ALOEHIED A & A
LB 39b DFN LV B, DASON Z L /37 B L O EAERICHE LT 5 Al ENE
METOND, T72bH, B TUBREANIEN, (LAY 39h DX A VK
O A[ENRAMEEY) 39b [T THIBEIND Z & T, RUBUER 5 OB LN
D486N & L /X L= FIICALE L CTW A RN & 5, Bk e 7 —4
[FR L TR, R_UB UBR 5L [E IR IS BT 28 FERR D486N 12 %145
TEVEICBE 5252 LN ho T D, XUV VB 5 O EREORE %3
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Figure 18. 7 b 1 7" BAMERD 3 (UK 55 %2 —HBek %)
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Scheme 10.
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TLZEIEEYD, V==Y 42 27, FERIZ, 73— 43 O 0-A
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44 /57 1%, FUAA T EBEIRE AW TERIK T2 A F L, Boc 2%
PrETDHZEICEV Y —s—Y 46 157, T I 481F, 2-7 0ExT hF ¥
tert-7 FINVYAF N T ATKTT DT I RIE 47 O SN2 SO K W R L=,
BEWT, 7T I 48 D #k7T 2 % Cbz = THE# L7-%. TBAF %\ T TBS
EERETr2LIcL0T7rva—n 50 6k, UV —_—Y 52 [Z7 v
T 50 N5 ) == 42 DERRE L FRED FIETHREL L 72,
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Scheme 11. (a) MsClL, EtsN, CHCI3, r.t.; (b) methyl 5-fluoro-2-hydroxybenzoate, KoCOs3,
DMF, 90 °C, 2 steps 80%; (c) 4 M HCl in dioxane, 1,4-dioxane, r.t., 79%; (d) MsCl, EtzN,
CHCls, r.t.; (e) methyl 5-fluoro-2-hydroxybenzoate, KoCOs3, DMF, 90 °C, 2 steps 75%;
(f) Mel, Ag.O, DMF, 90 °C, 99%; (g) 4 M HCI in dioxane, 1,4-dioxane, r.t., 99%; (h) 2-
bromoethoxy-tert-butyldimethylsilane, K>COs;, MeCN, 80 °C, 69%; (i) benzyl
chloroformate, Et;N, CHClI3, r.t., quant.; (j) TBAF, THF, r.t., 81%; (k) MsCl, EtzsN, CHCls,
r.t.; (1) methyl 5-fluoro-2-hydroxybenzoate, KoCO3, DMF, 90 °C, 2 steps 38%; (m) 4 M
HCI in dioxane, 1,4-dioxane, r.t., 100%.

Scheme 12 (27 X FiEE A2 DU o —s3— (588a—c. 63) DAL — &
R~Y, 7=/ —)b (84a—¢) % tert-7 FI)N-2-T a7 &5 — K 53 TTI/LFIAL
L7721, tert-7 F VI A TRETHZ L TR (586a—) Z1T-, WIVAR 1R
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Scheme 12. (a) K2CO3, MeCN, 70 °C, 98-100%; (b) TFA, CHCI;, r.t.; (c) fert-butyl N-
(2-aminoethyl)-N-methylcarbamate (47), HATU, Et;N, DMF, r.t. 2 steps 67-99%; (d) 4
M HCI in dioxane, 1,4-dioxane, r.t., 91-100%; (e) methyl 5-fluoro-2-hydroxybenzoate,
NaH, THF, reflux, 37%; (f) H., 10% Pd/C, MeOH, r.t., 100%.; (g) 2-[tert-
butoxycarbonyl(methyl)amino]acetic acid, HATU, Et;N, DMF, r.t., 100%; (h) 4 M HCI

in dioxane, 1,4-dioxane, r.t., 100%.
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Scheme 13. (a) chloromethanesulfonyl chloride, Ets;N, CHCI3, 0 °C, 87%; (b) methyl 5-
fluoro-2-hydroxybenzoate, KoCO3, DMF, 80 °C, 10%; (c) 4 M HCI in dioxane, 1,4-
dioxane, r.t., 100%; (d) LiBH4, THF, r.t., 93%; (e) MsCl, EtsN, CHCI3, r.t.; (f) methyl 5-
fluoro-2-hydroxybenzoate, K;COs3;, DMF, 90 °C, 2 steps 21%; (g) 4 M HCI in dioxane,
1,4-dioxane, r.t.; (h) tert-butyl N-methyl-N-(2-oxoethyl)carbamate, NaHB(OAc);, CHCls,
r.t., 2 steps 86%; (i) 4 M HCl in dioxane, 1,4-dioxane, r.t., 100%.
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Scheme 14. (a) EtzN, EtOH, 70 °C, 56-92%; (b) 1M NaOH agq., THF, 2-propanol, 80 °C;
(c) HATU, EtsN, DMF, r.t., 2 steps 57-100%; (d) azetidine, Ets3N, NMP, microwave
150 °C, 51-100%.
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S B2, Scheme 15 (2734 X 9 IZH A 75¢ I8 L OHRIA 761 2 W T, <7
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Scheme 15. (a) NaH, Mel, DMF, r.t. 100%); (b) azetidine, Ets3N, NMP, microwave 150 °C,
35%; (¢) Hz, 10% Pd/C, MeOH, r.t., 75%; (d) MsCl, EtsN, CHCI3, r.t., 91%.
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83 157, XTI/ H T LA THBERER L 72,
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"i“{/o 81a:R = //:/N/
N o] E a HO P

ZNN 81b: R = LN
N
81c:R= ~N //:/

N
81d: R= HoN" G

Cl
75¢

BocHN

H,N H N
84a 84b

Scheme 16. (a) amine, Ets;N, NMP, microwave 150 °C, then TFA, CHClI3, r.t., (only for
compounds possessing Boc group), 25-86%; (b) Cul, PdCl2(dppf), DMA, 85 °C, 73%;
(c) TFA, CHCI;, r.t., 42%; (d) Cul, PdCLx(dppf), DMA, 85 °C; (e) TFA, CHCI3, r.t., 2

steps 44%:; (f) chiral colomn separation.

Scheme 17 35 L O Scheme 18 (ZE°7 Y 1[1,5-a]E° ) X VU ER SALIZ 3-8 R
vivonaTa o EBANLTALEY (92a-—c, 93a—c) DEMIL— FERT, £
7y al,5-alt’V 2 UK (88a-b) AL L7 (Schemel7), § 72 b,
3R VN XTI TR IR LRSS L~ R ) 2 F V) T A
b~ 72 O LDFEETF, LI-HVR=)LP A I XV —/L (CDI) THRLELT S
ZEITKY, AT 86 BfGTc, ST ATIN86 LTI/ BTV —
IR 34 ZEERT CHUGSE D Z LIk BTV el I RUVREBE LI-%

M FC—H0 Boc ZEDOMBEL7=7 X /AP Boc A THR#ET HZ LI K

O PR 87 21572, RRIA 87 2 BV U LR A LR Y B KOV 4-(W,N-
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CAFNT I ) BV Yy (DMAP) [T IR L%, Bonz
vona T B ) —)VENLD cisltrans IREWE V) DT NVET AT a~ NI 5T 4
— BT 5 2 L2k BT Y a[l,5-alt" ) I VA (88a—b) 157,

(o}
o) o o Boc Boc,
a N N b Nn-N N
e e O —— L0
= N
BnO BnO HoN H
BnO
85 86 87

34

Cl Boc\ Cl Boc\
- . N . \
N\ = N\ =~
N N
BnO BnO"
88a 88b

Scheme 17. (a) potassium 3-ethoxy-3-oxopropanoate, CDI, MgClo, THF, 65 °C, 45%; (b)
AcOH, 100 °C, then, Boc,0O, EtsN, CHCI3, r.t., 88%; (¢) POCl3, DMAP, pyridine, 65 °C,
88a: 65%, 88b: 15%.

FWT, 7V a[,5-alt ) I VUK 88a LU A —/—> (58a-—¢) >
5 Scheme 18 (29 HFIET 3-E Rk v rn 7 ¥ o 28 A LAY (92a-
c. 93a—¢) ZEFLT, TR 5H, Hf{A88a DT Y r[l,5alt’) I TAL
XD U o —X—> (58a—¢) &7 X JALKISIZ K VEA L%, = AT
DK R, Boc ZEOBLAFEIZ LV ~ 7 oA 7 VERALRIBEA (90a—) & L
Teo MAREETICBIT 20 FNT X MEBUGEDHK, XUV EERETHZ &
WL VATED cis /K (92a—¢) ZHRk LT=, F72. trans 1K (93a—¢) 1% cis 1K (92a—
¢) DKBHZIIEREET HZ EITk VW ERk LT,
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0 O+~ _OH
% plad
H“JQO g °
b, c ~
., N R

- HN
= N,N Z "N N\
\N N

88a + 58ac —

BnO'
89a:R=F 90a:R=F
89b: R=CI 90b: R=CI
89c: R=Me 90c: R=Me

(o]
r-i\‘«o 4</O 4</O
d >N O¥\©\R e f,
_— _— - =
Z N—N\ N = N’N z N—N
S A
N

BnO

91a:R=F 92a:R=F 93a:R=F
91b: R=ClI 92b: R=CI 93b: R=CI
91c: R=Me 92c: R=Me 93c: R=Me

Scheme 18. (a) EtsN, NMP, microwave 150 °C, or EtsN, DMF, 80 °C, 34-88%; (b) IM
NaOH aq., THF, MeOH, r.t. or 60 °C; (c) 4 M HCl in 1,4-dioxane, 1,4-dioxane, r.t.; (d)
HATU, Etz:N, DMF [0.02 M], r.t., 3 steps 80—89%; (e) H2, Pd(OH),/C, MeOH, 60 °C, or
TMSCI, Nal, MeCN, 65 °C; 87-94%; (f) p-nitrobenzoic acid, bis(2-
methoxyethyl)azodicarboxylate, PPhs, THF, 60 °C; (g) IM NaOH aq., THF, r.t., 2 steps
54-96%.
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FoHi 16 BERT X KU I —{bEW T6c JFNFHERD in vitro FFA

L RSV {EMED S 57250 L2 X570, 7 b 7REREASYORED 730
16 BER7 I RU VI —bAW 76 DY 7 Y u[l,5-alt’V I VB8R 5 L Oi#Eb
TRt 2 FEHiE L 72, Table 10 | 5 (E LA HALE M OB AR A2 123%0T 251 RSV
IEPE & AT N T PGB (parallel artificial membrane permeability assay:
PAMPA) ODfER%ZRT,

INETOE TV a[1,5-a]t' ) I D UFEEARD SAR AFZEN S, BT a[l,5-
APV IVUBR ST I/ vl Vol ) MR AEA$ 5L RSV F
KR BED Asp® L ORNTKFREE DI S D T2 BAK A2 12X 515
P B35 Z EBH BN/ > TS (e.g. Figure 11, Figure 16), Zi15 D
SAR IZ., B 1 TR LI~ oY A ZIOVFFERRE 2 B TR L2 RIbKE Y
V= HT 53 ED~ T at A I ALEMD SAR IZBWT HER SN T
WS, LT T ARETRIELIZ16 BT X R o A—(baHo T v a[l,5-
AU I VU 5 LT OWTHIEAMEERER EOBEANICLY 7T AT X g
PRI L OKFREBEZTMSE D Z LT, fu RSV BRI ET 56D EZ R T,

TEBFUUBRD INITKBEEEZGT oA 81a L. 7 BETF ¥ AEY T6c &
[FIFEE D50 F1 7251 RSV iiEPE [ECs0: 0.33nM (76¢). 0.81nM (81a)] Z/RL7-D
ZxtL, TEFVUVERO 3 (T 2 ) EBLUOATAT IV REHT LAY

(81b—¢) OFL RSV {HMIT T4 85 L 72 [ECso: 2.7nM (81b) , 7.0 nM (81¢) |,
{LEH81b D 3-T 2 ) TEF V1A VH%E (3S) 3-TI /) V1AL
FECEW L 72/bE 81d TIXHL RSV IEMEIZIZ & A EE(LA 727> 7= (81d. ECso:
21n0M), L&MW T6c DT EF D U B A s S ok G 82 1%, (LB Téc &t
NRTCS2EEEME T L7z (82, ECso: 1.7 nM),

vy al5-alt’V I VU SAICHEEME L EALTALEM O T, 3-7 3
)T FNIEEETHILEY (cis 1K : 84a, trans 1K : 84b) 3L o & HEW
iM% 7R L, ECso fEIE 1 nM itk Td - 7= [ECs0: 0.87nM (84a) . 1.1nM (84b) |,
Fo. {bEY (84a-b) O7 I/ HAIKBILITER LAY (92a, 93a) & [d
LOPLRSV IEMEZ /R L7z [ECso: 1.1nM (92a), 0.74nM (93a) ], W TN DHHE
. cis/trans FEVEIRR] CTHU RSV {EMEICERE 2R 21T D e o 1,
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Table 10. 16 Efz7 X KV ‘/ﬁ—m/—\%@ SOCEHLIL (Ry) BHLEHFE(RD SAR

S p\

Anti-RSV activity PAMPA pH 6.2

Ry

Compound R1
ECso (NM)? A2 (10 cm/s)
/.
76¢ [N 0.33 80
"
8la ) 0.81 8.0
HO
/.
81b ) 2.7 3.3
H,N
/
N
81c \N/C/ 7.0 5.9
H

N/‘
81d HzN"'C/ 2.1 0.3
82 HN/j/ 1.7 0
84a D/ 0.87 0

HoN

84b D/ 11 0
HoN*

92a ﬂ/ 11 28
HO

93a ng 0.74 27
HO

¢ RSV A2 (Z&Y: L 7= HEp-2 #fz VT, L& ® CPE PHLEEM: 234 L .
ECsofEA R H L7,
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U EOKEHERLIY, ZhETOET Y a[1,5a]8 ) 2 P UFERD SAR &
T8 16 BERT I FU U —FEKICBW T, 7Y a[15-ae) IV
Br 5 NWICHE AL 2 E A L CTHH RSV A2 {EMIIRIBICIISGE L2 N2 03D
Molm, F72. PAMPA OFEREMNG ., BTV u[l,5-a]t’ ) I VU8 5 MITH R
BREEEZAT 2 #HOLAY (81b, 81d, 82, 84a-b) DFLFHEMIIIKL, HIL
PRI A TR O 5 %2 B LA O RECICIIRETH D Z LRI
776

& 05 rIREZ2HTHL RSV F & R 7 EHEWE 2155 72012, 717251 RSV
A2 T & BAF G2 e & DAL U — NMEEW (T6c, 93a) IOV T,
Ar AL 5 ALEHAIL (Ro) Dbz #RET L7z, Table 11 (ZHFERR A2 36 K OWI
2B DASON ([ Zx3 551 RSV IEME, CYP3A REMEIFIERALEIEH  (metabolism-
dependent inhibition: MDI) , 3 X% X7 fEEROFERE R LT,

INFETOET YV a[l,5alt ) IV U — XD SAR WFFETIE, Ar 5B 5 %
R ETNIATFNVEZEAN L TALEW THLRSVIEMDR R TH DL Z LIRS
NTWD (1 &=, 556, Table2 Z2H), £ Z T, (LB T6c I8 LTV 93a D Ar
WAL 5 N EMRBETII AT NVIRICEBR L IAbEME SR LTz, TORER, ©7
Yua[l,5-altV I VUV S NMICTBF VU EATHILEMDEA. Ar AL 5
M7 v HDOHEH (76d) F1X AT LI (T6e) ~DEHIZ X HHL RSV IHMHEDLL
BIXFRO ey o 72 [ECso: 0.33nM (76¢) . 0.47nM (76d) . 0.64nM (76e) 1,
—Ji, - RaXxo v a 7 FUENEGT H2ILEMOEE . Ar $6L 5 AL~
v REWFR (93b) ITEWTHZ LI2X Y, L RSV IEMENRM E L7 [ECs A :
0.74nM (93a). 0.27nM (93b) ], F/z. RefEHIL L L TAFIVELZHEAL L
G 93¢ 1L 7 v FELEW 93a L [ASEOHT RSV iM% 7R L7z [ECso fH : 0.77 nM
(93¢) 1,

PR A2 12k LTk & L 0 bR )75t RSV IEMEZ 7~ L2 L&) (T6c,
93b) (3. MiHMEZS FAk D486N 28 FAKIT kT L T H R /1 7elfME 2~ L. ECso fHIZE
ZEAL 31 aM BETV0.70 nM Th o7z, K2, LB 93b D ECso fEIF VT H
LY T BLOHFATH Y . BAE A2 & fHEZ BEE D486N 1IZxT 5 ECso
EOETDOT N 26 ETHoT,

T, —ELAEY (T6a—c. 93a—c) @ invitro ADMET sBR D FI1Z 2>\ T
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WAL, Ar AL S ALIZ A FAEEE T H6EY (T6e. 93¢) 1%, CYP3A {UaHHE
FHPEER (MDD 2F9 52 EWNREBENT-, £/2. bo &b BB RSV
EWEZET 589 93b Xt hB L O~ 7 A MMEF CTRIF /2 7SR
s LTz,

Table 11. Ar 57 5 AL E#HLIL (Ry) DEcEAL
O

R4
Protein
ECso (nM)?  ECso (nM)?  CYP3A MDI binding
No. R1 R>
A2 D486N (%) @10 uM  (human/mouse)
(%)
A
76¢ CJN F 0.33 3.1 -4.7 87.0/98.0
A
76d CJN Cl 0.47 NT -2.9 NT
A
76e CJN Me 0.64 NT 60.1 93.6/96.9

93a F 0.74 NT 0.4 NT

93b D/ cl 027 0.70 1.4 90.7/85.5

93c -
HO'

¢ RSV A2 1 L 1N D486N (Z/&YL L 7= HEp-2 #lfa % AW C., {b&% D CPE [LEE
PE& S L, ECso 2R H L7=,

Me 0.77 NT 57.0 88.8/77.8
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BT, ALA W T6c & RIEEIZ kot EXSY iEE WA 93b O T b u
TR R o0 [B1#5 4808 2 5 U 7= (Table 12) , = O 5 (LA 9) 93b 1= (25 °C)
TR Y 7T AR ER L, —oOO7T a7 RER O EEREEHNIEN 2 B
Thole, LIeRno>T, {bEY 93b 1TLEW) T6¢ & [FIEEIZ Class 1 OIET h a7
BMERIE SIS D,

Table 12. ~ 7 ¥ A 7 VLG5 40, T6c. LN 93b DOEEHH & 7 e~
BMRIEEMD 7 T A

Rotation t12

Ring (DMSO-ds, 25 °C) Atropisomer

size ] ] classification
malin minor

40 f/'l\'\N)—Q 15 492 min® 6.30 min® Class 2

Compound Structure

HNJ{)/D
76¢ N OQCLF 16 1.905s 2215 Class 1

50
~ =~
E/N N

93b Mﬁﬁ 2.31s 2.355s Class 1

HO

i IRF O R ELZE AR 7> & [BlR U] 2 M L 7z,
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Yirsn =

I 16 BBTIRVVI—LEWIBD DRy F oy Ial—ay

AREFIHOMFNC LY . Vo —EL 2 RIKFEY o — (76a) BT
RU > — (76¢) \[CEHT 5 Z & CRIBIZHLRSVIEMER M T2 2 L2 RHL
oo 7 RU LA BIF2IEEEZ R LTZEHICOW T, A2 X X078
EDFEGR—ANHBRER AT, BARIZIX, AFETIXb-o b B RTa T
TANELDT IR U A—LAEW 93b D A2 X X7 EICkT D MD V2 2
L=y g U DRA R =X MEE Lz, DLTICRRB L OBEIZO W TR D,

\ Phe140

Figure 21. {t5% 1 (ﬂ‘l///) EHPARR A2 (JRE) D FENIFEET IV
RO AER A 2R T, Er 7 GBI - HEER 25T,

RSVA2F % 737 (PDB:5EA3) IZxf L T/tE®93b OMD X = L—
g & Ei L7~ (Figure 21), {L&® 93b & A2 Z L 7B L ORICIZ, =H5OD
B M EER MR SR, 2RI, 7Y a5 S VRN F A
VNI EZBRO 20 Phe™ DI ENTHY | n-n HAEEHEZIEK
LTW% (Figure2l, B2 7AW, —2HIX, 3-E Fa¥r v rrnrFu
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EEDY Asp®C DAV AR F VI EKFREG HIER L TS (Figure 21, BEFKEAD
), = 2HIF, €7V a5tV IV UVERO I MNERFTT-ET IR
—ENAL & DN FINAKFEFEA DI ST D (Figure 21, HEFEDOIGER) .
Z D TNKRFBREAIT, RIEKFZY I —%2 b o~ 7 atA 7 LG5 W TIiEl
BINTWRDP ST AEERTH S, LT > T, 7 R U —{LEW
WIRALKFE Y I — (kB E D b BIFRHLRSV IEHZ R LI —D2DERK & LT,
ZDNTNKBREEERICE D ary 74 A—va VEIEILOFS DI RBEINS,
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FH8HI T

ARFECTIIRERBARE AN EEZ: Class 2 7 b o 7ERMKIEEH TH S 15 B~ 7
A 7 ibEE, 16 BB~ 7 aV A 7 MLEWIZRIERT 52 L1tk 7
ko 7 EMERIR AW & BT DI 23 Tz, £72. 7 b FEMEKES Y OlR]
BEE BT RBARPIRSVIEMEZ B L TV I — O b2 at L7z,
U > AR 2 OMIEBERERLZEA LT 16 B~ 7 ut A 7 Ub&haE A
B L7 fE S, TR0 7ePT RSV IEMEZ AT 5 16 BBRT I KU > 7 —iFE(K T6c %
R U7z, (LAY 76¢ X, NMR AT 57 N v 7 BT o [aliis -0 235 2
Bo Class 1 7 b o TREHRBEREWICpE I, £/, 7I K —1{bhH
WISy TEV R ZE s . BT Y a,5-ale ) S U I EEFE LU Uh
—ELDOT I RIEEE DM THTHARERBEEZKLTNWD Z kﬂrwéﬂto
Z Do FNKEFEEDHLRSVIEMED ] BIZFHES L TWD EBE LT, &EIC
R RU A —AbEW T6c DEZ Y a[1,5-a]E’ ) 2 ‘//fES{LcE“\/’IZ/fES{J_O)
B (Ri, Ry) & TV E AUl U 7oA, BPAERR A2 d6 OV ZE 226K D486N

DWFTHUCK L THIR A PL RSV IEMEZ /R L, 7 b 7 BRI A Y % 158 L
fe~ 7 at A 7 LAY 93b ORAIHICE - 72, (LAY 93b (X R /e#RE~T 1 7
TANERT T EIND, FiTo/e RSV EYYEIRFIE L L TENZAT v L%
BT 5,
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=
o A

RSV TR HFIZIRS AL TEY . M0 IR U ABUTEG L, MR EYE &
FlER T HERFKN ANV AD—>TH D, AR, EmisE. BLOErE
FHCITEIEL LT <, RSV BYWEREDETRIIA TNV o PO THR L
DHEW, BUED & 2 A DB IR R A © oA U 27 /NI IS
A[REZR palivizumab (Synagis®) 23 PRAHUA L L TERB SN TND DA T, RSV K
YIEIZH T DA NRIBIRERL Y 7 F 3N b BENOERZH LW
RSV IBHREEDBAF N EEN TN D,

RSV F Z RV BIZUANVAREAFIEL, UANVADRE EMIICREAT D
BRI A 25 SR T VANV AR THDH, F X X7 EILT A VAN D H
fFAEL, TANVADIEGE - BFEO W B CTdb 5 1 FAE~DR AL D, F 4
VR EFEN E UTEBERE L, R THR R HTHE RSV EYEIRHFIRIZ 2
DD EFBR AR ERRM LT, £ 4%, FAIME(LORED & 2 MHPEZ 5
£ D48ON 12t L T H AZMEZ R THH RSVE &# v 3V B EME ORI 4 B 5
L7z,

F1IETIIEZ Y a[,5alt) IV UEKEAT LAWMW1 2 RICHBEH
#H$5HRSVF Z o R EILEWEORAIN Z R L bEMm1 O Z Y 1[1,5-
AB U IVURET I NESFEEOMO 2 mANAAICER L, Mix e 2 HAD
T IERIREFFEREZ T A > - R, 2 A4 & BT RSV IEMHEO IR
EREE LT, ZORE, XY DUBRELOMAEW 1 RO 2 mA O E R
TIEERIREF BN BIF 2 RSVIEME 242 2t 2 AL, FlEKEZ L
RSV F % U XV EHEWE 1-AF VT 2/ 7 a EViEER T 2157, {LAEW T
ZU— RN E L, Ar S OfE{EIS LT Y (1,548 I VB 7 L
SOEBRIBE N TG LTSS, 5072l RSV IEMEZ A T 51654 20f (ECso=
0.15nM) Z R L7=, LLARRS, 1-AF T 2/ 7 ue LB ERieeam 1
& [FIREICT I ZE FLRR DASON I2iEME A /R & e o Tz,

5 2 FCIIMPEZE AR DARON [Tt DMl 2 HRE L. FyF o 73
2b—2arEAALERI v 7T A 02 E LT, Y2l —va VR
DH1-AF VT 2 70 EVEEIR 20k D2 A IVERNL 2 fLE BT Y 1 ],5-
AV I VU T NEEE TS LICEViEREa T A= a U ERBEENT
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D2 & T, MHEZ BLAK DA8ON 1Tk T HIEMEN S E S D & WO GRA LT,
AELTZ, TORERE, 15 BREAT LS~ 0 A 7 L&YW 39h [ XiitEZ ik
D486N (Zx%f LT H i 1721 M2 7R L7= (A2 ECso: 2.0nM, D486N ECso: 8.1 nM),
M P28 SR DABON (Zxf 3 DIEMEN g L7 HIZ DWW TB LT 5720, Ry ¥
VIV alb—va X DAIEAY 39h & D4SON X LR L DOFEERE A iR
Brifefbd, ~ 7oA 7 iz L0 o FEENIEEa U 7+ A—T 3 UIZH
EAL S, BALTCRACAKTEY & T —ERNLASHT T2 72 BRUKPEAR AR 2 5845 L T
WHZENRBINT, 15 B~ 7 vt A 7 LG 39h XA FER D486N
IR L CTHITH D Z EDNRENTHD TORESF RSV F % 87 EILEWE
Thd, LLARMRL, ZIkt EXSY % H 72 NMR HIE DR SR, 39h | X Class
27 ba TBRMEEREAEDCE SN, 7 ha TREEREA Y ORISR, &
AT =V TEORMRI AR T 2LERH DL ENLIFICHNETHD, 7

kP BMEAR O ERREA B - 7R & e o T,

%3 FECIXEFIRBR AR EE 7R Class 2 7 b 7RI KEAYH CTH D 15 B~
gatA 7 bEWE 16 B~ 7 oW A 7 WALEMICRIEKT 2 Z L2k b,
BRAKRDONBRHIKZBI L, 7 I NS OREREZ%ET 52 & T Class 2
7 hu T EERESY & BT DK AL Te, U 2 — LIS AR 2 ORI
REEABALIZ 16 BlR~ 7 u¥ A 7 UbEWMET VA - AR LTSRS, 787
RPLRSV EHEEZ LD, T e TERMEKEGY 2 L. 16 BET I RY 0
—iFER T6c R L=, {bEW T6c 2V — FbEmE LT T v a[l,5-a]t’ Y
IVVBRSALE N UR VB S AL OBEBIEE A i b U7 RE R, BRAERR A2 3 KOV
PEZZELER DA8ON DWW HuIxt LT h iR 7eht RSV & A R L, 7 b a7 B
RIEGW N Lo~ 7 a1 7 UG 93b IZE 57, (LG 93b IX R AR
707 7 A LAF L TEY Hiz/ RSV RYYERIEE DML EM TH 5,

AL, BEE RSVF Z o3 7 B EYE S HPEZ 52K DABON (2% L T HEL)
ThHhHEWVWIMEE, RoF o rvIalb—varazfALEEER YT v 7
FYPAL U EBRICE VTR LMD COREFITH D, £, (LAY 93b & H
IS5 £ TOMGETEHEMBEIL, 5% D RSV F &% 37 [HEWE ORI
DHERIZERT Db D EEZZ NS, SHIZ, Dt E~ratr A 7T bZ &
IZR 0B D& R BT L TAEBIZRER Z RIS 2 G RIS T, hoOERY
DA ~OREISHANFEESND, v~ 7 aV A 7 LAY OT v 7 BERE]RE
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BRI L 1S DN RIC OV TS, A% OAIERICKIT 2B E A LR AR
HHDE IR T,

AW IBNT, AR T7e < MHPEZEEER D486N 123 L T H Ak s
MIPNEAFTE 52 & &, USRS TR T 5 & &bz, miEtE(EEY 93b
BRI E 572, LB 93b 23, FEAIM MO RIE & iR L © 58l RSV InH 3K &
2B RIS,

F1E 2QEADMICEH L 1-ATF AT I 7 VB EROAIH

cl 2EASHRICEE
ERUSSEROBER \
o BELCArfIOZ R o o
R o — o={ v-x0 0

1 20f 20k
A2 ECsy: 0.10 nM* A2 ECyy: 0.15nM A2 ECs: 3.8 nM
D486N ECyy: 1193 nM* D486N ECgy: >1000 nM

*EmsZ BRI

o2 B (MEZS AR DARON IC e~ s m b A o /thAtF%@E'JHj

% XIOY1IIEIEED
BEDY T4 A—3 3 SOEREE
(o]
i N— [ >
0 f
N —
20k 39h
A2 ECyy: 3.8nM A2 EC.: 2.0nM
D486N EC,: >1000 nM D486N EC,: 8.1 nM

H3E 7T huaXRMEERESWERRE L 16 BT I R U —FEEKROAIH

168RICEIEX t°5y°0[1,5-alt° vz Y54,
U H— BRI §;:j\ ArfTEREOSE( \g §I:l
f ———> f i — "

/N

HOY

39h 76¢ 93b
A2 ECs: 2.0nM A2 ECe: 0.33 nM A2 ECy: 0.27 nM
D486N EC.y: 8.1 nM DA486N ECco: 3.1 nM DA486N EC.y: 0.70 nM
Class 2 77 FOTEHEHAREY Class 1 377 FOTEMUSESYD Class 1 3E)7 FOTEMERESY

Figure 22. W78 DO
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PR

K L a RO DI H 72V | KARHZRY) 72 258 L i RE 2 5 0 £ L7z T4
KPR PP PG BAR WAL IR ER I EER LET, F2, K
WX OBEICHZV, WY REBUR EEEEEZG Y F L TRERFEREREES
WHoEbEEER BB R A ., BT A, TR R PRI FIEPLaHAT I
HE &SRR L £,

Fo AR OES ., B X ORI EOFF Al & 52 TIEX £ Lo KIEREEEE
AsttAtR BRVREK, FEFEIERHARE # F=— W. X7 4 —7  X|#
4. [A] Discovery WFEFTAT R B HE ME LI HEILHE L BT £,

F o, AR LR W A IS D F L e RIEBRUSERR S AL 25 1 e
FER RARAME L, FEMEFE 1SR BRI A CRGHE L £7,

AW E ZATT DI, #HfEE L #E A THE £ L2 RIERIEKRA St
B85 1 WF9E=E T O M L IUAROZ K, RMEE5 2 iFgt= B AR,
i, AEEIFR, TN R L, RER L, [ e 2 eeiitE
L, AR, [FIZREE 2 MF7E=E HILTE T L, FHFEK, A
HEEIK, [FIZEEIREIF TR e IC. [AAISERAAF gt (LERS R, ff 0 &
G, [ R L, EAE 28R, R L 2268 F I, [FARIEE &
JIBE G, [RIWFFEHEESE HAOLR K, [REFRBIMNE Baaiit, BIgEK, [
ERPRBRFSED MEH M1 L. [F QA Ffh= FEWE-Efhifd L, W ONT, HEMEME LI
R BEGHE L £,

BIRIZ, BE O %5 2 TS o mifl, KGmSLOERIZH 720 LoX Z
o T NE LTeE EITEHELET,
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KEROET

Chemistry

All solvents and reagents were purchased from commercial suppliers and used without
purification or were prepared according to published procedures. The '"H-NMR and *C-
NMR spectra of compounds synthesized in this study were recorded using a JNM-
ECA600, INM-ECAS500 (JEOL Ltd., Tokyo, Japan), or Avance II1 HD 400 (Bruker Corp.,
Billerica, MA, USA), and the chemical shifts were expressed in ¢ (:) values, with
tetramethylsilane as the internal standard (s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet, and brs = broad singlet). Two sets of NMR signals were observed because
of structural variations of the cis- and trans-amide rotamers. Mass spectra were recorded
on a Micromass Platform LC (Micromass Ltd., Manchester, UK) or Shimadzu LCMS-
2010EV (Shimadzu Corp., Kyoto, Japan). High-resolution (HR) mass spectral data were
acquired using an LCMS-IT-TOF equipped with an electrospray ionization
(ESI)/atmospheric pressure chemical ionization (APCI) dual ion source (Shimadzu Corp.).
Intermediates and final compounds were purified using preparative HPLC and an Agilent
1260 Infinity/Agilent 6130 (Agilent Technologies Inc., Santa Clara, CA, USA) or a GX-
281, UV/VIS-155, 331 PUMP, 332 PUMP, or SOFTA Model 300S ELSD (Gilson Inc.,
Middleton, WI, USA) under the following conditions: column, Sunfire prep C18 OBD
(5.0 pm, 30 mm x 50 mm) (Waters Corp., Milford, MA, USA), YMC-Actus Triart C18
(5.0 pm, 30 mm x 50 mm) (YMC Co., Ltd., Kyoto, Japan), Xbridge Prep C18 OBD (5.0
pm, 30 mm x 50 mm) (Waters Corp.), or XSelect CSH C18 (5.0 um, 30 mm x 50 mm)
(Waters Corp.); flow, 50 mL/min; linear gradient, 10%—95% acetonitrile in water
containing 0.1% formic acid for 7.5—11.5 min; detection wavelength, 254 nm. The purity
of the synthesized compounds was determined using an LC-MS system (Agilent 1290
Infinity, Agilent Technologies Inc.) under the following conditions: column, ACQUITY
UPLC CSH C18 (1.7 um, 2.1 x 50 mm) (Waters Corp.); flow, 0.8 mL/min; linear gradient,
20%-99% acetonitrile in water containing 0.1% formic acid in 1.2 min; detection

wavelength, 254 nm. All final compounds had a purity of >95%.
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tert-Butyl [(15)-1-(5-amino-1H-pyrazol-3-yl)ethyljmethylcarbamate (11b)

To a solution of N-(tert-butoxycarbonyl)-N-methyl-L-alanine (6.0 g, 29.3 mmol) in
toluene (18 mL)—methanol (12 mL) was added 2.0 M of trimethylsilyl diazomethane in
diethyl ether (22.0 mL, 43.9 mmol) at 0 °C, and the mixture was stirred for 1 h at room
temperature. Acetic acid was added to the reaction solution until the solution became clear.
The reaction mixture was basified with saturated aqueous sodium bicarbonate and
extracted with chloroform. The organic layer was dried over anhydrous magnesium
sulfate and concentrated under reduced pressure to obtain methyl N-(tert-
butoxycarbonyl)-N-methyl-L-alaninate (6.5 g, 100%) as a colorless oil, which was used
for the next reaction without further purification.

A 1.9 M of sodium bis(trimethylsilyl)amide in tetrahydrofuran (68 mL, 88.6 mmol) was
added to a solution of acetonitrile (4.6 mL, 88.6 mmol) in tetrahydrofuran (75 mL) at
—78 °C. After stirring at =50 °C for 20 min, methyl N-(¢ert-butoxycarbonyl)-N-methyl-L-
alaninate (6.0 g, 29.5 mmol) in tetrahydrofuran (45 mL) at —78 °C was added to the
mixture. After stirring at —50 °C for 1 h, acetic acid (5.2 mL, 91.5 mmol) at =78 °C was
added to the mixture. The mixture was poured into saturated aqueous ammonium chloride
and extracted with ethyl acetate. The organic layer was washed with brine, dried over
anhydrous magnesium sulfate, and concentrated under reduced pressure to obtain fert-
butyl (5)-(4-cyano-3-oxobutan-2-yl)methylcarbamate (7.2 g, crude) as a brown oil, which
was used for the next reaction without further purification.

To a solution of hydrazine monohydrate (4.1 mL, 84.8 mmol), acetic acid (4.9 mL, 84.8
mmol), and ethanol (20 mL) was added tert-butyl (S)-(4-cyano-3-oxobutan-2-
yl)methylcarbamate (6.0 g, 28.3 mmol) in ethanol (20 mL) at 0 °C, and the mixture was
stirred for 2 d at room temperature. Then, the reaction mixture was concentrated under
reduced pressure and diluted with chloroform. The organic layer was washed with
saturated aqueous sodium bicarbonate and brine, dried over anhydrous magnesium sulfate
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (0%—-10% methanol in chloroform) to obtain 11b (5.8 g, 23.9 mmol,
85%) as a brown gum.

'H-NMR (600 MHz, CDCl3) 6 ppm 1.44 (d, 3H, J = 7.0 Hz), 1.48 (s, 9H), 2.65 (s, 3H),
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5.36 (brs, 1H), 5.55 (brs, 1H); MS (ES/APCI dual) m/z: 241 [M+H]".

tert-Butyl [(5-amino-1H-pyrazol-3-yl)methyl|methylcarbamate (11a)

The title compound 11a was synthesized according to the procedure described for 11b
from 9a (56% yield).
Brown gum; 'H-NMR (600 MHz, CDCl3) 6 ppm 1.41-1.57 (m, 9H), 2.75-3.01 (m, 3H),
4.26 (brs, 2H), 5.59 (s, 1H); MS (ESI/APCI dual) m/z: 227 [M+H]".

tert-Butyl [(15)-1-(5-amino-1H-pyrazol-3-yl)propyl|methylcarbamate (11c)

The title compound 11¢ was synthesized according to the procedure described for 11b
from 9¢ (86% yield).
Orange amorphous; 'H-NMR (400 MHz, CDCls) 6 ppm 0.90-1.02 (m, 4H), 1.48 (s, 9H),
1.74-1.95 (m, 2H), 2.63 (s, 3H), 3.62 (brs, 2H), 4.96—5.14 (m, 1H), 5.54 (s, 1H); MS
(ESI/APCI dual) m/z: 255 [M+H]".

tert-Butyl [(15)-1-(5-amino-1H-pyrazol-3-yl)-2-methylpropyl|methylcarbamate
(11d)

The title compound 11d was synthesized according to the procedure described for 11b
from 9d (96% yield).
Colorless amorphous; 'H-NMR (400 MHz, CDCl3) § ppm 0.93 (d, 3H, J = 15.4 Hz), 0.94
(d,3H,J=15.4 Hz), 1.46 (brs, 9H), 2.22 (brs, 1H), 2.67 (s, 3H), 3.43-3.77 (m, 2H), 4.52—
4.63 (m, 1H), 5.55 (s, 1H); MS (ESI/APCI dual) m/z: 269 [M+H]".

tert-Butyl [(15)-1-(5-amino-1H-pyrazol-3-yl)propyl]carbamate (11e)

The title compound 11e was synthesized according to the procedure described for 11b
from 9e (61% yield).
Pale yellow amorphous; 'H-NMR (600 MHz, CDCls) ¢ ppm 0.95-1.06 (m, 3H), 1.43—
1.46 (m, 9H), 1.63—1.77 (m, 1H), 1.83-1.98 (m, 1H), 4.35—4.58 (m, 1H), 4.61-4.90 (m,
1H), 5.49 (m, 1H); MS (ESI/APCI dual) m/z: 241 [M+H]"; chiral HPLC, 99% ee
(CHIRALPAK IC-3 5 um 4.6 mm x 250 mm; flow, 1 mL/min, 20% ethanol in hexane;

detection wavelength, 254 nm), (S)-isomer tr = 6.62 min, (R)-isomer tr = 5.13 min.
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tert-Butyl [(1.5)-1-(5-amino-1H-pyrazol-3-yl)ethyl]carbamate (11f)

The title compound 11f was synthesized according to the procedure described for 11b
from 9f (79% yield).
Pale yellow amorphous; 'H-NMR (600 MHz, CDCl3) § ppm 1.43—1.49 (m, 12H), 4.71—
4.81 (m, 1H), 4.85 (brs, 1H), 5.49 (s, 1H), 5.64 (brs, 1H); MS (ESI/APCI dual) m/z: 227
[M+H]".

tert-Butyl methyl[(15)-1-(6-methyl-5-0x0-4,5-dihydropyrazolo[1,5-a]pyrimidin-2-
yDethyl]carbamate (12b)

To a solution of 11b (1.7 g, 6.87 mmol) in N,N-dimethylformamide (10 mL) was added
ethyl (£)-3-ethoxy-2-methylacrylate (1.6 g, 10.3 mmol) and cesium carbonate (6.7 g, 20.6
mmol). After stirring at 120 °C for 8 h, the reaction mixture was poured into water and
extracted with chloroform. The organic layer was washed with brine, dried over
anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (0%-10% methanol in chloroform) to
obtain 12b (1.4 g, 4.41 mmol, 64%) as a brown amorphous.

"H-NMR (600 MHz, CDCls) § ppm 1.49 (s, 9H), 1.51 (d, 3H, J = 7.0 Hz), 2.10 (s, 3H),
2.67 (brs, 3H), 5.28-5.62 (m, 1H), 5.78 (s, 1H), 8.01 (s, 1H), 10.85 (brs, 1H); MS
(ESI/APCI dual) m/z: 307 [M+H]".

tert-Butyl methyl[(6-methyl-5-0x0-4,5-dihydropyrazolo[1,5-a]pyrimidin-2-
yDmethyl]carbamate (12a)

The title compound 12a was synthesized according to the procedure described for 12b
from 11a (24% yield).
Pale yellow amorphous; 'H-NMR (600 MHz, CDCI3) 6 ppm 1.39-1.54 (m, 9H), 2.09 (s,
3H), 2.78-2.95 (m, 3H), 4.31-4.51 (m, 2H), 5.72-5.90 (m, 1H), 7.96 (s, 1H), 10.77 (brs,
1H); MS (ESI/APCI dual) m/z: 291 (M—H)".

tert-Butyl methyl[(1S)-1-(6-methyl-5-0x0-4,5-dihydropyrazolo[1,5-a]pyrimidin-2-
yD)propyl]jcarbamate (12¢)

The title compound 12¢ was synthesized according to the procedure described for 12b
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from 11c¢ (65% yield).

Colorless amorphous; 'H-NMR (400 MHz, CDCl3) § ppm 0.92-1.01 (m, 3H), 1.49 (s,
9H), 1.78-1.93 (m, 1H), 1.99-2.13 (m, 4H), 2.67 (s, 3H), 5.01-5.41 (m, 1H), 5.79 (brs,
1H), 8.00 (s, 1H), 10.81 (brs, 1H); MS (ESI/APCI dual) m/z: 321 [M+H]".

tert-Butyl methyl[(1S5)-2-methyl-1-(6-methyl-5-0x0-4,5-dihydropyrazolo|[1,5-
a]pyrimidin-2-yl)propyl]carbamate (12d)

The title compound 12d was synthesized according to the procedure described for 12b
from 11d (77% yield).
Brown powder; 'TH-NMR (400 MHz, CDCl3) 6 ppm 0.91 (d, 3H, J= 6.5 Hz), 0.97 (d, 3H,
J=6.5Hz), 1.47 (brs, 9H), 2.10 (s, 3H), 2.31-2.45 (m, 1H), 2.71 (s, 3H), 4.64-5.03 (m,
1H), 5.71-5.90 (m, 1H), 8.01 (s, 1H), 10.08-10.27 (m, 1H); MS (ESI/APCI dual) m/z:
335 [M+H]".

tert-Butyl [(1S)-1-(6-methyl-5-0x0-4,5-dihydropyrazolo[1,5-a]pyrimidin-2-
yl)propyl]lcarbamate (12¢)

To a solution of 11e (8.3 g, 34.5 mmol) in EtOH (120 mL) was added (£)-ethyl-3-ethoxy-

2-methyl acrylate (7.65 g, 48.4 mmol) and 2.94 M sodium ethoxide in EtOH (47.0 mL,
138.2 mmol), and the mixture stirred at 90 °C for 8 h. The reaction mixture was added
acetic acid (11.8 mL, 207.2 mmol), concentrated under reduced pressure and extracted
with chloroform. The organic layer was washed with brine, dried over anhydrous
magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel colomn chromatography (50%—-100% ethyl acetate in hexane) to
obtain 12e (5.8 g, 18.9 mmol, 27%) as pale yellow powder.
"H-NMR (600 MHz, CDCls3) 6 ppm 0.88-0.97 (m, 3H), 1.39-1.51 (m, 9H), 1.78 (dt, 1H,
J=13.8,7.1 Hz), 1.90 (dd, 1H, J=13.6, 7.0 Hz), 2.07-2.14 (m, 3H), 4.72 (d, 1H, J=6.2
Hz), 5.06 (d, 1H, J=7.0 Hz), 5.82 (s, 1H), 7.98 (d, 1H, J = 0.8 Hz), 10.81 (brs, 1H); MS
(ESI/APCI dual) m/z: 307 [M+H]".
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tert-Butyl [(1S5)-1-(6-methyl-5-0x0-4,5-dihydropyrazolo[1,5-a]pyrimidin-2-
yDethyl]carbamate (12f)

The title compound 12f was synthesized according to the procedure described for 12e
from 11f (22% yield).
Pale yellow powder; '"H-NMR (600 MHz, CDCls) 6 ppm 1.45 (s, 9H), 1.50 (d, 3H, J =
6.6 Hz), 2.09 (s, 3H), 4.88 (brs, 1H), 5.06 (brs, 1H), 5.81 (s, 1H), 7.96 (s, 1H), 10.23 (brs,
1H); MS (ESI/APCI dual) m/z: 293 [M+H]".

2-{(1S5)-1-[{5-Chloro-2-[(methanesulfonyl)amino]benzoyl}(methyl)amino]ethyl}-6-
methylpyrazolo[1,5-a]pyrimidin-5-yl trifluoromethanesulfonate (14b)

To a solution of 12b (717 mg, 2.34 mmol) and pyridine (0.95 mL, 11.7 mmol) in
chloroform (8.0 mL) was added trifluoromethanesulfonic anhydride (0.79 mL, 4.68
mmol) at 0 °C, and the mixture was stirred for 3.5 h at room temperature. The reaction
mixture was poured into saturated aqueous ammonium chloride and extracted with
chloroform. The organic layer was concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (5%—-100% ethyl acetate in hexane) to
obtain  2-{(1S5)-1-[(fert-butoxycarbonyl)(methyl)amino]ethyl}-6-methylpyrazolo[1,5-
a]pyrimidin-5-yl trifluoromethanesulfonate (0.87 g, 1.98 mmol, 84%) as a colorless
powder.

To a solution of  2-{(1S5)-1-[(tert-butoxycarbonyl)(methyl)amino]ethyl}-6-
methylpyrazolo[1,5-a]pyrimidin-5-yl trifluoromethanesulfonate (0.86 g, 1.96 mmol) in
1,4-dioxane (3.0 mL) was added 4 M hydrogen chloride in 1,4-dioxane (10 mL) and the
mixture was stirred for 1 h at room temperature. Then, the reaction mixture was
concentrated under reduced pressure to obtain 13b (1.1 g, 2.60 mmol, 100%) as a pale
yellow oil. This compound was used for the next reaction without further purification.

To a solution of 13b (0.81 g, 1.96 mmol) and 5-chloro-2-(methylsulfonamido)benzoic
acid (0.59 g, 2.36 mmol) in N,N-dimethylformamide (10 mL) was added 1-
[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate (1.1 g, 2.95 mmol) and triethylamine (1.7 mL, 11.8 mmol). After
stirring at room temperature for 15 h, the reaction mixture was added to water and

extracted with ethyl acetate. The organic layer was concentrated under reduced pressure.
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The residue was purified by silica gel column chromatography (10%—-100% ethyl acetate
in hexane) to obtain 14b (0.71 g, 1.24 mmol, 63%) as a colorless amorphous.

"H-NMR (600 MHz, CDCl3) é ppm 1.68 (d, 1.4H, J= 7.4 Hz), 1.72 (d, 1.6H, J = 7.4 Hz),
2.39 (s, 1.8H), 2.40 (s, 1.2H), 2.66 (s, 1.6H), 2.80 (s, 1.4H), 2.96 (s, 1.8H), 3.05 (s, 1.2H),
5.00(q, 0.5H,J=7.4 Hz), 6.31 (q, 0.5H, J= 7.4 Hz), 6.45 (s, 0.5H), 6.46 (s, 0.5H), 7.28—
7.34 (m, 1H), 7.35-7.42 (m, 1H), 7.62 (d, 0.5H, J= 8.7 Hz), 7.71 (d, 0.5H, J = 8.7 Hz),
8.79 (s, 1H), 8.93 (s, 0.5H), 9.10 (s, 0.5H).

2-{[{5-Chloro-2-[(methanesulfonyl)amino]benzoyl}(methyl)amino]methyl}-6-
methylpyrazolo[1,5-a]pyrimidin-5-yl trifluoromethanesulfonate (14a)

The title compound 14a was synthesized according to the procedure described for 14b
from 12a (75% yield).
Pale yellow oil; 'H-NMR (600 MHz, CDCl3) § ppm 2.36-2.42 (m, 3H), 2.83-3.14 (m,
6H), 4.58 (brs, 0.6H), 5.02 (brs, 1.4H), 6.37-6.51 (m, 1H), 7.15-7.78 (m, 3H), 8.72-8.87
(m, 1H), 9.08 (s, 0.7H), 10.09 (s, 0.3H).

5-Chloro-N-[(18)-1-(5-chloro-6-methylpyrazolo[1,5-a]pyrimidin-2-yl)propyl]-2-
[(methanesulfonyl)amino]-/N-methylbenzamide (14¢)

To a solution of 12¢ (1.6 g, 5.12 mmol) in 1,4-dioxane (15 mL) was added 4 M hydrogen
chloride in 1,4-dioxane (15 mL) and the mixture was stirred for 0.5 h at room temperature.
Then, the reaction mixture was concentrated under reduced pressure to obtain (S)-6-
methyl-2-[1-(methylamino)propyl]pyrazolo[1,5-a]pyrimidin-5(4H)-one  hydrochloride
(1.3 g, 5.90 mmol, 100%) as a colorless powder, which was used for the next reaction
without further purification.

The mixture of (S)-6-methyl-2-[1-(methylamino)propyl]pyrazolo[1,5-a]pyrimidin-
5(4H)-one hydrochloride (1.3 g, 5.90 mmol) and phosphorus oxychloride (30 mL) was
stirred at 100 °C for 3 h. Then, the reaction mixture was concentrated under reduced
pressure to obtain 13¢ (1.4 g, 5.91 mmol, 100%) as black oil, which was used for the next
reaction without further purification.

To a solution of 13¢ (1.4 g, 5.91 mmol) and 5-chloro-2-(methylsulfonamido)benzoic
acid (1.8 g, 7.08 mmol) in N,N-dimethylformamide (15 mL) was added 1-
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[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate (2.9 g, 7.67 mmol) and triethylamine (6.0 mL, 59.0 mmol). After
stirring at room temperature for 2 h, the reaction mixture was added to water and extracted
with ethyl acetate. The organic layer was washed with brine, dried over anhydrous
magnesium sulfate, filtered, concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (20%—-65% ethyl acetate in hexane) to
obtain 14¢ (0.88 g, 1.88 mmol, 32%) as a colorless amorphous.

"H-NMR (400 MHz, CDCl3) § ppm 1.07-1.20 (m, 3H), 1.86-2.35 (m, 4H), 2.36-2.44 (m,
3H), 2.60 (s, 1H), 2.78 (s, 2H), 2.96 (s, 1H), 3.04 (s, 2H), 4.69—4.78 (m, 0.5H), 6.03-6.13
(m, 0.5H), 6.40-6.55 (m, 1H), 7.24-7.32 (m, 2H), 7.33-7.43 (m, 1H), 7.56-7.77 (m, 1H),
8.81 (s, 0.5H), 8.92 (s, 0.5H), 9.08 (s, 0.5H), 10.52 (brs, 0.5H); MS (ESI/APCI dual) m/z:
470 [M+H]".

5-Chloro-N-[(15)-1-(5-chloro-6-methylpyrazolo[1,5-a]pyrimidin-2-yl)-2-
methylpropyl]-2-[(methanesulfonyl)amino]-/N-methylbenzamide (14d)

The title compound 14d was synthesized according to the procedure described for 14¢
from 12d (29% yield).
Colorless amorphous; 'H-NMR (400 MHz, CDCls) 6 ppm 0.95-1.34 (m, 6H), 2.35-2.53
(m, 4H), 2.55 (s, 1H), 2.73 (s, 2H), 2.94-3.03 (m, 3H), 4.32—4.44 (m, 0.7H), 5.78-5.90
(m, 0.3H), 6.52-6.63 (m, 1H), 7.17-7.50 (m, 2H), 7.59-7.74 (m, 1H), 8.36-8.49 (m,
0.3H), 8.83 (brs, 0.7H), 9.00 (brs, 0.3H), 10.51-10.81 (m, 0.7H); MS (ESI/APCI dual)
m/z: 484 [M+H]".

N-[(1S)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}ethyl]-5-chloro-2-[(methanesulfonyl)amino]-/V-methylbenzamide hydrochloride
(6)

To a solution of 14b (0.70 g, 1.23 mmol) and (S)-tert-butyl pyrrolidin-3-ylcarbamate
(0.46 g, 2.46 mmol) in tetrahydrofuran (10 mL) was added triethylamine (0.87 mL, 6.16
mmol). After stirring at 80 °C for 1 h, the reaction mixture was added to water and
extracted with chloroform. The organic layer was dried over ISOLUTE® Phase Separator

and concentrated under reduced pressure. The residue was purified by silica gel column
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chromatography (5%—-100% ethyl acetate in hexane) to obtain fert-butyl [(3.5)-1-(2-{(1S)-
1-[{5-chloro-2-[(methanesulfonyl)amino]benzoyl} (methyl)amino]ethyl}-6-
methylpyrazolo[1,5-a]pyrimidin-5-yl)pyrrolidin-3-yljcarbamate (0.73 g, 1.21 mmol,
98%) as a colorless amorphous.

"H-NMR (600 MHz, CDCl3) § ppm 1.45 (s, 9H), 1.60 (d, 2H, J = 7.0 Hz), 1.64 (d, 1H, J
=7.0 Hz), 1.86-1.97 (m, 1H), 2.16-2.27 (m, 1H), 2.35-2.39 (m, 3H), 2.63 (s, 1H), 2.81
(s, 2H), 2.95 (s, 1H), 3.03 (s, 2H), 3.50-3.58 (m, 1H), 3.69-3.76 (m, 1H), 3.77-3.85 (m,
1H), 3.90-3.97 (m, 1H), 4.24-4.34 (m, 1H), 4.67 (brs, 1H), 4.88 (q, 0.5H, J = 7.0 Hz),
5.97-6.04 (m, 1H), 6.23 (q, 0.5H, J = 7.0 Hz), 7.27-7.31 (m, 1H), 7.33-7.40 (m, 1H),
7.61 (d, 0.6H, J=8.7 Hz), 7.69 (d, 0.4H, J= 8.7 Hz), 8.36 (s, 1H), 8.64 (s, 0.5H), 9.40 (s,
0.5H); MS (ESI/APCI dual) m/z: 606 [M+H]".

To a solution of tert-butyl [(3S)-1-(2-{(1S5)-1-[ {5-chloro-2-

[(methanesulfonyl)amino]benzoyl} (methyl)amino]ethyl}-6-methylpyrazolo[1,5-
a]pyrimidin-5-yl)pyrrolidin-3-yl]carbamate (0.69 g, 1.14 mmol) in 1,4-dioxane (6.9 mL)
was added 4 M hydrogen chloride in 1,4-dioxane (6.9 mL) and the mixture was stirred
for 5 h at room temperature. Then, the reaction mixture was concentrated under reduced
pressure to obtain 6 (0.62 g, 1.14 mmol, 100%) as a colorless powder.
"H-NMR (600 MHz, CDCls) é ppm 1.59 (d, 1.8H, J= 7.0 Hz), 1.64 (d, 1.2H, J= 7.0 Hz),
1.76-1.86 (m, 1H), 2.11-2.22 (m, 1H), 2.37 (s, 1.2H), 2.38 (s, 1.8H), 2.62 (s, 1.2H), 2.81
(s, 1.8H), 2.95 (s, 1.2H), 3.03 (s, 1.8H), 3.46 (dd, 1H, J = 10.9, 4.3 Hz), 3.66-3.78 (m,
2H), 3.88 (dd, 2H, J = 10.3, 4.5 Hz), 4.88 (q, 0.6H, J = 6.6 Hz), 5.98 (s, 0.6H), 5.99 (s,
0.4H), 6.22 (d, 0.4H, J= 7.0 Hz), 7.22-7.32 (m, 1H), 7.32-7.40 (m, 1H), 7.61 (d, 0.6H,
J = 8.7 Hz), 7.68 (d, 0.4H, J = 8.7 Hz), 8.34 (s, 0.6H), 8.61 (s, 0.4H); *C-NMR (151
MHz, DMSO-ds) 6 ppm 15.63, 17.66, 29.22, 31.35, 40.05, 40.54, 46.73, 48.73, 52.61,
89.81, 107.96, 126.69, 126.77, 129.67, 129.99, 132.40, 133.49, 134.61, 147.03, 155.29,
155.73, 166.67, HRMS ESI/APCI dual m/z caled for CiH»sCIN;O3S [M+H]':
506.1736, found: 506.1711.
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N-({5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}methyl)-5-chloro-2-[(methanesulfonyl)amino]-V-methylbenzamide
hydrochloride (5)

The title compound 5 was synthesized according to the procedure described for 6 from
14a (80% yield).
Colorless powder; 'TH-NMR (600 MHz, DMSO-ds) é ppm 2.02-2.13 (m, 1H), 2.19-2.30
(m, 1H), 2.35 (s, 3H), 2.82 (s, 1.5H), 2.93 (s, 1.5H), 3.00-3.06 (m, 3H), 3.71-3.80 (m,
2H), 3.82-3.90 (m, 2H), 3.90-3.99 (m, 1H), 4.37 (s, 1H), 4.75 (s, 1H), 6.05 (s, 0.5H),
6.10 (s, 0.5H), 7.42-7.56 (m, 3H), 8.33-8.39 (m, 3H), 8.45 (s, 0.5H), 8.50 (s, 0.5H), 9.27
(s, 0.5H), 9.65 (s, 0.5H); *C-NMR (151 MHz, DMSO-ds) 6 ppm 18.05, 29.64, 37.12,
40.47,45.00, 47.19,49.12, 53.04, 90.16, 108.93, 126.41, 127.18, 127.54, 130.17, 133.06,
133.59, 135.07, 147.41, 152.54, 155.67, 167.05; HRMS ESI/APCI dual m/z calcd for
C21H26CIN7O3S [M+H]"™: 492.1579, found: 492.1564.

N-[(15)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-5-chloro-2-[(methanesulfonyl)amino]-/V-methylbenzamide
hydrochloride (7)

The title compound 7 was synthesized according to the procedure described for 6 from
14¢ (80% yield).
Colorless powder; 'H-NMR (600 MHz, DMSO-ds) § ppm 0.91 (brs, 1.5H), 1.03 (t, 1.5H,
J=7.4Hz), 1.82-2.11 (m, 3H), 2.12-2.30 (m, 2H), 2.35 (s, 1.5H), 2.37 (s, 1.5H), 2.58 (s,
1.5H), 2.72 (brs, 1.5H), 2.97-3.06 (m ,3H), 3.71-3.82 (m, 2H), 3.82-3.90 (m, 2H), 3.90—
3.98 (m, 1H), 4.54 (dd, 0.5H, J=9.9, 5.0 Hz), 5.73 (dd, 0.5H, J=10.3, 5.4 Hz), 6.13 (s,
1H), 7.36-7.57 (m, 3H), 8.34 (brs, 3H), 8.51 (s, 0.5H), 9.21 (s, 0.5H); 3C-NMR (151
MHz, DMSO-ds) 0 ppm 10.27, 17.24, 21.98, 28.8, 30.83, 39.63, 40.15, 46.32, 48.31,
52.17, 89.59, 107.62, 126.15, 126.63, 129.23, 129.81, 131.78, 133.55, 134.17, 146.53,
154.51, 154.89, 167.01; HRMS ESI/APCI dual m/z calcd for C23H30CIN7O3S [M+H]*:
520.1892, found: 520.1873.
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N-[(1.5)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}-2-methylpropyl]-5-chloro-2-[(methanesulfonyl)amino]-N-methylbenzamide (8)
The title compound 8 was synthesized according to the procedure described for 6 from
14d (70% yield).
Colorless powder; 'H-NMR (400 MHz, DMSO-ds) 6 ppm 0.73—1.10 (m, 6H), 2.00-2.13
(m, 1H), 2.19-2.31 (m, 1H), 2.31-2.40 (m, 3H), 2.60-2.81 (m, 3H), 2.92-3.05 (m, 3H),
3.69-3.99 (m, 5H), 4.09—4.21 (m, 0.5H), 5.42-5.52 (m, 0.5H), 6.13 (s, 0.5H), 6.26 (brs,
0.5H), 7.21-7.61 (m, 3H), 8.27-8.40 (m, 3H), 8.50 (s, 0.5H), 8.99 (s, 0.5H); *C-NMR
(151 MHz, DMSO-ds) 6 ppm 17.53, 19.36, 20.55, 27.56, 29.21, 31.74, 40.75, 46.76,
48.72, 52.59, 57.27, 90.95, 108.27, 126.52, 128.73, 129.58, 130.68, 132.17, 134.60,
135.35, 146.34, 153.92, 155.28, 167.06; HRMS ESI/APCI dual m/z calcd for
C24H3,CIN;O3S [M+H]": 534.2049, found: 534.2023.

tert-Butyl [(38)-1-{2-[(1S5)-1-aminopropyl]-6-methylpyrazolo[1,5-a]pyrimidin-5-
yl}pyrrolidin-3-yl]jcarbamate (15a)

To a solution of 12e (5.4 g, 17.6 mmol) in methanol (30 mL) was added 4 M hydrogen
chloride in 1,4-dioxane (30 mL) and the mixture was stirred for 2 h at room temperature.
Then, the reaction mixture was concentrated under reduced pressure to obtain 2-[(1S)-1-
aminopropyl]-6-methylpyrazolo[1,5-a]pyrimidin-5(4H)-one hydrochloride (4.7 g) as a
brown powder, which was used for the next reaction without further purification.

The mixture of 2-[(1S)-1-aminopropyl]-6-methylpyrazolo[1,5-a]pyrimidin-5(4/)-one
hydrochloride (4.5 g, 18.5 mmol) and phosphorus oxychloride (85 g, 556 mmol) was
stirred at 100 °C for 2 h. Then, the reaction mixture was concentrated under reduced
pressure to obtain (1S)-1-(5-chloro-6-methylpyrazolo[1,5-a]pyrimidin-2-yl)propan-1-
amine (13e) (5.0 g, 19.2 mmol) as a brown amorphous, which was used for the next
reaction without further purification.

To a solution of 13e (4.8 g, 18.4 mmol) in methanol (100 mL) was added (S)-fert-butyl
pyrrolidin-3-ylcarbamate (17.1 g, 91.9 mmol) and triethylamine (20 mL, 147 mmol).
After stirring at 65 °C for 4 h, the reaction mixture was poured into water and extracted
with chloroform. The organic layer was washed with brine and dried over anhydrous

magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was
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purified by silica gel column chromatography (50%-100% ethyl acetate in hexane; 20%
methanol in chloroform) to obtain 15a (4.5 g, 12.0 mmol, 65%) as a brown amorphous.
"H-NMR (600 MHz, CDCl3) § ppm 0.88-0.99 (m, 3H), 1.45 (s, 9H), 1.72-1.97 (m, 3H),
2.16-2.25 (m, 1H), 2.33 (s, 3H), 3.53 (dd, 1H, J=10.7, 3.7 Hz), 3.71 (ddd, 1H, J=10.7,
7.8,5.8 Hz), 3.80 (dt, 1H, J=10.7, 7.4 Hz), 3.88-3.97 (m, 2H), 4.30 (brs, 1H), 4.71 (brs,
1H), 5.91-6.09 (m, 1H), 8.02 (s, 1H); MS (ESI/APCI dual) m/z: 375 [M+H]".

tert-Butyl [(39)-1-{2-[(15)-1-aminoethyl]-6-methylpyrazolo[1,5-a]pyrimidin-5-
yl}pyrrolidin-3-yl]carbamate (15b)

The title compound 15b was synthesized according to the procedure described for 15a
from 12f (49% yield).
Pale yellow powder; '"H-NMR (600 MHz, CDCls) 6 ppm 1.41-1.50 (m, 12H), 1.89-1.95
(m, 1H), 2.18-2.24 (m, 1H), 2.33 (m, 3H), 3.53 (dd, 1H, J=11.4, 3.9 Hz), 3.68-3.74 (m,
1H), 3.77-3.83 (m, 1H), 3.88-3.95 (m, 1H), 4.20 (q, 1H, J= 6.9 Hz), 4.30 (brs, 1H), 4.69
(brs, 1H), 6.02 (s, 1H), 8.02 (s, 1H); MS (ESI/APCI dual) m/z: 361 [M+H]".

N-[(1S)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-5-chloro-N-ethyl-2-[(methanesulfonyl)amino]|benzamide hydrochloride
3

To a solution of 15a (50 mg, 0.134 mmol) in N,N-dimethylformamide (1.0 mL) was
added potassium carbonate (46 mg, 0.334 mmol) and iodoethane (0.011 mL, 0.134 mmol).
After stirring at 80 °C for 1 h, 5-chloro-2-(methylsulfonamido)benzoic acid (40 mg, 0.160
mmol), 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate (66 mg, 0.174 mmol) and triethylamine (0.093 mL, 0.668 mmol)
were added to the reaction mixture. After stirring at room temperature for 16 h, the
reaction mixture was purified by reversed-phase preparative HPLC to obtain fert-butyl
[(35)-1-(2-{(15)-1-[{5-chloro-2-
[(methanesulfonyl)amino]benzoyl} (ethyl)amino]propyl}-6-methylpyrazolo[1,5-
a]pyrimidin-5-yl)pyrrolidin-3-yl]carbamate (16a) (13 mg, 0.021 mmol, 15%) as colorless
powder.

To a solution of 16a (16 mg, 0.025 mmol) in 1,4-dioxane (1.0 mL) was added 4 M
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hydrogen chloride in 1,4-dioxane (1.0 mL) and the mixture was stirred for 1 h at room
temperature. Then, the reaction mixture was concentrated under reduced pressure to
obtain 3 (15 mg, 0.026 mmol, 100%) as a colorless powder.

"H-NMR (600 MHz, DMSO-ds) 6 ppm 0.80-0.98 (m, 6H), 1.96-2.30 (m, 4H), 2.32-2.40
(m, 3H), 2.51-2.64 (m, 3H), 2.98-3.05 (m, 2H), 3.69-3.97 (m, 5H), 4.47—4.55 (m, 1H),
6.15-6.21 (m, 1H), 7.45-7.56 (m, 3H), 8.21 (brs, 3H), 8.52 (s, 0.5H), 9.20 (s, 0.5H); 1*C-
NMR (151 MHz, DMSO-ds) 6 ppm 10.85, 13.44, 17.86, 29.22, 36.84, 40.05, 40.80, 46.70,
48.73, 52.57, 58.64, 90.56, 107.98, 126.35, 127.32, 127.70, 129.49, 129.61, 133.63,
134.55, 146.97, 154.69, 155.59, 161.22; HRMS ESI/APCI dual m/z calcd for
C24H3,CIN;O3S [M+H]": 534.2049, found: 534.2037.

N-[(15)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}ethyl]-5-chloro-2-[(methanesulfonyl)amino]-N-propylbenzamide hydrochloride
C))

The title compound 4 was synthesized according to the procedure described for 3 from
15b (24% yield).
Colorless powder; 'TH-NMR (600 MHz, DMSO-ds) 6 ppm 0.53 (t, 1H, J = 7.2 Hz), 0.77
(t,2H,J=7.4 Hz), 1.21-1.54 (m, 4H), 1.57 (d, 2H, J=7.0 Hz), 1.66 (d, 1H, J=7.0 Hz),
2.00-2.10 (m, 1H), 2.20-2.30 (m, 1H), 2.34-2.38 (m, 3H), 2.85-2.98 (m, 2H), 3.04 (s,
3H), 3.81-3.96 (m, 5H), 4.74-4.82 (m, 0.7H), 5.73 (brs, 0.3H), 6.13 (s, 1H), 7.43-7.58
(m, 3H), 8.18 (brs, 3H), 8.52 (s, 0.5H), 9.34 (s, 0.5H); >*C-NMR (151 MHz, DMSO-ds)
oppm 11.49, 17.04, 17.76, 21.44, 29.22, 40.68, 43.95, 46.72, 48.71, 52.59, 52.71, 89.79,
107.84, 125.19, 126.43, 127.48, 129.53, 129.61, 132.18, 134.35, 146.95, 155.45, 156.56,
166.85; HRMS ESI/APCI dual m/z caled for C24H32CIN7O3S [M+H]": 534.2049, found:
534.2011.

tert-Butyl [(35)-1-{6-methyl-2-[(15)-1-(methylamino)propyl]pyrazolo[1,5-
a]pyrimidin-5-yl}pyrrolidin-3-yljcarbamate (19a)

To a solution of 15a (4.3 g, 11.4 mmol) in methanol (48 mL) was added ethyl 2,2,2-
trifluoroacetate (2.0 g, 14.8 mmol) and triethylamine (2.5 mL, 18.2 mmol). After stirring

overnight at room temperature, the reaction mixture was concentrated under reduced
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pressure to obtain tert-butyl [(3S)-1-{6-methyl-2-[(15)-1-(2,2,2-
trifluoroacetamido)propyl]pyrazolo[ 1,5-a]pyrimidin-5-yl} pyrrolidin-3-yl]carbamate
(18a) (6.5 g, crude) as a pale yellow powder, which was used for the next reaction without
further purification.

To a solution of 18a (5.4 g, 11.5 mmol) in N,N-dimethylformamide (50 mL) was added
iodomethane (2.2 mL, 34.4 mmol) and cesium carbonate (15 g, 45.9 mmol). After stirring
at 65 °C for 2 h, the reaction mixture was poured into water and extracted with ethyl
acetate. The organic layer was washed with brine and dried over anhydrous magnesium
sulfate, filtered, and concentrated under reduced pressure to obtain zert-butyl [(35)-1-(6-
methyl-2-{(15)-1-[methyl(trifluoroacetyl)amino]propyl} pyrazolo[1,5-a]pyrimidin-5-
yl)pyrrolidin-3-yl]carbamate (5.60 g, crude) as a pale yellow oil, which was used for the
next reaction without further purification.

To a solution of tert-butyl [(35)-1-(6-methyl-2-{(15)-1-
[methyl(trifluoroacetyl)amino]propyl} pyrazolo[ 1,5-a]pyrimidin-5-yl)pyrrolidin-3-
yl]carbamate (5.5g, 11.4 mmol) in tetrahydrofuran (40 mL)—methanol (40 mL) was added
1 M aqueous sodium hydroxide (40 mL). After stirring for 1 h at room temperature, the
reaction mixture was poured into water and extracted with chloroform. The organic layer
was washed with brine, dried over anhydrous magnesium sulfate, filtered, and
concentrated under reduced pressure to obtain 19a (4.3 g, 11.1 mmol, 98%) as a brown
amorphous. "H-NMR (600 MHz, CDCls) 6 ppm 0.88 (t, 3H, J = 7.4 Hz), 1.45 (s, 9H),
1.68-1.98 (m, 3H), 2.14-2.25 (m, 1H), 2.28-2.42 (m, 6H), 3.48-3.63 (m, 2H), 3.66-3.85
(m, 2H), 3.87-3.98 (m, 1H), 4.30 (brs, 1H), 4.59-4.78 (m, 1H), 5.91-6.07 (m, 1H), 7.96—
8.10 (m, 1H); MS (ESI/APCI dual) m/z: 389 [M+H]".

Benzyl [(3S)-1-{2-[(1.S)-1-aminopropyl]-6-methylpyrazolo[1,5-a]pyrimidin-5-
yl}pyrrolidin-3-yl]jcarbamate

The title compound 17 was synthesized according to the procedure described for 15a
from 12e (50% yield).
MS (ESI/APCI dual) m/z: 409 [M+H]".

87



Benzyl [(35)-1-{6-methyl-2-[(1S)-1-(methylamino)propyl]pyrazolo[1,5-a]pyrimidin-
5-yl}pyrrolidin-3-yljcarbamate (19b)

The title compound 19b was synthesized according to the procedure described for 19a
from 17 (43% yield).
Colorless powder; 'H-NMR (400 MHz, CDCl5) 6 ppm 0.82—0.94 (m, 3H), 1.70—1.90 (m,
2H), 1.90-2.01 (m, 1H), 2.17-2.29 (m, 1H), 2.32 (s, 3H), 2.36 (s, 3H), 3.53-3.62 (m, 2H),
3.66-3.87 (m, 2H), 3.88-4.00 (m, 1H), 4.30-4.41 (m, 1H), 4.86-4.97 (m, 1H), 5.12 (s,
2H), 6.03 (s, 1H), 7.28-7.41 (m, 5H), 8.04 (s, I1H); MS (ESI/APCI dual) m/z: 423 [M+H]".

N-[(1S5)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-3-chloro-2-[(methanesulfonyl)amino]-/V-methylbenzamide
hydrochloride (20a)

To a solution of 19a (10 mg, 0.026 mmol) in N,N-dimethylformamide (1.0 mL) was
added 3-chloro-2-(methylsulfonamido)benzoic acid (6.4 mg, 0.031 mmol), 1-
[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate (13 mg, 0.034 mmol), and triethylamine (0.018 mL, 0.13 mmol).
After stirring at room temperature for 3 h, the reaction mixture was purified by reversed-
phase preparative HPLC to obtain tert-butyl [(S)-1-(2-{(S)-1-[3-chloro-N-methyl-2-
(methylsulfonamido)benzamido]propyl}-6-methylpyrazolo[ 1,5-a]pyrimidin-5-
yl)pyrrolidin-3-yl]carbamate (12 mg, 0.019 mmol, 72%) as a pale yellow powder.

To a solution of tert-butyl [(S)-1-(2-{(S)-1-[3-chloro-N-methyl-2-
(methylsulfonamido)benzamido]propyl}-6-methylpyrazolo[ 1,5-a]pyrimidin-5-
yl)pyrrolidin-3-yl]carbamate (12 mg, 0.019 mmol) in 1,4-dioxane(1.0 mL) was added 4
M hydrogen chloride in 1,4-dioxane (1.0 mL) and the mixture was stirred for 1 h at room
temperature. Then, the reaction mixture was concentrated under reduced pressure to
obtain 20a (10 mg, 0.019 mmol, 100%) as a colorless powder.

"H-NMR (600 MHz, DMSO-ds) § ppm 0.79-1.05 (m, 3H), 1.84-2.30 (m, 4H), 2.33-2.42
(m, 3H), 2.43-2.59 (m, 3H), 2.98-3.17 (m, 3H), 3.68—4.01 (m, 5H), 4.37 (brs, 0.5H), 5.75
(brs, 0.5H), 6.06-6.25 (m, 1H), 7.23-7.67 (m, 3H), 8.17-8.27 (m, 3H), 8.51 (s, 0.5H),
9.43 (brs, 0.5H); *C-NMR (151 MHz, DMSO-ds) ¢ ppm 10.43, 17.48, 22.81, 29.28,
31.23, 40.05, 42.69, 46.68, 48.77, 52.55, 90.10, 108.14, 125.89, 128.84, 129.39, 130.20,
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130.25, 131.90, 134.53, 146.89, 151.11, 154.89, 166.59; HRMS ESI/APCI dual m/z caled
for C23H30CIN7O3S [M+H]": 520.1892, found: 520.1872.

N-[(1.5)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-2-[(methanesulfonyl)amino]-/N-methylbenzamide hydrochloride (20c)
The title compound 20c¢ was synthesized according to the procedure described for 20a
from 19a (52% yield).
Colorless powder; '"H-NMR (600 MHz, DMSO-dc) 6 ppm 0.85-1.06 (m, 3H), 1.86-2.30
(m, 4H), 2.33-2.40 (m, 3H), 2.57 (s, 1.5H), 2.73 (brs, 1.5H), 3.02 (s, 3H), 3.76 (brs, 2H),
3.82-3.89 (m, 2H), 3.90-3.99 (m, 1H), 4.55 (brs, 0.5H), 5.77 (dd, 0.5H, J=9.7, 5.6 Hz),
6.12 (s, 1H), 7.26-7.39 (m, 2H), 7.41-7.52 (m, 2H), 8.39 (brs, 3H), 8.51 (s, 0.5H), 9.08
(s, 0.5H); 3C-NMR (151 MHz, DMSO-ds) 6 ppm 10.71, 17.70, 22.43, 29.24, 31.31,
40.47,46.81, 48.69, 52.63, 58.26, 89.95, 108.04, 125.11, 125.91, 127.07, 127.70, 129.81,
133.33, 134.73, 146.83, 155.15, 155.47, 169.04; HRMS ESI/APCI dual m/z calcd for
C23H31N703S [M+H]": 486.2282, found: 486.2257.

N-[(1S)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-N-methylbenzamide hydrochloride (20d)

The title compound 20d was synthesized according to the procedure described for 20a
from 19a (54% yield).
Colorless powder; '"H-NMR (600 MHz, DMSO-dc) 6 ppm 0.75-0.85 (m, 2H), 0.95-1.03
(m, 1H), 1.85-2.13 (m, 3H), 2.20-2.29 (m, 1H), 2.36 (s, 3H), 2.65 (s, 1H), 2.77 (s, 2H),
3.72-3.80 (m, 2H), 3.82-3.88 (m, 2H), 3.91-3.97 (m, 1H), 4.67-4.73 (m, 0.5H), 5.72—
5.81 (m, 0.5H), 6.04 (s, 1H), 7.37-7.51 (m, 5H), 8.43 (brs, 3H), 8.51-8.59 (m, 1H); 13C-
NMR (151 MHz, DMSO-ds) 6 ppm 10.51, 17.44, 23.49,29.22, 40.05, 46.72, 48.73, 52.57,
58.40, 89.61, 108.32, 126.61, 128.38, 129.14, 134.65, 136.92, 146.71, 155.11, 155.35,
171.21; HRMS ESI/APCI dual m/z caled for CaHasNeO [M+H]™: 393.2397, found:
393.2393.
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N-[(1.5)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-2-[(methanesulfonyl)amino]-/V,5-dimethylbenzamide hydrochloride
(20e)

The title compound 20e was synthesized according to the procedure described for 20a
from 19a (76% yield).
Colorless powder; "H-NMR (600 MHz, DMSO-ds) 6 ppm 0.86-0.95 (m, 1.5H), 0.99—
1.06 (m, 1.5H), 1.84-2.29 (m, 4H), 2.29-2.38 (m, 6H), 2.56 (s, 1.5H), 2.72 (brs, 1.5H),
2.96 (s, 3H), 3.70-4.10 (m, 5H), 4.51-4.58 (m, 0.5H), 5.74-5.80 (m, 0.5H), 6.11 (s, 1H),
7.14 (s, 1H), 7.22-7.29 (m, 1H), 7.31-7.38 (m, 1H), 8.35 (brs, 3H), 8.51 (s, 0.5H), 8.97
(s, 0.5H); C-NMR (151 MHz, DMSO-ds) 6 ppm 10.68, 17.63, 20.31, 22.38, 29.21,
31.20, 40.04, 40.28, 46.74, 48.68, 52.6, 89.92, 107.99, 125.64, 127.10, 130.22, 130.52,
132.59, 134.60, 135.69, 146.82, 155.14, 155.26, 169.05; HRMS ESI/APCI dual m/z caled
for C24H33N703S [M+H]"™: 500.2438, found: 500.2414.

N-[(15)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-2-[(methanesulfonyl)amino]-/V-methyl-5-propylbenzamide
hydrochloride (20h)

The title compound 20h was synthesized according to the procedure described for 20a
from 19a (60% yield).
Colorless powder; '"H-NMR (400 MHz, DMSO-dc) 6 ppm 0.81-1.06 (m, 6H), 1.51-1.64
(m, 2H), 1.83-2.31 (m, 6H), 2.32-2.38 (m, 3H), 2.57 (s, 1.5H), 2.72 (brs, 1.5H), 2.98 (s,
3H), 3.45-3.96 (m, SH), 4.48-4.58 (m, 0.5H), 5.73-5.81 (m, 0.5H), 6.11 (s, 1H), 7.14 (s,
1H), 7.22-7.31 (m, 1H), 7.33-7.41 (m, 1H), 8.19-8.35 (m, 3H), 8.51 (s, 0.5H), 8.95 (s,
0.5H); '*C-NMR (151 MHz, DMSO-ds) é ppm 10.72, 13.53, 17.63, 22.40, 23.92, 29.21,
31.22, 36.32, 40.04, 40.34, 46.71, 48.70, 52.56, 89.94, 107.99, 125.54, 126.54, 127.33,
129.56, 130.80, 133.88, 140.55, 146.96, 154.66, 155.58, 169.15; HRMS ESI/APCI dual
m/z calcd for C26H37N703S [M+H]": 528.2751, found: 528.2731.
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N-[(1.5)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-2-[(methanesulfonyl)amino]-/N-methyl-5-(propan-2-yl)benzamide
hydrochloride (20i)

The title compound 20i was synthesized according to the procedure described for 20a
from 19a (68% yield).
Pale pink amorphous; 'H-NMR (600 MHz, DMSO-ds) 6 ppm 0.87-0.96 (m, 1.5H), 1.00—
1.07 (m, 1.5H), 1.13—1.24 (m, 6H), 1.84-2.30 (m, 4H), 2.34-2.38 (m, 3H), 2.56 (s, 1.5H),
2.72 (brs, 1.5H), 2.86-3.02 (m, 4H), 3.70-4.07 (m, 5H), 4.47-4.56 (m, 0.5H), 5.73-5.81
(m, 0.5H), 6.12 (s, 1H), 7.13-7.24 (m, 1H), 7.29-7.40 (m, 2H), 8.36 (brs, 3H), 8.51 (s,
0.5H), 8.98 (s, 0.5H); *C-NMR (151 MHz, DMSO-ds) 6 ppm 10.52, 17.65, 22.44, 23.66,
23.72, 29.23, 31.22, 32.71, 40.04, 40.42, 46.72, 48.70, 52.58, 89.98, 108.01, 124.63,
125.26, 125.72, 127.45, 130.82, 132.51, 134.58, 146.94, 155.14, 155.52, 169.19; HRMS
ESI/APCI dual m/z calcd for C26H37N703S [M+H]": 528.2751, found: 528.2740.

N-[(15)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-2-(methanesulfonyl)-/V-methylbenzamide hydrochloride (20j)

The title compound 20j was synthesized according to the procedure described for 20a
from 19a (70% yield).
Colorless powder; 'H-NMR (600 MHz, DMSO-ds) 6 ppm 0.98-1.11 (m, 3H), 1.85-1.98
(m, 1H), 2.01-2.21 (m, 2H), 2.21-2.29 (m, 1H), 2.31-2.41 (m, 3H), 3.23-3.41 (m, 6H),
3.69—4.08 (m, 5H), 5.68-5.82 (m, 1H), 6.03—6.23 (m, 1H), 7.38-7.64 (m, 1H), 7.64-7.88
(m, 3H), 7.97-8.07 (m, 1H), 8.27-8.41 (m, 3H), 8.50-8.61 (m, 1H); '*C-NMR (151 MHz,
DMSO-ds) 0 ppm 10.76, 17.47, 22.24, 24.39, 29.21, 31.72, 45.01, 46.94, 48.72, 52.74,
90.57, 108.19, 127.55, 129.09, 129.80, 133.60, 134.22, 134.84, 136.83, 137.66, 154.84,
155.04, 169.11; HRMS ESI/APCI dual m/z caled for C23H3oN6O3S [M+H]": 471.2173,
found: 471.2179.

N-[(1S)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-2-methoxy-/N,5-dimethylbenzamide hydrochloride (20k)
The title compound 20k was synthesized according to the procedure described for 20a

from 19a (66% yield).
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Colorless amorphous; '"H-NMR (400 MHz, DMSO-ds) ¢ ppm 0.72—0.89 (m, 1.5H), 0.92—
1.05 (m, 1.5H), 1.77-1.95 (m, 1H), 2.00-2.17 (m, 2H), 2.18-2.31 (m, 4H), 2.31-2.40 (m,
3H), 3.35-3.67 (m, 3H), 3.70-4.05 (m, 8H), 4.41-4.49 (m, 0.5H), 5.74-5.84 (m, 0.5H),
5.88-6.05 (m, 1H), 6.84-7.08 (m, 2H), 7.13-7.23 (m, 1H), 8.43-8.59 (m, 4H); *C-NMR
(151 MHz, DMSO-ds) 6 ppm 10.76, 17.47, 19.86, 23.78, 29.21, 30.05, 46.80, 48.74,
52.64, 55.18, 60.10, 89.78, 108.25, 111.31, 126.56, 129.58, 130.24, 130.30, 134.72,
134.84,138.28, 152.55, 168.37, 171.74; HRMS ESI/APCI dual m/z calcd for C24H3:N6O:
[M+H]": 437.2660, found: 437.2639.

N-[(1S5)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-N,5-dimethyl-2-(trifluoromethyl)benzamide hydrochloride (201)

The title compound 201 was synthesized according to the procedure described for 20a
from 19a (58% yield).
Colorless powder; 'TH-NMR (400 MHz, DMSO-ds) é ppm 0.72—1.06 (m, 3H), 1.75-2.30
(m, 4H), 2.31-2.46 (m, 6H), 3.70-3.99 (m, 5H), 4.37-4.43 (m, 0.5H), 5.73-5.81 (m,
0.5H), 5.82—6.13 (m, 1H), 7.18-7.50 (m, 2H), 7.65-7.74 (m, 1H), 8.33-8.47 (m, 3H),
8.50-8.58 (m, 1H); 3C-NMR (151 MHz, DMSO-ds) § ppm 10.81, 17.46, 20.70, 22.29,
29.22,31.25, 46.89, 48.71, 52.71, 58.60, 89.91, 108.14, 121.93, 122.15, 123.02, 124.84,
126.41, 127.58, 128.46, 129.71, 129.91, 134.71, 134.79, 135.52, 142.39, 143.37, 146.45,
154.81, 155.17, 168.11; HRMS ESI/APCI dual m/z calcd for C24H20F3sN6O [M+H]":
475.2428, found: 475.2402.

N-[(15)-1-{5-[(3S5)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-3-[(methanesulfonyl)amino]-/V-methylthiophene-2-carboxamide
hydrochloride (200)

The title compound 200 was synthesized according to the procedure described for 20a
from 19a (35% yield).
Colorless powder; '"H-NMR (600 MHz, DMSO-ds) 6 ppm 0.88-0.97 (m, 3H), 1.89-2.29
(m, 4H), 2.35 (s, 3H), 2.81 (brs, 3H), 3.06 (brs, 3H), 3.69-3.96 (m, 5H), 6.09 (s, 1H), 7.16
(s, 1H), 7.76 (s, 1H), 8.23 (s, 3H), 8.47 (s, 1H), 10.11 (s, 1H); 3C-NMR (151 MHz,
DMSO-ds) o ppm 10.63, 17.58, 22.95, 29.24, 35.23, 40.29, 46.68, 48.75, 52.55, 58.16,
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90.22, 110.98, 119.30, 122.85, 128.06, 128.18, 134.41, 146.89, 154.71, 155.43, 164.07;
HRMS ESI/APCI dual m/z calcd for C21H29N703S, [M+H]": 492.1846, found: 492.1808.

N-[(1.5)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-2-[(methanesulfonyl)amino]-/N-methylthiophene-3-carboxamide
hydrochloride (20p)

The title compound 20p was synthesized according to the procedure described for 20a
from 19a (42% yield).
Colorless powder; '"H-NMR (600 MHz, DMSO-dc) 6 ppm 0.78-1.02 (m, 3H), 1.84-2.33
(m, 4H), 2.35 (s, 3H), 2.63-2.75 (m, 3H), 3.01 (s, 3H), 3.68-4.17 (m, 5H), 4.61-4.73 (m,
0.5H), 5.65-5.78 (m, 0.5H), 6.05-6.20 (m, 1H), 7.00 (s, 1H), 7.39 (s, 1H), 8.25 (brs, 3H),
8.36-8.55 (m, 1H), 9.87 (brs, 0.5H), 10.62 (brs, 0.5H); *C-NMR (151 MHz, DMSO-dj)
oppm 10.54,17.57,22.86,29.21, 31.00, 40.04, 40.63, 46.72, 48.70, 52.58, 90.37, 108.01,
120.51, 125.14, 132.95, 134.10, 136.23, 146.72, 152.13, 155.28, 165.59; HRMS
ESI/APCI dual m/z caled for C21H29N703S, [M+H]": 492.1846, found: 492.1812.

N-[(1S)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-4-[(methanesulfonyl)amino]-/V,1-dimethyl-1H-pyrazole-5-carboxamide
hydrochloride (20r)

The title compound 20r was synthesized according to the procedure described for 20a
from 19a (52% yield).
Colorless powder; "H-NMR (600 MHz, DMSO-ds) 6 ppm 0.80-0.94 (m, 1.5H), 0.95—
1.05 (m, 1.5H), 1.84-2.29 (m, 4H), 2.33-2.37 (m, 3H), 2.63-2.80 (m, 3H), 2.81-2.96 (m,
3H), 3.70-3.80 (m, 5H), 3.81-3.97 (m, 3H), 4.61-4.75 (m, 0.5H), 5.67-5.75 (m, 0.5H),
6.05-6.10 (m, 0.5H), 7.47 (s, 1H), 8.21-8.30 (m, 3.5H), 8.47-8.54 (m, 0.5H), 9.07 (brs,
0.5H); C-NMR (151 MHz, DMSO-ds) 6 ppm 10.70, 17.43, 24.04, 29.21, 30.09, 37.95,
40.02, 40.36, 46.69, 48.70, 52.54, 90.05, 108.17, 116.35, 119.53, 131.63, 134.50, 146.86,
154.46, 155.36, 161.29; HRMS ESI/APCI dual m/z caled for C21H31NoO3S [M+H]":
490.2343, found: 490.2321.
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N-[(1.5)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-4-[(methanesulfonyl)amino]-/V,1-dimethyl-1H-pyrazole-3-carboxamide
hydrochloride (20s)

The title compound 20s was synthesized according to the procedure described for 20a
from 19a (73% yield).
Colorless powder; 'TH-NMR (600 MHz, DMSO-ds) 6 ppm 0.86-0.95 (m, 3H), 1.82-2.28
(m, 4H), 2.32 (s, 3H), 2.71 (s, 1.5H), 2.92 (s, 1.5H), 2.96 (s, 3H), 3.68-3.76 (m, 2H),
3.79-3.94 (6H, m), 5.73-5.78 (m, 0.5H), 5.87-5.93 (m, 0.5H), 6.03 (s, 0.5H), 6.07 (s,
0.5H), 7.78-7.82 (m, 1H), 8.31 (brs, 3H), 8.44 (s, 0.5H), 8.49 (s, 0.5H), 9.00 (s, 0.5H),
9.15 (s, 0.5H); *C-NMR (151 MHz, DMSO-ds) 6 ppm 10.45, 17.48, 22.43, 29.20, 31.19,
38.93, 40.05, 46.83, 48.73, 52.67, 56.81, 90.12, 108.28, 120.50, 125.79, 134.71, 138.31,
146.35, 155.13, 155.19, 163.51; HRMS ESI/APCI dual m/z calcd for C21H31NoOs3S
[M+H]": 490.2343, found: 490.2316.

N-[(15)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-4-chloro-2-[(methanesulfonyl)amino]-/V-methylbenzamide
hydrochloride (20b)

To a solution of 19a (50 mg, 0.13 mmol) in N,N-dimethylformamide (1.0 mL) was added
4-chloroanthranilic acid (27 mg, 0.15 mmol), 1-[bis(dimethylamino)methylene]-1H-
1,2,3-triazolo[4,5-b]pyridinium 3-oxide hexafluorophosphate (64 mg, 0.17 mmol) and
triethylamine (0.090 mL, 0.64 mmol). After stirring at room temperature for 3 h, the
reaction mixture was purified by reversed-phase preparative HPLC to obtain fert-butyl
((S)-1-{2-[(S)-1-(2-amino-4-chloro-N-methylbenzamido)propyl]-6-methylpyrazolo[ 1,5-
a]pyrimidin-5-yl} pyrrolidin-3-yl)carbamate (52 mg, 0.10 mmol, 75%) as a colorless
powder.

To a solution of tert-butyl ((8)-1-{2-[(S)-1-(2-amino-4-chloro-N-
methylbenzamido)propyl]-6-methylpyrazolo[1,5-a]pyrimidin-5-yl} pyrrolidin-3-
yl)carbamate (52 mg, 0.10 mmol) in chloroform (2.0 mL) was added triethylamine (0.14
mL, 0.97 mmol) and methanesulfonyl chloride (0.022 mL, 0.29 mmol) at 0 °C. After
stirring for 10 min at 0 °C, the reaction mixture was concentrated under reduced pressure.

Ethanol (2.0 mL) and 2.94 mol/L sodium ethoxide in ethanol (0.16 mL, 0.48 mmol) were
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added to the residue. After stirring at room temperature for 15 min, the reaction mixture
was poured into water and extracted with chloroform. The organic layer was dried over
ISOLUTE® Phase Separator and concentrated under reduced pressure. The residue was
purified by reversed-phase preparative HPLC to obtain tert-butyl [(S)-1-(2-{(S)-1-[4-
chloro-N-methyl-2-(methylsulfonamido)benzamido |propyl} -6-methylpyrazolo[1,5-
a]pyrimidin-5-yl)pyrrolidin-3-yl]carbamate (40 mg, 0.065 mmol, 67%) as a colorless
powder.

To a solution of tert-butyl [(S)-1-(2-{(S)-1-[4-chloro-N-methyl-2-

(methylsulfonamido)benzamido|propyl}-6-methylpyrazolo[1,5-a]pyrimidin-5-
yl)pyrrolidin-3-yl]carbamate (40 mg, 0.065 mmol) in 1,4-dioxane (1.0 mL) was added 4
M hydrogen chloride in 1,4-dioxane (1.0 mL) and the mixture was stirred for 1 h at room
temperature. Then the reaction mixture was concentrated under reduced pressure to obtain
20b (36 mg, 0.063 mmol, 98%) as a colorless powder.
'H-NMR (600 MHz, DMSO-ds) 6 ppm 0.86-0.92 (m, 1.5H), 1.02 (t, 1.5H, J = 7.2 Hz),
1.86-2.30 (m, 4H), 2.33-2.38 (m, 3H), 2.58 (s, 1.5H), 2.73 (brs, 1.5H), 3.01-3.12 (m,
3H), 3.68-4.15 (m, 5H), 4.56 (dd, 0.5H, J =9.9, 4.5 Hz), 5.73 (dd, 0.5H, J=10.1, 5.6
Hz), 6.11 (s, 1H), 7.39 (s, 2H), 7.49 (d, 1H, J = 11.6 Hz), 8.23 (brs, 3H), 8.51 (s, 0.5H),
9.28 (s, 0.5H); *C-NMR (151 MHz, DMSO-ds) 6 ppm 10.70, 17.65, 22.40, 29.23, 31.34,
40.05,40.77, 46.72, 48.70, 52.60, 89.98, 108.03, 124.17, 125.66, 128.83, 129.32, 130.36,
133.88, 134.58, 146.98, 154.96, 155.54, 168.14; HRMS ESI/APCI dual m/z calcd for
C23H30CIN;O3S [M+H]": 520.1892, found: 520.1872.

N-[(15)-1-{5-[(3S5)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-5-ethyl-2-[(methanesulfonyl)amino]-/V-methylbenzamide hydrochloride
(20f)

The title compound 20f was synthesized according to the procedure described for 20b
from 19a (53% yield).
Colorless powder; 'H-NMR (600 MHz, DMSO-ds) 6 ppm 0.86-0.95 (m, 1.5H), 1.00—
1.06 (m, 1.5H), 1.14-1.22 (m, 3H), 1.84-2.29 (m, 4H), 2.33-2.38 (m, 3H), 2.57 (s, 1.5H),
2.58-2.66 (m, 2H), 2.72 (brs, 1.5H), 2.97 (s, 3H), 3.71-3.99 (m, 5H), 4.50-4.57 (m, 0.5H),
5.74-5.80 (m, 0.5H), 6.12 (s, 1H), 7.16 (brs, 1H), 7.26—7.32 (m, 1H), 7.34-7.40 (m, 1H),
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8.35 (brs, 3H), 8.51 (s, 0.5H), 8.98 (s, 0.5H); *C-NMR (151 MHz, DMSO-ds) § ppm
10.51, 15.41, 17.64, 22.41, 27.37,29.22, 31.23, 40.05, 40.35, 46.73, 48.69, 52.59, 89.95,
108.00, 125.69, 126.77, 129.02, 130.73, 132.58, 134.57, 141.87, 146.93, 155.15, 155.53,
169.12; HRMS ESI/APCI dual m/z caled for C2sH3sN7OsS [M+H]": 514.2595, found:
514.2559; chiral HPLC, 99% ee (CHIRALCEL OZ-3 5 um 4.6 mm X 150 mm; flow, 1
mL/min, 60% ethanol in hexane; detection wavelength, 254 nm), (S)-isomer tr = 9.37

min, (R)-isomer tr = 7.31 min.

N-[(15)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-2-[(methanesulfonyl)amino]-5-methoxy-N-methylbenzamide
hydrochloride (20g)

The title compound 20g was synthesized according to the procedure described for 20b
from 19a (30% yield).
Colorless powder; "H-NMR (600 MHz, DMSO-ds) 6 ppm 0.85-0.97 (m, 1.5H), 0.99—
1.06 (m, 1.5H), 1.82-2.30 (m, 4H), 2.33-2.38 (m, 3H), 2.56 (s, 1.5H), 2.71 (brs, 1.5H),
2.87-2.99 (m, 3H), 3.72-3.81 (m, 5H), 3.82-3.89 (m, 2H), 3.90-3.98 (m, 1H), 4.47-4.58
(m, 0.5H), 5.73-5.80 (m, 0.5H), 6.09-6.16 (m, 1H), 6.78-6.92 (m, 1H), 6.97-7.06 (m,
1H), 7.31-7.39 (m, 1H), 8.36 (brs, 3H), 8.51 (s, 0.5H), 8.96 (s, 0.5H); 3C-NMR (151
MHz, DMSO-ds) 6 ppm 10.73, 17.62, 22.47, 29.22, 31.13, 40.05, 40.21, 46.72, 48.69,
52.59, 55.55, 89.99, 108.04, 111.66, 112.38, 115.00, 125.39, 128.76, 134.55, 135.23,
146.93, 155.33, 157.56, 168.62; HRMS ESI/APCI dual m/z calcd for C24H33N704S
[M+H]": 516.2387, found: 516.2378.

N-[(1S)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-3-[(methanesulfonyl)amino]-/V-methylpyridine-4-carboxamide
hydrochloride (20m)

The title compound 20m was synthesized according to the procedure described for 20b
from 19a (37% yield).
Colorless powder; 'H-NMR (600 MHz, DMSO-ds) 6 ppm 0.84-0.93 (m, 1.5H), 0.97—
1.05 (m, 1.5H), 1.86-2.30 (m, 4H), 2.34-2.39 (m, 3H), 2.58 (s, 1.5H), 2.75 (brs, 1.5H),
3.05-3.12 (m, 3H), 3.69-3.99 (m, 5H), 4.44-4.49 (m, 0.5H), 5.70-5.77 (m, 0.5H), 6.12—
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6.17 (m, 1H), 7.44-7.50 (m, 1H), 8.27-8.33 (m, 3H), 8.34-8.38 (m, 0.5H), 8.51-8.53 (m,
0.5H), 8.53-8.57 (m, 1H), 8.66-8.72 (m, 1H); *C-NMR (151 MHz, DMSO-ds) 6 ppm
10.72, 17.61, 22.40, 29.21, 31.12, 34.11, 41.21, 46.84, 48.70, 52.62, 90.09, 108.15,
122.60, 123.47, 134.64, 142.44, 144.43, 146.60, 146.84, 154.54, 155.18, 165.99; HRMS
ESI/APCI dual m/z caled for C22H30NsO3S [M+H]": 487.2234, found: 487.2217.

N-[(1S)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-3-[(methanesulfonyl)amino]-N-methylpyridine-2-carboxamide
hydrochloride (20n)

The title compound 20n was synthesized according to the procedure described for 20b
from 19a (33% yield).
Colorless powder; 'H-NMR (600 MHz, DMSO-ds) 6 ppm 0.88-0.94 (m, 1.5H), 0.98—
1.06 (m, 1.5H), 1.87-2.30 (m, 4H), 2.32-2.38 (m, 3H), 2.59 (s, 1.5H), 2.75 (s, 1.5H),
3.06-3.11 (m, 3H), 3.65-3.97 (m, 5H), 4.55-4.61 (m, 0.5H), 5.72-5.80 (m, 0.5H), 6.10—
6.16 (m, 1H), 7.46—7.55 (m, 1H), 7.87-7.93 (m, 1H), 8.24 (brs, 3H), 8.36 (s, 0.5H), 8.44—
8.49 (m, 1H), 8.52 (s, 0.5H), 9.39 (s, 0.5H), 10.18 (s, 0.5H); *C-NMR (151 MHz, DMSO-
ds) 0 ppm 10.62, 17.77, 22.40, 26.96, 29.19, 30.86, 40.89, 46.86, 48.74, 52.64, 90.09,
108.07, 124.69, 133.52, 134.70, 145.55, 145.88, 146.62, 147.95, 155.14, 155.36, 167.38;
HRMS ESI/APCI dual m/z caled for C22H3oNsO3S [M+H]": 487.2234, found: 487.2200.

N-[(1S)-1-{5-[(3S)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-4-[(methanesulfonyl)amino]-/V-methyl-1,2-thiazole-5-carboxamide
hydrochloride (20q)

The title compound 20q was synthesized according to the procedure described for 20b
from 19a (34% yield).
Colorless powder; "H-NMR (600 MHz, DMSO-ds) 6 ppm 0.84-0.91 (m, 1.5H), 0.95—
1.01 (m, 1.5H), 1.88-2.31 (m, 4H), 2.35 (s, 3H), 2.73 (s, 1.5H), 2.78 (s, 1.5H), 3.07 (s,
3H), 3.68-3.95 (m, 5H), 4.98-5.04 (m, 0.5H), 5.70-5.76 (m, 0.5H), 6.09-6.14 (m, 1H),
8.21 (brs, 3H), 8.44 (s, 0.5H), 8.52 (s, 0.5H), 8.81 (s, 0.5H), 8.86 (s, 0.5H), 9.62 (s, 0.5H),
9.93 (s, 0.5H); *C-NMR (151 MHz, DMSO-ds) é ppm 10.63, 17.50, 22.45, 29.22, 31.05,
40.05, 46.72, 48.75, 52.57, 57.66, 90.44, 108.10, 132.16, 134.59, 138.59, 141.04, 146.71,
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154.57, 155.31, 163.77, HRMS ESI/APCI dual m/z calcd for C20H2sNgO3S> [M+H]":
493.1799, found: 493.1780.

tert-Butyl [(35)-1-(2-{(15)-1-[(2-amino-5-chlorobenzoyl)(methyl)amino]propyl}-6-
methylpyrazolo[1,5-a]pyrimidin-5-yl)pyrrolidin-3-yljcarbamate (21a)

To a solution of 19a (50 mg, 0.129 mmol) and 2-amino-5-chloro-benzoic acid (24 mg,

0.142 mmol) in N,N-dimethylformamide (1.0 mL) was added triethylamine (0.090 mL,
0.64 mmol) and 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium
3-oxide hexafluorophosphate (59 mg, 0.154 mmol). After stirring at room temperature for
1 h, the reaction mixture was purified by reversed-phase preparative HPLC to obtain 21a
(60 mg, 0.117 mmol, 91%) as a colorless amorphous.
'"H-NMR (400 MHz, CDCl3) é ppm 0.87-1.19 (m, 3H), 1.46 (s, 9H), 1.85-2.30 (m, 4H),
2.35 (s, 3H), 2.83 (brs, 3H), 3.49-3.60 (m, 1H), 3.66-3.86 (m, 2H), 3.88-3.99 (m, 1H),
4.23-4.48 (m, 3H), 4.67 (brs, 1H), 6.07 (s, 1H), 6.58-6.68 (m, 1H), 7.04—7.14 (m, 1H),
7.22-7.30 (m, 1H), 8.04 (s, 1H); MS (ESI/APCI dual) m/z: 542 [M+H]".

Benzyl [(39)-1-(2-{(15)-1-[(2-amino-5-chlorobenzoyl)(methyl)amino]propyl}-6-
methylpyrazolo[1,5-a]pyrimidin-5-yl)pyrrolidin-3-yl]jcarbamate (21b)

The title compound 21b was synthesized according to the procedure described for 21a
from 19b (96% yield).
Colorless amorphous; 'H NMR (400 MHz, CDCl3) § ppm 0.85-1.15 (m, 3H), 1.88-2.29
(m, 4H), 2.32 (s, 3H), 2.70-2.96 (m, 3H), 3.52-3.63 (m, 1H), 3.67-3.87 (m, 2H), 3.89—
4.01 (m, 1H), 4.28-4.43 (m, 1H), 4.89-5.01 (m, 1H), 5.12 (s, 2H), 6.06 (s, 1H), 6.58—
6.67 (m, 1H), 7.04-7.22 (m, 1.5H), 7.29-7.41 (m, 5.5H), 8.04 (s, 1H); MS (ESI/APCI
dual) m/z: 576 [M+H]".

2-Acetamido-N-[(15)-1-{5-[(35)-3-aminopyrrolidin-1-yl]-6-methylpyrazolo|[1,5-
a]pyrimidin-2-yl}propyl]-5-chloro-N-methylbenzamide hydrochloride (22)

To a solution of 21a (42 mg, 0.081 mmol) in chloroform (3.0 mL) was added acetic
anhydride (0.022 mL, 0.24 mmol) and pyridine (0.033 mL, 0.40 mmol). After stirring at

room temperature for 4 h, the reaction mixture was concentrated under reduced pressure
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and purified by reversed-phase preparative HPLC to obtain tert-butyl [(3S5)-1-(2-{(15)-1-
[(2-acetamido-5-chlorobenzoyl)(methyl)amino]propyl}-6-methylpyrazolo[1,5-
a]pyrimidin-5-yl)pyrrolidin-3-yl]jcarbamate (26 mg, 0.045 mmol, 60%) as a colorless
amorphous.

To a solution of tert-butyl [(3S5)-1-(2-{(15)-1-[(2-acetamido-5-
chlorobenzoyl)(methyl)amino]propyl}-6-methylpyrazolo[ 1,5-a]pyrimidin-5-
yl)pyrrolidin-3-yl]carbamate (24 mg, 0.045 mmol) in chloroform (0.50 mL) was added
trifluoroacetic acid (0.50 mL). After stirring at room temperature for 1 h, the reaction
mixture was poured into saturated aqueous sodium bicarbonate and extracted with
chloroform. The organic layer was washed with brine, dried over anhydrous magnesium
sulfate, filtered, and concentrated under reduced pressure to obtain 22 (25 mg, 0.052
mmol, 100%) as a colorless amorphous.

"H-NMR (600 MHz, CDCl3) § ppm 0.79-0.99 (m, 1.5H), 1.03-1.13 (m, 1.5H), 1.74-1.83
(m, 1H), 1.89-2.08 (m, 2H), 2.10-2.26 (m, 4H), 2.34-2.42 (m, 3H), 2.73 (s, 1.5H), 2.91
(s, 1.5H), 3.40-3.47 (m, 1H), 3.66-3.79 (m, 2H), 3.85-3.94 (m, 2H), 4.79-4.88 (m, 0.5H),
5.90-5.97 (m, 0.5H), 5.98-6.08 (m, 1H), 7.23 (brs, 0.5H), 7.31-7.37 (m, 1H), 8.01 (brs,
1H), 8.06-8.21 (m, 1H), 8.67 (brs, 0.5H); *C-NMR (151 MHz, DMSO-ds) 6 ppm 10.73,
17.64, 22.23, 27.51, 31.03, 33.22, 47.49, 50.34, 52.61, 56.97, 89.77, 107.96, 126.35,
127.94, 129.02, 129.33, 133.10, 133.99, 134.15, 147.35, 154.63, 155.61, 167.37, 168.74;
HRMS ESI/APCI dual m/z calcd for C24H30CIN7O2 [M+H]": 484.2222, found: 484.2200.

Methyl 2-{[(1.5)-1-{5-[(3S5)-3-aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-
a]pyrimidin-2-yl}propyl](methyl)carbamoyl}-4-chlorophenyl)carbamate (23)

To a solution of 21b (60 mg, 0.10 mmol) in pyridine (1.0 mL) was added methyl
chloroformate (0.16 mL, 2.1 mmol). After stirring at room temperature for 4 h, the
reaction mixture was concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (OH, 10%—-100% ethyl acetate in hexane) to obtain
benzyl [(39)-1-(2-{(1S)-1-[ {5-chloro-2-
[(methoxycarbonyl)amino]benzoyl } (methyl)amino]propyl}-6-methylpyrazolo[1,5-
a]pyrimidin-5-yl)pyrrolidin-3-yl]carbamate (26 mg, 0.041 mmol, 40%) as a colorless

amorphous.
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To a solution of benzyl [(3S5)-1-(2-{(15)-1-[ {5-chloro-2-

[(methoxycarbonyl)amino]benzoyl } (methyl)amino]propyl}-6-methylpyrazolo[1,5-
a]pyrimidin-5-yl)pyrrolidin-3-yl]carbamate (26 mg, 0.041 mmol) in methanol (2.1 mL)
was added 10% palladium on activated carbon (13 mg). The reaction was flushed with
hydrogen and stirred under hydrogen atmosphere at room temperature for 1 h. The
reaction mixture was filtered through membrane filter and concentrated under reduced
pressure to obtain 23 (19 mg, 0.037 mmol, 91%) as a colorless amorphous.
"H-NMR (400 MHz, CDCl3) § ppm 0.79-1.12 (m, 3H), 1.83-2.28 (m, 4H), 2.28-2.38 (m,
3H), 2.67-2.74 (m, 1.5H), 2.77-2.86 (m, 1.5H), 3.56-3.67 (m, 1H), 3.70-3.80 (m, 3H),
3.824.06 (m, 4H), 4.67-4.82 (m, 0.5H), 5.72-5.88 (m, 0.5H), 5.91-6.07 (m, 1H), 7.19—
7.24 (m, 0.5H), 7.27-7.38 (m, 1H), 7.77-8.23 (m, 2H), 8.54-8.68 (m, 0.5H); *C-NMR
(151 MHz, DMSO-ds) J ppm 10.63, 17.52, 22.23, 29.60, 31.17, 40.05, 46.70, 48.88,
52.07, 52.89, 89.85, 107.94, 126.49, 126.89, 127.52, 128.20, 129.33, 133.51, 134.49,
147.19, 154.33, 15491, 155.55, 167.57; HRMS ESI/APCI dual m/z calcd for
C24H30CIN;O3 [M+H]": 500.2171, found: 500.2145.

N-[(1S)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-5-chloro-N-methyl-2-[(methylcarbamoyl)amino]|benzamide (24)

To a solution of 21b (50 mg, 0.087 mmol) in chloroform (0.87 mL) was added pyridine
(0.028 mL, 0.347 mmol) and 4-nitrophenyl chloroformate (19 mg, 0.095 mmol). After
stirring at room temperature for 1 h, the reaction mixture was concentrated under reduced
pressure.

To a solution of the residue in chloroform (0.87 mL) was added 2.0 M methylamine /
tetrahydrofuran (0.071 mL, 0.694 mmol). After stirring at room temperature for 2 h, the
reaction mixture was added to water and extracted with chloroform. The organic layer
was concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (OH, 10%—100% ethyl acetate in hexane) to obtain benzyl [(35)-1-(2-
{(15)-1-[ {5-chloro-2-[(methylcarbamoyl)amino]benzoyl } (methyl)amino]propyl} -6-
methylpyrazolo[1,5-a]pyrimidin-5-yl)pyrrolidin-3-yl]carbamate (44 mg, 0.070 mmol,
81%) as a colorless amorphous.

To a solution of benzyl [(3S)-1-(2-{(15)-1-[ {5-chloro-2-
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[(methylcarbamoyl)amino]benzoyl} (methyl)amino]propyl} -6-methylpyrazolo[1,5-
a]pyrimidin-5-yl)pyrrolidin-3-yl]carbamate (44 mg, 0.070 mmol) in methanol (3.5 mL)
was added 10% palladium on activated carbon (22 mg). The reaction was flushed with
hydrogen and stirred under hydrogen atmosphere at room temperature for 1 h. The
reaction mixture was filtered through a membrane filter and concentrated under reduced
pressure to obtain 24 (30 mg, 0.060 mmol, 85%) as a colorless amorphous.

"H-NMR (400 MHz, CDCI3) § ppm 0.82—1.15 (m, 3H), 1.75-1.88 (m, 1H), 1.88-2.23 (m,
3H), 2.32-2.41 (m, 3H), 2.62-2.92 (m, 6H), 3.41-3.53 (m, 1H), 3.67-3.79 (m, 2H), 3.82—
3.94 (m, 2H), 4.69—4.85 (m, 0.5H), 4.93-5.07 (m, 0.5H), 5.51-5.64 (m, 0.5H), 5.83-5.94
(m, 0.5H), 5.95-6.10 (m, 1H), 7.10-7.34 (m, 2H), 7.97-8.21 (m, 2H); '*C-NMR (151
MHz, DMSO-ds) 6 ppm 10.79, 17.66, 23.45, 26.02, 31.39, 33.24, 47.49, 50.36, 57.01,
58.84, 89.37, 107.94, 123.00, 124.34, 124.83, 125.91, 126.13, 129.00, 134.15, 147.25,
154.47, 155.43, 155.65, 167.99; HRMS ESI/APCI dual m/z calcd for C24H31CINgO2
[M+H]": 499.2331, found: 499.2306.

N-[(1S)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methylpyrazolo[1,5-a]pyrimidin-2-
yl}propyl]-5-chloro-N-methyl-2-[(methylsulfamoyl)amino]benzamide (25)

To a solution of chlorosulfonyl isocyanate (0.020 mL, 0.231 mmol) in chloroform (1.2
mL) was added 2-chloroethanol (0.031 mL, 0.462 mmol). After stirring at room
temperature for 1 h, the reaction mixture was added triethylamine (0.032 mL, 0.231
mmol) and 21b (67 mg, 0.115 mmol). After stirring at room temperature for 6 h, the
reaction mixture was concentrated under reduced pressure.

To a solution of the residue in chloroform (1.2 mL) was added triethylamine (0.048 mL,
0.346 mmol) and 2.0 M methylamine / tetrahydrofuran (0.46 mL, 0.923 mmol). After
stirring at 120 °C under microwave irradiation for 30 min, the reaction mixture was added
to water and extracted with chloroform. The organic layer was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (OH,
10%—-100% ethyl acetate in hexane) to obtain benzyl [(3S5)-1-(2-{(1S)-1-[{5-chloro-2-
[(methylsulfamoyl)amino]benzoyl} (methyl)amino]propyl}-6-methylpyrazolo[1,5-
a]pyrimidin-5-yl)pyrrolidin-3-yl]carbamate (23 mg, 0.035 mmol, 30%) as a colorless

amorphous.
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To a solution of benzyl [(3S5)-1-(2-{(15)-1-[ {5-chloro-2-

[(methylsulfamoyl)amino]benzoyl} (methyl)amino]propyl}-6-methylpyrazolo[ 1,5-
a]pyrimidin-5-yl)pyrrolidin-3-yl]carbamate (22 mg, 0.032 mmol) in methanol (1.6 mL)
was added 10% palladium on activated carbon (11 mg). The reaction mixture was flushed
with hydrogen and stirred under hydrogen atmosphere at room temperature for 1 h. The
reaction mixture was filtered through a membrane filter and concentrated under reduced
pressure to obtain 25 (16 mg, 0.030 mmol, 92%) as a colorless amorphous.
"H-NMR (400 MHz, CDCl3) § ppm 1.00-1.16 (m, 3H), 1.77-2.23 (m, 4H), 2.34-2.40 (m,
3H), 2.60-2.65 (m, 1.5H), 2.71 (s, 2H), 2.75-2.83 (m, 2.5H), 3.39-3.54 (m, 1H), 3.67—
3.78 (m, 2H), 3.82-3.95 (m, 2H), 4.60—4.70 (m, 1H), 5.92-6.04 (m, 1H), 7.22-7.25 (m,
0.5H), 7.30-7.39 (m, 1H), 7.63-7.74 (m, 1H), 8.36 (brs, 0.5H); '*C-NMR (151 MHz,
DMSO-ds) 0 ppm 10.63, 17.87, 22.35, 28.17, 31.21, 31.97, 47.21, 49.86, 52.90, 55.67,
89.61, 107.84, 122.29, 126.45, 127.28, 129.51, 130.19, 133.57, 134.35, 147.29, 154.47,
155.69, 167.59; HRMS ESI/APCI dual m/z calcd for C23H31CINgO3S [M+H]": 535.2001,
found: 535.1982.

tert-Butyl [(15)-1-(7-hydroxy-6-methyl-5-0x0-4,5-dihydropyrazolo[1,5-a]pyrimidin-
2-y)propyl|methylcarbamate (26)

To a solution of 11¢ (0.55 g 2.16 mmol) in ethanol (10 mL) was added diethyl 2-
methylmalonate (0.55 mL, 3.24 mmol) and 2.94 M sodium ethoxide in ethanol (3.7 mL,
10.81 mmol), and the mixture was stirred at 90 °C for 5 h. The reaction mixture was
concentrated under reduced pressure. The residue was acidified with 1 M aqueous
hydrochloric acid and extracted with chloroform. The organic layer was dried over
ISOLUTE® Phase Separator and concentrated under reduced pressure. The residue was
added to diethyl ether, precipitated, and collected to obtain 26 (0.62 g, 1.92 mmol, 89%)
as a pale yellow powder.

"H-NMR (400 MHz, CDCls) § ppm 0.90-1.01 (m, 3H), 1.49 (s, 9H), 1.69-1.75 (m, 3H),
1.83-1.97 (m, 1H), 2.10-2.22 (m, 1H), 2.67 (s, 3H), 3.58-3.69 (m, 1H), 4.98-5.28 (m,
1H), 5.73 (brs, 1H), 9.16 (brs, 1H); MS (ESI/APCI dual) m/z: 337 [M+H]".
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(15)-1-(5,7-Dichloro-6-methylpyrazolo[1,5-a]pyrimidin-2-yl)-N-methylpropan-1-
amine hydrochloride (27)

The mixture of 26 (4.6 g, 13.6 mmol) and phosphorus oxychloride (13 mL, 136.1 mmol)
was stirred at 110 °C for 3 h, and the reaction mixture was concentrated under reduced
pressure. After purifying by silica gel column chromatography (NH, 1%—-5% methanol in
chloroform), 4 M hydrogen chloride in ethyl acetate was added to the residue and the
mixture was concentrated under reduced pressure to obtain 27 (1.8 g, 5.77 mmol, 42%)
as a colorless powder.

"H-NMR (400 MHz, DMSO-ds) 6 ppm 0.73-0.87 (m, 3H), 1.94-2.20 (m, 2H), 2.45 (s,
3H), 2.48 (s, 3H), 4.34-4.46 (m, 1H), 7.05 (s, 1H), 9.38 (brs, 2H); MS (ESI/APCI dual)
m/z: 273 [M+H]".

N-[(15)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-6-methyl-7-
(methylamino)pyrazolo[1,5-a]pyrimidin-2-yl}propyl]-5-chloro-2-
[(methanesulfonyl)amino]-/N-methylbenzamide (29a)

To a solution of 27 (0.12 g, 0.388 mmol) in acetonitrile (1.0 mL) and water (1.0 mL)
was added 9.8 M methylamine /methanol (0.20 mL, 1.94 mmol) and sodium bicarbonate
(0.33 g, 3.88 mmol). After stirring at room temperature for 22 h, the reaction mixture was
added to 20% aqueous potassium carbonate and extracted with chloroform. The organic
layer was dried over ISOLUTE® Phase Separator and concentrated under reduced
pressure to obtain 5-chloro-N,6-dimethyl-2-[(1S)-1-(methylamino)propyl]pyrazolo[1,5-
a]pyrimidin-7-amine (28a) (0.10 g, 0.372 mmol, 96%) as a colorless powder.

To a solution of 28a (97 mg, 0.361 mmol) and 5-chloro-2-(methylsulfonamido)benzoic
acid (99 mg, 0.397 mmol) in N,N-dimethylformamide (1.0 mL) was added triethylamine
(0.25 mL, 1.80 mmol) and 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-
b]pyridinium 3-oxide hexafluorophosphate (0.17 g, 0.433 mmol). After stirring at room
temperature for 1 h, the reaction mixture was purified by reversed-phase preparative
HPLC to obtain 5-chloro-N-{(15)-1-[5-chloro-6-methyl-7-(methylamino)pyrazolo[1,5-
a]pyrimidin-2-yl]propyl}-2-[(methanesulfonyl)amino]-N-methylbenzamide (0.13 g,
0.904 mmol, 90%) as a colorless powder.

To a solution of 5-chloro-N-{(15)-1-[5-chloro-6-methyl-7-(methylamino)pyrazolo[1,5-
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a]pyrimidin-2-yl]propyl}-2-[ (methanesulfonyl)amino]-N-methylbenzamide (0.12 g,
0.252 mmol) in I-methyl-2-pyrrolidone (1.0 mL) was added triethylamine (0.35 mL, 2.52
mmol) and (S)-pyrrolidin-3-amine (0.11 mL, 1.26 mmol). After stirring at 150 °C under
microwave irradiation for 30 min, the reaction mixture was purified by reversed-phase
preparative HPLC to obtain 29a (41 mg, 0.30 mmol, 30%) as a pale yellow powder.
"H-NMR (400 MHz, CDCI3) 6 ppm 0.94-1.02 (m, 3H), 1.74-2.19 (m, 4H), 2.23 (s, 3H),
2.80 (s, 3H), 2.97 (s, 3H), 3.21-3.28 (m, 3H), 3.29-3.38 (m, 1H), 3.52-3.81 (m, 4H),
4.49-4.60 (m, 1H), 6.03 (s, 1H), 6.07-6.16 (m, 1H), 7.32-7.42 (m, 2H), 7.52-7.58 (m,
1H); *C-NMR (151 MHz, DMSO-ds) 6 ppm 10.81, 14.95, 22.85, 27.45, 31.63, 32.72,
40.49, 47.77, 49.96, 52.49, 55.29, 84.19, 90.42, 123.82, 126.23, 127.44, 128.60, 129.12,
133.28, 146.87, 148.18, 154.13, 159.73, 169.12; HRMS ESI/APCI dual m/z calcd for
C24H33CIN3O3S [M+H]"™: 549.2158, found: 549.2143.

N-[(18)-1-{5-[(35)-3-Aminopyrrolidin-1-yl]-7-(dimethylamino)-6-
methylpyrazolo[1,5-a]pyrimidin-2-yl} propyl]-5-chloro-2-
[(methanesulfonyl)amino]-/N-methylbenzamide (29b)

The title compound 29b was synthesized according to the procedure described for 29a
from 27 (10% yield).
Pink powder; 'H-NMR (400 MHz, CDCl3) 6 ppm 0.96—1.04 (m, 3H), 1.67-1.77 (m, 1H),
1.93-2.06 (m, 2H), 2.09-2.20 (m, 4H), 2.86-2.95 (m, 6H), 3.11-3.19 (m, 6H), 3.26-3.34
(m, 1H), 3.57-3.70 (m, 4H), 3.74-3.85 (m, 0.3H), 4.58-4.69 (m, 0.7H), 6.05 (s, 1H),
7.24-7.33 (m, 1H), 7.36-7.41 (m, 1H), 7.58-7.63 (m, 1H); >*C-NMR (151 MHz, DMSO-
ds) o ppm 10.83, 15.57, 22.73, 30.73, 31.87, 40.54, 41.38, 47.59, 50.02, 52.59, 55.49,
58.32, 90.22, 94.88, 124.36, 126.29, 127.12, 128.66, 129.02, 133.45, 148.28, 149.48,
153.91, 159.41, 168.98; HRMS ESI/APCI dual m/z calcd for CosH3sCINgOsS [M+H]":
563.2314, found: 563.2274.

N-[(15)-1-(5-[(35)-3-Aminopyrrolidin-1-yl]-7-{|2-(methanesulfonyl)ethyl]amino}-6-
methylpyrazolo[1,5-a]pyrimidin-2-yl)propyl]-5-chloro-2-
[(methanesulfonyl)amino]-N-methylbenzamide (29¢)

The title compound 29e was synthesized according to the procedure described for 29a

104



from 27 (22% yield).

Colorless powder; 'H-NMR (400 MHz, CDCl3) § ppm 0.99 (brs, 3H), 1.40-2.18 (m, 4H),
2.24 (brs, 3H), 2.81 (brs, 3H), 2.97 (brs, 3H), 3.01 (brs, 3H), 3.21-4.09 (m, 9H), 4.53 (brs,
1H), 6.06 (brs, 2H), 7.21-7.45 (m, 2H), 7.49-7.61(m, 1H); *C-NMR (151 MHz, DMSO-
ds) 0 ppm 10.83, 14.57, 22.75, 30.67, 31.57, 38.61, 40.54, 40.96, 47.83, 49.92, 52.47,
54.08, 55.21, 86.26, 90.46, 124.04, 126.29, 127.22, 128.64, 129.00, 133.39, 146.29,
147.31, 154.39, 159.25, 169.08; HRMS ESI/APCI dual m/z calcd for C26H37CINgOsS2
[M+H]": 641.2090, found: 641.2060.

N-[(18)-1-(5-[(35)-3-Aminopyrrolidin-1-yl]-6-methyl-7-{|2-
(methylsulfamoyl)ethyl]amino}pyrazolo[1,5-a]pyrimidin-2-yl)propyl]-5-chloro-2-
[(methanesulfonyl)amino]-/NV-methylbenzamide (29f)

The title compound 29f was synthesized according to the procedure described for 29a
from 27 (27% yield).
Colorless powder; 'H-NMR (400 MHz, CDCl3) § ppm 0.98 (t, 3H, J= 7.0 Hz), 1.70-1.82
(m, 1H), 1.94-2.06 (m, 2H), 2.08-2.19 (m, 4H), 2.21 (brs, 3H), 2.82 (brs, 6H), 2.97 (s,
3H), 3.26-3.80 (m, 7H), 3.98 (q, 2H, J= 6.6 Hz), 4.53 (t, 1H, J= 7.2 Hz), 4.82 (brs, 1H),
6.05 (s, 1H), 6.21 (brs, 1H), 7.32-7.44 (m, 2H), 7.57 (d, 1H, J = 8.7 Hz); *C-NMR (151
MHz, DMSO-ds) o ppm 10.83, 14.61, 22.75, 27.57, 28.52, 30.67, 31.53, 40.54, 47.83,
49.84,49.92,52.51, 55.19, 85.94, 90.48, 124.06, 126.29, 127.22, 128.64, 129.02, 133.39,
146.45, 147.29, 154.39, 159.31, 169.08; HRMS ESI/APCI dual m/z calcd for
C26H38CIN9OsS, [M+H]™: 656.2199, found: 656.2170.

N-[(15)-1-{7-[(2-Aminoethyl)amino]-5-[(35)-3-aminopyrrolidin-1-yl]-6-
methylpyrazolo[1,5-a]pyrimidin-2-yl}propyl]-5-chloro-2-
[(methanesulfonyl)amino]-NV-methylbenzamide (30a)

To a solution of 27 (120 mg, 0.38 mmol) in acetonitrile (1.0 mL) and water (1.0 mL)
was added 1-Boc-ethylenediamine (0.30 mL, 1.91 mmol) and sodium bicarbonate (0.32
g, 3.81 mmol). After stirring at room temperature for 20 h, the reaction mixture was
poured into saturated aqueous sodium bicarbonate and extracted with chloroform. The

organic layer was dried over ISOLUTE® Phase Separator and concentrated under reduced
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pressure. The residue was purified by reversed-phase preparative HPLC to obtain tert-
butyl [2-({5-chloro-6-methyl-2-[(15)-1-(methylamino)propyl]pyrazolo[1,5-a]pyrimidin-
7-yl}amino)ethyl]carbamate (28¢) (40 mg, 0.10 mmol, 27%) as a colorless amorphous.

To a solution of 28¢ (40 mg, 0.10 mmol) and 5-chloro-2-(methylsulfonamido)benzoic
acid (30 mg, 0.12 mmol) in N,N-dimethylformamide (1.0 mL) was added triethylamine
(0.070 mL, 0.50 mmol) and 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-
b]pyridinium 3-oxide hexafluorophosphate (50 mg, 0.13 mmol). After stirring at room
temperature for 2 h, the reaction mixture was purified by reversed-phase preparative
HPLC to obtain tert-butyl {2-[(5-chloro-2-{(1S)-1-[ {5-chloro-2-
[(methanesulfonyl)amino]benzoyl} (methyl)amino]propyl}-6-methylpyrazolo[1,5-
a]pyrimidin-7-yl)amino]ethyl}carbamate (33 mg, 0.052 mmol, 52%) as a colorless
amorphous.

To a solution of tert-butyl {2-[(5-chloro-2-{(1S)-1-[ {5-chloro-2-
[(methanesulfonyl)amino]benzoyl} (methyl)amino]propyl}-6-methylpyrazolo[1,5-
a]pyrimidin-7-yl)amino]ethyl}carbamate (33 mg, 0.052 mmol) in 1-methyl-2-
pyrrolidone (1.0 mL) was added triethylamine (0.12 mL, 0.83 mmol) and (S)-pyrrolidin-
3-amine (0.037 mL, 0.42 mmol). After stirring at 150 °C under microwave irradiation for
30 min, the reaction mixture was purified by reversed-phase preparative HPLC to obtain
tert-butyl {2-[(5-[(35)-3-aminopyrrolidin-1-yl]-2-{(1S)-1-[ {5-chloro-2-
[(methanesulfonyl)amino]benzoyl} (methyl)amino]propyl}-6-methylpyrazolo[1,5-
a]pyrimidin-7-yl)amino]ethyl} carbamate (29¢) (14 mg, 0.021 mmol, 40%) as a colorless
powder.

To a solution of 29¢ (14 mg, 0.021 mmol) in chloroform (1.0 mL) was added
trifluoroacetic acid (1.0 mL). After stirring at room temperature for 1 h, the reaction
mixture was poured into saturated aqueous sodium bicarbonate and extracted with
chloroform. The organic layer was dried over ISOLUTE® Phase Separator and
concentrated under reduced pressure to obtain 30a (11 mg, 0.019 mmol, 91%) as a
colorless powder.

"H-NMR (400 MHz, CDCl3) § ppm 0.94-1.03 (m, 3H), 1.65-2.27 (m, 7H), 2.82 (s, 3H),
2.91-3.03 (m, 5H), 3.22-3.31 (m, 1H), 3.51-3.83 (m, 7H), 4.52-4.63 (m, 1H), 6.06 (s,
1H), 6.08-6.17 (m, 1H), 7.32-7.43 (m, 2H), 7.52-7.60 (m, 1H); 3*C-NMR (151 MHz,
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DMSO-ds) 0 ppm 10.73, 13.99, 22.37, 30.22, 32.90, 40.05, 41.14, 43.59, 47.95, 50.38,
51.41, 56.97, 88.43, 90.58, 118.61, 120.78, 125.71, 126.07, 128.38, 131.26, 132.44,
146.51, 154.07, 158.99, 170.57; HRMS ESI/APCI dual m/z calcd for C25H36CIN9O3S
[M+H]": 578.2423, found: 578.2381.

N-[(18)-1-(5-[(35)-3-Aminopyrrolidin-1-yl]-6-methyl-7-{|2-
(methylamino)ethyl]amino}pyrazolo[1,5-a]pyrimidin-2-yl)propyl]-5-chloro-2-
[(methanesulfonyl)amino]-/N-methylbenzamide (30b)

The title compound 30b was synthesized according to the procedure described for 30a
from 27 (31% yield).
Colorless powder; 'H-NMR (400 MHz, CDCl5) 6 ppm 0.94-1.02 (m, 3H), 1.70-1.79 (m,
1H), 1.94-2.24 (m, 6H), 2.48 (s, 3H), 2.83 (s, 3H), 2.86-2.99 (m, 5H), 3.22-3.31 (m, 1H),
3.53-3.81 (m, 7H), 4.52-4.65 (m, 1H), 6.02-6.12 (m, 2H), 7.32-7.43 (m, 2H), 7.53-7.59
(m, 1H); *C-NMR (151 MHz, DMSO-ds) 6 ppm 10.75, 14.19,22.61,30.47, 32.01, 34.41,
40.05, 42.56, 47.85, 50.06, 50.93, 51.85, 55.87, 79.14, 90.54, 122.11, 125.99, 127.20,
128.50, 128.80, 132.00, 146.75, 147.45, 154.23, 159.09, 170.04; HRMS ESI/APCI dual
m/z calcd for C26H33CIN9O3S [M+H]™: 592.2580, found: 592.2546.

o

Methyl 5-methyl-2-[4-(methylamino)butoxy]|benzoate hydrochloride (33b)

To a solution of tert-butyl N-(4-hydroxybutyl)-N-methyl carbamate (1.0 g, 4.92 mmol)
in chloroform (4.9 mL) was added triethylamine (2.1 mL, 14.8 mmol, 3.0 eq) and
methanesulfonyl chloride (0.57 mL, 7.38 mmol, 1.5 eq) at 0 °C. After stirring at room
temperature for 1 h, the reaction mixture was poured into water and extracted with
chloroform. The organic layer was dried over a phase separator and concentrated under
reduced pressure. To a solution of the residue in N,N-dimethylformamide (9.8 mL) was
added methyl 5-methylsalicylate (1.4 mL, 9.83 mmol, 2.0 eq) and potassium carbonate
(2.7 g, 19.7 mmol, 4.0 eq). After stirring at 90 °C for 2 h, the reaction mixture was poured
into water and extracted with ethyl acetate. The organic layer was washed with brine and
dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The

residue was purified using silica gel column chromatography (OH 5%-30% ethyl acetate
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in hexane) to obtain methyl 2-{4-[tert-butoxycarbonyl(methyl)amino Jbutoxy}-5-methyl
benzoate (32b) (1.5 g, 4.15 mmol, 84%) as a colorless oil.

"HNMR (400 MHz, CDCl3) 6 ppm 1.45 (s, 9H), 1.67-1.85 (m, 4H), 2.30 (s, 3H), 2.86 (s,
3H), 3.24-3.33 (m, 2H), 3.87 (s, 3H), 3.98-4.07 (m, 2H), 6.82—6.88 (m, 1H), 7.20-7.25
(m, 1H), 7.56-7.60 (m, 1H); MS (ESI/APCI dual) m/z: 374 [M+Na]".

To a solution of 32b (1.46 g, 3.07 mmol) in 1,4-dioxane (5.0 mL) was added 4 M
hydrogen chloride in 1,4-dioxane (5.0 mL) and the mixture was stirred for 20 h at room
temperature. Then, the reaction mixture was concentrated under reduced pressure to
obtain 33b (1.09 g, 3.78 mmol, 91%) as a colorless powder. '"H NMR (400 MHz, DMSO-
ds) 0 ppm 1.71-1.81 (m, 4H), 2.26 (s, 3H), 2.54 (s, 3H), 2.89-3.01 (m, 2H), 3.79 (s, 3H),
3.974.07 (m, 2H), 7.01-7.07 (m, 1H), 7.29-7.37 (m, 1H), 7.46 (s, 1H), 8.58 (brs, 2H);
MS (ESI/APCI dual) m/z: 252 [M+H]".

Methyl 2-(4-aminobutoxy)-5-methylbenzoate hydrochloride (33e)

According to the procedure described for 33b, the title compound was obtained as a
colorless powder using tert-butyl N-(4-hydroxybutyl) carbamate instead of fert-butyl N-
(4-hydroxybutyl)-N-methyl carbamate (84% yield).

"H NMR (400 MHz, CDCI3) 6 ppm 2.00-2.14 (m, 4H), 2.29 (s, 3H), 3.20 (t, J= 6.3 Hz,
2H), 3.88 (s, 3H), 4.09 (t, /= 5.1 Hz, 2H), 6.83-6.87 (m, 1 H), 7.24-7.29 (m, 1H), 7.61—
7.68 (m, 1H); MS (ESI/APCI dual) m/z: 238 [M+H]".

Methyl 5-methyl-2-[3-(methylamino)propoxy]benzoate hydrochloride (33a)
According to the procedure described for 33b, the title compound was obtained as a
colorless oil using tert-butyl N-(3-hydroxypropyl)-N-methyl carbamate instead of fert-
butyl N-(4-hydroxybutyl)-N-methyl carbamate (71% yield).
"H NMR (400 MHz, CDCls) 6 ppm 2.33 (s, 3H), 2.41-2.50 (m, 2H), 2.76-2.85 (m, 3H),
3.25 (brs, 2H), 3.70 (s, 3H), 3.87 (s, 3H), 4.16-4.23 (m, 2H), 6.86 (d, J = 8.5 Hz, 1H),
7.34 (dd, J = 8.5, 1.9 Hz, 1H), 7.77 (d, J = 1.9 Hz, 1H), 9.84 (brs, 2H); MS (ESI/APCI
dual) m/z: 238 [M+H]".
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Methyl 5-methyl-2-{[S-(methylamino)pentyl]oxy}benzoate hydrochloride (33c)
According to the procedure described for 33b, the title compound was obtained as a

colorless powder using tert-butyl (5-hydroxypentyl)(methyl) carbamate instead of tert-

butyl N-(4-hydroxybutyl)-N-methyl carbamate (77% yield).

'"H NMR (400 MHz, DMSO-ds) 6 ppm 1.43-1.53 (m, 2H), 1.58-1.78 (m, 4H), 2.25 (s,

3H), 2.53 (s, 3H), 2.82-2.92 (m, 2H), 3.77 (s, 3H), 3.95-4.04 (m, 2H), 6.99-7.07 (m, 1H),

7.28-7.35 (m, 1H), 7.44 (s, 1H), 8.48 (brs, 2H); MS (ESI/APCI dual) m/z: 266 [M+H]".

Methyl 5-methyl-2-{[6-(methylamino)hexyl]oxy}benzoate hydrochloride (33d)
According to the procedure described for 33b, the title compound was obtained as a
colorless powder using tert-butyl N-(6-hydroxyhexyl)-N-methyl carbamate instead of
tert-butyl N-(4-hydroxybutyl)-N-methyl carbamate (77% yield).
'"H NMR (400 MHz, DMSO-ds) 6 ppm 1.31-1.50 (m, 4H), 1.55-1.73 (m, 4H), 2.25 (s,
3H), 2.84 (t,J = 7.6 Hz, 2H), 3.31 (s, 3H), 3.77 (s, 3H), 3.99 (t, J = 6.2 Hz, 2H), 7.02 (d,
J=8.5Hz, 1H), 7.31 (dd, J= 8.5, 1.6 Hz, 1H), 7.43 (d, /= 1.6 Hz, 1H), 8.69 (brs, 2H);
MS (ESI/APCI dual) m/z: 280 [M+H]".

5,7-Dichloro-2-[(2S)-piperidin-2-yl]pyrazolo[1,5-a]pyrimidine hydrochloride (36b)

To a solution of tert-butyl (25)-2-(5-amino-1H-pyrazol-3-yl)piperidine-1-carboxylate
(15.0 g, 56.3 mmol) in ethanol (280 mL) was added diethyl malonate (13 mL, 84.5 mmol,
1.5 eq) and 20% sodium ethoxide in ethanol (120 mL, 282 mmol, 5.0 eq), and the mixture
was stirred at 90 °C for 18 h. The reaction mixture was acidified using 1 M aqueous
hydrochloric acid and extracted with chloroform. The organic layer was washed with
brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure to
obtain  tert-butyl  (25)-2-(7-hydroxy-5-ox0-4,5-dihydropyrazolo[1,5-a]pyrimidin-2-
yl)piperidine-1-carboxylate (21 g, 61.3 mmol, 100%) as a pale-yellow amorphous, which
was used for the next reaction without further purification. MS (ESI/APCI dual) m/z: 303
[M-H].

A solution of fert-butyl (25)-2-(7-hydroxy-5-0x0-4,5-dihydropyrazolo[1,5-a]pyrimidin-
2-yl)piperidine-1-carboxylate (21 g, 61.3 mmol) in 4 M hydrogen chloride in 1,4-dioxane

(150 mL) was stirred for 3 h at room temperature. Then, the reaction mixture was
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concentrated under reduced pressure to obtain 7-hydroxy-2-[(2S)-2-piperidyl]-4H-
pyrazolo[1,5-a]pyrimidin-5-one hydrochloride (17 g, 63.0 mmol, 100%) as a yellow
powder, which was used for the next reaction without further purification. MS (ESI/APCI
dual) m/z: 235 [M+H]".

The mixture of 7-hydroxy-2-[(25)-2-piperidyl]-4H-pyrazolo[1,5-a]pyrimidin-5-one
hydrochloride (8.5 g, 31.0 mmol) and phosphorus oxychloride (83 mL, 910 mmol, 29 eq)
was stirred at 90 °C overnight. Then, the reaction mixture was concentrated under reduced
pressure and washed with 2-propanol/diisopropyl ether (1:4) to obtain 36b (8.5 g, 28.0
mmol, 88%) as a brown powder.

'H NMR (400 MHz, DMSO-ds) 6 ppm 1.58-1.95 (m, 5H), 2.13-2.25 (m, 1H), 2.99-3.17
(m, 1H), 3.28-3.41 (m, 1H), 4.57-4.70 (m, 1H), 7.11 (s, 1H), 7.77 (s, 1H), 9.37-9.59 (m,
2H); MS (ESI/APCI dual) m/z: 271 [M+H]".

(15)-1-(5,7-Dichloropyrazolo[1,5-a]pyrimidin-2-yl)-/N-methylpropan-1-amine
hydrochloride (36a)

To a solution of 11¢ (6.1 g, 23.8 mmol) in methanol (45 mL) was added dimethyl
propanedioate (4.1 mL, 35.7 mmol, 1.5 eq) and 28% sodium methoxide in methanol (24
mL, 119 mmol, 5.0 eq), and the mixture was stirred at 90 °C for 4 h. The reaction mixture
was acidified using 1 M aqueous hydrochloric acid and extracted with chloroform. The
organic layer was dried over a phase separator and concentrated under reduced pressure
to obtain tert-butyl  N-[(1S5)-1-(7-hydroxy-5-ox0-4H-pyrazolo[1,5-a]pyrimidin-2-
yl)propyl]-N-methyl carbamate (7.6 g, 23.5 mmol, 99%) as a pale-yellow amorphous,
which was used for the next reaction without further purification.

MS (ESI/APCI dual) m/z: 323 [M+H]".

The mixture of tert-butyl N-[(1S5)-1-(7-hydroxy-5-oxo0-4H-pyrazolo[1,5-a]pyrimidin-2-
yl)propyl]-N-methyl carbamate (1.1 g, 3.46 mmol) and phosphorus oxychloride (83 mL,
910 mmol, 29 eq) was stirred at 110 °C for 2 h. Then, the reaction mixture was
concentrated under reduced pressure to obtain 36a (2.3 g, 3.53 mmol, 100%) as a brown
oil.

"H NMR (400 MHz, DMSO-ds) 6 ppm 0.77-0.86 (m, 3H), 1.94-2.21 (m, 2H), 2.42-2.48
(m, 3H),4.32-4.51 (m, 1H), 7.10 (s, 1H), 7.76 (s, 1H), 9.28-9.67 (m, 2H); MS (ESI/APCI
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dual) m/z: 259 [M+H]".

Methyl 2-[4-({5-chloro-2-[(2S)-2-piperidyl]pyrazolo[1,5-a]pyrimidin-7-yl}-methyl-
amino)butoxy|-5-methylbenzoate (37h)

To a solution of 36b (1.0 g, 2.93 mmol) in ethanol (29 mL) was added 33b (1.0 g, 3.51

mmol, 1.2 eq) and triethylamine (4.1 mL, 29.3 mmol, 10 eq), and the mixture was stirred
at 65 °C for 0.5 h. The reaction mixture was poured into water and extracted with
chloroform. The organic layer was washed with brine, dried over magnesium sulfate,
filtered, and concentrated under reduced pressure. The residue was purified using silica
gel column chromatography (NH 50%-100% ethyl acetate in hexane) to obtain 37h (1.2
g, 2.43 mmol, 83%) as a colorless amorphous.
"H NMR (400 MHz, CDCI3) 6 ppm 1.45-1.71 (m, 4H), 1.79-2.03 (m, 6H), 2.30 (s, 3H),
2.73-2.83 (m, 1H), 3.12-3.19 (m, 1H), 3.23 (s, 3H), 3.79-3.87 (m, 4H), 3.99-4.05 (m,
2H),4.07-4.17 (m, 2H), 5.87 (s, 1H), 6.33 (s, 1H), 6.78-6.86 (m, 1H), 7.20-7.25 (m, 1H),
7.56-7.63 (m, 1H); MS (ESI/APCI dual) m/z: 486 [M+H]".

(23a8)-18-Chloro-8,16-dimethyl-1,3,4,13,14,15,16,23a-octahydro-2H,6 H,12 H-23,20-
(metheno)pyrido[2,1-k|pyrimido]6,1-
g][1,6,8,9,12]benzoxatetraazacyclopentadecin-6-one (38h)

To a solution of 37h (1.2 g, 2.43 mmol) in methanol (10 mL) and tetrahydrofuran (10
mL) was added 1 M aqueous sodium hydroxide (15 mL) , and the mixture was stirred at
65 °C for 0.5 h. The reaction mixture was acidified using 1 M aqueous hydrochloric acid
and extracted with chloroform. The organic layer was washed with brine, dried over
magnesium sulfate, filtered, and concentrated under reduced pressure to obtain 2-[4-({5-
chloro-2-[(2S)-2-piperidyl]pyrazolo[ 1,5-a]pyrimidin-7-yl } -methylamino)butoxy]-5-
methylbenzoic acid (1.3 g, 2.75 mmol, 100%) as a colorless amorphous, which was used
for the next reaction without further purification.

To a solution of 2-[4-({5-chloro-2-[(25)-2-piperidyl]pyrazolo[1,5-a]pyrimidin-7-yl}-
methyl-amino)butoxy]-5-methylbenzoic acid (1.2 g, 244 mmol) in N,N-
dimethylformamide (120 mL, 0.020 M) was added triethylamine (2.7 mL, 19.5 mmol,
8.0 eq) and 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-
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oxide hexafluorophosphate (1.9 g, 4.87 mmol, 2.0 eq). After stirring at room temperature
overnight, the reaction mixture was poured into water and extracted with ethyl acetate.
The organic layer was washed with brine, dried over magnesium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified using silica gel column
chromatography (NH 50%—100% ethyl acetate in hexane) to obtain 38h (1.5 g, 3.22 mmol,
100%) as a colorless amorphous.

"HNMR (400 MHz, CDCls) 6 ppm 1.31-1.87 (m, 6H), 1.89-2.08 (m, 2H), 2.12-2.33 (m,
4H), 2.34-2.50 (m, 1H), 2.74-2.85 (m, 0.3H), 3.05 (s, 2.1H), 3.08 (s, 0.9H), 3.37-3.52
(m, 2.1H), 3.63-3.73 (m, 0.3H), 3.80-3.92 (m, 0.3H), 3.92-4.01 (m, 0.7H), 4.01-4.14 (m,
1H), 4.19-4.31 (m, 0.7H), 4.60—4.71 (m, 0.6H), 5.07-5.13 (m, 0.3H), 5.86 (s, 1H), 6.16
(s, 0.3H), 6.30 (s, 0.7H), 6.34-6.39 (m, 0.7H), 6.68—6.74 (m, 0.3H), 6.76—6.82 (m, 0.7H),
7.02-7.15 (m, 2H); MS (ESI/APCI dual) m/z: 454 [M+H]".

(23a85)-18-[(35)-3-Aminopyrrolidin-1-yl]-8,16-dimethyl-1,3,4,13,14,15,16,23a-
octahydro-2H,6 H,12H-23,20-(metheno)pyrido|2,1-k]pyrimido[6,1-
g][1,6,8,9,12]benzoxatetraazacyclopentadecin-6-one hydrochloride (39h)

To a solution of 38h (0.20 g, 0.441 mmol) in 1-methyl-2-pyrrolidone (2.2 mL) was
added triethylamine (0.74 mL, 5.29 mmol, 12.0 eq) and tert-butyl N-[(3S)-pyrrolidin-3-
yl]carbamate (0.49 g, 2.64 mmol, 6.0 eq). After stirring at 150 °C under microwave
irradiation for 1 h, the reaction mixture was poured into water and extracted with ethyl
acetate. The organic layer was washed with brine, dried over magnesium sulfate, filtered,
and concentrated under reduced pressure. The residue was purified using silica gel
column chromatography (50%—-100% ethyl acetate in hexane) to obtain terz-butyl {(3.5)-
1-[(23a5)-8,16-dimethyl-6-0x0-1,3,4,13,14,15,16,23a-octahydro-2H,6 H,12 H-23,20-
(metheno)pyrido[2,1-k]pyrimido[6,1-g][1,6,8,9,12]benzoxatetraazacyclopentadecin-18-
yl]pyrrolidin-3-yl}carbamate (0.18 g, 0.298 mmol, 68%) as a colorless amorphous.

"H NMR (400 MHz, CDCls) 6 ppm 1.28-2.02 (m, 18H), 2.10-2.33 (m, 5H), 2.41-2.57
(m, 1H), 2.84-2.99 (m, 3.2H), 3.01-3.13 (m, 0.8H), 3.32-3.46 (m, 2H), 3.54-3.70 (m,
3H), 3.73-3.84 (m, 1H), 3.87-3.99 (m, 1H), 4.00—4.16 (m, 2H), 4.26—4.39 (m, 1H), 4.60—
4.76 (m, 1H), 4.99-5.04 (m, 0.2H), 5.06 (s, 0.2H), 5.10 (s, 0.8H), 5.82 (s, 0.2H), 5.96 (s,
0.8H), 6.27-6.35 (m, 0.8H), 6.67-6.73 (m, 0.2H), 6.74-6.80 (m, 0.8H), 7.01-7.06 (m,
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0.4H), 7.07-7.13 (m, 1.6H); MS (ESI/APCI dual) m/z: 604 [M+H]".

The mixture of fert-butyl {(35)-1-[(23a5)-8,16-dimethyl-6-0x0-1,3,4,13,14,15,16,23a-

octahydro-2H,6 H,12H-23,20-(metheno)pyrido[2,1-k]pyrimido[6,1-
g][1,6,8,9,12]benzoxatetraazacyclopentadecin-18-yl|pyrrolidin-3-yl} carbamate (0.18 g,
0.298 mmol) and 4 M hydrogen chloride in 1,4-dioxane (3.0 mL) was stirred for 1 h at
room temperature, and the reaction mixture was concentrated under reduced pressure to
obtain 39h (0.16 g, 0.296 mmol, 99%) as a colorless powder.
"H NMR (600 MHz, DMSO-ds) 6 ppm 1.20-1.34 (m, 2H), 1.36-1.79 (m, 5H), 1.83-1.92
(m, 1H), 2.01-2.11 (m, 1H), 2.12-2.24 (m, 2H), 2.26 (s, 3H), 2.33-2.41 (m, 1H), 3.15 (s,
3H), 3.25-3.32 (m, 1H), 3.37-3.43 (m, 1H), 3.44-3.94 (m, 5H), 3.95-4.06 (m, 4H), 4.85—
4.88 (m, 0.2H), 5.22-5.26 (m, 1H), 6.04-6.09 (m, 0.8H), 6.19 (brs, 0.2H), 6.34 (brs, 0.8H),
6.84-6.87 (m, 0.2H), 6.95-6.98 (m, 0.8H), 7.04-7.07 (m, 0.8H), 7.07-7.09 (m, 0.2H),
7.10=7.13 (m, 0.2H), 7.15-7.18 (m, 0.8H), 8.68 (brs, 3H); *C NMR (151 MHz, DMSO-
ds) 0 ppm 19.77, 19.93, 23.49, 25.44, 26.04, 28.74, 29.36, 43.71, 46.52, 47.17, 49.18,
51.91, 54.26, 62.76, 66.30, 66.68, 88.51, 112.60, 125.11, 126.23, 127.68, 129.45, 130.39,
150.11, 150.33, 151.92, 155.94, 167.43; HRMS ESI/APCI dual m/z calcd for C2sH37N70;
[M+H]": 504.3082, found: 504.3059.

Methyl 2-{3-[{5-chloro-2-[(1S5)-1-(methylamino)propyl]pyrazolo[1,5-a]pyrimidin-7-
yl}(methyl)amino]|propoxy}-5-methylbenzoate (37a)

According to the procedure described for 37h, 36a (0.41 g, 1.0 eq) and 33a (0.23 g, 1.2

eq) were reacted together. After workup, the residue was purified using silica gel column
chromatography (NH 30%-100% ethyl acetate in hexane) to obtain 37a (0.15 g, 48%) as
a pale yellow oil.
"H NMR (400 MHz, CDCls3) 6 ppm 0.84-0.91 (m, 3H), 1.70-1.90 (m, 2H), 2.22-2.33 (m,
5H), 2.35 (s, 3H), 3.30 (s, 3H), 3.59-3.65 (m, 1H), 3.88 (s, 3H), 4.06-4.12 (m, 2H), 4.23—
4.31 (m, 2H), 5.90 (s, 1H), 6.28 (s, 1H), 6.79-6.85 (m, 1H), 7.21-7.27 (m, 1H), 7.60—
7.65 (m, 1H); MS (ESI/APCI dual) m/z: 460 [M+H]".
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(16S5)-3-Chloro-16-ethyl-5,12,15-trimethyl-5,6,7,8,15,16-hexahydro-14H-17,1-
(metheno)pyrimido[6,1-f][1,5,7,8,11|benzoxatetraazacyclotetradecin-14-one (38a)
According to the procedure described for 38h, the title compound 38a was obtained
(0.11 g, 87%) as a colorless powder.
"H NMR (400 MHz, CDCl3) 6 ppm 1.10-1.16 (m, 3H), 1.84-2.27 (m, 4H), 2.30 (s, 3H),
2.69 (s, 3H), 3.13 (s, 3H), 3.89-3.97 (m, 1H), 4.03—4.11 (m, 1H), 4.18-4.30 (m, 1H),
5.01-5.13 (m, 1H), 5.82 (s, 1H), 6.11-6.19 (m, 1H), 6.30 (s, 1H), 6.68-6.75 (m, 1H),
7.08-7.16 (m, 2H); MS (ESI/APCI dual) m/z: 428 [M+H]".

(165)-3-[(35)-3-Aminopyrrolidin-1-yl]-16-ethyl-5,12,15-trimethyl-5,6,7,8,15,16-
hexahydro-14H-17,1-(metheno)pyrimido[6,1-
f][1,5,7,8,11|benzoxatetraazacyclotetradecin-14-one (39a)

To a solution of 38a (40 mg, 0.093 mmol) in 1-methyl-2-pyrrolidone (0.93 mL) was

added triethylamine (0.13 mL, 0.935 mmol, 10.0 eq) and (S)-3-aminopyrolidine (0.041
mL, 0.467 mmol, 5.0 eq). After stirring at 150 °C under microwave irradiation for 1 h,
the reaction mixture was poured into saturated aqueous sodium bicarbonate and extracted
with ethyl acetate. The organic layer was washed with brine, dried over magnesium
sulfate, filtered, and concentrated under reduced pressure. The residue was purified using
silica gel column chromatography (NH 50%-100% ethyl acetate in hexane to 5%
methanol in chloroform) to obtain 39a (12 mg, 0.025 mmol, 27%) as a colorless
amorphous.
"H NMR (400 MHz, CDCls) 6 ppm 1.08-1.15 (m, 3H), 1.75-2.26 (m, 6H), 2.26-2.32 (m,
3H),2.63 (s,2.7H), 2.80 (s, 0.3H), 2.89 (s, 0.3H), 3.03 (s, 2.7H), 3.23-3.33 (m, 1H), 3.50-
3.61 (m, 1H), 3.63-3.79 (m, 3H), 3.86-3.96 (m, 1H), 3.97-4.05 (m, 1H), 4.09—4.21 (m,
1H), 4.56-4.72 (m, 1H), 5.06 (s, 0.9H), 5.26 (s, 0.1H), 5.96 (s, 0.1H), 5.99 (s, 0.9H),
6.04-6.10 (m, 1H), 6.67-6.73 (m, 0.9H), 6.84-6.90 (m, 0.1H), 7.06-7.13 (m, 2H); *C
NMR (151 MHz, DMSO-ds) ¢ ppm 10.51, 19.89, 22.71, 28.38, 30.10, 33.98, 38.16, 44.96,
49.42, 50.66, 51.81, 54.97, 64.85, 76.79, 88.27, 111.06, 126.73, 127.68, 129.14, 130.11,
148.72, 151.43, 152.14, 154.19, 155.27, 169.18; HRMS ESI/APCI dual m/z calcd for
Ca6H3sN70: [M+H]": 478.2925, found: 478.2915.
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Methyl 2-{4-[{5-chloro-2-[(15)-1-(methylamino)propyl|pyrazolo[1,5-a]pyrimidin-7-
yl}(methyl)amino]butoxy}-5-methylbenzoate (37b)

According to the procedure described for 37h, 36a (0.80 g, 1.0 eq) and 33b (0.94 g, 1.2

eq) were reacted together. After workup, the residue was purified using silica gel column
chromatography (NH 50%-100% ethyl acetate in hexane) to obtain 37b (0.60 g, 47%) as
a colorless amorphous.
"HNMR (400 MHz, CDCls) 6 ppm 0.84-0.90 (m, 3H), 1.72-1.89 (m, 4H), 1.91-2.01 (m,
2H), 2.30 (s, 3H), 2.34 (s, 3H), 3.24 (s, 3H), 3.58-3.65 (m, 1H), 3.84 (s, 3H), 3.99-4.05
(m, 2H), 4.10-4.18 (m, 2H), 5.86 (s, 1H), 6.28 (s, 1H), 6.80—6.84 (m, 1H), 7.20-7.25 (m,
1H), 7.57-7.61 (m, 1H); MS (ESI/APCI dual) m/z: 474 [M+H]".

(175)-3-Chloro-17-ethyl-5,13,16-trimethyl-6,7,8,9,16,17-hexahydro-5H,15H-18,1-
(metheno)pyrimido[6,1-g][1,6,8,9,12]benzoxatetraazacyclopentadecin-15-one (38b)
According to the procedure described for 38h, the title compound 38b was obtained
(0.59 g, 100%) as a colorless amorphous.
"H NMR (400 MHz, CDCl3) 6 ppm 0.95-1.04 (m, 1H), 1.10-1.21 (m, 2H), 1.64-2.26 (m,
5H), 2.28-2.31 (m, 3H), 2.32-2.53 (m, 1H), 2.60 (s, 2H), 2.80 (s, 1H), 3.08 (s, 2H), 3.10
(s, 1H), 3.20-3.30 (m, 0.6H), 3.64-3.74 (m, 0.4H), 3.77-3.87 (m, 0.4H), 3.87-3.96 (m,
0.6H), 4.02—4.12 (m, 1H), 4.53-4.64 (m, 0.4H), 4.67-4.79 (m, 1H), 5.80-5.85 (m, 1H),
6.12-6.21 (m, 1H), 6.26 (s, 0.4H), 6.34 (s, 0.6H), 6.73—6.81 (m, 1H), 7.01-7.13 (m, 2H);
MS (ESI/APCI dual) m/z: 442 [M+H]".

(175)-3-[(35)-3-Aminopyrrolidin-1-yl]-17-ethyl-5,13,16-trimethyl-6,7,8,9,16,17-
hexahydro-5H,15H-18,1-(metheno)pyrimido[6,1-
g][1,6,8,9,12]benzoxatetraazacyclopentadecin-15-one hydrochloride (39b)
According to the procedure described for 39h, the title compound 39b was obtained
(0.17 g, 84%) as a colorless amorphous.
"H NMR (400 MHz, DMSO-ds) 6 ppm 0.79-0.88 (m, 1H), 0.98-1.06 (m, 2H), 1.45-2.05
(m, 4H), 2.07-2.43 (m, 7H), 2.54 (s, 2H), 2.66 (s, 1H), 3.13-3.23 (m, 3H), 3.24-4.10 (m,
7.6H), 4.16-4.30 (m, 1H), 4.45-4.53 (m, 0.4H), 4.54-4.67 (m, 0.4H), 5.18 (s, 0.4H), 5.22
(s,0.6H), 5.83-5.92 (m, 0.6H), 6.29—6.37 (m, 1H), 6.90-7.02 (m, 2H), 7.12-7.19 (m, 1H),
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8.62 (brs, 3H); *C NMR (151 MHz, DMSO-ds) 5 ppm 10.35, 10.93, 19.89, 19.92, 23.43,
23.51,23.97, 24.03, 26.00, 27.17, 28.76, 30.91, 46.46, 49.20, 51.37, 51.87, 54.20, 57.24,
62.78, 64.97, 66.86, 88.87, 89.05, 111.72, 112.71, 125.57, 127.01, 127.20, 127.66, 128.64,
129.61, 130.05, 130.21, 149.24, 149.91, 151.88, 152.54, 154.57, 156.02, 168.35, 169.40;
HRMS ESI/APCI dual m/z caled for Co7H37N70, [M+H]': 492.3082, found: 492.3058.

Methyl 2-({5-[{5-chloro-2-[(15)-1-(methylamino)propyl|pyrazolo[1,5-a]pyrimidin-
7-yl}(methyl)amino]pentyl}oxy)-5-methylbenzoate (37¢)

According to the procedure described for 37h, 36a (0.60 g, 1.0 eq) and 33¢ (0.22 g, 1.2

eq) were reacted together. After workup, the residue was purified using silica gel column
chromatography (NH 20%—100% ethyl acetate in hexane to 10% methanol in chloroform)
to obtain 37¢ (0.26 g, 86%) as a yellow oil.
"H NMR (400 MHz, CDCl3) 6 ppm 0.84-0.89 (m, 3H), 1.47-1.70 (m, 2H), 1.74-1.91 (m,
6H), 2.30 (s, 3H), 2.35 (s, 3H), 3.22 (s, 3H), 3.60-3.68 (m, 1H), 3.86 (s, 3H), 3.964.02
(m, 2H), 4.03—4.10 (m, 2H), 5.86 (s, 1H), 6.30 (s, 1H), 6.80—6.87 (m, 1H), 7.20-7.25 (m,
1H), 7.56-7.61 (m, 1H); MS (ESI/APCI dual) m/z: 488 [M+H]".

(185)-3-Chloro-18-ethyl-5,14,17-trimethyl-5,6,7,8,9,10,17,18-octahydro-16H-19,1-
(metheno)pyrimido[6,1-h][1,7,9,10,13]benzoxatetraazacyclohexadecin-16-one (38c)
According to the procedure described for 38h, the title compound 38c¢ was obtained
(0.20 g, 85%) as a colorless amorphous.
"H NMR (400 MHz, CDCl3) 6 ppm 0.91-0.97 (m, 0.6H), 1.08-1.15 (m, 2.4H), 1.49-1.82
(m, 3H), 1.83-2.25 (m, 3H), 2.29 (s, 3H), 2.59 (s, 2.4H), 2.93 (s, 0.6H), 3.07 (s, 0.6H),
3.08 (s, 2.4H), 3.17-3.28 (m, 0.2H), 3.57-3.68 (m, 0.8H), 3.86-3.95 (m, 1H), 4.024.12
(m, 1H), 4.54-4.64 (m, 0.2H), 4.69-4.76 (m, 0.2H), 4.90-5.00 (m, 0.8H), 5.88 (s, 1H),
6.09-6.17 (m, 0.8H), 6.26 (s, 0.2H), 6.39 (s, 0.8H), 6.76-6.82 (m, 1H), 7.01-7.12 (m,
2H); MS (ESI/APCI dual) m/z: 456 [M+H]".

(185)-3-[(35)-3-Aminopyrrolidin-1-yl]-18-ethyl-5,14,17-trimethyl-
5,6,7,8,9,10,17,18-octahydro-16H-19,1-(metheno)pyrimido[6,1-

h][1,7,9,10,13]benzoxatetraazacyclohexadecin-16-one (39¢)
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According to the procedure described for 39a, the title compound 39¢ was obtained (45
mg, 68%) as a colorless powder.
"HNMR (400 MHz, CDCls) 6 ppm 0.79-0.86 (m, 1H), 1.06-1.15 (m, 2H), 1.35-2.25 (m,
10H), 2.28 (s, 3H), 2.59 (s, 2H), 2.88 (s, 1H), 2.93 (s, 1H), 2.98 (s, 2H), 3.22-3.44 (m,
1.7H), 3.49-3.62 (m, 1H), 3.65-3.79 (m, 3H), 3.81-3.91 (m, 0.7H), 3.92-4.07 (m, 1.3H),
4.07-4.16 (m, 0.3H), 4.59—4.66 (m, 0.3H), 4.71-4.83 (m, 0.7H), 5.12 (s, 0.7H), 5.19 (s,
0.3H), 6.00-6.10 (m, 1H), 6.73-6.78 (m, 0.7H), 6.79-6.84 (m, 0.3H), 7.00-7.12 (m, 2H);
13C NMR (151 MHz, DMSO-ds) ¢ ppm 10.79, 19.91, 21.84, 23.71, 26.06, 27.71, 30.97,
33.88, 37.92, 44.94, 50.64, 51.83, 54.88, 58.08, 66.32, 78.18, 89.39, 112.58, 127.28,
127.50, 129.29, 129.97, 149.68, 151.17, 151.73, 153.78, 155.17, 168.54; HRMS
ESI/APCI dual m/z caled for C2sH39N702 [M+H]": 506.3238, found: 506.3227.

Methyl 2-({6-[{5-chloro-2-[(1S)-1-(methylamino)propyl]pyrazolo[1,5-a]pyrimidin-
7-yl}(methyl)amino]hexyl}oxy)-5-methylbenzoate (37d)

According to the procedure described for 37h, 36a (0.33 g, 1.0 eq) and 33d (0.21 g, 1.2

eq) were reacted together. After workup, the residue was purified using silica gel column
chromatography (NH 20%—-100% ethyl acetate in hexane) to obtain 37d (0.12 g, 42%) as
a colorless oil.
"HNMR (400 MHz, CDCl3) § 0.84-0.91 (m, 3H), 1.33-1.43 (m, 2H), 1.47-1.57 (m, 2H),
1.69-1.90 (m, 6H), 2.29 (s, 3H), 2.34 (s, 3H), 3.21 (s, 3H), 3.60-3.65 (m, 1H), 3.86 (s,
3H), 3.95-4.01 (m, 2H), 4.01-4.07 (m, 2H), 5.84 (s, 1H), 6.28 (s, 1H), 6.81-6.85 (m, 1H),
7.20-7.25 (m, 1H), 7.56-7.60 (m, 1H); MS (ESI/APCI dual) m/z: 502 [M+H]".

(195)-3-Chloro-19-ethyl-5,15,18-trimethyl-6,7,8,9,10,11,18,19-octahydro-5H,17H-
20,1-(metheno)pyrimido[6,1-i][1,8,10,11,14]benzoxatetraazacycloheptadecin-17-
one (38d)

According to the procedure described for 38h, the title compound 38d was obtained (96
mg, 70%) as a colorless amorphous.
"H NMR (400 MHz, CDCl3) 6 ppm 0.91-0.96 (m, 1H), 0.97-1.03 (m, 2H), 1.05-2.10 (m,
10H), 2.25-2.32 (m, 3H), 2.69 (s, 1.5H), 2.80 (s, 1.5H), 3.06-3.12 (m, 3H), 3.52-4.13 (m,
4H), 4.82-4.94 (m, 0.2H), 5.49-5.60 (m, 0.5H), 5.85-5.93 (m, 1H), 6.04—6.13 (m, 0.8H),
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6.45 (s, 0.5H), 6.65-6.79 (m, 1H), 7.02-7.12 (m, 2H); MS (ESI/APCI dual) m/z: 470
[M+H]".

(195)-3-[(35)-3-Aminopyrrolidin-1-yl]-19-ethyl-5,15,18-trimethyl-
6,7,8,9,10,11,18,19-octahydro-5H,17H-20,1-(metheno)pyrimido[6,1-
i][1,8,10,11,14]benzoxatetraazacycloheptadecin-17-one (39d)

According to the procedure described for 39a, the title compound 39d was obtained (16
mg, 44%) as a colorless powder.
"H NMR (400 MHz, CDCls) 6 ppm 0.94-1.03 (m, 3H), 1.04-1.90 (m, 7H), 1.92-2.11 (m,
3H), 2.14-2.24 (m, 1H), 2.25-2.31 (m, 3H), 2.34-2.42 (m, 1H), 2.69 (s, 2H), 2.84 (s, 1H),
2.98-3.05 (m, 3H), 3.24-3.62 (m, 4H), 3.67-3.81 (m, 3H), 3.82-3.91 (m, 1H), 4.75-4.84
(m, 0.2H), 5.06-5.15 (m, 1H), 5.31-5.45 (m, 0.8H), 5.48-5.62 (m, 0.2H), 5.69 (s, 0.2H),
5.95-6.04 (m, 0.8H), 6.11 (s, 0.8H), 6.63—6.72 (m, 1H), 7.02-7.11 (m, 2H); *C NMR
(151 MHz, DMSO-dg) 0 ppm 10.85, 17.18, 19.87, 23.85, 24.60, 25.52, 28.82, 30.75,
33.02, 38.38, 44.78, 48.43, 49.38, 52.15, 54.04, 67.89, 78.74, 89.85, 111.50, 126.75,
127.66, 129.21, 130.11, 149.93, 150.97, 151.96, 153.08, 155.03, 167.95; HRMS
ESI/APCI dual m/z calcd for C20H41N7O2[M+H]": 520.3395, found: 520.3389.

Methyl 2-[4-({S-chloro-2-[(1S)-1-(methylamino)propyl|pyrazolo[1,5-a]pyrimidin-7-
yl}amino)butoxy]-5-methylbenzoate (37¢)

According to the procedure described for 37h, 36a (0.15 g, 1.0 eq) and 33e (0.12 g, 1.1

eq) were reacted together. After workup, the residue was purified using silica gel column
chromatography (NH 20%—-80% ethyl acetate in hexane) and reversed-phase preparative
HPLC to obtain 37e (0.11 g, 56%) as a colorless oil.
"H NMR (400 MHz, CDCls) 6 ppm 0.83-0.90 (m, 3H), 1.71-1.87 (m, 2H), 1.95-2.08 (m,
4H), 2.31 (s, 3H), 2.33 (s, 3H), 3.51-3.63 (m, 3H), 3.88 (s, 3H), 4.06-4.12 (m, 2H), 5.95
(s, 1H), 6.27 (s, 1H), 6.63-6.71 (m, 1H), 6.82—-6.88 (m, 1H), 7.22-7.28 (m, 1H), 7.62—
7.66 (m, 1H); MS (ESI/APCI dual) m/z: 460 [M+H]".

(175)-3-Chloro-17-ethyl-13,16-dimethyl-6,7,8,9,16,17-hexahydro-SH,15H-18,1-
(metheno)pyrimido[6,1-g][1,6,8,9,12]benzoxatetraazacyclopentadecin-15-one (38e)
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According to the procedure described for 38h, the title compound 38e was obtained (9.0
mg, 16%) as a colorless amorphous.
"HNMR (400 MHz, CDCls) 6 ppm 1.14-1.24 (m, 3H), 1.85-2.28 (m, 6H), 2.29-2.34 (m,
3H), 2.60 (s, 1.5H), 2.69 (s, 1.5H), 3.14-3.26 (m, 0.5H), 3.30-3.49 (m, 1.5H), 4.07-4.15
(m, 1.5H), 4.30—4.38 (m, 0.5H), 5.04-5.12 (m, 0.5H), 5.82 (s, 0.5H), 5.86 (s, 0.5H), 5.89—
5.97 (m, 0.5H), 6.14 (s, 0.5H), 6.26 (s, 0.5H), 6.88—6.95 (m, 0.5H), 7.01-7.09 (m, 1H),
7.10-7.18 (m, 2H), 8.49-8.56 (m, 0.5H); MS (ESI/APCI dual) m/z: 428 [M+H]".

(175)-3-[(35)-3-Aminopyrrolidin-1-yl]-17-ethyl-13,16-dimethyl-6,7,8,9,16,17-
hexahydro-5H,15H-18,1-(metheno)pyrimido[6,1-
g][1,6,8,9,12]benzoxatetraazacyclopentadecin-15-one (39¢)

According to the procedure described for 39a, the title compound 39e was obtained (4.3
mg, 43%) as a pale pink amorphous.
'H NMR (600 MHz, DMSO-ds) 6 ppm 0.92-0.97 (m, 1H), 0.99—1.05 (m, 2H), 1.58-2.19
(m, 8H), 2.25 (s, 2H), 2.27 (s, 1H), 2.44 (s, 2H), 2.63 (s, 1H), 2.99-3.57 (m, 8H), 3.69—
4.03 (m, 3H), 4.60—4.66 (m, 0.4H), 5.17 (s, 0.4H), 5.26 (s, 0.6H), 5.67-5.72 (m, 0.6H),
5.80 (s, 0.4H), 5.84 (s, 0.6H), 6.78-6.83 (m, 0.6H), 6.92-7.18 (m, 3H), 7.42-7.47 (m,
0.4H); *C NMR (151 MHz, DMSO-dg) 6 ppm 10.69, 10.99, 19.87, 19.96, 22.57, 22.79,
26.04, 26.13, 26.39, 27.69, 30.59, 34.02, 42.30, 43.41, 44.94, 50.66, 52.19, 55.01, 68.49,
73.33, 79.12, 87.86, 88.37, 113.43, 127.42, 127.58, 127.74, 129.61, 130.01, 147.74,
152.62, 153.60, 154.15, 155.61, 169.40; HRMS ESI/APCI dual m/z calcd for C26H35N702
[M+H]": 478.2925, found: 478.2927.

Methyl 2-[4-({5-chloro-6-methyl-2-[(1S)-1-(methylamino)propyl]pyrazolo[1,5-
a]pyrimidin-7-yl}amino)butoxy]-5-methylbenzoate (37f)

According to the procedure described for 37h, 27 (0.10 g, 1.0 eq) and 33e (92 mg, 1.2
eq) were reacted together. After workup, the residue was purified using silica gel column
chromatography (NH 80%—100% ethyl acetate in hexane) and reversed-phase preparative
HPLC to obtain 37f (98 mg, 64%) as a colorless oil.

"H NMR (400 MHz, CDCls) 6 ppm 0.83-0.90 (m, 3H), 1.72-1.90 (m, 2H), 1.90-2.02 (m,
4H), 2.30 (s, 3H), 2.35 (s, 3H), 2.45 (s, 3H), 3.59-3.66 (m, 1H), 3.82-3.90 (m, 5H), 4.05—
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4.10 (m, 2H), 6.24 (s, 1H), 6.54-6.62 (m, 1H), 6.80-6.87 (m, 1H), 7.21-7.28 (m, 1H),
7.59-7.64 (m, 1H); MS (ESI/APCI dual) m/z: 475 [M+H]".

(175)-3-Chloro-17-ethyl-4,13,16-trimethyl-6,7,8,9,16,17-hexahydro-5H,15H-18,1-
(metheno)pyrimido[6,1-g][1,6,8,9,12]benzoxatetraazacyclopentadecin-15-one (38f)
According to the procedure described for 38h, the title compound 38f was obtained (61
mg, 71%) as a colorless powder.
"H NMR (400 MHz, DMSO-ds) § ppm 0.99-1.07 (m, 3H), 1.47-2.16 (m, 6H), 2.20 (s,
3H), 2.26 (s, 3H), 2.42 (s, 3H), 3.51-3.67 (m, 1H), 3.80-3.99 (m, 1.5H), 4.21-4.36 (m,
1H), 4.44-4.58 (m, 0.5H), 5.78-5.89 (m, 1H), 6.32 (s, 1H), 6.89-6.97 (m, 2H), 7.11-7.17
(m, 1H), 7.33-7.42 (m, 1H); MS (ESI/APCI dual) m/z: 442 [M+H]".

(175)-3-[(35)-3-Aminopyrrolidin-1-yl]-17-ethyl-4,13,16-trimethyl-6,7,8,9,16,17-
hexahydro-5H,15H-18,1-(metheno)pyrimido[6,1-
g][1,6,8,9,12]benzoxatetraazacyclopentadecin-15-one (39f)

According to the procedure described for 39a, the title compound 39f was obtained (21
mg, 50%) as a pink amorphous.
"H NMR (400 MHz, CDCls) 6 ppm 1.01-1.07 (m, 0.6), 1.08-1.16 (m, 2.4H), 1.51-2.06
(m, 6H), 2.06-2.25 (m, 5H), 2.28 (s, 3H), 2.43 (s, 2.4H), 2.85 (s, 0.6H), 3.13-3.25 (m,
0.8H), 3.25-3.34 (m, 0.2H), 3.37-3.72 (m, 5H), 3.72-3.85 (m, 1.8H), 3.91-4.00 (m, 1H),
4.05-4.13 (m, 0.2H), 4.78-4.87 (m, 0.2H), 5.50-5.65 (m, 1H), 5.94 (s, 0.2H), 6.03-6.14
(m, 1.6H), 6.70-6.77 (m, 0.8H), 6.80-6.86 (m, 0.2H), 6.99-7.12 (m, 2H); *C NMR (151
MHz, DMSO-dg) ¢ 10.63, 11.09, 13.54, 13.99, 19.91, 22.75, 24.24, 25.62, 26.33, 27.05,
27.57,29.12, 30.33, 33.92, 34.06, 43.79, 45.76, 48.05, 48.17, 50.78, 50.87, 51.71, 57.94,
58.12, 58.24, 65.31, 67.89, 86.56, 88.81, 89.69, 111.90, 112.89, 126.07, 127.30, 127.48,
129.53, 130.03, 146.61, 147.61, 147.77, 148.58, 152.36, 152.84, 153.96, 158.81, 158.85,
168.25, 168.88; HRMS ESI/APCI dual m/z calcd for C27H37N70, [M+H]™: 492.3082,
found: 492.3065.

Methyl 2-{4-[{5-chloro-6-methyl-2-[(15)-1-(methylamino)propyl|pyrazolo[1,5-
a]pyrimidin-7-yl}(methyl)amino]butoxy}-5-methylbenzoate (37g)
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According to the procedure described for 37h, 27 (0.10 g, 1.0 eq) and 33b (0.11 g, 1.2

eq) were reacted together. After workup, the residue was purified using silica gel column
chromatography (NH 80%—100% ethyl acetate in hexane) and reversed-phase preparative
HPLC to obtain 37g (0.16 g, 100%) as a colorless oil.
"H NMR (400 MHz, CDCl3) 6 ppm 0.83-0.91 (m, 3H), 1.72-1.92 (m, 6H), 2.29 (s, 3H),
2.33 (s, 3H), 2.35 (s, 3H), 3.15 (s, 3H), 3.57-3.64 (m, 2H), 3.64-3.70 (m, 1H), 3.84 (s,
3H), 3.93-4.00 (m, 2H), 6.36 (s, 1H), 6.73-6.81 (m, 1H), 7.17-7.23 (m, 1H), 7.54-7.60
(m, 1H); MS (ESI/APCI dual) m/z: 488 [M+H]".

(175)-3-Chloro-17-ethyl-4,5,13,16-tetramethyl-6,7,8,9,16,17-hexahydro-5H,15H-
18,1-(metheno)pyrimido[6,1-g][1,6,8,9,12]benzoxatetraazacyclopentadecin-15-one
(382)

According to the procedure described for 38h, the title compound 38g was obtained
(0.14 g, 88%) as a colorless powder.
'H NMR (400 MHz, CDCls) 6 ppm 0.99-1.07 (m, 0.9H), 1.09-1.18 (m, 2.1H), 1.42-1.68
(m, 2H), 1.75-2.21 (m, 4H), 2.29 (s, 3H), 2.33 (s, 3H), 2.58 (s, 2.1H), 2.80 (s, 3H), 2.95
(s, 0.9H), 3.14 (s, 3H), 3.23-3.34 (m, 0.7H), 3.57-3.70 (m, 1.3H), 3.73-3.84 (m, 1H),
3.91-4.05 (m, 1H), 4.79-4.87 (m, 0.3H), 6.17-6.24 (m, 0.7H), 6.26 (s, 0.3H), 6.41 (s,
0.7H), 6.68-6.79 (m, 1H), 7.01-7.12 (m, 2H); MS (ESI/APCI dual) m/z: 456 [M+H]".

(175)-3-[(35)-3-Aminopyrrolidin-1-yl]-17-ethyl-4,5,13,16-tetramethyl-6,7,8,9,16,17-
hexahydro-5H,15H-18,1-(metheno)pyrimido[6,1-
g][1,6,8,9,12]benzoxatetraazacyclopentadecin-15-one (39g)

According to the procedure described for 39a, the title compound 39g was obtained
(0.12 g, 77%) as a colorless powder.
"HNMR (600 MHz, CDCls) 6 ppm 0.96-1.02 (m, 0.9H), 1.07—1.15 (m, 2.1H), 1.54-2.23
(m, 11H), 2.28 (s, 3H), 2.61 (s, 2H), 2.95 (s, 1H), 3.04-3.22 (m, 5H), 3.34-3.46 (m, 1.7H),
3.59-4.05 (m, 5.3H), 4.75-4.80 (m, 0.3H), 5.97 (s, 0.3H), 6.09 (s, 0.7H), 6.11-6.15 (m,
0.7H), 6.72-6.76 (m, 1H), 7.02-7.10 (m, 2H); 3C NMR (151 MHz, DMSO-ds) 6 ppm
10.61, 10.83, 11.03, 15.69, 15.90, 19.90, 22.49, 23.55, 23.81, 24.01, 24.72, 25.56, 26.69,
30.67, 32.80, 34.14, 34.20, 47.91, 48.05, 48.15, 50.89, 50.95, 51.03, 51.71, 52.92, 58.04,
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58.12, 65.42, 67.55, 79.12, 89.95, 95.72, 111.80, 112.56, 127.24, 127.44, 127.78, 128.36,
129.39, 129.77, 130.03, 148.18, 149.64, 152.14, 152.90, 153.98, 159.39, 169.02; HRMS
ESI/APCI dual m/z caled for C2sH39N702 [M+H]" 506.3238, found: 506.3228.

®I3E

Methyl 2-{2-[2-(tert-butoxycarbonylamino)ethoxy|ethoxy}-5-fluorobenzoate (44)

To a solution of fert-butyl N-[2-(2-hydroxyethoxy)ethyl]carbamate (2.0 g, 9.74 mmol)
in chloroform (20 mL) was added triethylamine (4.1 mL, 29.2 mmol, 3.0 eq) and
methanesulfonyl chloride (1.1 mL, 14.6 mmol, 1.5 eq) at 0 °C. After stirring at 0 °C for
20 min, the reaction mixture was poured into water and extracted with chloroform. The
organic layer was dried through a phase separator and concentrated under reduced
pressure to obtain 2-[2-(tert-butoxycarbonylamino)ethoxy]ethyl methanesulfonate (3.5 g,
12.3 mmol, 100%) as a pale yellow oil. This compound was used in the next reaction
without further purification.

To a solution of 2-[2-(fert-butoxycarbonylamino)ethoxy]ethyl methanesulfonate (2.0 g,
7.06 mmol) in N,N-dimethylformamide (14 mL) was added methyl 5-fluoro-2-
hydroxybenzoate (1.2 g, 7.06 mmol, 1.0 eq) and potassium carbonate (3.9 g, 28.2 mmol,
4.0 eq). After stirring at 90 °C for 2 h, the reaction mixture was poured into water and
extracted with ethyl acetate. The organic layer was washed with brine and dried over
magnesium sulfate, filtered, concentrated under reduced pressure. The residue was
purified using silica gel column chromatography (OH 30%—-60% ethyl acetate in hexane)
to obtain 44 (1.9 g, 5.26 mmol, 75%) as a colorless oil.

"H NMR (400 MHz, CDCl3) § ppm 1.43 (s, 9H), 3.29-3.40 (m, 2H), 3.63 (t,J=5.07 Hz,
2H), 3.83-3.86 (m, 2H), 3.89 (s, 3H), 4.14-4.18 (m, 2H), 5.11 (brs, 1H), 6.93-6.98 (m,
1H), 7.13-7.19 (m, 1H), 7.49-7.54 (m, 1H).

Methyl 2-(2-{2-|tert-butoxycarbonyl(methyl)amino]ethoxy}ethoxy)-5-
fluorobenzoate (45)

To a solution of 44 (0.79 g, 2.21 mmol) in N,N-dimethylformamide (4.4 mL) was added
silver (I) oxide (2.6 g, 11.1 mmol, 5.0 eq) and iodomethane (0.69 mL, 11.1 mmol, 5.0 eq).
After stirring at 90 °C for 2 h, the mixture was filtered through a pad of Celite®, and the
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filtrate was concentrated under reduced pressure. The residue was purified using silica
gel column chromatography (OH 30%—60% ethyl acetate in hexane) to obtain 45 (0.82 g,
2.20 mmol, 99%) as a colorless oil.

"H NMR (400 MHz, CDCls) § ppm 1.45 (s, 9H), 2.90 (brs, 3H), 3.41 (brs, 2H), 3.67 (brs,
2H), 3.83 (t,J =5.01 Hz, 2H), 3.88 (s, 3H), 4.15 (t, J = 4.77 Hz, 2H), 6.94-6.99 (m, 1H),
7.11-7.19 (m, 1H), 7.46-7.52 (m, 1H).

Methyl 5-fluoro-2-{2-[2-(methylamino)ethoxy]ethoxy}benzoate hydrochloride (46)
To a solution 0f 45 (0.81 g, 2.19 mmol) in 1,4-dioxane (2.0 mL) was added 4 M hydrogen
chloride in 1,4-dioxane (2.0 mL) and the mixture was stirred for 2.5 h at room temperature.
The reaction mixture was then concentrated under reduced pressure to obtain 46 (0.67 g,
2.17 mmol, 99%) as a colorless powder.
'"H NMR (400 MHz, DMSO-ds) § ppm 2.55 (s, 3H), 3.09 (t,J = 5.38 Hz, 2H), 3.74-3.84
(m, 7H), 4.18 (t, J = 4.40 Hz, 2H), 7.18-7.25 (m, 1H), 7.37-7.50 (m, 2H), 8.68 (brs, 2H);
13C NMR (151 MHz, DMSO-ds) 6 ppm 32.5, 47.4, 52.1, 65.8, 68.7, 69.1, 116.0, 116.8,
119.8, 121.5, 153.8, 156.3, 165.0; MS (ESI/APCI dual) m/z: 272 [M+H]".

Methyl 2-{4-[tert-butoxycarbonyl(methyl)amino]butoxy}-5-fluorobenzoate (41)
Compound 41 was prepared from tert-butyl N-(4-hydroxybutyl)-N-methylcarbamate

according to the procedure described for 44 to obtain a colorless oil in a reaction with an

80% yield.

"H NMR (400 MHz, CDCl3) § ppm 1.45 (s, 9H), 1.68-1.85 (m, 4H), 2.86 (s, 3H), 3.29 (t,

J =6.66 Hz, 2H), 3.88 (s, 3H), 4.02 (t, J = 5.99 Hz, 2H), 6.86—6.95 (m, 1H), 7.09-7.19

(m, 1H), 7.44-7.55 (m, 1H); MS (ESI/APCI dual) m/z: 378 [M+Na]".

Methyl 5-fluoro-2-[4-(methylamino)butoxy]benzoate hydrochloride (42)

Using the procedure described for 46, the title compound was obtained as a colorless
powder in a reaction with a 79% yield.
"H NMR (400 MHz, CDCIl3) 6 ppm 2.03-2.12 (m, 2H), 2.19-2.27 (m, 2H), 2.74 (s, 3H),
3.13 (t, J = 6.48 Hz, 2H), 3.89 (s, 3H), 4.15 (t, J = 5.07 Hz, 2H), 6.93-6.98 (m, 1H),
7.19-7.25 (m, 1H), 7.56—7.61 (m, 1H); *C NMR (151 MHz, DMSO-ds) 5 ppm 22.3, 25.6,
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32.2, 47.8, 52.1, 68.5, 115.6, 116.6, 119.7, 121.3, 153.9, 156.2, 165.1; MS (ESI/APCI
dual) m/z: 256 [M+H]".

tert-Butyl N-(2-{2-|tert-butyl(dimethyl)silyl]oxyethylamino}ethyl)-/V-
methylcarbamate (48)

To a solution of fert-butyl N-(2-aminoethyl)-N-methylcarbamate (1.4 g, 8.15 mmol, 1.5
eq) in acetonitrile (14 mL) was added 2-bromoethoxy-tert-butyldimethylsilane (1.3 g,
5.43 mmol, 1.0 eq) and potassium carbonate (3.8 g, 27.2 mmol, 5.0 eq). After stirring at
80 °C for 16 h, the reaction mixture was poured into water and extracted with ethyl acetate.
The organic layer was washed with brine and dried over magnesium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified using silica gel column
chromatography (OH 0%—7% methanol in chloroform) to obtain 48 (1.3 g, 3.76 mmol,
69%) as a colorless oil.

'H NMR (400 MHz, CDCls) 6 ppm 0.06 (s, 6H), 0.89 (s, 9H), 1.45 (s, 9H), 2.73 (t, J =
5.32 Hz, 2H), 2.78 (t, J = 6.66 Hz, 2H), 2.88 (s, 3H), 3.33 (brs, 2H), 3.71 (t,J = 5.32 Hz,
2H).

tert-Butyl N-[2-(benzyloxycarbonyl-{2-[tert-
butyl(dimethyl)silyl]oxyethyl}amino)ethyl]-N-methylcarbamate (49)

To a solution of 48 (1.0 g, 3.04 mmol) in chloroform (30 mL) was added triethylamine

(2.5 mL, 18.2 mmol, 6.0 eq) and benzyl chloroformate (1.3 mL, 9.11 mmol, 3.0 eq) at
0 °C. After stirring at room temperature for 1 h, the reaction mixture was poured into
saturated aqueous ammonium chloride and extracted with chloroform. The residue was
purified using silica gel column chromatography (OH 10%—-50% ethyl acetate in hexane)
to obtain 49 (1.6 g, 3.32 mmol, 100%) as a colorless oil.
"H NMR (400 MHz, CDCls) § ppm —0.04-0.04 (m, 6H), 0.83-0.90 (m, 9H), 1.41-1.47
(m, 9H), 2.69-2.82 (m, 1.5H), 2.85-2.92 (m, 1.5H), 3.26-3.42 (m, 4H), 3.42-3.52 (m,
2H), 3.63-3.70 (m, 1H), 3.72-3.79 (m, 1H), 5.10-5.15 (m, 2H), 7.28-7.43 (m, 5H); MS
(ESI/APCI dual) m/z: 467 [M+H]".
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tert-Butyl N-{2-[benzyloxycarbonyl(2-hydroxyethyl)amino]ethyl}-/V-
methylcarbamate (50)

To a solution 0of 49 (1.4 g, 3.04 mmol) in tetrahydrofuran (15 mL) was added TBAF (9.1
mL, 9.13 mmol, 3.0 eq) at 0 °C. After stirring at room temperature for 2 h, the reaction
mixture was poured into saturated aqueous ammonium chloride and extracted with
chloroform. The residue was purified using silica gel column chromatography (OH 50%—
95% ethyl acetate in hexane) to obtain 50 (0.87 g, 2.46 mmol, 81%) as a colorless oil.
"H NMR (400 MHz, CDCl3) 6 ppm 1.43 (s, 9H), 2.64-2.97 (m, 3H), 3.29-3.54 (m, 6H),
3.66-3.87 (m, 2H), 5.05-5.19 (m, 2H), 7.29-7.41 (m, 5H); *C NMR (151 MHz, DMSO-
ds) 0 ppm 27.9, 33.8, 45.0, 46.8, 49.8, 59.2, 66.2, 78.4, 127.3, 127.5, 127.7, 128.3, 136.8,
154.6, 155.2; MS (ESI/APCI dual) m/z: 352 [M+H]".

Methyl 2-[2-(benzyloxycarbonyl-{2-|tert-
butoxycarbonyl(methyl)amino]ethyl}amino)ethoxy]-5-fluorobenzoate (51)
Compound 51 was prepared from 50 according to the procedure described for 44 to
obtain a colorless oil in a reaction with a 38% yield.
1H NMR (400 MHz, CDCI3) 0 ppm 1.39-1.48 (m, 9H), 2.70-2.94 (m, 3H), 3.32-3.47 (m,
2H), 3.56-3.75 (m, 4H), 3.85 (s, 3H), 4.04-4.11 (m, 1H), 4.14-4.20 (m, 1H), 5.13 (s, 2H),
6.74—6.82 (m, 1H), 6.88-6.95 (m, 0.5H), 7.00-7.19 (m, 0.5H), 7.29-7.42 (m, 5H), 7.45—
7.55 (m, 1H); MS (ESI/APCI dual) m/z: 505 [M+H]".

Methyl 2-(2-{benzyloxycarbonyl-[2-(methylamino)ethyl]amino}ethoxy)-5-
fluorobenzoate hydrochloride (52)

Compound 52 was prepared from 51 according to the procedure described for 46 to
obtain a colorless oil in a reaction with a 100% yield. This compound was used in the
next reaction without further purification.

MS (ESI/APCI dual) m/z: 405 [M+H]".

Methyl 2-(2-tert-butoxy-2-oxoethoxy)-5-fluorobenzoate (55a)

To a solution of methyl 5-fluoro-2-hydroxybenzoate (2.0 g, 11.8 mmol) in acetonitrile
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(30 mL) was added tert-butyl 2-bromoacetate (2.8 g, 14.1 mmol, 1.2 eq) and potassium
carbonate (6.5 g, 47.0 mmol, 4.0 eq). After stirring at 70 °C for 1 h, the reaction mixture
was filtered through a pad of Celite®. The filtrate was concentrated under reduced
pressure. The residue was purified using silica gel column chromatography (OH 2% ethyl
acetate in hexane) to obtain 55a (3.4 g, 12.0 mmol, 100%) as a colorless oil.

"HNMR (400 MHz, CDCls) 6 ppm 1.48 (s, 9H), 3.91 (s, 3H), 4.57 (s, 2H), 6.83-6.89 (m,
1H), 7.11-7.18 (m, 1H), 7.50-7.56 (m, 1H); MS (ESI/APCI dual) m/z: 307 [M+Na]".

Methyl  2-(2-{2-[tert-butoxycarbonyl(methyl)amino]ethylamino}-2-oxoethoxy)-5-
fluorobenzoate (57a)

To a solution of 55a (3.4 g, 12.0 mmol) in chloroform (20 mL) was added trifluoroacetic
acid (20 mL), and the mixture was stirred at room temperature for 1 h. The reaction
mixture was concentrated in vacuo to obtain 2-(4-fluoro-2-methoxycarbonylphenoxy)
acetic acid (3.44 g, 15.1 mmol, 100%) as a colorless powder. This compound was used in
the next reaction without further purification.

To a solution of 2-(4-fluoro-2-methoxycarbonylphenoxy) acetic acid (1.7 g, 7.45 mmol)
in N,N-dimethylformamide (25 mL) was added tert-butyl N-(2-aminoethyl)-N-
methylcarbamate (1.6 g, 8.94 mmol, 1.2 eq), 1-[bis(dimethylamino)methylene]-1H-1,2,3-
triazolo[4,5-b]pyridinium 3-oxide hexafluorophosphate (3.4 g, 8.94 mmol, 1.2 eq) and
triethylamine (7.3 mL, 52.2 mmol, 7.0 eq), and the mixture was stirred at room
temperature for 18 h. The reaction mixture was diluted with saturated aqueous sodium
bicarbonate and extracted with ethyl acetate/toluene (1:1). The organic layer was washed
with brine, dried over magnesium sulfate, filtered, and concentrated under reduced
pressure. The residue was purified using silica gel column chromatography (OH 40%-—
50% ethyl acetate in hexane) to obtain 57a (1.9 g, 4.99 mmol, 67%) as a yellow oil.

"H NMR (400 MHz, CDCI3) 6 ppm 1.41 (s, 9H), 2.92 (s, 3H), 3.35-3.47 (m, 2H), 3.50—
3.59 (m, 2H), 3.93 (s, 3H), 4.54 (s, 2H), 6.84-6.93 (m, 1H), 7.18-7.29 (m, 3H), 7.59—
7.67 (m, 1H), 8.17 (brs, 0.5H), 8.38 (brs, 0.5H); MS (ESI/APCI dual) m/z: 407 [M+Na]".

Methyl 5-fluoro-2-{2-[2-(methylamino)ethylamino]-2-oxoethoxy}benzoate
hydrochloride (58a)
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A mixture of 57a (1.9 g, 4.99 mmol) and 4 M hydrogen chloride in 1,4-dioxane (30 mL)
was stirred at room temperature for 1.5 h, and the reaction mixture was concentrated
under reduced pressure to obtain 58a (1.5 g, 4.55 mmol, 91%) as a colorless powder. This
compound was used in the next reaction without further purification.

"H NMR (400 MHz, CDCls) 6 ppm 2.79 (s, 3H), 3.25 (brs, 2H), 3.81 (brs, 2H), 3.90 (s,
3H), 4.66 (s, 2H), 6.85-6.99 (m, 1H), 7.16-7.25 (m, 1H), 7.53-7.68 (m, 1H), 8.79 (s, 1H),
9.66 (brs, 2H); MS (ESI/APCI dual) m/z: 285 [M+H]".

Methyl 2-(2-tert-butoxy-2-oxoethoxy)-5-chlorobenzoate (55b)

The title compound 55b was synthesized according to the procedure described for 55a
from 53 and 54b (98% yield).
"H NMR (400 MHz, CDCls) § ppm 1.47 (s, 9H), 3.91 (s, 3H), 4.59 (s, 2H), 6.80 (d, J =
8.80 Hz, 1H), 7.39 (dd, J = 8.80, 2.57 Hz, 1H), 7.80 (d, J = 2.57 Hz, 1H); MS (ESI/APCI
dual) m/z: 323 [M+Na]".

Methyl 2-(2-tert-butoxy-2-oxoethoxy)-5-methylbenzoate (55¢)

The title compound 55¢ was synthesized according to the procedure described for 55a
from 53 and 54¢ (100% yield).
MS (ESI/APCI dual) m/z: 281 [M+H]".

Methyl  2-(2-{2-[tert-butoxycarbonyl(methyl)amino]ethylamino}-2-oxoethoxy)-5-
chlorobenzoate (57b)

The title compound 57b was synthesized according to the procedure described for 57a
from 55b (99% yield).
'"H NMR (400 MHz, CDCls) 6 ppm 1.42 (s, 9H), 2.91 (s, 3H), 3.41 (brs, 2H), 3.48-3.59
(m, 2H), 3.92 (s, 3H), 4.54 (s, 2H), 6.87 (d, J = 8.80 Hz, 1H), 7.47 (d, J = 8.44 Hz, 1H),
7.90 (s, 1H), 8.06-8.19 (m, 0.5H), 8.25-8.41 (m, 0.5H); MS (ESI/APCI dual) m/z: 401
[M+H]".

Methyl 2-[2-({2-[(tert-butoxycarbonyl)(methyl)amino]ethyl}amino)-2-oxoethoxy]-5-
methylbenzoate (57¢)
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The title compound 57¢ was synthesized according to the procedure described for 57a
from 55c¢ (84% yield).
"HNMR (400 MHz, CDCl3) § ppm 1.42 (s, 9H), 2.32 (s, 3H), 2.91 (s, 3H), 3.41 (brs, 2H),
3.48-3.58 (m, 2H), 3.90 (s, 3H), 4.54 (s, 2H), 6.82 (d, J = 8.44 Hz, 1H), 7.30 (d, J = 8.07
Hz, 1H), 7.72 (s, 1H), 8.17-8.33 (m, 0.5H), 8.39-8.54 (m, 0.5H); MS (ESI/APCI dual)
m/z: 381 [M+H]".

Methyl 5-chloro-2-{2-[2-(methylamino)ethylamino]-2-oxoethoxy}benzoate
hydrochloride (58b)

The title compound 58b was synthesized according to the procedure described for 58a
from 57b (100% yield).
'"H NMR (400 MHz, CDCls) 6 ppm 2.76 (brs, 3H), 3.23 (brs, 2H), 3.77-3.85 (m, 2H),
3.89 (s, 3H), 4.66 (s, 2H), 6.89 (d, J = 8.68 Hz, 1H), 7.44 (d, J = 8.44 Hz, 1H), 7.86 (s,
1H), 8.64 (brs, 1H), 9.56 (brs, 2H); 13C NMR (151 MHz, DMSO-ds) § ppm 32.2, 34.8,
475,524, 68.1, 116.7, 121.4, 124.8, 130.2, 133.3, 155.9, 164.7, 168.0; MS (ESI/APCI
dual) m/z: 301 [M+H]".

Methyl 5-methyl-2-(2-{|2-(methylamino)ethyl]amino}-2-oxoethoxy)benzoate
hydrochloride (58¢)

The title compound 58¢ was synthesized according to the procedure described for 58a
from 57¢ (100% yield).
"H NMR (400 MHz, DMSO-ds) § ppm 2.27 (s, 3H), 2.55 (t,J = 5.26 Hz, 3H), 2.96-3.06
(m, 2H), 3.46-3.53 (m, 2H), 3.83 (s, 3H), 4.59 (s, 2H), 7.06 (d, J = 8.44 Hz, 1H), 7.34—
7.40 (m, 1H), 7.54-7.60 (m, 1H), 8.26 (t,J = 5.81 Hz, 1H), 8.96 (brs, 2H); °C NMR (151
MHz, DMSO-dg) 0 ppm 19.8, 32.3, 34.8,45.4,47.5,52.0, 68.2,114.9, 119.5, 130.3, 131.2,
134.4, 155.1, 168.5; MS (ESI/APCI dual) m/z: 281 [M+H]".

Methyl 2-[2-(benzyloxycarbonylamino)ethoxy|-5-fluorobenzoate (60)
To a solution of sodium hydride (60%, dispersion in Paraffin Liquid) (0.39 g, 9.70 mmol)
in tetrahydrofuran (12 mL) was added methyl 5-fluoro-2-hydroxybenzoate (1.5 g, 8.82

mmol). After stirring at room temperature for 1 h, benzyl N-(2-bromoethyl)carbamate
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(2.5 g, 9.70 mmol) was added to the reaction mixture and the mixture was heated under
reflux for 12 h. The reaction mixture was diluted with water and extracted with
chloroform. The organic layer was separated using a phase separator and concentrated in
vacuo. The residue was purified using silica gel column chromatography (OH 20% ethyl
acetate in hexane) to obtain 60 (1.1 g, 3.25 mmol, 37%) as a colorless oil.

"H NMR (400 MHz, CDCls) 6 ppm 3.63 (q, J = 5.26 Hz, 2H), 3.88 (s, 3H), 4.11 (t, J =
4.89 Hz, 2H), 5.13 (s, 2H), 5.92 (brs, 1H), 6.88—6.96 (m, 1H), 7.12-7.20 (m, 1H), 7.27—
7.39 (m, 5H), 7.49-7.55 (m, 1H); MS (ESI/APCI dual) m/z: 348 [M+H]".

Methyl 2-12-({2-|tert-butoxycarbonyl(methyl)amino]acetyl}amino)ethoxy]-5-
fluorobenzoate (62)

To a solution of 60 (1.1 g, 3.25 mmol) in methanol (30 mL) was added 5% palladium
on carbon (0.30 g). The reaction was flushed with hydrogen and stirred under a hydrogen
atmosphere at room temperature for 4 h. The reaction mixture was filtered through a pad
of Celite® and concentrated under reduced pressure to obtain methyl 2-(2-aminoethoxy)-
5-fluorobenzoate (61) (1.1 g, 5.11 mmol, 100%.) as a colorless powder. This compound
was used in the next reaction without further purification.

To a solution of 61 (0.69 g, 3.26 mmol) in N,N-dimethylformamide (15 mL) was added
2-[tert-butoxycarbonyl(methyl)amino]acetic acid (0.62 g, 3.26 mmol, 1.0 eq), 1-
[bis(dimethylamino)methylene]-1/H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate (1.9 g, 4.88 mmol, 1.5 eq) and triethylamine (1.8 mL, 13.0 mmol,
4.0 eq), and the mixture was stirred at room temperature for 15 h. The reaction mixture
was diluted with saturated aqueous sodium bicarbonate and extracted with ethyl
acetate/toluene (1:1). The organic layer was washed with brine, dried over magnesium
sulfate, filtered, and concentrated under reduced pressure. The residue was purified using
silica gel column chromatography (NH 40% ethyl acetate in hexane) to obtain 62 (1.3 g,
3.36 mmol, 100%.) as a yellow oil.

"H NMR (400 MHz, CDCIl3) 6 ppm 1.30-1.49 (m, 9H), 2.94 (s, 3H), 3.68-3.77 (m, 2H),
3.85-3.96 (m, 5H), 4.12 (t, J = 4.77 Hz, 2H), 6.91-6.98 (m, 1H), 7.14-7.23 (m, 1H),
7.50-7.56 (m, 1H); MS (ESI/APCI dual) m/z: 385 [M+H]".
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Methyl 5-fluoro-2-(2-{[2-(methylamino)acetyl]Jamino}ethoxy)benzoate
hydrochloride (63)

A mixture of 62 (1.3 g, 3.66 mmol) and 4 M hydrogen chloride in 1,4-dioxane (30 mL)
was stirred at room temperature for 2 h, and the reaction mixture was concentrated under
reduced pressure to obtain methyl 63 (1.1 g, 3.40 mmol, 100%) as a colorless powder.
This compound was used in the next reaction without further purification.

MS (ESI/APCI dual) m/z: 285 [M+H]".

tert-Butyl N-[2-(chloromethylsulfonylamino)ethyl]-N-methylcarbamate (64)

To a solution of tert-butyl N-(2-aminoethyl)-N-methylcarbamate (1.3 g, 7.17 mmol) in
chloroform (15 mL) was added triethylamine (2.0 mL, 14.3 mmol, 2.0 eq) and
chloromethanesulfonyl chloride (0.71 mL, 7.89 mmol, 1.1 eq) at 0 °C. After stirring at
0 °C for 1 h, the reaction mixture was poured into water and extracted with chloroform.
The organic layer was washed with brine, dried over magnesium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified using silica gel column
chromatography (OH 20%—-100% ethyl acetate in hexane) to obtain 64 (1.8 g, 6.21 mmol,
87%) as a colorless oil.

"H NMR (400 MHz, CDCls) 6 ppm 1.47 (s, 9H), 2.92 (s, 3H), 3.32-3.49 (m, 4H), 4.50 (s,
2H), 5.65 (brs, 1H); MS (ESI/APCI dual) m/z: 309 [M+Na]".

Methyl 2-{2-|tert-butoxycarbonyl(methyl)amino]ethylsulfamoylmethoxy}-5-
fluorobenzoate (65)

To a solution of 64 (1.8 g, 6.21 mmol) in N,N-dimethylformamide (30 mL) was added
methyl 5-fluoro-2-hydroxybenzoate (1.2 g, 6.83 mmol, 1.1 eq) and potassium carbonate
(2.6 g, 18.6 mmol, 3.0 eq). After stirring at 80 °C for 3 h, the reaction mixture was poured
into water and extracted with ethyl acetate. The organic layer was washed with brine and
dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The
residue was purified using silica gel column chromatography (OH 50%-100% ethyl
acetate in hexane) to obtain 65 (0.25 g, 0.595 mmol, 9.6%) as a colorless oil.

'H NMR (400 MHz, CDCls) § ppm 1.46 (s, 9H), 2.93 (s, 3H), 3.29-3.39 (m, 2H), 3.43 (t,
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J=6.11 Hz, 2H), 3.91 (s, 3H), 5.02 (s, 2H), 5.88-5.97 (m, 1H), 7.12-7.24 (m, 2H), 7.51—
7.58 (m, 1H); MS (ESI/APCI dual) m/z: 443 [M+Na]".

Methyl 5-fluoro-2-[2-(methylamino)ethylsulfamoylmethoxy]benzoate
hydrochloride (66)

To a solution of 65 (0.25 g, 0.595 mmol) in 1,4-dioxane (1.0 mL) and methanol (0.5 mL)
was added 4 M hydrogen chloride in 1,4-dioxane (1.0 mL). After stirring for 1 h at room
temperature, the reaction mixture was concentrated under reduced pressure to obtain 66
(0.25 g, 0.690 mmol, 100%.) as a colorless powder. This compound was used in the next
reaction without further purification.

MS (ESI/APCI dual) m/z: 321 [M+H]".

tert-Butyl N-[2,2,2-trifluoro-1-(hydroxymethyl)ethyl]carbamate (68)

To a solution of methyl 2-(tert-butoxycarbonylamino)-3,3,3-trifluoropropanoate (0.91 g,
3.53 mmol) in tetrahydrofuran (18 mL) was added lithium borohydride (0.23 g, 10.6
mmol, 3.0 eq). After stirring at room temperature for 30 min, the reaction mixture was
poured into 1 M aqueous hydrochloric acid and extracted with chloroform. The organic
layer was dried through a phase separator and concentrated under reduced pressure. The
residue was purified using silica gel column chromatography (OH 10%-45% ethyl
acetate in hexane) to obtain 68 (0.75 g, 3.28 mmol, 93%) as a colorless powder.

"H NMR (400 MHz, CDCls) 6 ppm 1.48 (s, 9H), 1.74 (brs, 1H), 3.80-3.89 (m, 1H), 3.90—
4.00 (m, 1H), 4.21-4.43 (m, 1H), 5.16 (brs, 1H); MS (ESI/APCI dual) m/z: 252 [M+Na]".

Methyl 2-[2-(tert-butoxycarbonylamino)-3,3,3-trifluoropropoxy]-5-fluorobenzoate
(69)

To a solution of 68 (0.74 g, 3.24 mmol) in chloroform (6.5 mL) was added triethylamine
(1.4 mL, 9.71 mmol, 3.0 eq) and methanesulfonyl chloride (0.38 mL, 4.86 mmol, 1.5 eq)
at 0 °C. After stirring at 0 °C for 20 min, the reaction mixture was poured into saturated
aqueous sodium bicarbonate and extracted with chloroform. The organic layer was dried
through a phase separator and concentrated under reduced pressure to obtain [2-(fert-

butoxycarbonylamino)-3,3,3-trifluoropropyl jmethanesulfonate as a yellow oil. This
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compound was used in the next reaction without further purification.

To a solution of [2-(tert-butoxycarbonylamino)-3,3,3-trifluoropropylmethanesulfonate
(3.24 mmol) in N,N-dimethylformamide (16 mL) was added methyl 5-fluoro-2-
hydroxybenzoate (0.61 g, 3.56 mmol, 1.1 eq) and potassium carbonate (1.8 g, 12.9 mmol,
4.0 eq). After stirring at 90 °C for 1 h, the reaction mixture was poured into brine and
extracted with ethyl acetate. The organic layer was dried over magnesium sulfate, filtered,
and concentrated under reduced pressure. The residue was purified using silica gel
column chromatography (OH ethyl acetate in hexane) to obtain 69 (0.26 g, 0.691 mmol,
21%) as a yellow powder.

'H NMR (400 MHz, CDCl3) 6 ppm 1.48 (s, 9H), 3.93 (s, 3H), 4.05-4.13 (m, 1H), 4.44—
4.52 (m, 1H), 4.59 (brs, 1H), 6.14-6.25 (m, 1H), 6.88—6.93 (m, 1H), 7.16-7.23 (m, 1H),
7.55-7.61 (m, 1H); MS (ESI/APCI dual) m/z: 404 [M+Na]".

Methyl 2-(2-{2-|tert-butoxycarbonyl(methyl)amino]ethylamino}-3,3,3-
trifluoropropoxy)-5-fluorobenzoate (71)

To a solution of 69 (0.26 g, 0.682 mmol) in 1,4-dioxane (2.0 mL) was added 4 M
hydrogen chloride in 1,4-dioxane (2.0 mL). After stirring at room temperature for 8 h, the
reaction mixture was concentrated under reduced pressure to obtain methyl 2-(2-amino-
3,3,3-trifluoropropoxy)-5-fluorobenzoate hydrochloride (0.22 g, 0.698 mmol, 100%) as
a pale yellow powder. This compound was used in the next reaction without further
purification.

To a solution of methyl 2-(2-amino-3,3,3-trifluoropropoxy)-5-fluorobenzoate
hydrochloride (0.22 g, 0.698 mmol) and tert-butyl N-methyl-N-(2-oxoethyl)carbamate
(0.12 g, 0.698 mmol, 1.0 eq) in chloroform (3.5 mL) was added sodium
triacetoxyborohydride (0.44 g, 2.10 mmol, 3.0 eq). After stirring at room temperature for
30 min, the reaction mixture was poured into water and extracted with chloroform. The
organic layer was dried through a phase separator and concentrated under reduced
pressure. The residue was purified using silica gel column chromatography (OH 10%-—
50% ethyl acetate in hexane) to obtain 71 (0.26 g, 0.600 mmol, 86%) as a pale yellow oil.
"H NMR (400 MHz, CDCI3) 6 ppm 1.42 (s, 9H), 2.89 (s, 3H), 2.94-3.03 (m, 2H), 3.24—
3.59 (m, 3H), 3.89 (s, 3H), 4.10-4.19 (m, 1H), 4.21-4.29 (m, 1H), 6.91-6.97 (m, 1H),
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7.14-7.22 (m, 1H), 7.51-7.57 (m, 1H); MS (ESI/APCI dual) m/z: 439 [M+H]".

Methyl 5-fluoro-2-{3,3,3-trifluoro-2-|2-
(methylamino)ethylamino|propoxy}benzoate dihydrochloride (72)

To a solution of 71 (0.22 g, 0.496 mmol) in 1,4-dioxane (2.0 mL) was added 4 M
hydrogen chloride in 1,4-dioxane (2.0 mL). After stirring at room temperature for 2.5 h,
the reaction mixture was concentrated under reduced pressure to obtain 72 (0.24 g, 0.575
mmol, 100%) as a yellow oil. This compound was used in the next reaction without

further purification.

MS (ESI/APCI dual) m/z: 339 [M+H]".

Methyl 2-{2-12-({5-chloro-2-[(2S)-2-piperidyl|pyrazolo[1,5-a]pyrimidin-7-yl}-
methylamino)ethoxy]ethoxy}-5-fluorobenzoate (73b)

To a solution of 36b (0.20 g, 0.455 mmol) in ethanol (4.5 mL) was added 46 (0.14 g,

0.455 mmol, 1.0 eq) and triethylamine (0.63 mL, 4.55 mmol, 10 eq), and the mixture was
stirred at 70 °C for 0.5 h. The reaction mixture was poured into saturated aqueous sodium
bicarbonate and extracted with chloroform. The organic layer was washed with brine,
dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The
residue was purified using silica gel column chromatography (NH 60%-100% ethyl
acetate in hexane) to obtain 73b (0.21 g, 0.419 mmol, 92%) as a pale yellow oil.
"H NMR (400 MHz, CDCl3) 6 ppm 1.46-1.71 (m, 6H), 1.86-1.93 (m, 1H), 1.97-2.04 (m,
1H), 2.76-2.85 (m, 1H), 3.15-3.21 (m, 1H), 3.22 (s, 3H), 3.78 (t, / = 4.77 Hz, 2H), 3.83—
3.90 (m, 6H), 4.04 (t, J = 4.52 Hz, 2H), 4.34 (t, J = 5.20 Hz, 2H), 5.91 (s, 1H), 6.34 (s,
1H), 6.85-6.93 (m, 1H), 7.11-7.19 (m, 1H), 7.47-7.53 (m, 1H); MS (ESI/APCI dual) m/z:
506 [M+H]".

(18a8)-13-Chloro-2-fluoro-11-methyl-6,7,10,11,19,20,21,22-octahydro-
9H,18aH,24H-18,15-(metheno)pyrido|[2,1-l]pyrimido][6,1-
h][1,4,7,9,10,13]benzodioxatetraazacyclohexadecin-24-one (75b)

To a solution of 73b (0.20 g, 0.395 mmol) in methanol (2.0 mL) and tetrahydrofuran
(2.0 mL) was added 1 M aqueous sodium hydroxide (2.0 mL), and the mixture was stirred
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at 70 °C for 0.5 h. The reaction mixture was acidified using 1 M aqueous hydrochloric
acid and extracted with chloroform. The organic layer was washed with brine, dried over
magnesium sulfate, filtered, and concentrated under reduced pressure to obtain 2-{2-[2-
({5-chloro-2-[(2S)-2-piperidyl]pyrazolo[1,5-a]pyrimidin-7-yl}-methyl-
amino)ethoxy]ethoxy}-5-fluorobenzoic acid (74b) (0.920 g, 0.401 mmol, 100%) as a
colorless powder. This compound was used in the next reaction without further
purification.

To a solution of 74b (0.20 g, 0.401 mmol) in N,N-dimethylformamide (40 mL, 0.01 M)

was added triethylamine (0.28 mL, 2.00 mmol, 5.0 eq) and 1-
[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate (0.23 g, 0.601 mmol, 1.5 eq). After stirring at room temperature for
18 h, the reaction mixture was poured into saturated aqueous sodium bicarbonate and
extracted with ethyl acetate. The organic layer was washed with brine, dried over
magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was
purified using silica gel column chromatography (NH 50%-100% ethyl acetate in
hexane) to obtain 75b (0.13 g, 0.27 mmol, 69%) as a colorless amorphous substance.
"H NMR (400 MHz, CDCl3) 6 ppm 1.38-1.69 (m, 3H), 1.71-1.82 (m, 1H), 1.96-2.12 (m,
1H), 2.21-2.33 (m, 1H), 3.15-3.21 (m, 3H), 3.32-3.51 (m, 2H), 3.52-3.67 (m, 1H), 3.70—
3.76 (m, 0.2H), 3.82-3.98 (m, 2H), 4.08—4.19 (m, 1.9H), 4.20-4.29 (m, 1.8H), 4.38-4.49
(m, 0.9H), 4.70-4.79 (m, 0.1H), 5.03-5.09 (m, 0.1H), 5.20-5.29 (m, 0.1H), 5.86-5.92 (m,
1H), 5.99 (s, 0.1H), 6.21-6.26 (m, 0.9H), 6.33 (s, 0.9H), 6.69-6.75 (m, 0.1H), 6.80—6.87
(m, 0.9H), 6.93-7.08 (m, 2H); MS (ESI/APCI dual) m/z: 474 [M+H]".

(18a8)-13-(Azetidin-1-yl)-2-fluoro-11-methyl-6,7,10,11,19,20,21,22-octahydro-
9H,18aH,24H-18,15-(metheno)pyrido|[2,1-1]pyrimido|[6,1-
h][1,4,7,9,10,13]benzodioxatetraazacyclohexadecin-24-one (76b)

To a solution of 75b (62 mg, 0.131 mmol) in 1-methyl-2-pyrrolidone (1.3 mL) was
added triethylamine (0.36 mL, 2.62 mmol, 20 eq) and azetidine (0.088 mL, 1.31 mmol,
10 eq). After stirring at 150 °C under microwave irradiation for 30 min, the reaction
mixture was purified using reversed-phase preparative HPLC to obtain 76b (55 mg, 0.112

mmol, 86%) as a colorless powder.
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"H NMR (400 MHz, CDCls) 6 ppm 1.35-1.52 (m, 2H), 1.64-1.77 (m, 2H), 1.89-2.04 (m,
1H), 2.06-2.15 (m, 0.1H), 2.19-2.29 (m, 0.9H), 2.32-2.44 (m, 2H), 3.00-3.09 (m, 3H),
3.33-3.52 (m, 2.8H), 3.74-4.01 (m, 2.4H), 4.04—4.20 (m, 6.8H), 4.20-4.36 (m, 1.9H),
4.63-4.72 (m, 0.1H), 4.91-4.97 (m, 1H), 4.98-5.06 (m, 0.1H), 5.77 (s, 0.1H), 5.99 (s,
0.9H), 6.14-6.21 (m, 0.9H), 6.74—6.86 (m, 1H), 6.92-7.07 (m, 2H); '*C NMR (151 MHz,
DMSO-ds) 6 ppm 16.0, 20.2, 25.5, 29.7, 40.5, 44.1, 47.9, 50.5, 53.0, 68.4, 69.6, 70.3,
76.1, 89.3, 113.9, 114.3, 114.5, 116.2, 128.2, 150.4, 150.6, 151.9, 154.5, 157.2, 158.9,
166.1; HRMS ESI/APCI dual m/z caled for CasH31FN6O3 [M+H]" 495.2514, found
495.2499.

Methyl 2-{2-[2-({5-chloro-2-[(2S)-2-piperidyl|pyrazolo[1,5-a]pyrimidin-7-
yl}methyl-amino)ethylamino]-2-oxoethoxy}-5-fluorobenzoate (73c)

To a solution of 36b (0.43 g, 1.25 mmol) in ethanol (12 mL) was added 58a (0.44 g,
1.37 mmol, 1.1 eq) and triethylamine (1.7 mL, 12.5 mmol, 10 eq), and the mixture was
stirred at 70 °C for 0.5 h. The reaction mixture was poured into saturated aqueous sodium
bicarbonate and extracted with chloroform. The organic layer was washed with brine,
dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The
residue was purified using silica gel column chromatography (NH 70% ethyl acetate in
hexane) to obtain 73¢ (0.36 g, 0.694 mmol, 56%) as a colorless amorphous substance.
"H NMR (400 MHz, CDCl3) 6 ppm 1.46-1.71 (m, 4H), 1.79-1.92 (m, 1H), 1.95-2.03 (m,
1H), 2.75-2.83 (m, 1H), 3.14-3.21 (m, 1H), 3.23 (s, 3H), 3.74 (q, J = 6.07 Hz, 2H), 3.80—
3.86 (m, 4H), 4.34 (s, 2H), 4.40 (t, J = 5.99 Hz, 2H), 5.90 (s, 1H), 6.23 (s, 1H), 6.74-6.82
(m, 1H), 7.16-7.24 (m, 1H), 7.54-7.60 (m, 1H), 8.35-8.44 (m, 1H); MS (ESI/APCI dual)
m/z: 519 [M+H]".

(18a8)-13-Chloro-2-fluoro-11-methyl-8,9,10,11,19,20,21,22-octahydro-18aH,24 H-
18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (75¢)

To a solution of 73¢ (0.36 g, 0.694 mmol) in tetrahydrofuran (7.0 mL) and 2-propanol
(7.0 mL) was added 1 M aqueous sodium hydroxide (14 mL, 13.9 mmol, 20 eq), and the

mixture was stirred at 80 °C for 0.5 h. The reaction mixture was acidified with 1 M
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aqueous hydrochloric acid and extracted with chloroform. The organic layer was dried
through a phase separator and concentrated under reduced pressure to obtain 2-{2-[2-({5-
chloro-2-[(2S)-2-piperidyl]pyrazolo[ 1,5-a]pyrimidin-7-yl } methyl-amino)ethylamino]-2-
oxoethoxy }-5-fluorobenzoic acid (74c¢) (0.40 g, 0.792 mmol, 100%) as a colorless
amorphous substance. This compound was used in the next reaction without further
purification.

To a solution of 74¢ (0.40 g, 0.792 mmol) in N,N-dimethylformamide (79 mL, 0.01 M)

was added triethylamine (0.55 mL, 396 mmol, 5.0 eq) and 1-
[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate (0.45 g, 1.19 mmol, 1.5 eq). After stirring at room temperature for
15 h, the reaction mixture was poured into saturated aqueous sodium bicarbonate and
extracted with ethyl acetate/toluene (1:1). The organic layer was washed with brine, dried
over magnesium sulfate, filtered, and concentrated under reduced pressure. The residue
was purified using silica gel column chromatography (OH 85% ethyl acetate in hexane to
7% methanol in chloroform) to obtain 75¢ (0.25 g, 0.518 mmol, 65%) as a yellow
amorphous substance.
"H NMR (400 MHz, CDCl3) 6 ppm 1.41-2.21 (m, 5H), 2.31-2.42 (m, 0.4H), 2.85-2.99
(m, 0.6H), 3.01-3.33 (m, 6.3H), 4.21-4.58 (m, 3.1H), 4.75-4.85 (m, 0.6H), 4.97-5.03 (m,
0.6H), 5.03-5.15 (m, 0.4H), 5.16-5.28 (m, 0.6H), 6.06 (s, 0.6H), 6.11 (s, 0.4H), 6.21 (s,
0.6H), 6.30-6.37 (m, 0.4H), 6.56 (s, 0.4H), 6.80—6.89 (m, 1H), 6.98-7.11 (m, 2H), 7.65—
7.78 (m, 0.4H), 8.69-8.81 (m, 0.6H); 3C NMR (151 MHz, DMSO-ds) é ppm 19.7, 24.7,
29.8, 36.3,37.3,43.5,46.9, 48.9,54.0, 70.6, 79.1, 91.0, 113.8, 116.4, 119.3, 130.1, 149.5,
150.2, 150.3, 150.8, 155.2, 165.6, 167.3; MS (ESI/APCI dual) m/z: 487 [M+H]".

(18a8)-13-(Azetidin-1-yl)-2-fluoro-11-methyl-8,9,10,11,19,20,21,22-octahydro-
18aH,24H-18,15-(metheno)pyrido|2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (76¢)

To a solution of 75¢ (0.10 g, 0.205 mmol) in 1-methyl-2-pyrrolidone (1.5 mL) was added
triethylamine (0.57 mL, 4.11 mmol, 20 eq) and azetidine (0.14 mL, 2.05 mmol, 10 eq).
After stirring at 150 °C under microwave irradiation for 30 min, the reaction mixture was

purified using reversed-phase preparative HPLC to obtain 76¢ (53 mg, 0.104 mmol, 51%)
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as a colorless powder.

"H NMR (600 MHz, DMSO-ds) 6 ppm 1.39-1.77 (m, 4H), 1.81-1.98 (m, 1H), 2.05-2.12
(m, 0.7H), 2.15-2.21 (m, 0.3H), 2.26-2.35 (m, 2H), 2.83 (s, 0.9H), 2.89 (s, 2.1H), 2.97—
3.20 (m, 2.7H), 3.35-3.42 (m, 0.3H), 3.80-3.89 (m, 0.3H), 3.93—4.10 (m, 6H), 4.47-4.55
(m, 1.7H), 4.63-4.76 (m, 1.7H), 5.30 (s, 0.7H), 5.37 (m, 0.3H), 5.87 (s, 0.7H), 5.96—6.00
(m, 0.3H), 6.08 (s, 0.3H), 7.09-7.15 (m, 0.7H), 7.15-7.28 (m, 1.6H), 7.30-7.37 (m, 0.7H),
7.48-7.57 (m, 0.3H), 8.97 (d, J = 6.61 Hz, 0.7H); 1*C NMR (151 MHz, DMSO-ds) § ppm
15.6, 19.8, 24.7, 29.5, 36.4, 37.9, 43.6, 46.9, 48.3, 50.1, 54.0, 71.2, 78.0, 89.4, 113.7,
116.5, 120.0, 130.7, 149.6, 150.3, 151.6, 153.4, 156.9, 158.5, 165.4, 167.5; HRMS
ESI/APCI dual m/z calcd for C26H30FN703 [M+H]" 508.2467, found 508.2444.

Methyl 2-[4-({5-chloro-2-[(2S)-2-piperidyl]pyrazolo[1,5-a]pyrimidin-7-
yl}methylamino)butoxy]-5-fluorobenzoate (73a)

The title compound 73a was synthesized according to the procedure described for 73¢
from 36b and 42 (86% yield).
"H NMR (400 MHz, CDCl3) 6 ppm 1.46-1.68 (m, 4H), 1.80-2.03 (m, 6H), 2.73-2.85 (m,
1H), 3.13-3.20 (m, 1H), 3.24 (s, 3H), 3.80-3.87 (m, 4H), 3.99-4.05 (m, 2H), 4.07—4.20
(m, 2H), 5.88 (s, 1H), 6.34 (s, 1H), 6.84-6.91 (m, 1H), 7.10-7.18 (m, 1H), 7.44-7.55 (m,
1H); MS (ESI/APCI dual) m/z: 490 [M+H]".

Methyl 5-chloro-2-[2-({2-[{5-chloro-2-[(2S)-piperidin-2-yl]pyrazolo[1,5-
a]pyrimidin-7-yl}(methyl)amino]ethyl}amino)-2-oxoethoxy]|benzoate (73d)

The title compound 73d was synthesized according to the procedure described for 73c
from 36b and 58b (85% yield).
"H NMR (400 MHz, CDCl3) 6 ppm 1.41-1.75 (m, 4H), 1.84-1.93 (m, 1H), 1.95-2.03 (m,
1H), 2.75-2.84 (m, 1H), 3.15-3.21 (m, 1H), 3.22 (s, 3H), 3.74 (q, J = 6.07 Hz, 2H), 3.80—
3.86 (m, 4H), 4.35 (s, 2H), 4.39 (t, J = 5.99 Hz, 2H), 5.90 (s, 1H), 6.23 (s, 1H), 6.76 (d,
J =8.80 Hz, 1H), 7.44 (dd, J = 8.80, 2.69 Hz, 1H), 7.84 (d, J = 2.69 Hz, 1H), 8.31-8.40
(m, 1H); MS (ESI/APCI dual) m/z: 535 [M+H]".
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Methyl 2-[2-({2-[{5-chloro-2-[(2S)-piperidin-2-yl|pyrazolo[1,5-a]pyrimidin-7-
yl}(methyl)amino]ethyl}amino)-2-oxoethoxy|-5-methylbenzoate (73e)

The title compound 73e was synthesized according to the procedure described for 73¢
from 36b and 58c (86% yield).
"HNMR (400 MHz, CDCls) 6 ppm 1.45-1.75 (m, 4H), 1.84-1.92 (m, 1H), 1.96-2.03 (m,
1H), 2.32 (s, 3H), 2.75-2.85 (m, 1H), 3.15-3.24 (m, 4H), 3.74 (q, J = 6.07 Hz, 2H), 3.80—
3.87 (m, 4H), 4.33—4.41 (m, 4H), 5.86-5.90 (m, 1H), 6.23 (s, 1H), 6.72 (d, J = 8.44 Hz,
1H), 7.24-7.29 (m, 1H), 7.64 (d, J = 1.96 Hz, 1H), 8.48-8.57 (m, 1H); MS (ESI/APCI
dual) m/z: 515 [M+H]".

Methyl 2-12-({2-[{5-chloro-2-[(2S)-2-piperidyl|pyrazolo[1,5-a]pyrimidin-7-
yl}(methyl)amino]acetyl}amino)ethoxy]-5-fluorobenzoate (73f)

The title compound 73f was synthesized according to the procedure described for 73¢
from 36b and 63 (84% yield).
"H NMR (400 MHz, CDCls) 6 ppm 1.35-2.03 (m, 6H), 2.64-2.75 (m, 1H), 3.07-3.14 (m,
1H), 3.21 (s, 3H), 3.61-3.69 (m, 4H), 3.70-3.79 (m, 3H), 4.08—4.18 (m, 3H), 4.70 (s, 2H),
5.97 (s, 1H), 6.26 (s, 1H), 6.87-6.96 (m, 1H), 7.12-7.21 (m, 1H), 7.37-7.45 (m, 1H),
7.98-8.11 (m, 1H); MS (ESI/APCI dual) m/z: 519 [M+H]".

Methyl 2-{2-[2-({5-chloro-2-[(2S)-2-piperidyl|pyrazolo[1,5-a]pyrimidin-7-
yl}methylamino)ethylamino]-3,3,3-trifluoropropoxy}-5-fluorobenzoate (73g)

The title compound 73g was synthesized according to the procedure described for 73¢
from 36b and 72 (71% yield).
"H NMR (400 MHz, CDCl3) 6 ppm 1.45-1.71 (m, 4H), 1.82-1.92 (m, 1H), 1.94-2.02 (m,
1H), 2.72-2.83 (m, 1H), 3.11-3.25 (m, 6H), 3.44-3.58 (m, 1H), 3.78-3.87 (m, 4H), 4.03—
4.19 (m, 3H), 4.23-4.37 (m, 1H), 5.89 (s, 1H), 6.29-6.33 (m, 1H), 6.84-6.91 (m, 1H),
7.14-7.20 (m, 1H), 7.48-7.55 (m, 1H); MS (ESI/APCI dual) m/z: 573 [M+H]".

Methyl 2-[2-({5-chloro-2-[(2S)-2-piperidyl]pyrazolo[1,5-a]pyrimidin-7-
yl}methylamino)ethylsulfamoylmethoxy]-5-fluorobenzoate (73h)
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The title compound 73h was synthesized according to the procedure described for 73¢
from 36b and 66 (89% yield).
MS (ESI/APCI dual) m/z: 555 [M+H]".

Methyl 2-(2-{benzyloxycarbonyl-[2-({5-chloro-2-[(2S)-2-piperidyl]pyrazolo[1,5-
a]pyrimidin-7-yl}-methylamino)ethyl]amino}ethoxy)-5-fluorobenzoate (73i)

The title compound 73i was synthesized according to the procedure described for 73¢
from 36b and 52 (100% yield).
"H NMR (400 MHz, CDCl3) 6 ppm 1.38-1.71 (m, 4H), 1.80-1.90 (m, 1H), 1.92-2.01 (m,
1H), 2.64-2.80 (m, 1H), 3.00-3.05 (m, 1.2H), 3.05-3.16 (m, 1H), 3.24 (s, 1.8H), 3.31—
3.37 (m, 1H), 3.66-3.73 (m, 2.2H), 3.74-3.78 (m, 1.8H), 3.79-3.85 (m, 1H), 3.85-3.97
(m, 3H), 4.08-4.24 (m, 2H), 4.31-4.51 (m, 1H), 5.05 (s, 1.2H), 5.11 (s, 0.8H), 5.78 (s,
0.4H), 5.95 (s, 0.6H), 6.31-6.39 (m, 1H), 6.64-6.72 (m, 0.6H), 6.84-6.91 (m, 0.4H),
6.99-7.09 (m, 0.6H), 7.10-7.18 (m, 0.4H), 7.23-7.37 (m, 5SH), 7.45-7.54 (m, 1H); MS
(ESI/APCI dual) m/z: 639 [M+H]".

(23a8)-18-Chloro-8-fluoro-16-methyl-1,3,4,13,14,15,16,23a-octahydro-2H,6 H,12 H-
23,20-(metheno)pyrido|2,1-k]pyrimido[6,1-
g][1,6,8,9,12]benzoxatetraazacyclopentadecin-6-one (75a)

The title compound 75a was synthesized according to the procedure described for 75¢
from 73a (100% yield).
"H NMR (400 MHz, CDCls) 6 ppm 1.31-1.89 (m, 6H), 1.89-2.08 (m, 2H), 2.17-2.33 (m,
1H), 2.35-2.49 (m, 1H), 2.76-2.86 (m, 0.2H), 3.05 (s, 2.4H), 3.08 (s, 0.6H), 3.33-3.52
(m, 2.4H), 3.64-3.74 (m, 0.2H), 3.79-4.00 (m, 1H), 4.01-4.14 (m, 1H), 4.18-4.31 (m,
0.8H), 4.57-4.70 (m, 0.4H), 5.03-5.10 (m, 0.2H), 5.87 (s, 1H), 6.18 (s, 0.2H), 6.28-6.36
(m, 1.6H), 6.72—6.79 (m, 0.2H), 6.81-6.88 (m, 0.8H), 6.93—7.08 (m, 2H); MS (ESI/APCI
dual) m/z: 458 [M+H]".

(18a8)-2,13-Dichloro-11-methyl-8,9,10,11,19,20,21,22-octahydro-18aH,24H-18,15-
(metheno)pyrido[2,1-1]pyrimido[6,1-

h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (75d)
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The title compound 75d was synthesized according to the procedure described for 75¢
from 73d (99% yield).
"H NMR (400 MHz, CDCls) 6 ppm 1.44-2.22 (m, 5.5H), 2.31-2.41 (m, 0.5H), 2.86-2.93
(m, 0.5H), 3.02-3.32 (m, 6H), 4.21-4.57 (m, 3H), 4.75-4.83 (m, 0.5H), 4.97-5.11 (m,
1H), 5.15-5.26 (m, 0.5H), 6.06 (s, 0.5H), 6.11 (s, 0.5H), 6.21 (s, 0.5H), 6.30—6.37 (m,
0.5H), 6.56 (s, 0.5H), 6.76-6.85 (m, 1H), 7.24-7.34 (m, 2H), 7.65-7.74 (m, 0.5H), 8.56—
8.65 (m, 0.5H); MS (ESI/APCI dual) m/z: 503 [M+H]".

(18aS)-13-Chloro-2,11-dimethyl-8,9,10,11,19,20,21,22-octahydro-18aH,24 H-18,15-
(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (75¢)

The title compound 75e was synthesized according to the procedure described for 75¢
from 73e (92% yield).
'H NMR (400 MHz, CDCls) 6 ppm 1.42-2.18 (m, 5.4H), 2.26-2.39 (m, 3.6H), 2.84-2.98
(m, 0.6H), 3.02-3.37 (m, 6H), 4.20-4.44 (m, 2H), 4.45-4.55 (m, 0.8H), 4.76-4.86 (m,
0.6H), 5.00-5.12 (m, 1H), 5.18-5.31 (m, 0.6H), 6.04 (s, 0.6H), 6.09 (s, 0.4H), 6.19 (s,
0.6H), 6.32—6.39 (m, 0.4H), 6.54 (s, 0.4H), 6.72-6.80 (m, 1H), 7.08-7.17 (m, 2H), 7.70—
7.81 (m, 0.4H), 8.68-8.78 (m, 0.6H); MS (ESI/APCI dual) m/z: 483 [M+H]".

(18a8)-13-Chloro-2-fluoro-11-methyl-7,8,10,11,19,20,21,22-octahydro-18aH,24 H-
18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-9,24(6H)-dione (75f)

The title compound 75f was synthesized according to the procedure described for 75¢
from 73f (57% yield).
"H NMR (400 MHz, CDCl3) 6 ppm 1.33-1.72 (m, 3H), 1.72—1.84 (m, 1H), 2.00-2.15 (m,
1H), 2.15-2.31 (m, 1H), 3.06-3.67 (m, 7H), 3.69—4.20 (m, 4H), 4.95-5.01 (m, 0.2H),
6.02 (s, 0.2H), 6.08 (s, 0.8H), 6.16 (s, 0.2H), 6.35-6.41 (m, 0.8H), 6.46 (s, 0.8H), 6.82—
6.90 (m, 1H), 6.98-7.09 (m, 2H), 7.60-7.78 (m, 1H); MS (ESI/APCI dual) m/z: 487
[M+H]".
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(18a8)-13-Chloro-2-fluoro-11-methyl-7-(trifluoromethyl)-6,7,8,9,10,11,19,20,21,22-
decahydro-18aH,24H-18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecin-24-one (75g)

The title compound 75g was synthesized according to the procedure described for 75¢
from 73g (81% yield).
"H NMR (400 MHz, CDCl3) 6 ppm 1.34-2.17 (m, 5.3H), 2.22-2.32 (m, 0.7H), 2.89-3.68
(m, 8.4H), 4.04—4.36 (m, 2.3H), 4.42—4.58 (m, 0.6H), 4.61-4.82 (m, 0.4H), 4.90-5.08 (m,
0.4H), 5.81-5.95 (m, 1H), 5.96-6.10 (m, 0.7H), 6.22-6.32 (m, 0.6H), 6.35-6.40 (m,
0.6H), 6.73—6.80 (m, 0.3H), 6.86—6.96 (m, 0.7H), 6.98-7.10 (m, 2H), 7.11-7.31 (m, 1H);
MS (ESI/APCI dual) m/z: 541 [M+H]".

(18a8)-13-Chloro-2-fluoro-11-methyl-8,9,10,11,19,20,21,22-octahydro-18aH,24 H-
18,15-(metheno)-7)%-pyrido[2,1-1|pyrimido[6,1-
h][1,3,4,7,9,10,13]benzoxathiapentaazacyclohexadecine-7,7,24(6H)-trione (75h)

The title compound 75h was synthesized according to the procedure described for 75¢
from 73h (57% yield).
"H NMR (400 MHz, CDCls) 6 ppm 1.42-1.63 (m, 2H), 1.79-1.91 (m, 2H), 1.99-2.12 (m,
1H), 2.34-2.43 (m, 1H), 2.92-3.06 (m, 1H), 3.11 (s, 3H), 3.27-3.39 (m, 2H), 3.43-3.53
(m, 1H), 3.61-3.75 (m, 1H), 4.97-5.10 (m, 3H), 6.07 (s, 1H), 6.26-6.33 (m, 1H), 6.47 (s,
1H), 6.98-7.15 (m, 3H); MS (ESI/APCI dual) m/z: 523 [M+H]".

Benzyl (18a8)-13-chloro-2-fluoro-11-methyl-24-0x0-6,7,10,11,19,20,21,22-
octahydro-18aH,24H-18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-8(9H)-carboxylate (75i)

The title compound 75i was synthesized according to the procedure described for 75¢
from 73i (92% yield).
"H NMR (400 MHz, CDCl3) 6 ppm 1.32—-1.87 (m, 4H), 1.96-2.10 (m, 1H), 2.27-2.41 (m,
1H), 2.89 (s, 2H), 2.94-3.05 (m, 0.7H), 3.09 (s, 1H), 3.14-3.23 (m, 0.3H), 3.27-3.51 (m,
1.4H), 3.57-4.27 (m, 6.6H), 4.57-4.74 (m, 0.7H), 5.03-5.29 (m, 2.3H), 5.91-5.97 (m,
1H), 6.24-6.32 (m, 1H), 6.36—6.44 (m, 1H), 6.74—6.89 (m, 1H), 6.94-7.08 (m, 2H), 7.31—
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7.43 (m, 5H); MS (ESI/APCI dual) m/z: 607 [M+H]".
(23a8)-18-(Azetidin-1-yl)-8-fluoro-16-methyl-1,3,4,13,14,15,16,23a-octahydro-
2H,6H,12H-23,20-(metheno)pyrido[2,1-k|pyrimido|[6,1-
2][1,6,8,9,12]benzoxatetraazacyclopentadecin-6-one (76a)

The title compound 76a was synthesized according to the procedure described for 76¢
from 75a (58% yield).
"H NMR (600 MHz, DMSO-ds) 6 ppm 1.19-1.99 (m, 8H), 2.08-2.14 (m, 0.2H), 2.15—
2.21 (m, 0.8H), 2.23-2.34 (m, 3H), 2.60-2.69 (m, 0.4H), 2.88-2.94 (m, 3H), 3.14-3.24
(m, 1.6H), 3.49-3.57 (m, 0.8H), 3.58-3.64 (m, 0.2H), 3.69-3.81 (m, 1H), 3.91-4.03 (m,
5H), 4.03—4.08 (m, 0.8H), 4.35-4.42 (m, 0.2H), 4.75-4.79 (m, 0.2H), 5.11 (s, 0.2H), 5.13
(s, 0.8H), 5.79 (s, 0.2H), 5.91 (s, 0.8H), 5.97-6.02 (m, 0.8H), 6.92—6.96 (m, 0.2H), 7.03—
7.08 (m, 0.8H), 7.10-7.22 (m, 2H); '3C NMR (151 MHz, DMSO-ds) é ppm 15.6, 19.8,
23.4,25.4,25.7, 29.5, 37.8, 40.0, 43.8, 47.5, 50.1, 52.9, 67.3, 75.9, 88.8, 113.7, 114.0,
115.8, 127.9, 150.4, 150.5, 151.4, 151.7, 154.1, 158.5, 165.7; HRMS ESI/APCI dual m/z
caled for C26H31FN6O2 [M+H]" 479.2565, found 479.2558.

(18a8)-13-(Azetidin-1-yl)-2-chloro-11-methyl-8,9,10,11,19,20,21,22-octahydro-
18aH,24H-18,15-(metheno)pyrido|2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (76d)

The title compound 76d was synthesized according to the procedure described for 76¢
from 75d (100% yield).
"H NMR (600 MHz, DMSO-ds) 6 ppm 1.39-1.76 (m, 4H), 1.81-2.00 (m, 1H), 2.05-2.12
(m, 0.7H), 2.14-2.20 (m, 0.3H), 2.25-2.35 (m, 2H), 2.83 (s, 0.9H), 2.88 (s, 2.1H), 3.02—
3.13 (m, 2.3H), 3.14-3.20 (m, 0.3H), 3.36-3.46 (m, 0.7H), 3.78-3.87 (m, 0.3H), 3.94—
4.04 (m, 5H), 4.09-4.14 (m, 0.7H), 4.45-4.57 (m, 1.7H), 4.63-4.71 (m, 1H), 4.71-4.74
(m, 0.7H), 5.29 (s, 0.7H), 5.38 (s, 0.3H), 5.89 (s, 0.7H), 5.94-5.98 (m, 0.3H), 6.08 (s,
0.3H), 7.10 (d, J = 8.67 Hz, 0.7H), 7.19 (d, J = 8.67 Hz, 0.3H), 7.40-7.45 (m, 1.3H),
7.50-7.53 (m, 1H), 8.80-8.85 (m, 0.7H); *C NMR (151 MHz, DMSO-ds) § ppm 15.6,
19.8, 24.7, 29.5, 36.5, 38.1, 40.0, 47.1, 48.4, 50.1, 54.0, 70.3, 78.0, 89.6, 119.1, 126.4,
127.1, 129.8, 130.6, 150.3, 151.6, 152.0, 153.4, 158.5, 165.3, 167.4; HRMS ESI/APCI
dual m/z caled for CosH30CIN7O3 [M+H]" 524.2171, found: 524.2156.
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(18a8)-13-(Azetidin-1-yl)-2,11-dimethyl-8,9,10,11,19,20,21,22-octahydro-18aH,24 H-
18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (76e)

The title compound 76e was synthesized according to the procedure described for 76¢
from 75e (77% yield).
"H NMR (600 MHz, DMSO-ds) 6 ppm 1.33—1.82 (m, 4.7H), 1.86-1.96 (m, 0.3H), 2.04—
2.11 (m, 0.7H), 2.15-2.21 (m, 0.3H), 2.25-2.34 (m, 5H), 2.83 (s, 0.9H), 2.89 (s, 2.1H),
3.01-3.12 (m, 2.3H), 3.17-3.24 (m, 0.3H), 3.36-3.48 (m, 0.7H), 3.75-3.86 (m, 0.3H),
3.90-4.08 (m, 5.7H), 4.43—4.54 (m, 1.7H), 4.60—4.72 (m, 1H), 4.72—4.75 (m, 0.7H), 5.30
(s, 0.7H), 5.37 (s, 0.3H), 5.89 (s, 0.7H), 5.97-6.00 (m, 0.3H), 6.07 (s, 0.3H), 6.95 (d, J =
8.26 Hz, 0.7H), 7.03 (d, J = 8.26 Hz, 0.3H), 7.08-7.11 (m, 0.3H), 7.13-7.20 (m, 1.7H),
7.53-7.59 (m, 0.3H), 8.95-9.01 (m, 0.7H); '3C NMR (151 MHz, DMSO-ds) § ppm 15.6,
19.8, 20.1, 24.8, 29.6, 36.5, 37.8, 40.0, 48.3, 48.6, 50.1, 53.9, 70.9, 78.0, 89.4, 117.9,
126.9, 129.1, 130.3, 132.7, 150.3, 151.1, 151.6, 153.5, 158.6, 167.0, 167.8; HRMS
ESI/APCI dual m/z caled for C27H33N703 [M+H]™ 504.27138, found: 504.2702.

(18a8)-13-(Azetidin-1-yl)-2-fluoro-11-methyl-7,8,10,11,19,20,21,22-octahydro-
18aH,24H-18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-9,24(6H)-dione (76f)

The title compound 76f was synthesized according to the procedure described for 76¢
from 75f (53% yield).
"H NMR (600 MHz, DMSO-ds) 6 ppm 1.27-1.67 (m, 4H), 1.83-1.93 (m, 1H), 1.99-2.07
(m, 1H), 2.25-2.36 (m, 2H), 2.92 (s, 2.5H), 2.96 (s, 0.5H), 3.12-3.25 (m, 1H), 3.25-3.35
(m, 1H), 3.48-3.71 (m, 2.8H), 3.73-3.79 (m, 0.2H), 3.93-4.07 (m, 4.2H), 4.11-4.22 (m,
1.8H), 4.40-4.47 (m, 0.2H), 4.64—4.69 (m, 0.2H), 5.09-5.19 (m, 0.8H), 5.20 (s, 0.2H),
5.26 (s, 0.8H), 5.79 (s, 0.2H), 5.94 (s, 0.8H), 5.95-5.98 (m, 0.8H), 6.98-7.03 (m, 0.2H),
7.10-7.25 (m, 2.8H), 7.85-7.93 (m, 1H); *C NMR (151 MHz, DMSO-ds) é ppm 15.6,
19.5, 25.3, 30.4, 38.4, 40.0, 43.9, 47.3, 50.1, 56.0, 66.0, 77.1, 89.3, 113.7, 113.9, 115.8,
128.0, 149.7, 149.9, 151.2, 155.1, 156.9, 158.5, 165.7, 168.9; HRMS ESI/APCI dual m/z
caled for C26H30FN703 [M+H]" 508.2467, found: 508.2445.
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(18a8)-13-(Azetidin-1-yl)-2-fluoro-11-methyl-7-(trifluoromethyl)-
6,7,8,9,10,11,19,20,21,22-decahydro-18aH,24 H-18,15-(metheno)pyrido[2,1-
I]pyrimido[6,1-h][1,4,7,9,10,13]benzoxapentaazacyclohexadecin-24-one (76g)

The title compound 76g was synthesized according to the procedure described for 76¢
from 75g (78% yield).
"HNMR (600 MHz, DMSO-ds) 6 1.31-1.68 (m, 4H), 1.85-2.20 (m, 2.2H), 2.24-2.34 (m,
2.3H), 2.51-2.57 (m, 0.5H), 2.73-3.28 (m, 6.2H), 3.33-3.43 (m, 0.9H), 3.49-3.66 (m,
1.5H), 3.82-3.91 (m, 0.4H), 3.92-4.03 (m, 3.9H), 4.05-4.31 (m, 2.4H), 4.41-4.52 (m,
0.2H), 4.69-4.73 (m, 0.1H), 4.79-4.83 (m, 0.1H), 4.88-4.98 (m, 0.5H), 5.03-5.05 (m,
0.2H), 5.08-5.14 (m, 0.8H), 5.59-5.67 (m, 0.1H), 5.72-5.75 (m, 0.2H), 5.90-5.98 (m,
1.5H), 7.07-7.32 (m, 3H); *C NMR (151 MHz, DMSO-ds) 6 ppm 15.6, 19.8, 25.3,29.7,
38.6,40.0,44.2,45.8,47.4, 50.1, 51.5, 58.0, 65.2, 75.6, 89.0, 114.1, 114.2, 114.8, 116.0,
128.3, 149.7, 149.8, 151.8, 154.1, 155.8, 158.6, 165.4; HRMS ESI/APCI dual m/z calcd
for C27H31F4N70, [M+H]" 562.2548, found: 562.2531.

(18a8)-13-(Azetidin-1-yl)-2-fluoro-11-methyl-8,9,10,11,19,20,21,22-octahydro-
18aH,24H-18,15-(metheno)-72%-pyrido[2,1-1]pyrimido[6,1-
h][1,3,4,7,9,10,13]benzoxathiapentaazacyclohexadecine-7,7,24(6H)-trione (76h)

The title compound 76h was synthesized according to the procedure described for 76¢
from 75h (85% yield).
"H NMR (600 MHz, DMSO-ds) 6 ppm 1.14-1.58 (m, 3H), 1.62—1.68 (m, 1H), 1.90-1.98
(m, 1H), 2.16-2.22 (m, 1H), 2.28-2.35 (m, 2H), 2.96 (s, 3H), 3.17-3.29 (m, 2H), 3.35—
3.43 (m, 1H), 3.54-3.63 (m, 1H), 3.67-3.76 (m, 1H), 3.91-4.05 (m, 5H), 5.23 (s, 1H),
529 (d,J =12.39 Hz, 1H), 5.45 (d, J = 12.39 Hz, 1H), 5.93-5.97 (m, 1H), 6.02 (s, 1H),
7.22 (t,J = 5.37 Hz, 1H), 7.24-7.31 (m, 2H), 7.37-7.42 (m, 1H); *C NMR (151 MHz,
DMSO-ds) 6 ppm 15.6, 19.8, 25.2, 28.7, 37.8, 40.0, 41.2, 44.1, 47.7, 49.6, 50.1, 76.8,
77.4, 89.8, 113.7, 115.9, 116.1, 128.3, 148.9, 150.0, 151.7, 154.2, 156.1, 158.6; HRMS
ESI/APCI dual m/z caled for C2sH30FN704S [M+H]" 544.2137, found: 544.2123.
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Benzyl (18a$)-13-(azetidin-1-yl)-2-fluoro-11-methyl-24-0x0-6,7,10,11,19,20,21,22-
octahydro-18aH,24H-18,15-(metheno)pyrido|2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-8(9H)-carboxylate (76i)

The title compound 76i was synthesized according to the procedure described for 76¢
from 75i (98% yield).
MS (ESI/APCI dual) m/z: 628 [M+H]".

(18a8)-13-Chloro-2-fluoro-8,11-dimethyl-8,9,10,11,19,20,21,22-octahydro-
18aH,24H-18,15-(metheno)pyrido|2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (77)

To a solution of 75¢ (37 mg, 0.076 mmol) in N,N-dimethylformamide (0.76 mL) was

added sodium hydride (60%, dispersion in Paraffin Liquid) (9.2 mg, 0.228 mmol, 3.0 eq)
at 0 °C. After stirring at room temperature for 30 min, iodomethane (14.2 pL, 0.228 mmol,
3.0 eq) was added to the reaction mixture. After stirring at room temperature for 2 h, the
reaction mixture was poured into water and extracted with ethyl acetate. The organic layer
was washed with brine, dried over magnesium sulfate, filtered, and concentrated under
reduced pressure. The residue was purified using silica gel column chromatography (NH
50%—-100% ethyl acetate in hexane) to obtain 77 (38 mg, 0.076 mmol, 100%) as a yellow
oil.
'H NMR (400 MHz, CDCl3) 6 ppm 1.34-1.63 (m, 2H), 1.63-1.89 (m, 2.2H), 1.96-2.13
(m, 0.8H), 2.21-2.30 (m, 0.2H), 2.33-2.44 (m, 0.8H), 2.74-3.12 (m, 6H), 3.13-3.51 (m,
3H), 3.52-3.68 (m, 0.3H), 3.83-3.99 (m, 0.3H), 4.03-4.18 (m, 0.7H), 4.22-4.69 (m,
0.7H), 4.70-4.86 (m, 2H), 5.06-5.15 (m, 0.2H), 5.28-5.41 (m, 0.8H), 5.48-5.61 (m,
0.2H), 6.00-6.10 (m, 1H), 6.21 (s, 0.2H), 6.28-6.34 (m, 0.8H), 6.45 (s, 0.8H), 6.94-7.10
(m, 2.2H), 7.15-7.21 (m, 0.8H); MS (ESI/APCI dual) m/z: 501 [M+H]".

(18a8)-13-(Azetidin-1-yl)-2-fluoro-8,11-dimethyl-8,9,10,11,19,20,21,22-octahydro-
18aH,24H-18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (78)

Compound 78 was prepared from 77 according to the procedure described for 76¢ to
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obtain a colorless amorphous substance in a reaction with a 35% yield.

"H NMR (600 MHz, DMSO-ds) 6 ppm 1.29-1.79 (m, 4H), 1.82-2.22 (m, 2H), 2.25-2.36
(m, 2H), 2.76-3.24 (m, 7H), 3.26-3.45 (m, 1H), 3.71-3.82 (m, 1.3H), 3.88-4.19 (m, 6H),
4.46-4.89 (m, 3H), 5.15-5.39 (m, 1H), 5.71-6.02 (m, 1.7H), 7.06-7.31 (m, 3H); 1*C
NMR (151 MHz, DMSO-ds) 6 ppm 15.6, 19.8, 25.3, 28.4, 33.7, 37.4, 44.0, 46.9, 47.6,
50.1, 51.0, 69.7, 77.0, 79.1, 89.4, 114.6, 116.4, 117.1, 128.3, 150.1, 150.4, 151.3, 153.4,
154.3, 158.4, 165.3, 167.4; HRMS ESI/APCI dual m/z caled for C27H32FN;03 [M+H]"
522.2623, found: 522.2605.

(18a8)-13-(Azetidin-1-yl)-2-fluoro-11-methyl-6,7,8,9,10,11,19,20,21,22-decahydro-
18aH,24H-18,15-(metheno)pyrido|2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecin-24-one (79)

To a solution of 76i (69 mg, 0.109 mmol) in methanol (0.5 mL) was added 10%

palladium on carbon (69 mg). The reaction was flushed with hydrogen and stirred under
a hydrogen atmosphere at room temperature for 1.5 h. The reaction mixture was filtered
through a pad of Celite® and concentrated under reduced pressure. The residue was
purified using silica gel column chromatography (OH 0%-10% methanol in chloroform)
to obtain 79 (40 mg, 0.082 mmol, 75%) as a colorless powder.
"H NMR (400 MHz, CDCls) 6 ppm 1.19-1.91 (m, 4H), 1.93-2.05 (m, 1H), 2.08-2.16 (m,
0.3H), 2.17-2.26 (m, 0.7H), 2.31-2.44 (m, 2H), 2.81-2.94 (m, 2H), 2.98 (s, 2.1H), 3.01—
3.17 (m, 3.5H), 3.24-3.33 (m, 0.7H), 3.37-3.46 (m, 0.7H), 3.91-4.18 (m, 7.4H), 4.61—
4.71 (m, 0.3H), 4.89-4.94 (m, 0.3H), 4.97 (s, 0.3H), 5.01 (s, 0.7H), 5.07-5.20 (m, 0.3H),
5.82 (s, 0.3H), 6.04 (s, 0.7H), 6.21-6.27 (m, 0.7H), 6.73—6.80 (m, 0.3H), 6.81-6.89 (m,
0.7H), 6.93-7.07 (m, 2H); HRMS ESI/APCI dual m/z caled for Ca6H3,FN7O, [M+H]"
494.2674, found: 494.2655.

(18a8)-13-(Azetidin-1-yl)-2-fluoro-8-(methanesulfonyl)-11-methyl-
6,7,8,9,10,11,19,20,21,22-decahydro-18aH,24 H-18,15-(metheno)pyrido[2,1-
llpyrimido[6,1-h][1,4,7,9,10,13]benzoxapentaazacyclohexadecin-24-one (80)

To a solution of 79 (7.1 mg, 0.014 mmol) in chloroform (0.48 mL) was added
triethylamine (12 pL, 0.086 mmol, 6.0 eq) and methanesulfonyl chloride (3.4 uL, 0.043
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mmol, 3.0 eq) at 0 °C. After stirring at room temperature for 30 min, the reaction mixture
was poured into saturated aqueous ammonium chloride and extracted with chloroform.
The organic layer was dried through a phase separator and concentrated under reduced
pressure. The residue was purified using silica gel column chromatography (OH 25%-—
100% ethyl acetate in hexane) to obtain 80 (7.5 mg, 0.013 mmol, 91%) as a pale yellow
powder.

"HNMR (400 MHz, CDCls3) § ppm 1.04-2.18 (m, 5H), 2.25-2.46 (m, 3H), 2.91 (s, 2.1H),
2.95 (s, 0.9H), 3.04-3.30 (m, 4.7H), 3.47-3.92 (m, SH), 3.99-4.27 (m, 6H), 4.46-4.71
(m, 1.3H), 4.96-5.02 (m, 0.6H), 5.05 (s, 0.7H), 5.83 (s, 0.3H), 6.07 (s, 0.7H), 6.16-6.23
(m, 0.7H), 6.80-6.90 (m, 1H), 6.93—-7.10 (m, 2H); HRMS ESI/APCI dual m/z calcd for
C27H34FN704S [M+H]" 572.2450, found: 572.2433.

(18a8)-2-Fluoro-13-(3-hydroxyazetidin-1-yl)-11-methyl-8,9,10,11,19,20,21,22-
octahydro-18aH,24H-18,15-(metheno)pyrido|2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (81a)

To a solution of 75¢ (23 mg, 0.047 mmol) in 2-propanol (0.47 mL) was added 1 M

aqueous sodium hydroxide (0.47 mL, 0.472 mmol, 10 eq) and 3-hydroxyazetidine
hydrochloride (52 mg, 0.472 mmol, 10 eq). After stirring at 130 °C under microwave
irradiation for 30 min, the reaction mixture was extracted with chloroform. The organic
layer was dried through a phase separator and concentrated under reduced pressure. The
residue was purified using silica gel column chromatography (NH 0%—6% methanol in
chloroform) to obtain 81a (11 mg, 0.021 mmol, 44%) as a colorless powder.
"H NMR (400 MHz, CDCls) 6 ppm 1.37-2.15 (m, 5H), 2.25-2.37 (m, 1H), 2.85-3.05 (m,
4H), 3.07-3.29 (m, 2H), 3.924.02 (m, 2H), 4.11-4.25 (m, 0.7H), 4.26—4.62 (m, 4.6H),
4.66-4.94 (m, 3.4H), 5.12 (s, 0.7H), 5.18 (s, 0.3H), 5.91 (s, 0.7H), 6.22 (s, 0.3H), 6.23—
6.27 (m, 0.3H), 6.80-6.92 (m, 1H), 6.96-7.09 (m, 2H), 7.78 (d, J = 8.44 Hz, 0.3H), 9.07
(d, J = 7.21 Hz, 0.7H); 3*C NMR (151 MHz, DMSO-ds) § ppm 19.8, 24.7, 29.5, 36.4,
37.9,46.9,48.3, 54.0, 60.0, 60.4, 71.2,78.4,79.1, 89.4, 113.7, 116.5, 120.1, 130.8, 149.6,
150.3, 151.6, 153.4, 157.0, 158.5, 165.4, 167.6, HRMS ESI/APCI dual m/z caled for
Ca6H30FN704 [M+H]" 524.2416, found: 524.2401.
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(18a8)-13-(3-Aminoazetidin-1-yl)-2-fluoro-11-methyl-8,9,10,11,19,20,21,22-
octahydro-18aH,24H-18,15-(metheno)pyrido|2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (81b)

To a solution of 75¢ (0.13 g, 0.267 mmol) in 1-methyl-2-pyrrolidone (1.3 mL) was added
triethylamine (0.37 mL, 2.67 mmol, 10 eq) and tert-butyl N-(azetidin-3-yl)carbamate
(0.23 g, 1.34 mmol, 5.0 eq). After stirring at 150 °C under microwave irradiation for 30
min, the reaction mixture was poured into water and extracted with ethyl acetate. The
organic layer was dried over magnesium sulfate, filtered, and concentrated under reduced
pressure. The residue was purified using silica gel column chromatography (NH 10%-—
100% ethyl acetate in hexane) to obtain fert-butyl {1-[(18aS)-2-fluoro-11-methyl-7,24-
diox0-6,7,8,9,10,11,19,20,21,22-decahydro-18aH,24H-18,15-(metheno)pyrido|2,1-
l]pyrimido[6,1-h][1,4,7,9,10,13]benzoxapentaazacyclohexadecin-13-yl]azetidin-3-
yl}carbamate (0.14 g, 0.230 mmol, 86%) as a colorless amorphous substance.

MS (ESI/APCI dual) m/z: 623 [M+H]".

To a solution of tert-butyl {1-[(18aS)-2-fluoro-11-methyl-7,24-dioxo-
6,7,8,9,10,11,19,20,21,22-decahydro-18aH,24H-18,15-(metheno)pyrido[2,1-
I]pyrimido[6,1-h][1,4,7,9,10,13]benzoxapentaazacyclohexadecin-13-yl]azetidin-3-
yl}carbamate (0.14 g, 0.230 mmol) in chloroform (1.0 mL) was added trifluoroacetic acid
(0.53 mL), and the mixture was stirred at room temperature for 1 h. The reaction mixture
was poured into saturated aqueous sodium bicarbonate and extracted with chloroform.
The organic layer was dried through a phase separator and concentrated under reduced
pressure. The residue was purified using silica gel column chromatography (NH 0%—9%
methanol in chloroform) to obtain 81b (0.13 g, 0.242 mmol, 100%) as a colorless
amorphous substance.

"H NMR (400 MHz, CDCls) 6 ppm 1.01-2.17 (m, 5.7H), 2.28-2.37 (m, 0.3H), 2.84-3.30
(m, 6H), 3.69-3.80 (m, 2H), 3.93-4.03 (m, 1H), 4.11-4.25 (m, 0.7H), 4.25-4.61 (m,
4.6H), 4.67-4.92 (m, 2.4H), 5.12 (s, 0.7H), 5.19 (s, 0.3H), 5.89 (s, 0.7H), 6.20 (s, 0.3H),
6.23-6.27 (m, 0.3H), 6.80—6.92 (m, 1H), 6.96-7.08 (m, 2H), 7.74—7.83 (m, 0.3H), 9.05—
9.13 (m, 0.7H); 3C NMR (151 MHz, DMSO-ds) § ppm 19.9, 24.7,29.5, 36.4, 37.9, 40.0,
42.9, 48.3, 54.0, 60.4, 67.6, 71.2, 78.5, 89.4, 113.5, 116.3, 120.1, 130.8, 149.6, 150.3,
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1517, 153.4, 157.0, 158.6, 165.4, 167.6; HRMS ESI/APCI dual m/z caled for
Ca26H31FNsOs [M+H]* 523.2576, found: 523.2555.

(18aS)-2-Fluoro-11-methyl-13-[3-(methylamino)azetidin-1-yl]-
8,9,10,11,19,20,21,22-octahydro-18aH,24 H-18,15-(metheno)pyrido[2,1-
Ilpyrimido[6,1-h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6 H)-dione
(81c¢)

To a solution of 75¢ (29 mg, 0.060 mmol) in 2-propanol (0.60 mL) was added 1 M
aqueous sodium hydroxide (0.60 mL, 0.596 mmol, 10 eq) and tert-butyl N-(azetidin-3-
yl)-N-methylcarbamate hydrochloride (0.13 g, 0.596 mmol, 10 eq). After stirring at
100 °C under microwave irradiation for 1 h, the reaction mixture was extracted with
chloroform. The organic layer was dried through a phase separator and concentrated
under reduced pressure. The residue was purified using reversed-phase preparative HPLC
to obtain tert-butyl {1-[(18a8)-2-fluoro-11-methyl-7,24-dioxo-
6,7,8,9,10,11,19,20,21,22-decahydro-18aH,24H-18,15-(metheno)pyrido[2,1-
l]pyrimido[6,1-h][1,4,7,9,10,13]benzoxapentaazacyclohexadecin-13-yl]azetidin-3-
yl}methylcarbamate (44 mg, 0.069 mmol, 100%) as a colorless oil.

MS (ESI/APCI dual) m/z: 637 [M+H]".

To a solution of  tert-butyl {1-[(18a§)-2-fluoro-11-methyl-7,24-dioxo-
6,7,8,9,10,11,19,20,21,22-decahydro-18aH,24H-18,15-(metheno)pyrido[2,1-
l]pyrimido[6,1-h][1,4,7,9,10,13]benzoxapentaazacyclohexadecin-13-yl]azetidin-3-
yl}methylcarbamate (44 mg, 0.069 mmol) in chloroform (1.0 mL) was added
trifluoroacetic acid (0.16 mL), and the mixture was stirred at room temperature for 5 h.
The reaction mixture was poured into saturated aqueous sodium bicarbonate and
extracted with chloroform. The organic layer was dried through a phase separator and
concentrated under reduced pressure. The residue was purified using reversed-phase
preparative HPLC to obtain 81¢ (9.3 mg, 0.017 mmol, 25%) as a colorless powder.

"H NMR (400 MHz, CDCl3) 6 ppm 1.11-2.38 (m, 6H), 2.43-2.49 (m, 3H), 2.84-3.04 (m,
4H), 3.08-3.30 (m, 2H), 3.69-3.79 (m, 1H), 3.80-3.92 (m, 2H), 4.08-4.40 (m, 4H), 4.43—
4.62 (m, 1.4H), 4.66—4.93 (m, 2.3H), 5.13 (s, 0.7H), 5.20 (s, 0.3H), 5.88 (s, 0.7H), 6.19
(s, 0.3H), 6.22-6.28 (m, 0.3H), 6.79—6.91 (m, 1H), 6.96-7.10 (m, 2H), 7.75-7.82 (m,
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0.3H), 9.01-9.13 (m, 0.7H); '3C NMR (151 MHz, DMSO-ds) § ppm 19.8, 24.7, 29.5,
32.8, 36.4, 37.9, 46.9, 48.3, 49.5, 54.0, 57.0, 71.2, 78.4, 79.1, 89.4, 113.7, 116.5, 120.1,
130.8, 149.6, 150.3, 151.7, 153.4, 157.0, 158.6, 165.4, 167.6; HRMS ESAPCI dual m/z
caled for Co7H33FNgOs [M+H]* 537.2732, found: 537.2720.

(18a8)-13-[(35)-3-Aminopyrrolidin-1-yl]-2-fluoro-11-methyl-8,9,10,11,19,20,21,22-
octahydro-18aH,24 H-18,15-(metheno)pyrido|2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (81d)

To a solution of 75¢ (0.15 g, 0.308 mmol) in 1-methyl-2-pyrrolidone (1.5 mL) was added

triethylamine (0.31 mL, 3.08 mmol, 10 eq) and (35)-pyrrolidin-3-amine (0.13 g, 1.54
mmol, 5.0 eq). After stirring at 150 °C under microwave irradiation for 30 min, the
reaction mixture was purified using reversed-phase preparative HPLC to obtain 81d (82
mg, 0.153 mmol, 50%) as a colorless powder.
'H NMR (600 MHz, DMSO-ds) 6 ppm 1.41-2.06 (m, 7H), 2.06-2.12 (m, 0.7H), 2.17—
2.23 (m, 0.3H), 2.85 (s, 0.9H), 2.91 (s, 2.1H), 2.97-3.49 (m, 5.3H), 3.51-3.62 (m, 3H),
3.81-3.91 (m, 0.3H), 3.94-4.06 (m, 1H), 4.06-4.11 (m, 0.7H), 4.46-4.56 (m, 1.7H), 4.63—
4.75 (m, 1.7H), 5.43 (s, 0.7H), 5.51 (s, 0.3H), 5.85 (s, 0.7H), 5.96—6.00 (m, 0.3H), 6.04
(s, 0.3H), 7.10-7.15 (m, 0.7H), 7.16—7.27 (m, 1.6H), 7.32-7.36 (m, 0.7H), 7.54-7.59 (m,
0.3H), 8.99-9.06 (m, 0.7H); *C NMR (151 MHz, DMSO-ds) § ppm 19.9, 24.7, 29.4,
33.9, 36.3, 36.6, 37.9, 45.0, 48.3, 54.0, 55.0, 71.2, 79.1, 79.7, 89.0, 113.7, 116.3, 120.1,
130.8, 149.6, 150.1, 151.7, 153.3, 155.4, 156.9, 165.3, 167.6; HRMS ESI/APCI dual m/z
calcd for C27H33FNgO3 [M+H]" 537.2732, found 537.2725.

(18a8)-13-(Azetidin-3-yl)-2-fluoro-11-methyl-8,9,10,11,19,20,21,22-octahydro-
18aH,24H-18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (82)

To a solution of 1-Boc-3-iodoazetidine (0.25 g, 0.883 mmol, 5.0 eq) in N,N-
dimethylacetamide (2.0 mL) was added zinc powder (59 mg, 0.901 mmol, 5.1 eq) at 65 °C.
After stirring for 20 min, a solution of 75¢ (86 mg, 0.177 mmol) in N,N-
dimethylacetamide (2.0 mL) was placed in another flask, and copper iodide (I) (6.7 mg,
0.035 mmol, 0.20 eq) and [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium (IT)
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(78 mg, 0.106 mmol, 0.60 eq) were added. After stirring at 85 °C for 5 min, the reaction
mixture was added to the prepared zinc reagent. After stirring at 85 °C for 5 min, the
reaction mixture was poured into saturated aqueous ammonium chloride and extracted
with ethyl acetate. The organic layer was washed with brine and dried over magnesium
sulfate, filtered, and concentrated under reduced pressure. The residue was purified using
silica gel column chromatography (NH 50%—100% ethyl acetate in hexane) to obtain tert-
butyl  3-[(18aS)-2-fluoro-11-methyl-7,24-diox0-6,7,8,9,10,11,19,20,21,22-decahydro-
18aH,24H-18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecin-13-yl]azetidine-1-carboxylate (79 mg,
0.130 mmol, 73%) as a pale brown amorphous substance.

To a  solution of  fert-butyl  3-[(18aS)-2-fluoro-11-methyl-7,24-dioxo-

6,7,8,9,10,11,19,20,21,22-decahydro-18aH,24H-18,15-(metheno)pyrido[2,1-
l]pyrimido[6,1-h][1,4,7,9,10,13]benzoxapentaazacyclohexadecin-13-yl]azetidine-1-
carboxylate (78 mg, 0.128 mmol) in chloroform (1.0 mL) was added trifluoroacetic acid
(1.0 mL). After stirring at room temperature for 1 h, the reaction mixture was poured into
saturated aqueous sodium bicarbonate and extracted with chloroform. The organic layer
was dried through a phase separator and concentrated under reduced pressure. The residue
was purified using reversed-phase preparative HPLC to obtain 82 (27 mg, 0.054 mmol,
42%) as a colorless powder.
"H NMR (400 MHz, CDCl3) 6 ppm 1.19-1.72 (m, 3H), 1.74-1.95 (m, 2H), 1.96-2.24 (m,
1.6H), 2.34-2.45 (m, 0.4H), 2.86-3.32 (m, 6H), 3.87-4.08 (m, 4H), 4.18-4.32 (m, 1.4H),
4.34-4.60 (m, 2H), 4.72-4.82 (m, 0.6H), 4.90-5.14 (m, 1.6H), 6.06 (s, 0.6H), 6.10 (s,
0.4H), 6.27 (s, 0.6H), 6.33—6.38 (m, 0.4H), 6.60 (s, 0.4H), 6.80—-6.90 (m, 1H), 6.97-7.10
(m, 2H), 7.78 (d, J = 8.70 Hz, 0.4H), 8.96 (d, J = 7.90 Hz, 0.6H); HRMS ESI/APCI dual
m/z caled for Ca6H30FN703 [M+H]" 508.2467, found: 508.2450.

(18a8)-13-[(1s,3R)-3-Aminocyclobutyl]-2-fluoro-11-methyl-8,9,10,11,19,20,21,22-
octahydro-18aH,24H-18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (84a, cis isomer)
and (18a8)-13-[(1r,38)-3-aminocyclobutyl]-2-fluoro-11-methyl-
8,9,10,11,19,20,21,22-octahydro-18aH,24 H-18,15-(metheno)pyrido[2,1-
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I]pyrimido[6,1-h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione
(84b, trans isomer)

According to the procedure described for 82, the title compound 83 (a mixture of 84a
and 84b) was obtained as a brown amorphous substance in a reaction with a 44% yield
using tert-butyl N-(3-iodocyclobutyl)carbamate instead of 1-Boc-3-iodoazetidine.

Then, 83 was separated using chiral HPLC (CHIRALPAK OD 35 pum, 4.6 %X 150 mm;
flow, 1 mL/min, 50% ethanol in hexane; detection wavelength, 254 nm; cis—isomer 84a
tr = 5.21 min; trans—isomer 84b tr = 3.60 min) to obtain 84a and 84b as colorless powders.
84a: 'H NMR (600 MHz, DMSO-ds) 6 ppm 1.40-2.04 (m, 7H), 2.15-2.20 (m, 0.7H),
2.23-2.29 (m, 0.3H), 2.44-2.54 (m, 3H), 2.93 (s, 0.9H), 2.98 (s, 2.1H), 3.00-3.52 (m,
4H), 3.88-4.09 (m, 2H), 4.20-4.27 (m, 0.3H), 4.47-4.58 (m, 1.7H), 4.60-4.66 (m, 0.3H),
4.82-4.93 (m, 1.4H), 6.06—6.11 (m, 0.3H), 6.19 (s, 0.7H), 6.24 (s, 0.3H), 6.33 (s, 0.7H),
6.56 (s, 0.3H), 7.08-7.13 (m, 0.7H), 7.16-7.29 (m, 1.6H), 7.34-7.39 (m, 0.7H), 7.51—
7.56 (m, 0.3H), 8.85-8.90 (m, 0.7H); *C NMR (151 MHz, DMSO-ds) 6 ppm 19.8, 24.7,
29.7, 33.8, 36.0, 36.4, 36.6, 38.0, 40.0, 44.2, 46.9, 48.1, 54.0, 67.6, 71.0, 91.0, 113.7,
116.5, 119.8, 130.6, 149.6, 151.6, 154.1, 156.9, 164.7, 165.5, 167.5; HRMS ESI/APCI
dual m/z calced for C27H3,FN703 [M+H]" 522.2623, found: 522.2620.
84b: '"H NMR (600 MHz, DMSO-ds) 6 ppm 1.42-2.11 (m, 7H), 2.15-2.21 (m, 0.7H),
2.23-2.31 (m, 0.3H), 2.42-2.54 (m, 3H), 2.92 (s, 0.9H), 2.97 (s, 2.1H), 3.00-3.65 (m,
4H), 3.87—4.10 (m, 2H), 4.18-4.29 (m, 0.3H), 4.48—4.58 (m, 1.7H), 4.60—4.65 (m, 0.3H),
4.82-4.93 (m, 1.4H), 6.06—6.11 (m, 0.3H), 6.16 (s, 0.7H), 6.21 (s, 0.3H), 6.35 (s, 0.7H),
6.57 (s, 0.3H), 7.08-7.13 (m, 0.7H), 7.15-7.29 (m, 1.6H), 7.33-7.39 (m, 0.7H), 7.51—
7.57 (m, 0.3H), 8.85-8.92 (m, 0.7H); '*C NMR (151 MHz, DMSO-ds) 6 ppm 19.8, 24.7,
29.7,34.9,36.0,36.4,36.6,37.6, 38.0,40.0,43.6,45.5, 48.1, 54.0,67.6,71.0,91.2, 113.6,
116.4, 119.8, 128.3, 149.6, 151.6, 154.1, 156.9, 165.5, 167.5; HRMS ESI/APCI dual m/z
calcd for C27H3FN703 [M+H]" 522.2623, found: 522.2613.

Ethyl 3-(3-benzyloxycyclobutyl)-3-oxopropanoate (86)
To a solution of 3-benzyloxycyclobutanecarboxylic acid (5.3 g, 26 mmol) in
tetrahydrofuran (86 mL) was added 1,1'-carbonyldiimidazole (6.3 g, 39 mmol, 1.5 eq).

After stirring at room temperature for 2.5 h, the reaction mixture was added to potassium
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3-ethoxy-3-oxo-propanoate (8.7 g, 51 mmol, 2.0 eq) and magnesium chloride (4.9 g, 51
mmol, 2.0 eq). After stirring at 65 °C for 2.5 h, the reaction mixture was cooled to room
temperature and filtered through a pad of Celite®, and the filtrate was concentrated under
reduced pressure. The residue was purified using silica gel column chromatography (OH
5%—-20% ethyl acetate in hexane) to obtain 86 (3.1 g, 11.5 mmol, 45%) as a colorless oil.
"H NMR (400 MHz, CDCI3) 6 ppm 1.23-1.32 (m, 3H), 2.14-2.34 (m, 2H), 2.39-2.59 (m,
2H), 2.82-2.95 (m, 1H), 3.38-3.45 (m, 2H), 3.93—4.05 (m, 1H), 4.13—4.24 (m, 2H), 4.37—
4.47 (m, 2H), 7.27-7.37 (m, 5H); MS (ESI/APCI dual) m/z: 277 [M+H]".

tert-Butyl (25)-2-[5-(3-benzyloxycyclobutyl)-7-oxo-4H-pyrazolo[1,5-a]pyrimidin-2-
yl]piperidine-1-carboxylate (87)

To a solution of 86 (3.1 g, 11 mmol, 1.2 eq) in acetic acid (23 mL) was added ters-butyl
(25)-2-(5-amino-1H-pyrazol-3-yl)piperidine-1-carboxylate (34) (2.5 g, 9.4 mmol). After
stirring at 100 °C for 2.5 h, the reaction mixture was cooled to room temperature and was
concentrated under reduced pressure.

To a solution of the resulting residue in chloroform (31 mL) was added triethylamine

(2.6 mL, 19 mmol, 2.0 eq) and di-tert-butyl dicarbonate (2.0 g, 9.4 mmol, 1.0 eq). After
stirring for 2 h at room temperature, the reaction mixture was poured into 0.5 M aqueous
hydrochloric acid and extracted with chloroform. The organic layer was dried through a
phase separator and concentrated under reduced pressure. The residue was purified using
silica gel column chromatography (OH 50%—100% ethyl acetate in hexane) to obtain 87
(4.0 g, 8.3 mmol, 88%) as a colorless amorphous substance.
"H NMR (400 MHz, CDCls) 6 ppm 1.31-1.80 (m, 13H), 2.12-2.26 (m, 2H), 2.42-2.56
(m, 0.8H), 2.57-2.88 (m, 3.4H), 3.01-3.17 (m, 0.8H), 3.45-3.59 (m, 0.2H), 3.89—4.30 (m,
2.8H), 4.39-4.52 (m, 2H), 5.34-5.46 (m, 1H), 5.51 (s, 0.8H), 5.60-5.81 (m, 1.2H), 7.28—
7.43 (m, 5H), 10.51-11.37 (m, 1H); MS (ESI/APCI dual) m/z: 479 [M+H]".

tert-Butyl (25)-2-{5-|(1s,3R)-3-(benzyloxy)cyclobutyl]-7-chloropyrazolo|[1,5-
a|pyrimidin-2-yl}piperidine-1-carboxylate (88a) and zert-butyl (25)-2-{5-[(1r,35)-3-
(benzyloxy)cyclobutyl]-7-chloropyrazolo[1,5-a]pyrimidin-2-yl}piperidine-1-
carboxylate (88b)
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A solution of 4-dimethylaminopyridine (1.8 g, 15.0 mmol, 1.1 eq) in pyridine (68 mL)
was cooled to 0 °C, and phosphorus oxychloride (8.7 mL, 95.5 mmol, 7.0 eq) and 87 (6.5
g, 13.6 mmol) were added. After stirring at 65 °C for 0.5 h, the reaction mixture was
cooled to room temperature and concentrated under reduced pressure. The residue was
purified using silica gel column chromatography (OH ethyl acetate) and (OH 15% ethyl
acetate in hexane) to obtain 88a (3.8 g, 7.76 mmol, 65%) as a pale yellow oil and 88b
(0.90 g, 1.80 mmol, 15%) as a pale yellow oil.
88a: 'H NMR (400 MHz, CDCl3) 6 ppm 1.37-1.71 (m, 13H), 1.82-1.96 (m, 1H), 2.34 (q,
J =9.01 Hz, 2H), 2.50 (d, J = 13.20 Hz, 1H), 2.66-2.76 (m, 2H), 2.91 (t, J = 11.80 Hz,
1H), 3.07-3.20 (m, 1H), 4.02—4.18 (m, 2H), 4.49 (s, 2H), 5.62 (brs, 1H), 6.49 (s, 1H),
6.80 (s, 1H), 7.27—7.40 (m, 5H); 13C NMR (151 MHz, DMSO-ds) 6 ppm 19.3, 24.7, 27.8,
28.0, 31.8, 35.7, 35.8, 68.1, 69.0, 78.9, 95.0, 107.3, 127.4, 127.6, 128.1, 137.1, 138.3,
149.7, 154.5, 158.2, 163.3; MS (ESI/APCI dual) m/z: 497 [M+H]".
88b: 'H NMR (400 MHz, CDCl3) 6 ppm 1.38-1.71 (m, 13H), 1.81-1.97 (m, 1H), 2.45—
2.57 (m, 3H), 2.61-2.72 (m, 2H), 2.85-2.98 (m, 1H), 3.58-3.71 (m, 1H), 4.01-4.17 (m,
1H), 4.32—4.41 (m, 1H), 4.47 (s, 2H), 5.63 (brs, 1H), 6.49 (s, 1H), 6.74 (s, 1H), 7.27-7.39
(m, SH); *C NMR (151 MHz, DMSO-ds) ¢ ppm 19.4, 21.7, 27.3, 28.0, 31.0, 33.8, 34.1,
44.2, 53.6, 69.2, 70.8, 79.2, 86.9, 92.2, 127.4, 127.6, 128.2, 138.3, 142.5, 152.5, 154.4,
155.3, 155.9, 156.7; MS (ESI/APCI dual) m/z: 497 [M+H]".

tert-Butyl (28)-2-{5-](1s,3R)-3-(benzyloxy)cyclobutyl]-7-[(2-{2-[4-fluoro-2-
(methoxycarbonyl)phenoxy|acetamido}ethyl)(methyl)amino]pyrazolo[1,5-
a]pyrimidin-2-yl}piperidine-1-carboxylate (89a)

To a solution of 88a (0.21 g, 0.425 mmol) in 1-methyl-2-pyrrolidone (4.2 mL) was added
triethylamine (0.59 mL, 4.25 mmol, 10 eq) and 58a (0.19 g, 0.594 mmol, 1.4 eq). After
stirring at 150 °C under microwave irradiation for 30 min, the reaction mixture was
poured into water and extracted with ethyl acetate. The organic layer was washed with
brine and dried over magnesium sulfate, filtered, concentrated under reduced pressure.
The residue was purified using silica gel column chromatography (OH 30%—70% ethyl
acetate in hexane) to obtain 89a (0.11 g, 0.145 mmol, 34%) as a colorless amorphous

substance.
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'H NMR (400 MHz, CDCl3) § ppm 1.36-1.66 (m, 12H), 1.76-1.89 (m, 1H), 2.23-2.34
(m, 2H), 2.35-2.49 (m, 1H), 2.59-2.71 (m, 2H), 2.78-2.91 (m, 1H), 2.94-3.06 (m, 1H),
3.21 (s, 3H), 3.71-3.85 (m, SH), 3.93-4.28 (m, 5H), 4.47 (s, 4H), 5.53 (brs, 1H), 5.83 (s,
1H), 6.17 (s, 1H), 6.77-6.89 (m, 1H), 7.13-7.22 (m, 1H), 7.28-7.39 (m, SH), 7.52-7.61
(m, 1H), 8.24-8.36 (m, 1H); MS (ESIAPCI dual) m/z: 745 [M+H]",

tert-Butyl (28)-2-{5-|(1s,3R)-3-(benzyloxy)cyclobutyl]-7-[(2-{2-[4-chloro-2-
(methoxycarbonyl)phenoxy|acetamido}ethyl)(methyl)amino]pyrazolo[1,5-
a|pyrimidin-2-yl}piperidine-1-carboxylate (89b)

To a solution of 88a (6.7 g, 13.5 mmol) in N,N-dimethylformamide (68 mL) was added

triethylamine (15.1 mL, 108 mmol, 8.0 eq) and 58b (6.4 g, 19.0 mmol, 1.4 eq). After
stirring at 80 °C for 1 h, the reaction mixture was cooled and was poured into water and
extracted with ethyl acetate/toluene (4/1). The organic layer was washed with brine and
dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The
residue was purified using silica gel column chromatography (OH 25%-100% ethyl
acetate in hexane) to obtain 89b (9.1 g, 11.9 mmol, 88%) as a colorless amorphous
substance.
"H NMR (400 MHz, CDCls) 6 ppm 1.33-1.69 (m, 12H), 1.75-1.90 (m, 1H), 2.22-2.34
(m, 2H), 2.35-2.49 (m, 1H), 2.60-2.72 (m, 2H), 2.78-2.91 (m, 1H), 2.94-3.07 (m, 1H),
3.20 (s, 3H), 3.70-3.86 (m, 5H), 3.92-4.29 (m, 5H), 4.41-4.55 (m, 4H), 5.53 (brs, 1H),
5.83 (s, 1H), 6.17 (s, 1H), 6.81 (d, J = 8.68 Hz, 1H), 7.28-7.46 (m, 6H), 7.83 (s, 1H),
8.22-8.31 (m, 1H); MS (ESI/APCI dual) m/z: 761 [M+H]".

tert-Butyl (28)-2-{5-[(1s,3R)-3-(benzyloxy)cyclobutyl]-7-[(2-{2-[2-
(methoxycarbonyl)-4-
methylphenoxy]acetamido}ethyl)(methyl)amino]pyrazolo[1,5-a]pyrimidin-2-
yl}piperidine-1-carboxylate (89c)

According to the procedure described for 89a, the title compound 89¢ was obtained as
a colorless oil in a reaction with a 65% yield using 58c instead of 58a.
"H NMR (400 MHz, CDCls) 6 ppm 1.35-1.65 (m, 13H), 1.76-1.89 (m, 1H), 2.22-2.35
(m, 5H), 2.39-2.50 (m, 1H), 2.56-2.73 (m, 2H), 2.78-2.91 (m, 1H), 2.93-3.05 (m, 1H),

155



3.20 (s, 3H), 3.73-3.82 (m, 5H), 3.94-4.10 (m, 2H), 4.11-4.19 (m, 2H), 4.43-4.51 (m,
4H), 5.53 (brs, 1H), 5.77-5.85 (m, 1H), 6.16-6.20 (m, 1H), 6.77 (d, J = 8.44 Hz, 1H),
7.27-7.39 (m, 6H), 7.66 (s, 1H), 8.33-8.45 (m, 1H); MS (ESI/APCI dual) m/z: 741
[M+H]".

(18a8)-13-[(1s,3R)-3-(benzyloxy)cyclobutyl]-2-fluoro-11-methyl-
8,9,10,11,19,20,21,22-octahydro-18aH,24 H-18,15-(metheno)pyrido[2,1-
llpyrimido[6,1-h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6 H)-dione
(91a)

To a solution of 89a (0.11 g, 0.145 mmol) in methanol (0.5 mL) and tetrahydrofuran (0.5
mL) was added 1 M aqueous sodium hydroxide (1.0 mL), and the mixture was stirred at
room temperature for 0.5 h. The reaction mixture was acidified using 1 M aqueous
hydrochloric acid and extracted with chloroform. The organic layer was washed with
brine, dried over magnesium sulfate, filtered, and concentrated under reduced pressure to
obtain 2-{2-[2-({5-(3-benzyloxycyclobutyl)-2-[(25)-1-ftert-butoxycarbonyl-2-
piperidyl]pyrazolo[1,5-a]pyrimidin-7-yl} methylamino)ethylamino]-2-oxoethoxy}-5-
fluorobenzoic acid (0.10 g, 0.141 mmol. 97%) as a colorless oil. This compound was used
in the next reaction without further purification.

To a solution of 2-{2-[2-({5-(3-benzyloxycyclobutyl)-2-[(2S)-1-tert-butoxycarbonyl-2-
piperidyl]pyrazolo[1,5-a]pyrimidin-7-yl} methylamino)ethylamino]-2-oxoethoxy}-5-
fluorobenzoic acid (0.10 g, 0.141 mmol) in 1,4-dioxane (0.24 mL) was added 4 M
hydrogen chloride in 1,4-dioxane (0.47 mL). After stirring for 1 h at room temperature,
the reaction mixture was concentrated under reduced pressure to obtain 90a (96 mg, 0.144
mmol, 100%) as a colorless powder. This compound was used in the next reaction without
further purification.

To a solution of 90a (96 mg, 0.141 mmol) in N,N-dimethylformamide (7.2 mL, 0.02 M)
was added triethylamine (0.16 mL, 1.15 mmol, 8.0 eq) and 1-
[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate (0.11 g, 0.288 mmol, 2.0 eq). After stirring at room temperature for
2 h, the reaction mixture was poured into saturated aqueous sodium bicarbonate and

extracted with ethyl acetate. The organic layer was washed with brine, dried over
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magnesium sulfate, filtered, and concentrated under reduced pressure. The residue was
purified using silica gel column chromatography (NH 50%—-90% ethyl acetate in hexane)
to obtain 91a (72 mg, 0.118 mmol, 82%) as colorless amorphous substance.

"H NMR (400 MHz, CDCls) 6 ppm 1.63-1.92 (m, 3H), 1.96-2.44 (m, 4H), 2.63-2.75 (m,
2H), 2.86-3.32 (m, 8H), 4.02-4.32 (m, 2H), 4.33-4.60 (m, 4H), 4.71-4.81 (m, 0.6H),
4.87-5.10 (m, 2H), 5.99 (s, 0.6H), 6.04 (s, 0.4H), 6.25 (s, 0.6H), 6.31-6.38 (m, 0.4H),
6.58 (s, 0.4H), 6.80—6.89 (m, 1H), 6.97-7.09 (m, 2H), 7.29-7.40 (m, 5H), 7.75-7.82 (m,
0.4H), 8.95-9.02 (m, 0.6H); MS (ESI/APCI dual) m/z: 613 [M+H]".

(18a8)-13-[(1s,3R)-3-(Benzyloxy)cyclobutyl]-2-chloro-11-methyl-
8,9,10,11,19,20,21,22-octahydro-18aH,24 H-18,15-(metheno)pyrido[2,1-
llpyrimido[6,1-h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6 H)-dione
(91b)

According to the procedure described for 91a, the title compound 91b was obtained
from 89b as a colorless amorphous substance in a reaction with an 89% yield.
"H NMR (400 MHz, CDCl3) 6 ppm 1.63-1.93 (m, 3H), 1.95-2.43 (m, 4H), 2.61-2.77 (m,
2H), 2.84-3.32 (m, 8H), 4.02—4.31 (m, 2H), 4.33—4.59 (m, 4H), 4.70-4.80 (m, 0.6H),
4.84-5.06 (m, 2H), 5.98 (s, 0.6H), 6.04 (s, 0.4H), 6.26 (s, 0.6H), 6.31-6.37 (m, 0.4H),
6.57 (s, 0.4H), 6.77-6.86 (m, 1H), 7.28-7.39 (m, 7H), 7.72-7.80 (m, 0.4H), 8.80-8.91
(m, 0.6H); MS (ESI/APCI dual) m/z: 629 [M+H]".

(18a8)-13-[(1s,3R)-3-(Benzyloxy)cyclobutyl]-2,11-dimethyl-8,9,10,11,19,20,21,22-
octahydro-18aH,24H-18,15-(metheno)pyrido[2,1-1|pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (91c)

According to the procedure described for 91a, the title compound 91¢ was obtained from

89c as a colorless amorphous substance in a reaction with an 89% yield.

MS (ESI/APCI dual) m/z: 609 [M+H]".
(18a8)-2-Fluoro-13-[(1s,3R)-3-hydroxycyclobutyl]-11-methyl-8,9,10,11,19,20,21,22-
octahydro-18aH,24H-18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-

h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (92a)
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To a solution of 91a (72 mg, 0.118 mmol) in methanol (1.2 mL) was added palladium
hydroxide on carbon (36 mg). The reaction was flushed with hydrogen and stirred under
a hydrogen atmosphere at 60 °C for 3 h. The reaction mixture was cooled to room
temperature and filtered through a pad of Celite®, then concentrated under reduced
pressure. The residue was purified using silica gel column chromatography (NH
chloroform) to obtain 92a (56 mg, 0.11 mmol, 91%) as a colorless amorphous substance.
"H NMR (600 MHz, DMSO-ds) 6 ppm 1.40-1.85 (m, 4H), 1.86-2.05 (m, 1H), 2.07-2.30
(m, 3H), 2.44-2.55 (m, 1H), 2.89-3.23 (m, 6H), 3.34-3.53 (m, 1H), 3.88-3.97 (m, 0.3H),
3.98-4.09 (m, 2.4H), 4.20-4.27 (m, 0.3H), 4.47-4.57 (m, 1.7H), 4.60—4.66 (m, 0.3H),
4.82-4.94 (m, 1.4H), 5.09-5.14 (m, 1H), 6.07-6.10 (m, 0.3H), 6.15-6.19 (m, 0.7H), 6.21—
6.24 (m, 0.3H), 6.32-6.36 (m, 0.7H), 6.56—6.59 (m, 0.3H), 7.08-7.12 (m, 0.7H), 7.15—
7.28 (m, 1.6H), 7.34-7.38 (m, 0.7H), 7.52-7.56 (m, 0.3H), 8.85-8.90 (m, 0.7H); *C
NMR (151 MHz, DMSO-ds) ¢ ppm 19.8, 24.7, 29.7, 31.9, 36.4, 36.6, 38.0, 40.0, 43.6,
48.1, 54.0, 61.5,71.0, 91.0, 92.4, 113.7, 116.5, 119.8, 130.6, 149.3, 149.6, 151.6, 154.2,
156.9, 164.3, 165.5, 167.5; HRMS ESI/APCI dual m/z caled for C27H31FN¢Os [M+H]"
523.2464, found: 523.2454.

(18a8)-2-Chloro-13-[(1s,3R)-3-hydroxycyclobutyl]-11-methyl-8,9,10,11,19,20,21,22-
octahydro-18aH,24 H-18,15-(metheno)pyrido[2,1-l1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (92b)

To a solution of 91b (4.5 g, 7.20 mmol) in acetonitrile (72 mL) was added
chlorotrimethylsilane (4.6 mL, 36.0 mmol, 5.0 eq) and sodium iodide (5.4 g, 36.0 mmol,
5.0 eq). After stirring at 65 °C for 1 h, the reaction mixture was poured into saturated
aqueous sodium thiosulfate/saturated aqueous sodium bicarbonate (1/1) and extracted
with ethyl acetate. The organic layer was washed with brine, dried over magnesium
sulfate, filtered, and concentrated under reduced pressure. The residue was purified using
silica gel column chromatography (OH 0%-20% methanol in chloroform) and silica gel
column chromatography (NH 0%—12% methanol in chloroform) to obtain 92b (3.6 g,
6.75 mmol, 94%) as colorless amorphous substance.

"H NMR (400 MHz, CDCls) 6 ppm 1.42-2.29 (m, 6.6H), 2.34-2.43 (m, 0.4H), 2.72-2.85
(m, 2H), 2.86-3.32 (m, 8H), 4.17-4.59 (m, 4.4H), 4.70-4.80 (m, 0.6H), 4.88-5.10 (m,
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1.6H), 5.95 (s, 0.6H), 6.01 (s, 0.4H), 6.25 (s, 0.6H), 6.30-6.37 (m, 0.4H), 6.57 (s, 0.4H),
6.77-6.86 (m, 1H), 7.27-7.34 (m, 2H), 7.76 (d, J = 7.82 Hz, 0.4H), 8.84 (d, J = 7.58 Hz,
0.6H): MS (ESI/APCI dual) m/z: 539 [M+H]".

(18a85)-13-[(1s,3R)-3-Hydroxycyclobutyl]-2,11-dimethyl-8,9,10,11,19,20,21,22-
octahydro-18aH,24 H-18,15-(metheno)pyrido|2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (92c)

According to the procedure described for 92a, the title compound 92¢ was obtained from
91c as a colorless amorphous substance in a reaction with an 87% yield.
'H NMR (400 MHz, CDCls) § ppm 1.60-2.43 (m, 7H), 2.73-3.36 (m, 10H), 4.17-4.58
(m, 4.4H), 4.73-4.83 (m, 0.6H), 4.90-5.14 (m, 1.6H), 5.92-5.96 (m, 0.6H), 5.97-6.01 (m,
0.4H), 6.24 (s, 0.6H), 6.34-6.41 (m, 0.4H), 6.57 (s, 0.4H), 6.77 (d, J = 8.07 Hz, 1H),
7.07-7.17 (m, 2H), 7.77-7.86 (m, 0.4H), 8.91-9.03 (m, 0.6H); MS (ESI/APCI dual) m/z:
519 [M+H]".

(18a8)-2-Fluoro-13-[(1r,35)-3-hydroxycyclobutyl]-11-methyl-8,9,10,11,19,20,21,22-
octahydro-18aH,24H-18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (93a)

To a solution of 92a (55 mg, 0.11 mmol) in tetrahydrofuran (1.1 mL) was added 4-
nitrobenzoic acid (26 mg, 0.158 mmol, 1.5 eq), 2.2 M diethyl azodicarboxylate in toluene
(0.29 mL, 0.632 mmol, 6.0 eq) and triphenylphosphine (0.17 g, 0.632 mmol, 6.0 eq).
After stirring at 65 °C for 30 min, the reaction mixture was cooled to room temperature
and concentrated under reduced pressure. The residue was purified using silica gel
column chromatography (NH 50%—-100% ethyl acetate in hexane) to obtain (15,3r)-3-
[(18aS)-2-fluoro-11-methyl-7,24-diox0-6,7,8,9,10,11,19,20,21,22-decahydro-
18aH,24H-18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecin-13-yl]cyclobutyl 4-nitrobenzoate (74
mg, 0.11 mmol, 100%) as colorless amorphous substance.

MS (ESI/APCI dual) m/z: 672 [M+H]".

To a solution of (18,3r)-3-[(18aS)-2-fluoro-11-methyl-7,24-dioxo-

6,7,8,9,10,11,19,20,21,22-decahydro-18aH,24H-18,15-(metheno)pyrido[2,1-

159



I]pyrimido[6,1-h][1,4,7,9,10,13]benzoxapentaazacyclohexadecin-13-yl]cyclobutyl  4-
nitrobenzoate (73 mg, 0.11 mmol) in tetrahydrofuran (1.1 mL) was added 1 M aqueous
sodium hydroxide (1.1 mL), and the mixture was stirred at room temperature for 1.5 h.
The reaction mixture was neutralized by 1 M aqueous hydrochloric acid and extracted
with chloroform. The organic layer was dried over magnesium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified using silica gel column
chromatography (OH 0%—5% methanol in chloroform) to obtain 93a (41 mg, 0.078 mmol,
72%) as a colorless amorphous substance.

"H NMR (600 MHz, DMSO-d;) 6 ppm 1.41-1.86 (m, 4H), 1.86-2.06 (m, 1H), 2.14-2.30
(m, 3H), 2.44-2.55 (m, 1H), 2.93 (s, 0.9H), 2.98 (s, 2.1H), 3.01-3.22 (m, 3H), 3.34-3.53
(m, 1.6H), 3.87-3.97 (m, 0.3H), 3.98—4.10 (m, 1.4H), 4.20—4.29 (m, 0.3H), 4.33—4.43 (m,
1H), 4.48-4.58 (m, 1.4H), 4.60—4.65 (m, 0.3H), 4.82-4.95 (m, 1.4H), 5.03-5.09 (m, 1H),
6.06-6.10 (m, 0.3H), 6.16 (s, 0.7H), 6.22 (s, 0.3H), 6.35 (s, 0.7H), 6.58 (s, 0.3H), 7.09—
7.13 (m, 0.7H), 7.16-7.29 (m, 1.6H), 7.35-7.38 (m, 0.7H), 7.53-7.56 (m, 0.3H), 8.88 (d,
J =17.02 Hz, 0.7H); 1*C NMR (151 MHz, DMSO-ds) 6 ppm 19.8, 24.7, 29.7, 33.9, 36.6,
37.7,38.0,40.0, 43.6, 48.1, 54.0,63.9, 71.0,91.3,92.5, 113.7, 116.5, 119.8, 130.5, 149.6,
150.4, 151.6, 154.2, 156.9, 165.5, 165.7, 167.5; HRMS ESI/APCI dual m/z calcd for
C27H31FN6O4 [M+H]" 523.2464, found: 523.2450.

(18a8)-2-Chloro-13-[(17,3S5)-3-hydroxycyclobutyl]-11-methyl-8,9,10,11,19,20,21,22-
octahydro-18aH,24H-18,15-(metheno)pyrido[2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (93b)

According to the procedure described for 93a, the title compound 93b was obtained
from 92b as a colorless amorphous substance in a reaction with a 54% yield.
"H NMR (600 MHz, DMSO-ds) § ppm 1.43-1.85 (m, 4H), 1.87-1.96 (m, 0.7H), 1.97—
2.05 (m, 0.3H), 2.14-2.29 (m, 3H), 2.44-2.55 (m, 1H), 2.93 (s, 0.9H), 2.98 (s, 2.1H),
3.03-3.23 (m, 2.7H), 3.37-3.57 (m, 1.6H), 3.86-3.94 (m, 0.3H), 4.01-4.08 (m, 0.7H),
4.11 (d, J = 14.04 Hz, 0.7H), 4.16-4.22 (m, 0.3H), 4.34-4.44 (m, 1H), 4.50-4.56 (m,
1.7H), 4.65 (d, J = 14.86 Hz, 0.3H), 4.83—4.91 (m, 1.4H), 5.04-5.08 (m, 1H), 6.05-6.09
(m, 0.3H), 6.16 (s, 0.7H), 6.22 (s, 0.3H), 6.36 (s, 0.7H), 6.58 (s, 0.3H), 7.08 (d, J = 8.67
Hz, 0.7H), 7.19 (d, J = 8.67 Hz, 0.3H), 7.39-7.46 (m, 1.3H), 7.51-7.55 (m, 1H), 8.73 (d,
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J =17.43 Hz, 0.7H); *C NMR (151 MHz, DMSO-ds) é ppm 19.8, 24.7, 29.7, 33.9, 36.7,
37.7,38.1,43.6,48.2, 54.1, 63.9,70.0, 79.1,91.3,92.6, 118.8, 126.4, 129.8, 130.4, 149.5,
151.6, 151.9, 154.1, 155.5, 165.4, 165.6, 167.3; HRMS ESI/APCI dual m/z calcd for
C27H31CINsO4 [M+H]" 539.2168, found: 539.2152.

(18a8)-13-[(1r,35)-3-Hydroxycyclobutyl]-2,11-dimethyl-8,9,10,11,19,20,21,22-
octahydro-18aH,24 H-18,15-(metheno)pyrido|2,1-1]pyrimido[6,1-
h][1,4,7,9,10,13]benzoxapentaazacyclohexadecine-7,24(6H)-dione (93c)

According to the procedure described for 93a, the title compound 93¢ was obtained from
92¢ as a colorless amorphous substance in a reaction with a 96% yield.
'H NMR (600 MHz, DMSO-ds) 6 ppm 1.37-1.88 (m, 4.7H), 1.92-2.02 (m, 0.3H), 2.07—
2.26 (m, 3H), 2.28 (s, 0.9H), 2.30 (s, 2.1H), 2.45-2.55 (m, 1H), 2.90-3.01 (m, 3H), 3.02—
3.17 (m, 2.6H), 3.20-3.26 (m, 0.3H), 3.36-3.58 (m, 1.4H), 3.84-3.92 (m, 0.3H), 3.97—
4.08 (m, 1.7H), 4.16-4.24 (m, 0.3H), 4.33-4.43 (m, 0.7H), 4.44-4.49 (m, 1H), 4.53-4.62
(m, 1H), 4.83-4.92 (m, 1.4H), 5.03-5.15 (m, 1H), 6.07-6.11 (m, 0.3H), 6.14-6.18 (m,
0.7H), 6.20-6.23 (m, 0.3H), 6.33-6.38 (m, 0.7H), 6.54-6.58 (m, 0.3H), 6.92-6.95 (m,
0.7H), 7.01-7.04 (m, 0.3H), 7.10-7.20 (m, 2H), 7.54-7.60 (m, 0.3H), 8.86—8.92 (m,
0.7H); 3C NMR (151 MHz, DMSO-ds) 6 ppm 19.8, 20.1, 24.9, 29.8, 33.9, 36.6, 37.7,
40.0,43.5,48.1,54.0,63.9,70.7,79.1,91.2,92.5, 117.6, 126.9, 128.8, 130.4, 132.7, 149.5,
151.1,151.6,154.3,165.7,167.1,167.7; HRMS ESI/APCI dual m/z calcd for C28H34NsO4
[M+H]" 519.2714, found: 519.2706.

REMD simulation

The conformations of the compounds were sampled using REMD simulation®)

GROMACS 5.0.4.°9 For each compound, eight independent REMD simulations were

run on

performed under NVT conditions for 10 ns each, to sample sufficient conformational
space. Temperatures of the replicas were set at 310.0, 366.5, 433.2, 512.1, 605.4, 715.6,
845.9, and 1000 K. GAFF forcefiled®® and GBSA model®¥ were applied to the
compounds and the solvent, respectively. The dihedral angle between the pyrazolo[1,5-
a]pyrimidine ring and the amide plane was calculated for each conformation sampled

every 10 ps at 310.0 K.
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Molecular docking simulations

Molecular docking simulations were performed using the CDOCKER algorithm in
Discovery Studio 2017 R2.°" The input coordinates of RSV A2 were obtained from the
X-ray coordinates of RSV A2 complexed with its inhibitor JNJ-2408068 (PDB entry
SEA3). The “Input Site Sphere” parameter for CDOCKER was defined using the position
of JNJ-2408068. Hydrogen atoms were added, and the ionization states were assigned
using the Protonate-3D function of the Molecular Operating Environment program
(MOE)®? ; the positions of the hydrogen atoms were then optimized using the Amber10
forcefield implemented in MOE. For D486N, after manually correcting the coordinates
from wild-type to D486N, the positions of the amino acid residues within 4.5 angstroms

of INJ-2408068 were optimized using the Amber10 forcefield implemented in MOE.

Molecular dynamics simulation

The molecular dynamics (MD) simulation was performed using the Standard Dynamics
Cascade algorithm in Discovery Studio 2017 R2.5D The input coordinates were obtained
from the result of the molecular docking simulation of RSV A2 and compound 93b. A
CHARMmM forcefield and GBSW model were applied to the compounds and solvent,
respectively. A production MD of 1.0 ns was performed using the well-equilibrated

system at a temperature of 300 K.

EXSY analysis

For the EXSY (EXchange SpectroscopY) analysis,®>®® each compound was dissolved
in DMSO-ds at 10 mg/mL. Spectra were recorded using a JNM-ECAS500 spectrometer
(JEOL, Tokyo, Japan) with a mixing time of 0.5 s and relaxation delay of 10 s.
Compounds 76¢ and 93b produced clear exchange signals sufficient for analysis at room
temperature. Furthermore, the exchange rates for 40, which showed no exchange signals
at room temperature, were predicted by extrapolating an Arrhenius plot from 60 °C to

90 °C. The EXSY spectra are shown below (Figures S1-S4).
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Figure S1. The EXSY spectrum of 40 at room temperature. NOEs were shown in red and

diagonal or exchange signals were shown in black (exchange signals weren’t observed).
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Figure S2. Expanded EXSY spectra of 40 at 60 °C (a), 70 °C (b), 80 °C (c), 90 °C (d).
NOEs were shown in red and diagonal or exchange signals were shown in black. The
exchange rates at each temperature were calculated from the intensity of Diagonal and
exchange (arrowed) signals.®> After that, those at room temperature were predicted by
extrapolating an Arrhenius plot (e). The equilibrium #2 were calculated from exchange

rates and ratio on '"H-NMR.
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Figure S3. The EXSY spectrum of 76¢ at room temperature. NOEs were shown in red
and diagonal or exchange signals were shown in black. Two signals at 5.88 (main) and
6.08 (minor) ppm were used for exchange rate calculation (exchange signals were

arrowed).
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Figure S4. The EXSY spectrum of 93b at room temperature. NOEs were shown in red
and diagonal or exchange signals were shown in black. Two signals at 6.37 (main) and
6.58 (minor) ppm were used for exchange rate calculation (exchange signals were

arrowed).

Cells and viruses

HEp-2 cells were purchased from DS Pharma Biomedical Co., Ltd. (Osaka, Japan) and
cultured in minimum essential medium (MEM) supplemented with 10% fetal bovine
serum (FBS), 50 pg/mL gentamicin, and 600 pg/mL L-glutamine. RSV A2 (ATCC VR-
1540) was purchased from the American Type Culture Collection (Manassas, VA, USA).
RSV A2 with the D486N mutation in F protein was selected by serial passage in the
presence of a pyrazolo[1,5-a]pyrimidine derivative 7. The mutant was confirmed to have

no other mutations in the F gene by a genotypic analysis.
Antiviral assay

HEp-2 cells were cultured in 96-well plates overnight, and the test compounds were

added after dilution with MEM supplemented with 2% FBS, 100 units/mL penicillin, 100
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ug/mL streptomycin and 300 pg/mL L-glutamine. The cells were then infected with RSV
A2 or D486N. After incubation at 37 °C, 5% CO; for 4 d, the RSV-induced CPE was
determined by adding XTT reagent. The concentration of the test compound required to

inhibit the CPE by 50% (ECso) was calculated using the least squares method.

Parallel artificial membrane permeability assay (PAMPA)

Membrane permeability was evaluated using the PAMPA Evolution instrument (pION
Inc., Billerica, MA, USA). The permeation of a test compound across an artificial
membrane was quantified using a UV plate reader after 4 h of incubation at room
temperature. The apparent permeability at pH6.2 was calculated using PAMPA Evolution
software (pION Inc.).

Metabolism-dependent inhibition (MDI)

A test compound was pre-incubated for 0 or 30 min with 10 x HLMs (0.5 mg
protein/mL) at 37 °C in sodium-potassium phosphate buffer (pH7.4) containing a
B-nicotinamide-adenine dinucleotide phosphate (NADPH)-regenerating system. At the
end of the pre-incubation period, an aliquot of the reaction mixture was diluted (10-fold)
into a secondary incubation buffer containing a probe substrate for CYP3A (testosterone,
250 uM) and a B-NADPH-regenerating system. Secondary incubation was performed for
10 min, and the reaction was terminated by the addition of acetonitrile containing an
internal standard. The precipitated protein was removed by centrifugation, and the
supernatant was subjected to liquid chromatography/tandem mass spectrometry. The
percent inhibition of probe metabolism with 0-min or 30-min of pre-incubation was
calculated, and the metabolic-dependent inhibition was calculated as the percent

inhibition difference between 0-min and 30-min of pre-incubation.

Plasma protein binding

The protein binding of the test compounds in human and mouse plasma was evaluated
using the equilibrium dialysis method. Equilibrium dialysis was conducted on a 96-well
Equilibrium Dialysis Device (HTDialysis, LLC, Gales Ferry, CT, USA) with a 12 to 14-

kDa cutoff dialysis membrane. A test compound was dissolved in DMSO and spiked into
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the blank plasma at a final concentration of 1 pg/mL. The plasma sample was equilibrated
with phosphate buffer (pH7.4) at 37 °C in 5% CO: for 4 h. After dialysis, the
concentrations of the test compound in plasma and phosphate buffer were determined
using a liquid chromatography-tandem mass spectrometry method. The protein binding

(%) was calculated based on the instruction manual for the 96-well plate.
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