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Ac : acetyl

ATP : adenosine triphosphate

AUC : area under the blood concentration time curve
Boc : t-butoxycarbonyl

Bu : butyl

CL : clearance

CLint : intrinsic clearance

CN : calcineurin

CNI : calcineurin inhibitor

DIPEA : N,N-diisopropylethylamine

DMF : N,N-dimethylformamide

DMI : 1,3-dimethyl-2-imidazolidinone

EDC : 1-ethyl-3-(3’-dimethylaminopropyl)carbodiimide
Et : ethyl

F : bioavailability

HOBt : 1-hydroxybenzotriazole

i- : iso-

i : intravenous

im. : intramuscular

IMPDH : inosine monophosphate dehydrogenase
IPA : iso-propyl alcohol

LAH : lithtum aluminium hydride

m-CPBA : m-chloroperbenzoic acid

Me : methyl

n- : normal-

NMP : N-methylpyrrolidone

NT : not tested

MMF : mycophenolate mofetil



MST : median survival time

Ph : pheny

p.o. : per os

PSA : polar surface area

t- : tertiary-

TBAF : tetrabutylammonium fluoride
TDI : time dependent inhibition
TFA : trifluoroacetic acid

TFAA : trifluoroacetic anhydride
THF : tetrahydrofuran

TPSA : topological PSA

V4 : volume of distribution at steady state



i

B MR & e A

WA RS RE I, TMeE - oot - G - iR & OB L A EHERE L e < o e RIS, =
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FHA1R (major histocompatibility complex: MHC) 3#8sk <4, BEH Db - HEIHICEE D 5
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Figure 1. Mechanism of rejection



2O LD REFOICIT, BERBMR IR Z MRS 290 U, BAilsas O 445 2 4 )
ExELeOIC, REMHITERZA T 5842 OEFBFFE S TE Y, 1960 FRUTITEZ
PR AL ERITH L 7T 47U > (azathioprine, 1) & A7 1A RA|E OOFFHEEDBAH
WIECAEHTH D L sz (Figure2) Y 7HF A7V THIREZN T DNA & RGRk I
ZRAEFE L.V U EkE G0 2 O/ A HET 5 2 & TREMBEWERN 2R3, — .
AT v A AN L~ TOERBETF IO EZHAMETIER VD, BERNSZRIRIER LT
JRELIR B HBL A ME U, SERUSICEAE T o8k 4 eth A A VEAZHET L2 L
THREMHER 2R LSO T\ 5D, LUER T O FH O GF FIRRE SR HER) 22 5022 IR
ELroleb DD, AR THYRIEN GRAET L2 0, ZbINb5H
7= 7p I A OB N E E T,

T D%, 1990 FRUCH Vv =2 —U VEAFHA] (calcineurin inhibitor: CNI) TH 57 1
ARV > (cyclosporine, 2) M OV% 7 11 ) A A (tacrolimus, 3) 2358720 MbEH 24
T2 Z LGSz Y, CNLIZA =T Ml OMIEN TS 7 v 7 ¢ Y » K OVFK #f
BT ERE L, ANy =a—) O UiR{bzlE$ % 2 L T NF-AT (nuclear
factor of activated T-cells) EEWNICEAT L, IL-2 BFEAT DO 24 L, T MO % [H
EY L LIk eIt ER 2R T, CNLIZBR A e fe i ER 2 on 2 L b, flix
DIFEEBR OB AN D L9120 | BB HEROERICKRE S EIRLZ, i
7a Y ARFT 7 ARY L0 bl ER 28 L, IRas A8 W THULRY
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(mycophenolate mofetil: MMF, 4) 23ERICBWTHWONL D X 91272 -72 9, MMF 137
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B Ml O G A BRE U, S s e 24,



azathioprine (1) cyclosporine (2) tacrolimus (3)

prednisolone (5)

Figure 2.Structure of immunosuppressive agents.

BE O AP SS I D18 R % Figure 3 IR L=, #2710 Y AAD X 97 CNI
ZEAE LT, MMF X QYA 7 A RAl| (prednisolone, 5) Z figh#l & L CHW D OFH#EEN
BEVERETH D | 2010-2014 2 H AR THEE S BRI W TR 1 F% LD S5 5
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T, BEAFDOFEHNC K D B IMFRIEN @R &2 — 0 SR ORI E R LS D
JRHRANAFAET D720, BN L 3 250 Rl LISNA~ER 2 Z L B TH 5, CNI
DEPE RSN OIEH & LT, EICBREFEHENBE SN THD2, EOMEHFBLIIIEA]
O FRED LA EFHBI LTI Y . CNI Off FIRE I L R L 2 B U E BT 2 LN &
5 8, EIAHBIFITH D MMF 2B L CITHEEREE . A7 1A FANCE L i3S et e
EORWERNHE SN TS O 207D, X0 EWERHME S Wi 7= 2 EHEF %2 b
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w22 & TRWERH OIRBIC D720 5 /RN & 5 10,
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Figure 3. Standard therapy for transplant.




A o EAl & LT Protein kinase C 0 (PKCO) BHZEAIMERL

TV ALV =X F—BIE A NI EOEY v, AL A=A Y Vb 5%
FT—=EBTHY ., BXFT—EDOK90%%E HD, HRNOZE RS 7 FREICEE L TnD
D, ZD—>Td b Proteinkinase C (PKC) (%, HIFLOHEFH/E - HIfSEIZ BRI B b -
THEY, oF 7 EXF—8 L ERIC, AEEEIR EREEREZ A L TnD 2 ERHH
hWTW5% (Figure4) 9, AIEGEIRIE C RKIANAAAE L, EX V7 E LoV Uk %
kT DB & ATP/M FEG T HESID DA S D, —J7, FAETEIEIE N Kl oAz &
L. Cl & C2 RASUDOHERRESND, PKC IZARTEMELIRE T3t & SR sk
BLTEY ., Ml A A U BREIHEEAIND Z Sk o TEM b E N D,

Regulatory domain Catalyticdomain
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Figure 4. Isoforms of PKC.

BRI R A A ZBA LT, Cl RAAL NI T o7 U kr—/L (DAG) RENAY
BE—X—ThHDOLRNVR—IVIZATLEFEE L, C2 RAL NI C A AL EREETH L
MHSNTWD, F 7 a—=27 DR, PKC IZH —~DEFEETIER<, < &b 11
DT A VA LDBTERSIL, D RA A REEIEMNALREF 72 L1 LY conventional &
%M classic PKC (cPKC) , novel PKC (nPKC) , atypical PKC (aPKC) ® 3 >DH~7 7 7
LY A ESRTWD Y,

cPKC X C1,C2 RAA »&H LIEMEDT=DIZ DAG & Ca*' M E E§ 5, DAG [TH A
TrFIONA )T b= 45U g (PIPy) LARAT U X —E C (PLC) (2> ThHIK



RSN DZEIZE ST RAT 7 FINA ¥ b=V 1,4,5-= U Vg (IP3) &HERICAERT
%o IPs DSHIRPNICHEER L. /IMaiR Bl ® 5 1P ezt Ca** 1 42 M PKC EfEETH 2 &
T, PKC IFMifaE~EE L, C1 RAA %St L, DAG &EHHAEHT 5, % LT PKC 7
BE R A A GRS D KO ITHEE 2 2L S ETEMA LT D, nPKCIX C2 RAA
MEREL Cl RAALZH L, DAG IZX > TEM b d, F72 aPKC 1EZDOIEMHALIC
DAGR Ca®" A LB L HT | RAT 7 F VA v b=/ 3-FF—E (PBK) HEDkkx 22 f5
BREFEMOE Y RAvEY Uy —IZLoTEHEEND Z ENFMBN TS (Figure
5)s
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Figure 5. PKC singal pathway
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YHF—ETHY,CN &ITHERR DIREREKE AR T IL-2 2 FEA S D, fURESMRIC L -
THE S 7z T IR FRIZ & 0 5L S 4172 PKCO 1% AP-1, NF-kB ZiEMH b L, Zi1 5
MENIZBATT 5 Z LK o TIL2 ZEASY, TOMRBEERNEEIND  (Figure
6) ", PKCO (L D X 5 IZBEF ORI &2 — 7 > b & 138 DREREITE LTV D
7o, RN S E Z 5B HEER COREM ZERTE 5 LF 2 6 TW\W5, £72 PKCO
I3 oD nPKC & Bl U CRILEBALS T U L REROB AR LT D Z & 00D b EIEH]
DD I NI A O 2 — 7> R e L THIfF ST 5 (Figure 7) 19,
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Figure 7. Location of PKC isoforms.



ZDH, ZHETEL O PKCO IHFEAIOHB L OMEN SN TEL, TOHTEH /A
VT ¢ AR K o TR &7 sotrastaurin (6)(F PKCO (2535 ICso = 1 nM & 58 /) 72 fHL5E
TER &2~ L, SRl & LT Mk TR ST 5 19, sotrastaurin (6) DK T
OFEBERNRE S, PKCO DB MIFORIEEY —7 > hE LTHETH D Z &3]
Mo T2 LI, 4L 5 Figure 8 1T 9 & 9 722 < @ PKCO FHERINHRE SN TS
M, =LA 3 FEZIARTH 5 sotrastaurin (6)1Z PKCO LU D T A VB A 2Tt LT HPRLETE
YA AT 5 pan-PKC FREAITH Y | BRRBRICBN T, BIEARRE S TWD—J, JE
~ LA I R 7-9 13X PKCOBIRAAFEMZ A L TV D Z EREmE STV D,

7N
1
)\‘ NN;N
sotrastaurin 6 7 8 9 10
(Novartis) (Wyeth) (Vertex) (Takeda) (Rigel)

Figure 8. Structure of PKC6 inhibitors.
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Uo7 a7 7 A e bama Rl T~ <A 2B Lo, AFgEdiet& LT, B
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&Lz, £Dt%, CYPHEEAS KB ZSE L, KEMIZERLOT 77 7 AV 2ililzd
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H— PKCO HEVEMEAZ AT AEH 24-7 3 /-5-7 4 v D UFakod
BH—H W e

PKCO MLEFEMEZ AT HICAMEERTHICHIZ0 . KEEEEEZAET H~T 0 B HR
IZE R LR Z Bt Lo, ¥ T —EB2iEM & T 080 FIRERITT 7 2 o=V i (ATP)
WA LIEZ NI ICHRET 5 2SI K0 EHER Z27~d, Fi2, ATP #EHLe b
VIR & OKRFERESIC L D AMERIIAEIEMRBUCEETH Y | ATP O7 7 = VA
Lic~T m FREREZAT 52X T —BHEANEZ S BESN TS 1, BEFO PKCO R
EHION DDO~T a EFRILEW ZAaR L, [LEEEZRHME L7 & 2 A Rigel #H45FF
REEOILEW 10923 IC s0=1.5nM & B4F72 PKCO BLETEMEAH L Tz, L LA LAR
LA WIE CYP3A4 FEMK AP EREME (CYP3A4 time dependent inhibiton: CYP3A4 TDI) &
O P-gp (P-glycoprotein) #EMEEZH L TNDHI ENIHR57 07 7 A NiHMEOBIRIZE
WTTCHIBR L 72,

Y

NH

N)j/ "
H N)%N PKCH IC50 =1.5nM

CYP3A4 TDI = 43%
P-gp NER =40

7 N OMe
I
N N
10

Figure 9. Structure of compound 10.

Zrml) KA ED CNI X CYP3A4 IZ X - TR D720, JFHEEN CYP3A4 BHEE
EHLTOAEIE, EWHAEERICL > TONIOMmMPEED FR 20, BERAORH %
GlER T REMED & D, T D728 CNI OAiBIAI & L TR T 572901213 CYP3A4 fHFH D
BaDDINZ ERRD BB 20,
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F 7= P-gp 1% 170kDa DY L X7 BT, ATP MK fiE= X —%FIH L. 3KA 2 Hi
NSRS~ PR32 Z LB T WD, P-gp i34 M2 T2 < MBI
/N - B - FFIEIC B L TR Y . P-gp DIEEICR DA, Pgp IC Lo THEH &M
HI=OIZRIEIIZE LSIETLTLEY ZERHmbn TS 2, ko Z &b CYP3A4
IRE A A BTG P e OF P-gp JEEME DU A H B R (LAt A BRte 32 2 & & Lie,
LUFIZA B WIZGHlRIZ DWW TR R 2,
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| |
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Figure 10. Evaluation for P-gp substrate.

P-gp A% : & b P-gp iB{n 1 CToh s MDRI %3 A L7- LLC-PK1 flifid = Hv ., (LE# O
el 5 6E 2 FEAMT L 72 22, LLC-PK1 M3t 2 L CWA T 7 4 V¥ — ETHERT H &
P-gp 1% apical lZRTET 5, Z D7, FHl{LE¥ D apical 17> & basal il ~(ZHEik & basal
817> & apical il ~D#giik % Lg% Z & C P-gp OMaEREZ i TE 5, 2 hr—/L O
fid (WT) &L T P-gp ICEDRREHEINDNEFEG L, ANEIREDEOREZE L L
(Figure 10),
CYP3A4 FREFUERAFHI P E RN % : FE L A4 & ISR T 5 CYP3A4 % 30 3l A F =
NR—FL7ZHAE L LRWEA L T, CYP3A4 OFEIFIEMEZ M L7, FRIFEMEIT CYP3A4
DHEETHLIFY TLNRE FrxURIRH# SN LEG LR L, RERFAEMED 80%
i DY E . TDI ORR&EH Y L5 Z & & Lz,
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B 24-OT7 X -5-7AFREY IV UHEEOERK

24-TT X S5-I A Y IV UHEEROG LS Scheme 1 IT7RT,

TR AW 24-Y 7 aa-5-7 0 Fa ) D IS LT, WHEMSHT. BUET
VERORSED & AMDRRINCSUSEIT L, 12a LV 12b 3G B 5, Hiev TP
LT3R RFTS5(5-AFN-IH-T 5T = -1 A WN)T =V LV ERIGEEDZ L TR L
T 5 13a L OV 13b 21537,

R\N H

| R\NH F
A

F F 12a,13a R =

' a X b P a, 13a P
J\ = )\ = HA™ N
Cl Cl N
11 12a, 12b

N OMe 12b, 13b R =

[ _N

=N

7

13a, 13b

Scheme 1. Reagents and conditions: (a) RNH>, DIPEA, MeOH, rt, 16 h,12a: 66%, 12b: 38%; (b) 3-
methoxy-5-(5-methyl-1H-tetrazol-1-yl)aniline, HCI, IPA, microwave, 140 °C, 1 h, 13a: 33%, 13b:
36%.

WIZ, CANLELH LT ALEW % W FBHINC AR T 5 T2 D DR A /L — b % Scheme 2 12
R, ALEM I LTRIE T, 7T MY DATFF A MY REKGSE, 43T 4 A K
VNETEBRINIALEM 14 2572, (ke 14 2~ A7 vy = —T7RE T, BESSET
3-A X V5-(5-AF)N-IH-T b T —)-1-4A /N7 =V U ERIESEDZ ETILEW 15 %
37z, LB 1512xF LT m-CPBA Z HW LS H, ALK FT R 16 21572, RMEEWIC
*f U CHEEMESRAF T, 7 2 0 & ORBEBRBUS 21TV, 17a,18a ~ & o, fHiv TR
PESA: T T Boe FEDBRE L ti 7 VX AL Z 1T 17¢,18¢ 1572, ALARF T K16 %
DAL B ARV — b OREEIC L > THRIIZ C4 NDT 2 FROEMRELTH 2 & AAHE
Lo,
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N CI W /@\
11 14 OMe

N
N N
NﬁN N;N
15 16
R
“NH

F .
ni N L. R\N e[ 17a:R'=Boc
d _ = 17b:R'=H
16 HN N L+ 17¢ R =Me
| | R'_ «
_ - e 18a:R'=Boc
>\N OoMe R~= L. 18b:R'=H

' .
N f[ . 18c:R'=Me

17a-17c, 18a-18c

Scheme 2. Reagents and conditions: (a) NaSMe, THF, -30 °C, 2 h, 96%; (b) 3-methoxy-5-(5-methyl-
1 H-tetrazol-1-yl)aniline, HCI, IPA, microwave, 130 °C, 1 h, 83%; (c) m-CPBA, CH2Cl,, 0 °C, 3 h,
54%; (d) RNHz, DIPEA, NMP, microwave, 120 °C, 1 h, 17a: 99%, 18a: 85%; (e) TFA, CH2Cla, rt, 1
h, 17b: 81%, 18b: 99%; (f) 36% HCHO aq., NaBH(OAc)3, CH2Cly, rt, 3 h, 17¢: 62%, 18¢: 61%.

{LEW18b D CANLERY o D7 2 7 FAEA L7T- 19a-19d DA kiE % Scheme 3 |27
3, 18b 12X L CHEMESME T, BaxoT7 v rT o~ A KM 7t a A X ALk
VEET VIV EAER S LAY 19a-19d 157,

W\ o
HI\O NH NNH
N)j/ N/ 19a:R = CH,CH,
aorb 19b:R = CH,CH,OMe
19¢: R = CH,CHF,
19d: R = CH,CF,
OMe SN OMe

N
N o N
N=N
18b 19a-19d
Scheme 3. Reagents and conditions: (a) RBr, DIPEA, NMP, microwave, 80 °C, 1 h (for 19a: 68%
and 19b: 64%); (b) ROSO,CF3, DIPEA, THF, reflux, 14 h (for 19¢: 51% and 19d: 64%).
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fENT C2 ML D BRI A 25 M U 7= 22a-22f D5 ki % Scheme 4 [ Z7R9, 2,4- 7 B 12-5-
TAa ) Py K LT3S)-3-7 2/ A Fb-1-Boc- XY U RS T R
SH, B BEHESETOM Boc (L ORIV LT VT B Ra AWTE 0 7 L X 02 L 0
A 21 2457, AMEEMITH L T2 DT =) U R BAESETRIGS®ES Z LIc kY
C2 (LN S VT2 22a-226 4572,

\I\O~"‘\NH
N F

11 20 21 22a-22f
e oy Yaleaindahads
N=N N=N N =N =N =N
22a 22b

Scheme 4. Reagents and conditions: (a) fert-butyl (35)-3-(aminomethyl)piperidine-1-carboxylate,
DIPEA, DMF, rt, 14 h; (b) TFA, CH2Cl, 1t, 4h, 87% (2 steps); (¢) 36% HCHO aq., NaBH(OAc)s,
CHCly, rt, 1 h, 59%; (d) ArNH», HCI, IPA, 120 °C, 9 h, 22a: 59%, 22b: 74%, 22c¢: 72%, 22d: 86%,
22e: 93%, 22f: 92%.

1,2,2,6,6,- 20 % AF )L~ U FHELR 25 13 Scheme 5 (ORI HIEIC TER Lz, TR
IbEW 23 1237 LRI TH D p- MV ZVKR IV AF LA YT =K (TosMIC) %
TER &8, 7 /K24 ~&Z8# L7=#%. Lithium aluminum hydride (LAH) % 7238 70IC
X 0lbEW 25 2157,

23 24 25
Scheme 5. Reagents and conditions: (a) TosMIC, 'BuOK, DME, rt, 2 h, 56%; (b) LAH, THF, 0 °C, 3
h, 98%.
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7 = U UEFHER 28 1% Scheme 6 (SR T HIEICTCTARK LT-, TlILE W) 26 (25t L CHa
FMET. 470 a-1H-B T Y — 2GS, i< AXREEZHW = b EKoEtic kv
28 &4z 2,

Scheme 6. Reagents and conditions: (a) 4-Cl-1H-pyrazole, K.COs;, DMI, 130 °C, 16 h, 92%; (b)
SnCl>-2H20, EtOH, reflux, 6 h, 94%.

W =H PKCO FHLEEME « CYP3A4 BLETENE - P-gp B FEAM

24-VT X /5-70ARE Y IVUFHERICEAL T M PKCO PHETEM - CYP3A4 [HE
TEME N O P-gp SEE A 31N L 7= (Table 1),

HREWE TH DA% 10 13 1Cso=1.5nM & RA4F72 PKCO FLFTEM A2~ T —7, CYP3A4
FEETEM: (CYP3A4 TDI) 1% 43% &K< . P-gp OIEMDOFRIETH D NER & 40 &0
DT o7z, FIDIZ CYPIA4 DIRHAK L, BETHLEY IV UERE 4 MLOREGD
BN D UBROERT L OEBEICER Lz, —RAYIC CYP3A4 BERIZABHALND 5.5-
7.8A DHBEICH HKFIR 7 7872 —LHEERTLHZ RO TS 2, 22 T2
DR BT R AF L UHE —DME L 13a 28 LM L7=b 0D, HE&BRN S
15372 CYP3A4TDI OWEIZIEE DL R o 7o, — AN CYP3A4 DEEEAR T » MIKRE L,
FEAEMLEN I ERNMLNT NS, TOTOBEMOIE & OB AR X Mk S ST
K VRN R Ty MOk A MG LT <. —RIICEKED SV EE B
CYP3A4 OIEFIZZR DT NE NS ZENHEINTND P, ZOREEZSZZICL, KK
Pz T 5 Z & T CYP3A4 IZ XS24l L TDI odiEx B9 2 & & Uiz, IREtED
fEEE L L CRIMEICH I T&E 5 ACDIlogP Z V% Z & & L7z 29, {LEW 13a OB E
NRYDUBROD 4 ODAFNIEERE LT ALE Y 13b X TAEE D IGEYEDN I S 41 TDI Otk

B LT, EENY D UROERFEFOMEEL 4 (LD 3ALIZEH LT 17¢ HIGTE
FERHFTHY, BIEARTHD SR 18 12 TIL ICso = 0.32 nM L IEMED A _EIZksh Lz,
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Table 1. Conversion of pentamethylpiperidyl group of compound 10.

R
“NH

N)E/F
H N)%N

NN;lﬂ
PKC6O CYP3A4 TDI
P-gp
Compound R ICs¢* (residual ACDlogP* pKa®
NER!
(nM) activity, %)°
N
10 1.5 43 4.00 40 10.21
13a j@/y 4.0 48 3.76 24 10.85
13b m 0.68 89 1.93 8.0 9.19
-

N
17¢ O/\/ 5.2 86 2.54 8.2 9.40

~ Wy
N .
18¢ y 0.32 85 2.54 9.3 9.40

? 1Cso values were determined in duplicate in one experiment.

® Activities of HLMs for metabolism of midazolam were measured and residual activities are shown
as percentage of remained metabolic activity following preincubation for 30 min in presence of test
compounds (5 uM).

¢ ACDlogP and pKa values were calculated with ACD/PhysChem Batch (version 12.01).

4 Net efflux ratio was LLC-PK1-MDR1 efflux ratio to LLC-PK1-wild type efflux ratio.
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BAf72i5E %24 L, TDI Nk L7t &% 18c DAL L7=D T, KIZ P-gp Dk
BRSNS Tl i A D 2 L b Lis, pKa & P-gp FREMEICHBAN A SIS &
V) RS DR OME A 132 725 13b ICAH LT- Z L2 X D pKa DAY P-gp FLE MO
FZE ST W) BERFRELY | pKa DIEJKIC L D P-gp BHEMOUGEZ AL, B~
U DERIFADEBIEE LT D Z LI X D pKa DRI L P-gp FWEME DS FL & Table2
IZ7R T, pKa % 8-9 |[ZFHME L7 192, 19b TII R X tE IR 6Nl —TF, Y7 uF
0T FLEAE AL pKa=6.29 F TR S 72 19¢ 13 P-gp EMEDNSGES N, R 7L
FuxFEEE AL pKa=4.81 £ TR S E72/bE54 19d 1% P-gp NER = 2.4 & P-gp 5
BHOUGEICRBI Uiz, L LS, EiGEMETH 2D PKCO RETEME S pKa SAHBI L TH
V. 19¢ I XIEPEDEET L, 19d 125 - TIHIHMESHEEL LT,

Table 2. Conversion of N-alkyl group on the piperidine side chain
o
N= F
Ny
HN N

N L
R PKCH P-gp
Compound pKa‘®
ICs0* (nM) NER®
18¢ Me 0.32 93 9.40
19a Et 0.14 19 9.25
19b MeOCH2CH» 0.46 9.6 8.43
19¢ CHF,CH> 30 4.0 6.29
19d CFs;CH: >100 24 4.81

? ICso values were determined in duplicate in one experiment.
® Net efflux ratio was ratio of LLC-PK1-MDR1 efflux ratio to LLC-PK1-wild type efflux ratio.
¢pKa values were calculated with ACD/PhysChem Batch (version 12.01).
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HEIENMED PKCO BLETEMERBUCEESH 2 Z EANHBA L7=D T, B2 5 HREZ AV P-gp &
PEOWELZRAD Z & & L, Fic/efifE e LT P-gp & OB HE ST D RfER
MifH (total polar area, TPSA) (2 H L72 %, -DF V) TPSA # A S @it R I
HZEICE ST Pgp NMETE DD TIERWMNEE 272, TPSA ZIAD T 21D T b
T —ZEH L, ERFETOBEWD SEDH 2 L TTPSA 2D &, P-gp FEMENN K
BTXDHOTIEHRWNEE T, TOER%Z Table3 1273, MU T Y — /LA LT
22b IE P-gp FEMEN DT UINKE Lo Te—TF, X — 08T ) — WA H#
L7z 22¢, 22d 13 P-gp BEMAZRE S HET HZ LTI LT,

Table 3. Conversion of the tetrazole moiety on the phenyl ring

X
_ F

PKC6 P-gp
Compound Ar TPSA®
ICs¢* (nM) NERP

18¢ - 0.32 9.3 105.9

22a >/\N)\ 2.1 11.7 96.7

22b /\'?‘)\ 10 107 838

0
22¢ < j)\ 27 45 791
N

22d C N 28 3.5 70.9

18



? ICso values were determined in duplicate in one experiment.
® Net efflux ratio was ratio of LLC-PK1-MDR1 efflux ratio to LLC-PK1-wild type efflux ratio.
¢TPSA values were calculated with ACD/PhysChem Batch (version 12.01).

TPSA T H LI-REEEHIC LV AR L2 T Y — LA W 22d 13 P-gp DUEITHE) L
7=t D D, PKCOICso=28 nM & FFEEEDTEMEICTHEI L CLE -7, & 2 TRITHETS LT
EMEZE LS D0, EnSHESNTNDE YT I /B IV bE E PKCO O
Ry 7227 4 —2fMTLH2 L& LT, HHIFEY I VD I NOERFTF L 241
DT 2 )N ATP & OFEAY A MCBWTE U PEEMAEENTL Z L2 RE LTS
2 BARANICIZE Y S VU207 2 O NH & Leud6l D H VR =1 Jk & DKEREE
EEY IV INOERFT & Leud6l O NH E OMHEMEHATH S (Figure 11), £ TE
TV NVEBRICERLAZEAL CQ2MOT X EOBTEELZ TIFHZ LICLVaiEDOKE
FEADIRLS 22 DIEMER EIZORR 5D TIE RV EBE T, REREKRIKICE SV T
VLB A D BRI A DR A Table 4 1253, BHESHCH B A F LA EA LT
22e [TIEMER M L LZenolc—T7, BTFRGIETH L 7 mu KA A L7 22f 13 PKCO ICso
=3.0nM & JEEHLIR 22d & EER L 9 5L EooTE MR RIZRE) LT,

R\NH

N)]/X
R\N)QN

Fll . Leuwsdt

Figure 11. Binding mode of 2,4-diaminopyrimidine derivative with PKC6
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Table 4. PKC0 inhibitory activity and P-gp liability of pyrazole derivatives

o
_ F
N)& |
H N
m{iw f
—N

PKCO P-gp CYP3A4 TDI
Compound R
ICso* (nM)  NER®  (residual activity, %)°
22d H 28 3.5 85
22e Me 32 - -
22f Cl 3.0 2.3 98

# ICso values were determined in duplicate in one experiment.

® Net efflux ratio was ratio of LLC-PK1-MDR1 efflux ratio to LLC-PK 1-wild type efflux ratio.

¢ Activities of HLMs for metabolism of midazolam were measured and residual activities are shown
as percentage of remained metabolic activity following preincubation for 30 min in presence of

test compounds (5 uM).

HUET AKEOELD

PKCO ZHERE L7 H RS ifilF & LT 24-U7 2 /-5-7 04 u el I VUaFEk
ZERC L., PKCO BHETEME - CYP3A4TDI KON P-gp AEMEZFEAN L7, FREAME DK
CYP3A4 WEICHE TH D LWV FAZFH LILAEM 18 Z R L7z, S 5HIZ 18¢ D P-gp
ZUET R TPSA (2 B LA BB 21T\, P-gp 23k L7z 22d 7 32 L2
L7z, W THAED Ry o 7 227 ¢ — 2 BITIEMEM EA2MY | 7 ne K2 E A L7 2216
MBI ERTZ L2 LN LT, 2RO DORERIZE Y CYP3A4TDI, P-gp ZE ED
BRED D72 <O TEMED BAT72 PKCO PREAZ R4 2 L3 TE, BRIV CTHAIZZ
FTRLIMHFIE LTHERREL S5 70 7 7 A VEFT HHELERICEW ORI
L7,
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W PKCO HEEMZ AT AHH 24-7 2 /-5-27 7 v I D UHEEROAI
[ T Wk a s

PKCO PRLEIEMEZ AT HILEMEERT HICH -0 . MtALEm )b OAMER%Z1T 5
— . BtET A 75U NS OALEMAIHICOWT b RIRFCT - 72, &8 A LA % 2H
L7 2,6-FT 2/ 3- TR EA )5 T ) BT VL aEEK 29 % R L 7= (Figure 12),
{bE% 29 13 PKCO (2% L T ICs0=24 nM DOFHFEIEM:Z 78 L7223, 54T 8 @ Sotrastaurin (ICso
=1.0nM) IR H L72{bAEY 22f (IC50=3.0nM) & bl LT 10 fERRETETEA S L T
B JEMER LD OMIERENLETH > T2,

N/OM\N H
Hoy N)\‘/C N

|
N
N

CONH,
5 PKCO ICs,=24 nM

29

Figure 12. Structure of PKC inhibitors

X0 EIEERICEME T A T HI2H72 0 (PKCO DRE RV —ET L& Uz, PKCO
@ ATP binding site |% hinge fEH & ONBR/K PEREIE > HRERL STV 5, 29 & PKCO D K v %
TN ORER, DN TANVEET R O VBIICNLE T D Gluds9 K TN Leud6l & IKSER S
AL CHEERT D Z e fiE Sz (Figure13), 2O X HIC Ry F U7 AXT 41—k
D INREANVENERIUCHE TH D LA LI —T5, — RIS T 3 E A VBT
FREN AR CTHENBRENAAR TH D Z RO TS0, & Z ChRNEIBICEEDH
DHNINFEANVEAEEW L HEDS BIF2MAbE M ORIN 2 BYs LA R 21T > 72, v
NEANVEBPFHAL TN D b o Dl s OB 2 B AT 5 Z LIZK > THRIHT
XHOTIERWNEEZERTZ, 2FV, BBEICERRFEAEATHZ & T U UHEEE O
HIERAPESTE 2O TRV EHR Lz, 20X 5 RGOS BBl ORER
AT o7,
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Figure 13. Molecular modeling results for 29 with human PKC6

B 2,6-CT X B HANEALNSTT )T UEFEK 2407 5T ) E
VO UHERKRN24-CT 2 ) 5-07 B D UHEARDARL

2,6-FT X ) B3-TININEAINS-TT VTV UHEROE L% Scheme 7 127, TR
OIbEW 3,5-v7an2-v7 )TV 30 (IR L CSUEBEA O FIEIZ LD IR A L
FHAEANLZ 31 A LT3, TOBRERESEMET, 3-7 07 =0 % 2 (IZEAL,
bE¥ 34 2457, Re< EEEMSM T, BIFET I 0% 6 B AL, BRI DM
Boc BIC LW HBETHE TV UFEK 29 21572, 24-U7 X /-5-27 7 B U UFHEK
37 ORREERIORT, TIIROIEEY 24-C 7 0507 ) U P 32 RIS,
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3-7mET =V U EMISSE, ALEW 35 21570, LG 35 AR, IENIET R
v ERIS S, O TEAMESE TIZ T Boe & MR L, (L&Y 37 2157, Hit\ T 24-v
TR 50T 7B RV UHEIK 38a-38e DA AIEE LLTFIRT, HIROILAY 33 B
PERMET, 3-7rET =0 ERINSHE, {LEW 36 2157, (LEWMEBEEMESMT, fix
OREWIET X > EROGSH W TRRIESME TIZT Boe Ez itk L. LAY 38a-38e &
Bz,

|
| | NL(CN NHR
CN N CN
CN a N b N d,e N)\(
A N — HN N
)\/ cl g AN
o~ ONH,
ONH, CONH,
Br
Br

30 31 34 29

|
| Q CN NHRCN
CN
S borc Jl\ _ d,e z |
I HN X S
Cl H

X

Br

37:X=N,Y =CH
38a-38e:X=Y =N

A%fg
00604

NH, NH;
29,37,38a  38b 38c 38d 38e

Scheme 7. Reagents and conditions: (a) HCONH, FeSO4-7H>0, H2SO4, H2O2, H20, 0 °C, 66%:; (b)
3-bromoaniline, DIPEA, DMI, 60 °C for 34: 81% or 0 °C for 36: 41%:; (c) 3-bromoaniline, HCl, DMF,
150°C for 35: 7.5%; (d) RNH», DIPEA, DMI or DMF, rt or 60 °C; (¢) TFA, CH2Cly, rt, 29: 37% (2
steps), 37: 19% (2 steps), 38a: 74% (2 steps), 38b: 53% (2 steps), 38c: 89% (2 steps), 38d: 78% (2
steps), 38e: 51% (2 steps).
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24-VT7 5T U IVUFEEKRICBEALT, U ITVU 2 o7 I S EE
1L 7oAb W DA RkE % Scheme 8 1239, TIRDILEW 39 EBIE AR LIZIENIGT X
40 (Scheme 10 |Z THhilk) ZHEIMESIFIC TRIS S ®7-%, 2 MO 1% m-CPBA %
FANTERE L, AVERF Y MK 41 2857, (baW 41 & 577 I 0 2 EH SR E WL
INEAT S Tee 7= WGBTS T ORI E TV, IBIIET 2 v &2 izt
BV EEE ST TS TRIS &2 AT o Too itV TR SRAE T T Boe £ % Iifni& L L&) 42a-

42m Z 157,
| N/@/\NH N/@/\ é 6 OJ‘
“%/CN a.b_Boch N)j/c o H: )j/ 42a 42b 42¢
\S)\N/

42d:X=H

I
\ﬁJ*N HIN 42e:X=2-Br
0 R 42f: X= 2-Cl
X 42g:X=3-Cl
42h: X=4-Cl

39 41 42a-42m 42i: X=2-Me
42j: X = 2-OEt
42k: X =2-CF,
421: X=2-cPr
42m: X =2-0OCF,

Scheme 8. Reagents and conditions: (a) fert-butyl [(1R,2s,3S,5s,7s)-5-(aminomethyl)adamantan-2-
yl]carbamate 40, DIPEA, DMI, 0 °C; (b) m-CPBA, CHxClz, 0 °C, 81% (2 steps); (c) anilline, cat.
HCI, DMI, 100°C; (d) TFA, CH2Cly, rt; (¢) RNH2, DMI or DMF, rt, 42a: 36% (2 steps), 42b: 47% (2
steps), 42¢: 47% (2 steps), 42d: 34% (2 steps), 42e: 79% (2 steps), 42f: 69% (2 steps), 42g: 68% (2
steps), 42h: 71% (2 steps), 42i: 16% (2 steps), 42j: 62% (2 steps), 42k: 80% (2 steps), 421: 81% (2

steps), 42m: 76% (2 steps).

24-VT 53T ) IVUFHERICBEAL T, CANDT X U TFAT I DER

Ji+ BB A28 A L2b A 43a-43¢ DA RLIES Scheme 9 (2R, LAY 42m & =
FATuET BT — M SSE, O TR F U LKERZ AW 27 L DMK
SRS ZATVIEEY) 43a 21572, ET/bEW 42m ZHEMESRIET, 7% rra~< A
RESEEE D Z & T43b, 43¢ #1537,
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H

S NS

CN
H, N)E/CN RS N)E/
N aorb N

HN - H
43a: R=CH,COOH
43b:R =CH,CONH,
OCFs OCFs  43¢:R =CH,CH,0H
42m 43a-43c

Scheme 9. Reagents and conditions: (a) ethyl bromoacetate, DIPEA, DMF, 60 °C, then LiOHagq.,
THEF, rt (for 43a: 33%); (b) RBr, DIPEA, DMF, 60 °C (for 43b: 33% and 43c¢: 42%).

24-VT7 X527 ) IV UFHERICEAL T, CANITEALZT I AW 40 O
A% % Scheme 10 12777, HRILEGY 44 % CbzCl & G S/, 7 X 7 Fi% Cbz H TR
LT LB 45 2157, ROT, KER(LT N U & 2AOKEEIR & AW T2 K 3 RO L 0
TV CTRIR 46 21572, fF DAV VAR CERICKE L, EDC, HOBt & W CHE kY
SULEMEATHI L TUA R ATa KON N T A K AT BIRAEM E LTS, WikAEW
XV TN e~ NI T 4 =IO RS 5 2 LIk A K 47a, BT RK
470 Z T NETNHME LTHZ, F TR KT OT7 I FEZRT VIZETTIZ LD ATF LT
SURA8 WL, BN Y TAAaFRRIZ LD T X KOk, Pd ST TOM
Cbz %175 72, HEW T BocO Z# VT Boc L CIRE L7, MU 7t n T v VAl
MR, BT b L, BG40 21572,

OOMe OOMe OOH ONH, NH; NH
a b c d e, fg
—_— — — e — —_—
NH, NHCbz NHCbz NHCbz NHCbz NHBoc
44 45 46 47a (cis) 48 (trans) 40 (trans)
47b (trans)

Scheme 10. Reagents and conditions: (a) CbzCl, DIPEA, CH,Cl,, rt, 73%; (b) 1 M NaOHagq, 1,4-

dioxane, MeOH, 60 °C, quant; (c) NH4Cl, EDC-HCI, HOBt-H>O, DIPEA, DMF,60 °C, 47a: 41%,
47b: 50%; (d) BH;"THF, THF, reflux, quant; (¢) (CF,CO),0, pyridine, CH,Cl,, 0 °C; (f) 10%
Pd/C(wet), 1,4-cyclohexadiene, Boc,O, EtOH, tt; (g) K,CO,, MeOH, THF, H,O, 1t, 78% (3 steps).
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5 —=Hf1  PKCO PHETE MM

24-VT 2507 VD UFEERED 24-UT 2/ -5-2T7 U IV UFERICE
L T PKCO FHETEMEZ 74 L 7= (Table 5), LB 29 OWMEITIRED & D T )V /3F A VK
DEBREITO BRNICERFRF2EA LY ) P UiFsk 37 LT ) 2V U35k 38a &
B L, i Z T o7z, BV UV 3TIREERET Li-—J7, BU I 38a 13 ICs = 4.6
nM & R&L<mELZ, BU IV 38a THRONIEMR EOERZ T 38a &
PKCO L D R v X v Jfifr 4T ->7= (Figure 14), ZDOfEHR, PHBVEALLZEU IV
| fLOERF N VHEIRIIALET 2 Leud6l, Leud62 EAHANER L TWD Z ENH 59
/2o 1212 TR, 4D 7 a KL T 2 U DEFEIF TN Asp509, Asp522 & DARA.
ERZFTIER L, S DN EMR RICFE Lz e Hfiisng, —Jh, vy vr37ey
U 38a T 5 & 27 5LL EOTEMEDEW R B H T & ITHBRZE, Hinge T OFH
AAERERO T DI LB — L OERIFT T OB HEOBEDNPIEFEOEMIFS LT
W5 EEZ . MOE FH5R CEHRRERA T HliEE AM1: Austin Model 1) (280 %3 EOE
BEOHREEToTZEZA, U IV D IMOERF T (-0255) OFREY D 14
DEFZIFF (-0.179) LV bBEFBEENKEN ERNbNY, 2k > Dk & OkFERE
BEMRSE, B LICoRB o EHER S NS,

Table 5

PKCH inhibitory activity for core heterocycles

N/OM\\\NH
HN Sx-Y

O

Compound X Y Z PKCO ICs0* (nM)
29 C-CONH> N N 24
37 N CH CH 130
38a N CH N 4.6

? ICso values were determined in triplicate in one experiment.
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Figure 14. Molecular modeling results for 38a with human PKC6

B DU RREIR 38a 28 C4 (O R A R O 2 2R A AR L W RAF72 PKCO
HEEEZ R LI &G, SORDIEEDOM EZBfEL C4 iy 7 m~F LT I
HCER Lz, BV IV e UM BT 505, C4 IZZEMREFAME
DEWEBAANIALE L TSmO BB ATEETIZAR W & F 2 7= (Table 6), Asn509 &Y
Asp522 L DX LR HHANER 2 ST 572D A F L A iR S 72 38b LT 38c 11iE
PEOWTIN R T, FTERY D UBRICEHR LT 38d BIFHERET LT LE -7, Uk
D EMMBFFRMETENEE X RKGERFFOMEIEZTICV 7 a~FHh B BEe T X
TR UBRICER LT 38e AL, RHEi L7 & 2 A ICso =3.9nM & DT R HIEED
) R R BTz,
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Table 6

Conversion of the cyclohexylamine group of compound 38a

NHR

NZ CN

|
H N)*N

JC

Compound R PKC8 ICs0* (nM)

38a N’O“ y 4.6
Ha
oy
38b 14
HZN\/O Y
H,N
38¢ \O 51
Y

38d Hm 36
38e¢ N/@/y 3.9
Hy

? ICso values were determined in triplicate in one experiment.

CANTDOEHIZ L VB SN EESTEMHERE LV | RIREZREFOMENERICEETH D
MR ENT, FITANT I A 38e DT A UFILT I UACEEL, QDT
S BB ORSEE LA T o7 (Table7), o7 m A~ P U EBRICEHL L T- 42b 13653 5

VP UK 42a RS U TR E SIEMENEET LTz, AT L UHAHE S 42¢ 13 42b &
28



b U CPRLER RO R 570 T, 38e 12k LT HIRFED TR Z V> 42¢ AR L.
Pl L7z & 2 A, 38e LIAIEDOAEIEE AR L, MIEROIETH D IL-2 ¥ 7 /HREID
X2 T MO EE T 3 Ll kM E L7z, IL-2 ® ¥ 7 /UEE#EIL PKC 24 L TIT
HiVTE Y . PKC HETEME & LAY OMBBEENMEZ R EGEICEHME L TWHRTHD L E
XD T=VUIPBRUDNLNT I UNIEMT H 2 & OGN m B L7270, Mgt
WA B LTZO TRV EHER L T D,
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Table 7

Conversion of the phenyl ring of compound 38e

NH
H» N~ CN

NS
HN
R
Compound R PKCOICso* IL-2 ICs¢”
(nM) (nM)
38e E 3.9 100
Br
42a E 28 660
42b E 170 NT
42c :r 130 NT
42d T 39 NT
42e «E/ 5.9 31
Br

? ICso values were determined in triplicate in one experiment.
® Inhibition of IL-2 production in Jurkat cells. ICso values were determined in duplicate in one

experiment.
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BHWT, ke 38a & PKCOD Ry XU 7 2AXT 4 —5 0 XUV BRI DBUKIER
7y MIEE LTS EHERSNZDT, NP Ui E~OBUKEERIEE A X DT
] E&2RATe, EORER%E Table 8 12T, £7, N BUBR E~OBEMEE A O 70
BEERRET DO 23,4 (27 v a8 A LTALEY 420-42h AR Lakli L7z & 2
B, 2 DEOBIEENBFCTH Y, BHRALEE LI 2 M8 KEE W) Z EHA LD T
2ALICHE A OEMILZEANTH Z L L Uiz, PKCO BHETRM L IRAMEIFMBE L TR, Y
ToAa A NFUEEEA LT 42m A PKCOICso = 1.3 nM R LIEENBHF TH - 72,
Table 8
Conversion of the substituent on the phenyl ring

NH
T Lo
N

\S

HN
x
Compound R PKCO ICs¢* ACDlogP®
(nM)
42e 2-Br 59 3.63
42f 2-Cl 5.4 3.36
42g 3-Cl 33 3.36
42h 4-Cl 60 3.36
42i 2-Me 6.4 3.17
42 2-OEt 5.4 3.68
42k 2-CF; 5.2 3.89
421 2-cPr 2.7 4.01
42m 2-OCF3 1.3 4.22

? ICso values were determined in triplicate in one experiment.

® ACDlogP values were calculated by ACD/Percepta. (version 14.0.0)

BIfiEME R Ls 42m OB T 1 7 7 A v Z2 5l L72RER. pH 6.8 TOWMEED 0.1
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UM DL T EIRECTH O | BEAWRIEICIR SR S D 2 LN Lz, & 2 THAKEZEA LK
fRFEE D EZ R DT, BUKMEBIEOBA LTS 2 & & Lz, 2 (LTBiARER 7 v b
MEDTNDE RyFXF T RAET 4 =X OHEREINTZZ ENBEERIOR 7 > MIfrE L
TWA AN ORGED BRI FITERILEAELIT) 2 L & Lz, TOREF% Table 9 IZ7R-7,
VR UFERM N RTEA NVIEEE AN LT 43a, 43b 1 TARENKE LT L OO+ Th -
c— 5, KERIEAE A LT 43¢ IXIEMEARFE L= . WMDY 100 uM LA _E & KiIE 72
WZRE L7,

Table 9

Conversion of N-alkyl group on the adamanthamine side chain

NH
R. N)]/CN
N

H S
HN

Compound R PKCO ICsp*  IL-2 ICs” Solubility®
(nM) (nM) (uM)

42m H 1.3 22 <1

43a CH.COOH 3.1 NT 2.6

43b CH>CONH; 1.9 41 2.1

43c CH,CH,OH 0.70 6.3 >100

? ICso values were determined in triplicate in one experiment.

® Inhibition of IL-2 production in Jurkat cells. ICso values were determined in duplicate in one

experiment.

¢ Solubility of the test compound in a buffer solution of pH 6.8.
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I S BERFA

BAF 7o BEIEVE R AR E 2 R LT 24-U 7 R /-5-0 7 J B S VVFEK 43¢ DT v
N COMRWEME Y 1 7 7 A )V AEFHE L7~ (Table 10), LA 43¢ IR DEEIZBWVTUT
DMFERFRBE R OREOANAFTT XA TV T 4 —%R LT,
Table 10

Pharmacokinetic parameters of compound 43¢ in rats®

i.v. (1 mg/kg) p.o. (1 mg/kg)

AUC24hb t12° Vssd CLtot® IAUC24hb Cmaxf tmax® Fh
(ngh/mL) (h) (L/kg) (mL/min/kg) | (ng'h/mL) (ng/mL) (h) (%)

329 2.8 16.5 53.9 59.8 12.3 0.25 19.7

?Each value is an average of data from three animals.

® Area under the plasma concentration versus curve from time zero to 24 hours after dosing.
¢ Elimination half-life from plasma.

4 Volume of distribution at steady state.

¢ Total body clearance.

f Maximum plasma concentration.

£ Time to reach maximum plasma concentration.

" Absolute oral bioavailability.

FI2TA YA LB OWTEEf L 7= (Table 11), = DOfER. /L&Y 43¢ X PKCO &
REPAEERZA L. &b IBREDIER D e 126 L TH 43¢ 1520 f5LL EOBIRMENRHDH Z &
VA L7,

Table 11

Selectivity of compound 43¢ across PKC isoforms

ICs0* (nM)
0 o B1 Y ) € n ¢
0.70 84 410 >1000 18 16 >300  >1000

? ICso values were determined in triplicate in one experiment.
VLERAF72 PRCO BBIRME 2 O ENRE DORER DG O N2 DO T, RICEMWET L TOFRER
21152 & LTz,
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B 7 v MOBHERERIZI T S in vivo HANEH

24-7 X/ -5-27 7 B IV UBFEIRORETOR A, iR7)78 PKCO HEEMEE AT D
43¢ ZRIH L7z, fit\ T 43¢ Dz BAE O IR SUG O Ml R 2 MR T 572912, 7 v M
FELBREE T VB COFMM 2 s L7z, R —Thb2D ACI 7 »v hOLlEE, Ly ET
v FTHD Lewis 7 v FOEERICBME L7212, LEW 2 HANZT14 HEL 1 B 2 [BREA#HK
H L7, BELOOHEIZAZICLVBIE L, MBoELLEfREHE L, bamaziks
#%. 14 B H E CITEMADPHER S NG, ZORETILAEMOR S 2RIk LT, 4%
HEIZHEMOmEFE T L, EEYRFJAE (median survival time, MST) ZHHT 52 &
T, AIMEEFN Lz, RETMCBW L, (LAEWEES L WREECIL, BhEhIX
6 H#IZHEM S5,

{EAY) 43¢ 1B L €, ERLOLBEET VRBRIC T, IBasB R O SOSIxH3 5 7
M %M L7z (Table 12), ZOFEHE, (LAY 43¢ TR D HIZB W TR O G %
M L. AREEOICAESERERZR L (10mgkg % 0 #5FF0 MST: 11 B, 30mg/kg #%
A& GRFD MST: 17 H) ., REREEIMHIAITH L MMF & RI%HO MST Z/Rr L7z, 20
iR 6 PKCO BAETEME 2 A 21bA 03, IR OIS IR L THITH D =
EDRENTZ, BEfFD PKCO BLEAITH 5 sotrastaurin (IO T A VA ATk L THEEE
EEZ R T ZENMOLNTED 3 KA T PKCO BIRFULEW B BARIZ BT
LHENTHD I EDRENTZEEZEZTND, PKCOBRBIRMENRENZ EICLY o7 A4
A KT X DEWEHAOELER IR CE | XV EWEH OGOV Mbam & L THIfFTE 2,
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Table 12

Effect of compounds on graft survival in a rat cardiac transplantation model®

Treatment n Graft survival time (days) MSTP® (days)
Vehicle - - 6°
MMF (20 mg/kg)®© 8 7,8, 11,14, 15,17, 26,>28 14.5
43¢ (10mg/kg)®© 6 10, 11, 11, 11, 11, 14 11
43¢ (30mg/kg)®© 7 15,16, 16, 17, 17, 18, 20 17

* ACl rats, cardiac donors; Lewis rats, cardiac recipients.

® Median survival time.

¢ Standard data in our laboratory.

4 Orally administered.

¢ Compound was administered twice daily from day of transplantation for 14 days or by day of graft

rejection.

FAHT KEOELD

AW TAIE L7z 24-07 2 /-5-27 7 BV 2 VUBFEK 43¢ 12OV TR O
MES SR DVEH AR T 272012, 7 v MUBHEE T WIC TR 21T o 7o, € DRGSR,
43¢ |FHAIR O 52T, BER OIS Z Ml U, AFIERH R 2R Lz, £72 43¢ 1X
BT A YA LDERMEEZ R L, BHEET MTBWTEMEZ /390 To PKCO HEiR
72 EAITH D,
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BT CYP3A4 REMEAFAIBEEVE A 2 88808 L 72873 PKCO FHEAI DA H
- I Wk s

RAF72 PKCO FREEMEZ A L. 7 v MOBEET )V CAEF LR RZ R LI /LG 43¢ O
HiBhFIE L CORTREMEZ B D 72, CYP3A4 HEISMEOFT 21T o 7=, BIfEEAIE LTH
WHENTWDEH 7 ) AAOERBIEERILCYP3A4 ThH-H, CYP3A4 [HEIZ L Y
MM AEERICE -T2 7 v ) AAOMHRED EAE2H < /iR S 5, A& LTH
W5 T72DIZiE, CYP3A4 [HETEHEOREN D22 EnRdD 5D,

@/\N H

H
H N)%N

[::[{ PKCO IC5o=0.70 nM
OCF, CYP3A4TDI = 36%

43c
Figure 15. Structure of PKC inhibitor 43¢

Z 2T 43¢ I AAER OREN 72 W E R T 5 72912 CYP3A4 BHFHRER 21T -
720 & DFER . 43¢ 1X CYP3 AL FRAFTEMEDS 36% & REfEAFHUBHE/EH (time dependent inhibition,
TDD) Z/R3Z EBRHLMNITRoTz, £ 2 THBAIE L THRIT 5701 TDI DRl %
B LAFZEZ 4T\, 8T L CHiBIAI & L CER TREZ b oAI A2 Bis+ 2 & L
77
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B 24-07 2 -5-07 B RV UHEKOER

24-V7 X537 Y IV UFHEEROERRD CA LT B~ U TFT I DERIRDE
%#5% Scheme 11 (2”9, " CTARFEAD 42m LFix D/ k2 & DETHT VX LALIC
L0 LAY 38-40 2157, £724-Boc T X/ V7 u~ntV ) U ERWESES, cis (K52 K&
O trans 1K 53 L DIRAEWE LTHROLNTZ, WEIIH T L7 v~ 7T LRERIC LD SEEE
AR TH Y, T AR S3 A HEEE, USRI T, B Boc (b Z1TWMEEY 54 2157,
—FH.ALEW 33 I LT, RIE T, 2-h U 7Ada A RF o R_RUUNLT I b RS,
IEEW 55 2157-0b, BIRAERR LIZIBIET 22 56 £7-1357 LG SH5 2 & TILEWY
58 £7-1% 59 457,

@ d 52: R =Boc (cis)
OCF, OGF, 53:R =Boc( trans):lb

54:R =H (trans)
42m

NH
I NZ CN
NN ¢ H N)Q |
J - yl
CI” °N
58 (cis)
OCF3 OCF; 59 (trans)

33 55
Scheme 11. Reagents and conditions: (a) various ketones, NaBH(OAc)s3, CH>Cl, or THF, rt, 49: 98%,
50: 91%, 51: 67%, 52: 29%, 53: 25%, (b) TFA, CHClL, rt, 72%; (c) 2-
(trifluoromethoxy)benzylamine, DIPEA, DMF, -50 °C, 42%; (d) amine 56 or 57, DIPEA, DMI, rt,
58: 68%, 59: 53%.

W TIEE Y 69-78, 82, 83 DA NIEA Scheme 12 (27”7, 5 8 CHEHMD A /LERF VR
41 CFEx ORENIET 2 v & MG &8 7-1% . TFA 12 X A i Boc (L 21TV MEAE Y 42m, 60-68 %
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iz, NTT AT B REBETHT VX UELEITWER E T 2{LEY 69-78 Z157-, LA
¥) 82, 83 IZBI L TIXFERIC L CTERR LTz 79 I2xF LT, m-CPBA #{EH WA L=, m-
CPBA DM EZHIET 52 LIZL - TRAARF Y FER A LR ARDIED 5313 23 AT HE

Bbol-, m-CPBA OY &% 1.2 Y& &/NMaFIHWZGE TIZA LR F T FIK 80 23 A
ELTHELN, 3.8 YL KBREIHWZHEAIZI AR AR 81 NEARM E L TH LN,
m-CPBA % KiBFEIH WL, — e ) IV UVBRBPBILSNTALAYORIE LR TE /-
W, HT7hr7a~ NTT AR D RBITHN LT 2 AR RO BEEFE R ATHE C
boTe, BFoNTALEMITRT L TR & RIERICERMES: T Tl Boe 1k - 3Z=ILHY 7T L3 /L

b« BetER A T CTOBT Y MEZEATV 82, 83 4572,
ﬂ ST X
NSO
A /
xR Y\‘xl R
41 42m:X=Y =CH,R =OCF, 69:X=Y =CH,R =OCF,

60:X=Y=CH,R=CF3
61:X=Y=CH,R=Cl
62:X=Y =CH,R =SMe

70:X=Y=CH,R=CF3
71:X=Y=CH,R =ClI
72:X=Y =CH,R =SMe

63:X=N,Y =CH,R =SMe 73:X=N,Y =CH,R =SMe
64:X=N,Y =CH,R =0OMe 74:X=N,Y =CH,R =0OMe
65:X=N,Y =CH,R =SEt 75:X=N,Y =CH,R =SEt
66:X=N,Y=CH,R=SPr 76:X=N,Y=CH,R=SPr
67:X=N,Y=CH,R=0%Pr 77:X=N,Y=CH,R=0%Pr
68:X=Y =N,R =0OMe 78:X=Y =N,R =OMe
CN
BocH NZ or H NZ CN
a )j/ _>f’b i U —’C,d H )Nj/
41 <= » HN" SN HN™ °N HO HN SN
z ~ | z
S SNR |
N SMe N R
79 80:R =SOMe 82:R =SOMe
81:R =SO,Me 83:R=8S0O,Me

Scheme 12. Reagents and conditions: (a) various amines, DIPEA, DMF, rt; (b) TFA, CH2Cl, rt, 42m:
76% (2 steps), 60: 80% (2 steps), 61: 69% (2 steps), 62: 79% (2 steps), 63: 69% (2 steps), 64: 80%
(2 steps), 65: 70% (2 steps), 66: 71% (2 steps), 67: 80% (2 steps), 68: 72% (2 steps), 79: 86%, 80:
95% (2 steps), 81: 73% (2 steps) (c¢) trans-4-((tert-butyldimethylsilyl)oxy)cyclohexanecarbaldehyde,

NaBH(OAc)3, CH2Cl, DMF, rt; (d) HCI, MeOH, rt, 69: 49% (2 steps), 70: 70% (2 steps), 71: 74%
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(2 steps), 72: 58% (2 steps), 73: 82% (2 steps), 74: 90% (2 steps), 75: 37% (2 steps), 76: 89% (2
steps), 77: 100% (2 steps), 78: 69% (2 steps), 82: 79% (2 steps), 83: 63% (2 steps); (e) m-CPBA (1.2
eq.), CH2Cl, rt; (f) m-CPBA (3.8 eq.), CH2Cly, 1t.

Scheme 11 DEITLHI T L FALDOBRIZH W T 2 2 56, 57 DA kL% Scheme 13 (27”7,
7240 1Zxf LT CbZCl EER S/ % Z & T Chz L TRGET 5 & LT TFA % W it Boce
b2 2 &L TILAY 84 245 7-, LEW 84 1TXILTH F o & DETHIT LI AL EZITU,
VAR KON T AR 86 DIRGME L TG, MA XA T L7 n~ 7T ARERIC K
D AYBERERIATRE T H W . BERS UL . TBAF 12 & AW U Ak K OY Pd il T T K34y
FREOET & DB COZ AL ZATV, AR S56 KON kT v AR 57 2457,

NH
NH, NHCbz NHCbz 2
a,b c d,e
B —— —_— B
TBDMSO HO
40 84 85: (cis) 56: (cis)
86: (rans) 57: (trans)

Scheme 13. Reagents and conditions: (a) CbzCl, NEt;, CH2Cly, rt; (b) TFA, CH2Cl, rt, 100% (2
steps); (c) 4-(tert-butyldimethylsilyloxy)cyclohexanone, NaBH(OAc)3;, CH2Cl,, rt, 85: 53%, 86:
34%; (d) TBAF, THF, 70 °C; (e) Hz2 (1atm), 10% Pd/C (wet), MeOH, 35 °C, 56: 95% (2 steps), 57:
113% (2 steps).

% =i CYP3A4 RHEAFEHIBEE O EIREZ /)1 72 B V) #H A

— %2 TDI Z 2T 21T B 2 R E LZ DR E M2 D EBNEDTH D, Tz,
THRT I UMM CYP3A4 IZ Ko TRE S L. V- Rrdifbaiufic T o Rrdo 7 I v
EAER L, CYP3A4 Z RIEMEA(LT 2 Z @GSN TND 3, BLEDZ &inb C4 LD
KIsDT X~ FNAT IR THL EHEE L, TDI OWEEXZXLHZ & & Lo, &
—EIZBWNT C4 MOKEGT I OB A S L LIEHRAEIT L2 &, FowIT
BT C4 NORIGEOBFRIFTFONEDNEERBUCEE CTH D &) EBRER LY,

DML LT, EHRFT LICEBHIEZEA L, SERIICHSEL< L, CYP3A4 & DRUGE
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i35 Z & T, TDI BWETEX LD TIERWMNEBZ 2 T2, EORR% Table 13 12777,
AV T ENEZEAN LT 49 1% TDL BNWE LR 2T b DD, V7 u~Fki U AE
A L7250 1% TDI=43% & o EF M 2k Lz, SN TY 7 e~ Y U BRNICBRRIR %
BALTET M7 RrbE T U8R 51 28/, fHfiL7c & ZARESREEIH LR
Molz—J, Y7 a~Fkt ) —)LEE AL 581X TDI=64%E K& < k#E LTz, “ AR 59
(TDI=43%) £V T2 ARS8 DI RBEITIRE <, CYPIA4 [T ZREMEZ G L T
WD EHERIND, T2 T, T AV 7 AT LT X 4K 54 A LRl L7223, TDI
=59%¢& 58 LR L CFII R ONR o Tz, T 7 andh U igER Y I U U R
EDRINZAF LU HAMESE T 69 25 Lalii L7cfER, TDI=70%E K& WESN
THY ., PKCO PLEEMED ICs0=0.42nM & BAFTh o7z,
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Table 13

Conversion of N-alkyl group on the adamantyl amine

@/\NH
Ry NP~ CN

H |

NS
HN
©\)OCF3
Compound R PKC6 CYP3A4 TDI
ICs0* (nM) (residual activity, %)
43c -CH2CH20H 0.70 36
49 -1 <1.0 29

1.9 43

51 @V <1.0 41

' O\'
58 H
59 H 0.66 43

Pr
O\O 0.38 64
O., :

o

54 HzN\O 0.10 59
i
69 /O\Y 0.42 70
HO

21Cso values were determined in triplicate in one experiment.

b Activities of HLMs for metabolism of midazolam were measured and residual activities are shown
as percentage of remained metabolic activity following preincubation for 30 min in presence of test

compounds (5 uM).
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BAFZRIEVER N TDI 2R LT- 69 DFFE T 1 7 7 A V23l L7- 455, pH 6.8 TOWME
JER 0.1 uM UL F EIRETH O | ORISR H D Z E 3 Lz, & 2 CiafiifEck
D78, ACDlogP #falf & L CEREMZ1T o7, £7-. TDI & ACDIogP (ZIZHBAAS:
LNHEORELY, ERELOTDIOS L2 58EE HIE L, AEREI T2, Z0
fE % Table 14 (2”7,

7 ana BB U TUILTDL R L IChE Lz, £ AF AL ANLT ¢ REZEA
L7272 1Z TDL, MR & HICRESWFHE LIz, F_NUBUR BICERFTE28AT5 2
EHHERTHY ., 731 TDLIEME & bIZRAFREZ R Ui, —J7, IREER 7 v MIALE
LTWA 7o, Rig e NEEME ORI ITE AR TISRT Moz, A M BRI E# L7z 74 13
TDL, BT BAF e O OFEIRMHIZET LT LEW, & DITIREME AR L7z ALk %
VRR 82, AR =R 83 IIIEMEN R E < JHFI L C L E o7, & 2 Thitsa il 7 ISR
DOEWEBRILZEA L, REMZRET L 2 ETIEERM E LW EZ 2, =TSR
AVTRUENVEEEANLTLE A, TREBVIEMEZR ELZZS DD, TDI CHMAFE D EAL
L. TR IR TEDPEEEYE S TDI R OVSfREE OWSAIITHE THH Z E A Lz, £
ZTCHRIEMED N T v A% & Do OICiBIR T BloA Y 7 e VA E A LT 77 46 HL,
FHli L7z & 2 A, BAFRIEME TDL, WEEAZ R LT, —FH, U XU UBRICER LT 18
(FIEMEDHR LTe, BLEDOILA B X 0 I - TDI - I8fEEOBLEN G, 713 Db A HE
ThbHLEXSIORDLFHIEITS 2L & LT,
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Table 14.

Conversion of the 2-trifluoromethoxy benzene ring

S s
’\\\\” N)E/CN
HO H N)%N

Compound R X Y PKCO IL-2 CYP3A4TDI® Solubility! ACDIlogP®
ICsp* 1Cso® (residual (LM)
(nM) (nM) activity, %)

69 OCF; CH CH 042 11 70 <1 5.11
70 CFs; CH CH 057 17 63 NTf 5.10
71 Cl CH CH 14 22 77 1.1 5.10
72 SMe CH CH 094 16 92 45 4.98
73 SMe N CH 044 10 98 >50 4.07
74 OMe N CH 19 43 94 >50 3.49
82 SOMe N CH 32 170 NT! >100 2.58
83 SOoMe N CH NTf 140 NT! >100 2.60
75 SEt N CH 046 <3.0 80 16 4.46
76 SPr N CH 023 3.0 66 <1 4.76
77 OPr N CH 059 18 87 >100 4.13
78 OMe N N >100 NTf NT! >100 2.72

*1Cso values were determined in triplicate in one experiment.

® Inhibition of IL-2 production in Jurkat cells. ICso values were determined in duplicate in one
experiment.

¢ Activities of HLMs for metabolism of midazolam were measured and residual activities are shown
as percentage of remained metabolic activity following preincubation for 30 min in presence of test
compounds (5 uM).

4 Solubility of the test compound in a buffer solution of pH 6.8.
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¢ ACDlogP values were calculated by ACD/Percepta. (version 14.0.0)

fNot tested.

SUUET S ENRERHAL

Bhfie7 v 7 7 A VR Lz 73 OFMERERR 21T o 72, TORR, F = 58.3% & BAT
AL FT ATV T =L+ RRHEER L,

Table 15

Pharmacokinetic parameters of compound 73 in rats®

i.v. (1 mg/kg) p.o. (1 mg/kg)

AUC24hb 4 /2C \/Yssd CLtote AUC24hb (:1ma)(f ZLmaxg Fh
(ngh/mL) (h) (L/kg) (mL/min/kg) | (ngh/mL) (ng/mL) (h) (%)

248 3.97 12.9 66.7 145 12.4 3.33 58.3

?Each value is an average of data from three animals.
® Area under the plasma concentration versus curve from time zero to 24 hours after dosing.
¢ Elimination half-life from plasma.
4 Volume of distribution at steady state.
¢ Total body clearance.
fMaximum plasma concentration.
& Time to reach maximum plasma concentration.
h Absolute oral bioavailability.

3B L THO T A Y P A DT D @IRME 2 FFAT L 72, £ DR % Table 16 (2R L7,
ZORER. T3 IFIMOT A Y FA LK LT 37 EULEOEWVERIRME 2R Lc, E 72T
A7 32 FREE D F— B0 L CRIWELFHME L 72 & Z A, CDK2 LISt 31 FfHD ¥
TRk LT EEE RS oo, BAEFEMEZ R L7 CDK2 ITB LT, ICs ZHH
L7cEZAh ICso=84nM THY, 170 fELLEOEWERIEZ A LT D Z &V L7Z
(Table 17),

LLED Z L s BAFRT A Y A D ROF T —B@RMEE2 AT 5 73 28T VT
FREH 2175 Z & & LT,
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Table 16

Selectivity of compound 73 for PKC isoforms?*

ICs0 (nM)
0 o B1 Y ) € n C
0.48 160 >840  >1000 160 18 >1000 >1000

*1Cso values were determined in duplicate in one experiment.

Table 17

Kinase selectivity of compound 73?

Tyrosine  1Cso Serine/threonine  ICso
kinases (nM) kinases (nM)
ABL >1000 AKTI >1000
BTK >1000 AurC >1000
CSK >1000 BMPRI1A >1000
EGFR >1000 CaML2a >1000
EphAl >1000 CDK2 84
FAK >1000 CHK1 >1000
HER2 >1000 CK1d >1000
IGFIR >1000 GSK3b >1000
ITK >1000 JNK3 >1000
SYK >1000 MLK1 >1000
TEC >1000 p70S6K >1000
TIE2 >1000 RAF1 >1000
TRKA >1000 ROCK1 >1000

ZAP70 >1000

21Cso values were determined in duplicate in one experiment.
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B Ty MOBREEERICIS T S in vivo AN (FEA K& OMOF I #ER)

LAY 73 (1B LT, 2 3 TRt L2 DBRET 7 VBRI T, BRER AL O FEHE S ot
TOMEM ARG L7 (Table 18), £ DfEE, (LG 73 13#E DG IBWTRAR A DOHEHE
IR L, AR AESIEREHR 2~ Lz (10mgkg & 05RO MST: 14 H.
30mg/kg B¢ A#EHFD MST: 20 H), JEMEMNMTIIEREEDOILEY 43¢ L el L T, RKNEIEED
2 (F.43¢:19.7%,73:58.3%) 7% MST DIER (10mg/kg #% A #5-KF> MST: 11 H ., 30mg/kg
A GREO MST: 17 ) IZBR -7 LEZX D,

Table 18

Effect of compound 73 monotherapy on graft survival in a rat cardiac transplantation model®

Treatment n Graft survival time (days) MST® (days)
Vehicle - - 6°
10mg/kg 4 © 9 5,6,7,7,14,20, 20, 22, 25 14
30mg/kg &°© 10 14, 14, 16, 16, 20, 20, 20, 20, 21, 22 20

# ACl rats, cardiac donors; Lewis rats, cardiac recipients.

® Median survival time.

¢ Standard data in our laboratory.

4 Orally administered.

¢ Compound was administered twice daily from day of transplantation for 14 days or by day of graft

rejection.

73 13 CYP3A4 [LEZUGE LIALEWTH Y . PRIRIEICR T 2mihAl & L TORHEME
ALTVDD, —RRGEARFI TH L2 70 ) WX LD TICET ST v LB
T T NV COFI 21T 72 (Table 19) . # 7 0 U A A% 0.02 mg/kg FHANEE S L7256 MST
= 7days \(ZHERT %, ZOEAEDOX 7 v ) A AOEH &I sub-optimal dose TH Y | AfH
BOX 7 v AR L PKCO FHEH 73 OOFHIC L - T, Bl 0 EE LR R ISE L
Gt #7m ) AZDOEEEORR, BHEBREOEBAERTE b0 L LTHIITE %,
DFRRIEIZ IS T DRSS R 2 1R 2 3l U 7265 R) . LA 73 13 BRI FR 72 A5 Ik
3% R L7z (1 mg/kg: MST = 20 days, 3 mg/kg: MST = 23 days, 5 mg/kg: MST > 26 days) ,

46



PLEDOFER X 0 PKCO BREHA] 73 73 gk as AR IF oD HEiE SOt (2 38 CTEEfF D s {iiil &) ¢
HHX ) AASNOHMPIIRZAELTEY, Al E LTHLAETHDL I EDRREN
77,

Table 19
Effect of compounds 73 concomitant treatment with tacrolimus on graft survival of rat cardiac

transplantation model*

Combined Graft survival time MST?
Compound n
drug (days) (days)
Vehicle none - 6°
Vehicle tacrolimus? 11 5,5,6,6,6,7,7,7,9, 11, 11 7¢
1 mg/kg tacrolimus? 9 9,11, 13,17, 20, 23, 24, 24, 26 20°
3 mg/kg tacrolimus? 8 16, 16, 19, 23, 23, 24, 24, 28 23¢
5 mg/kg tacrolimus? 6 20, 21, 24, >28, >28, >28 >26°

# Compound was administered twice daily from day of transplantation for 14 days or by day of graft
rejection.

® Median survival time.

¢Standard data in our laboratory.

40.02 mg/kg, q.d., i.m.

°ref 35.

FAH KEOELD

i E TR L7 43¢ @ CYP3A4 [HETEM A L72& 2 A, TDI 2R3 2 &3 L
7= BEFEOGEMHEFITH L X 7 1) AAOMBAF L LR T5729121X, TDI Ok
MARAIRTH D EBZ, REFILOHEEZITV, SCAERIC I BOVEREZEATL 2 L
TR#ET7a v 73252 LT TDI DGOV 58 # B L=, RMeAWo TDI O
IR+ TH Y RIS B BREN B o 72720 JRIRPE & TDI R OYRRIEOMHBICE R L.,
S HRDWIEEAT o TR, KLV TDI ORREN D72 < BRtE S BIF72 b6 73 % R
T LTI LT, T3 IERF R OWIRE: « 7 A VA AR R O — B &R A2 A
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TLZEPHBI LD, BET VIS CGHEZIT 9k e LGEIRLZ, Ty OB
MET MZBWTIHMTZIT o2& 2 A, BBIFHATREGIZIT TR, #7r ) AR EOHFH
B HAZBWT B BT OFEMEROS 2 Bl U, AABIER SR Z R Lz,

UL EOFERN G 50 7) 72 PKCO BIRAIFHEHM 73 23, Migs Bk D FEA 8 O Bl 2 )%
E LTl e EIdlA s L CERTHD ZEEH L E LT,
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I
=N}

AR, B AR O FEHE SN~ D1 i & 517 L, PKCO Z A5 & L 7= il 7 0 41
HAIOAIHZHE L TIT-o T,

H—E T, CYP3A4 [HETEMEL N P-gp FEMDOH D 24-UT I /-5-T0AmrEe ) Vv
TR 10 ZHIEWE L L, C2 NN CA N DOZEWAITU CYP3A4 PRETEME K O P-gp FE
Mo Lz 22f 2RI LT,

FBOETIHAMLTA T T IVHEED 2,6-UT X ) 3-HINANRNEANS5-2T BTV UFHER
23 L 0ALEMRBZ1T>7-, 23 L PKCO X 37 LD Ry X iR ZFMA L, BV
IV URBEICAER LT 32a BRBROF AAER T TR T e AER 2 S L, IEED
M BB LTz, & 51T C2 M OBUKMER 7 » NERAT 25 Z LI X D IEMEN BRAF72
36m & LI L, S 672 28 H A ATV EME R OVEMRE DS RAT 7 37¢ ZRIHT 5 2 LTI L
oo KALEWEIMDT A Y FA DT L TRARIERMEZAG L, 7 v MLBIHET VICE
N C B FAE R O FEAG S KT 2 BIVE A 2 314 L 725 5. BAAIRR D i G2V TR
JERZN R Z 7R U PKCO IR PLF A 0 ZIHIH & L THETHD Z & 2P 6T LT,

BT, BB W T O s I OB Al & L CRF &2 1T O 72012 b
L7z 43¢ D CYP3A4 [HEFTE M 2t _<ALEMREH 1T o 7, C4 ML Rim T X/ BEK Y
C2 fLDEHAATUN, CYP3A4 FHLE DRI S 4v, TEME R OWSRIED BAF72 73 %Al
THZ K LT, AMEEMIERF T A VYA DBIER O F—BRPUWEZ R L,
7 v NBAEE T /W TR AT o 7ol 2R AR AR BT 1T 2 B LR IRTZ T T <,
27l AAGFH TIZBWTHAEBIEREADNHRE CE I, 20X 512 CYP3A4 FHETEE
EWELIEDFETYA 3562 EFHEAITTE T TR <A E LToR%E L AEEIZ L, Al
HFE AR THDLEERD,

ABFIEZ T, BEFD PKCO FRENEH 2 H 7 2 2 il & 13587 2 88l 7 R
ZH L. PKCOIZxf L CHRWHEIEEZ AT 260 13 AT 25 Z LTI LT, kG
Y73 13%7 > MODBHEE T VERERIC THZMEZ 7R L, F18D T D PKCO IR 72 e 125 il &l &
L COBBERHRGTE D, AFFERHRIL. 4% D PKCO FLEICE-D < S il #l owF7e &
OPHBICAARIAZ 5 A 50D TH D,
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EBROE
#H—E Chemistry
General

Melting point (mp) was determined on a Buchi BM-565 melting point apparatus and uncorrected.
"H NMR and 3C spectra were recorded on a Varian VNS-400, JEOL JNM-LA400, or JEOL JNM-
ALA400 and chemical shifts were expressed in ¢ (ppm) values with tetramethylsilane as an internal
reference (s=singlet, d=doublet, t=triplet, m=multiplet, dd=double doublet, tt=triple triplet, g=quartet,
ddd=double double doublet, and br=broad peak). Mass spectra (MS) were recorded on a Waters
UPLC/SQD[413W]-LC/MS system. Elemental analyses were performed using a Yanaco MT-6 (C, H,
N), Elementar Vario EL III (C, H, X), and Dionex ICS-3000 (S, halogene) and were within = 0.4%
of theoretical values. Electrospray ionization positive high-resolution mass spectrum (HRMS) was
obtained using a Waters LCT Premier. Unless otherwise noted, all reagents and solvents obtained

from commercial suppliers were used without further purification.

AHi 5 — T DO FEER
2-Chloro-5-fluoro-N-[(1,2,2,6,6-pentamethylpiperidin-4-yl)methyl|pyrimidin-4-amine (12a)

To a solution of 2,4-dichloro-5-fluoropyrimidine 11 (400 mg, 2.4 mmol) in MeOH (6 mL), 1-
(1,2,2,6,6-pentamethylpiperidin-4-yl)methanamine 25 (480 mg, 2.6 mmol) and DIPEA (820 uL, 4.8
mmol) were added. The reaction mixture was stirred at room temperature for 16 h, concentrated in
vacuo and triturated with (n-hexane-EtOAc) (50:50) to give 12a (500 mg, 66%) as a colorless solid.
"H NMR (DMSO-ds) 6 1.28 (6H, s), 1.47 (6H, s), 1.58-1.92 (5H, m), 2.64 (3H, s), 3.22-3.29 (2H,
m), 8.09 (1H, d, J= 3.4 Hz), 8.13-8.36 (1H, m); MS (ESI) m/z 315, 317 [M+H]".

2-Chloro-5-fluoro-N-[(1-methylpiperidin-4-yl)methyl|pyrimidin-4-amine (12b)

To a solution of 11 (500 mg, 3.0 mmol) in MeOH (5 mL), (1-methyl-4-piperidinyl)methanamine
(380 mg, 3.0 mmol) was added. The reaction mixture was stirred at room temperature for 16 h and
then diluted with CHCl; and basified with saturated aqueous NaHCOs3. The organic layer was washed
with brine, dried over Na2SO4 and concentrated in vacuo. The residue was chromatographed on silica
gel with elution using (CHCI3-MeOH) (97:3) to give 12b (295 mg, 38%) as a colorless solid. 'H NMR
(DMSO-ds) 6 1.09-1.23 (2H, m), 1.48-1.66 (3H, m), 1.72—-1.83 (2H, m), 2.12 (3H, s), 2.67-2.77 (2H,
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m), 3.17-3.25 (2H, m), 8.04 (1H, d, J= 3.6 Hz), 8.18 (1H, br s); MS (ESI) m/z 259, 261 [M+H]".

5-Fluoro-N?-[3-methoxy-5-(5-methyl-1H-tetrazol-1-yl)phenyl]-V*-[(1,2,2,6,6-
pentamethylpiperidin-4-yl)methyl]|pyrimidine-2,4-diamine (13a)

To a solution of 12a (200 mg, 0.64 mmol) in IPA (2 mL), 3-methoxy-5-(5-methyl-1H-tetrazol-1-
yDaniline (110 mg, 0.54 mmol) and 4 M HCI-EtOAc (310 pL, 1.3 mmol) were added in a 10 mL
microwave vial. The reaction mixture was heated with stirring at 140 °C in a Biotage auto-sampling
microwave reactor for 1 h. The reaction mixture was diluted with CHCI3; and washed with H>O. The
organic layer was dried over Na>SO4 and concentrated in vacuo. The residue was chromatographed
on amino silica gel with elution using (CHCI3-MeOH) (90:10) to give 13a (100 mg, 33%) as a
colorless solid. '"H NMR (DMSO-ds) 6 0.81-1.12 (2H, m), 0.86 (6H, s), 1.03 (6H, s), 1.40-1.52 (2H,
m), 1.92-2.08 (1H, m), 2.14 (3H, s), 2.58 (3H, s), 3.14-3.23 (2H, m), 3.80 (3H, s), 6.77 (1H, t, J =
2.0 Hz), 7.56-7.74 (3H, m), 7.90 (1H, d, /= 3.8 Hz), 9.43 (1H, s); MS (ESI) m/z 484 [M+H]"; HRMS
(ESI) caled for C24H34FNoO [M+H]": 484.2949, Found; 484.2946.

5-Fluoro-N?-[3-methoxy-5-(5-methyl-1H-tetrazol-1-yl)phenyl]-N*-[(1-methylpiperidin-4-
yl)methyl]|pyrimidine-2,4-diamine dihydrochloride (13b)

To a solution of 12b (120 mg, 0.48 mmol) in IPA (3 mL), 3-methoxy-5-(5-methyl-1H-tetrazol-1-
yl)aniline (98 mg, 0.48 mmol) and 4 M HCI-EtOAc (240 pL, 0.96 mmol) were added in a 10 mL
microwave vial. The reaction mixture was heated with stirring at 140 °C in a Biotage auto-sampling
microwave reactor for 1 h. The reaction mixture was washed with IPA to give an ivory solid. The
solid was washed with EtOAc and MeOH to give 13b (86 mg, 36%) as a colorless solid. 'H NMR
(DMSO-ds) 6 1.41-1.93 (2H, m), 1.74-1.77 (2H, m), 1.84-1.94 (1H, m), 2.60 (3H, s), 2.67-2.71 (3H,
m), 2.78-2.87 (2H, m), 3.27-3.30 (2H, m), 3.34-3.37 (2H, m), 3.38 (3H, s), 6.96 (1H, br), 7.50-7.51
(1H, m), 7.58-7.59 (1H, m), 8.12-8.13 (1H, m), 8.66 (1H, br), 10.31 (1H, br); MS (ESI) m/z 428
[M+H]"; HRMS (ESI) calcd for C20H26FNoO [M+H]":428.2322, Found: 428.2326.

2-Chloro-5-fluoro-4-(methylsulfanyl)pyrimidine (14)
To a solution of 11 (3.0 g, 18.0 mmol) in THF (30 mL), sodium thiomethoxide (1.35 g, 19.3
mmol) was added under -30 °C in dry ice-acetone bath and stirred at -30 °C for 2 h. The reaction
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mixture was warmed to room temperature and poured into H>O and extracted with EtOAc. The
organic layer was then washed with H>O, brine, dried over Na>SO4 and concentrated in vacuo to give
14 (24 g, 96%) as a colorless solid. '"H NMR (CDCls) 6 2.62 (3H, s), 8.09 (1H, d, J = 1.4 Hz); MS
(ESI) m/z 179, 181 [M+H]".

5-Fluoro-N-[3-methoxy-5-(5-methyl-1H-tetrazol-1-yl)phenyl]-4-(methylsulfanyl)pyrimidin-2-
amine (15)

To a solution of 14 (550 mg, 3.1 mmol) in [PA (5 mL), 3-methoxy-5-(5-methyl-1H-tetrazol-1-
yDaniline (710 mg, 3.5 mmol) and 4 M HCI-EtOAc (850 pL, 3.4 mmol) were added in a 25 mL
microwave vial. The reaction mixture was heated with stirring at 130 °C in a Biotage auto-sampling
microwave reactor for 1 h. The reaction mixture was poured into H>O and the precipitate was washed
with H,O to give 15 (890 mg, 83%) as a colorless solid. '"H NMR (DMSO-ds) 6 2.58 (3H, s), 2.59
(3H, s), 3.82 (3H, s), 6.88 (1H, t, J=2.0 Hz), 7.56 (1H, t, J=2.0 Hz), 7.70 (1H, t, /= 1.8 Hz), 8.31
(1H, d, J=2.0 Hz), 10.02 (1H, s); MS (ESI) m/z 348 [M+H]".

5-Fluoro-N-[3-methoxy-5-(5-methyl-1H-tetrazol-1-yl)phenyl]-4-(methylsulfinyl)pyrimidin-2-
amine (16)

To a solution of 15 (800 mg, 2.3 mmol) in CH2Clz (8 mL), m-CPBA (650 mg, 2.9 mmol) was
added at 0 °C and stirred for 3h at 0 °C. The reaction mixture was poured into saturated aqueous
NaHCOs and extracted with CHCls. The organic layer was washed with brine, dried over Na,SO4 and
concentrated in vacuo The residue was chromatographed on silica gel with elution using EtOAc to
give 16 (450 mg, 54%) as a colorless solid. '"H NMR (DMSO-ds) 6 2.62 (3H, s), 2.94 (3H, s), 3.84
(3H,s),6.91 (1H, t,J=1.9 Hz), 7.71-7.75 (2H, m), 8.77 (1H, d, J= 1.5 Hz), 10.52 (1H, s); MS (ESI)
m/z 364 [M+H]".

tert-Butyl (BR)-3-{[(5-fluoro-2-{|3-methoxy-5-(5-methyl-1H-tetrazol-1-
yD)phenyl]amino}pyrimidin-4-yl)amino|methyl}piperidine-1-carboxylate (17a)

To a solution of 16 (300 mg, 0.83 mmol) in NMP (3 mL), (3R)-3-(aminomethyl)piperidine-1-
carboxylic acid tert-butyl ester (210 mg, 0.99 mmol) and DIPEA (180 pL, 1.1 mmol) were added in
a 10 mL microwave vial. The reaction mixture was heated with stirring at 110 °C in a Biotage auto-
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sampling microwave reactor for 0.5 h. The reaction mixture was poured into saturated aqueous NH4Cl
and collected by vacuum filtration to give 17a (420 mg, 99%) as a colorless solid. 'H NMR (DMSO-
ds) 0 1.18-1.83 (5H, m), 1.32 (9H, s), 2.58 (3H, s), 2.63-2.84 (2H, m), 3.17-3.29 (2H, m), 3.62-3.93
(2H, m), 3.80 (3H, s), 6.78 (1H, t,J=2.1 Hz), 7.54 (1H, t,J=1.9 Hz), 7.59-7.64 (1H, m), 7.71-7.74
(1H, m), 7.92 (1H, d, J = 3.8 Hz), 9.44 (1H, s); MS (ESI) m/z 514 [M+H]".

5-Fluoro-N?-[3-methoxy-5-(5-methyl-1H-tetrazol-1-yl)phenyl]-V*-[(3S)-piperidin-3-
ylmethyl|pyrimidine-2,4-diamine (17b)

To a solution of 17a (400 mg, 0.78 mmol) in CH2Cl» (4 mL), TFA (2.0 mL, 26 mmol) was added
and stirred at room temperature for 1 h. The reaction mixture was concentrated in vacuo. The residue
was added to saturated aqueous K»COs3 and extracted with CHCIz. The organic layer was dried over
NazS04 and concentrated in vacuo The residue was chromatographed on amino silica gel with elution
using (CHCl3-MeOH) (96:4) to give 17b (260 mg, 81%) as a colorless solid. 'H NMR (DMSO-ds) 6
0.80-1.71 (6H, m), 2.05-2.40 (2H, m), 2.57 (3H, s), 2.71-2.87 (2H, m), 3.14-3.24 (2H, m), 3.80 (3H,
s), 6.77 (1H, t, J= 2.0 Hz), 7.52-7.75 (3H, m), 7.89 (1H, d, J = 3.8 Hz), 9.41 (1H, s); MS (ESI) m/z
414 [M+H]".

5-Fluoro-N?-[3-methoxy-5-(5-methyl-1H-tetrazol-1-yl)phenyl]-N*-{[(3R)-1-methylpiperidin-3-
yljmethyl}pyrimidine-2,4-diamine (17¢)

To a solution of 17b (50 mg, 0.12 mmol) in CH2Cl; (1 mL), 36% aqueous formaldehyde solution
(11 pL, 0.15 mmol) and sodium triacetoxyborohydride (33 mg, 0.16 mmol) were added and the
mixture was stirred at room temperature for 4 h. The reaction mixture was diluted with CHCl; and
basified with saturated aqueous NaHCO3. The organic layer was washed with brine, dried over
Na>SO4 and concentrated in vacuo. The residue was chromatographed on amino silica gel with elution
using EtOAc to give 17¢ (32 mg, 62%) as a colorless solid. 'H NMR (DMSO-ds) § 0.74-1.93 (7H,
m), 2.09 (3H, s), 2.48-2.64 (2H, m), 2.57 (3H, s), 3.18-3.33 (2H, m), 3.79 (3H, s), 6.77 (1H, t, J =
2.0 Hz), 7.52-7.75 (3H, m), 7.89 (1H, d, /= 3.8 Hz), 9.42 (1H, s); MS (ESI) m/z 428 [M+H]"; HRMS

(EST) caled for CagHagFNoO [M+H]": 428.2322, Found: 428.2331. [a]s, (¢ = 0.1, MeOH) -5.5 °.
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tert-Butyl (39)-3-{[(5-fluoro-2-{[3-methoxy-5-(5-methyl-1 H-tetrazol-1-
yD)phenyl]amino}pyrimidin-4-yl)amino]|methyl}piperidine-1-carboxylate (18a)

Compound 18a was prepared from compound 16 in 85% yield as a colorless solid, using a similar
approach to that described for 17a. 'H NMR (DMSO-ds) 6 1.16-1.85 (5H, m), 1.32 (9H, s), 2.31—
2.78 (2H, m), 2.58 (3H, s), 3.15-3.29 (2H, m), 3.60-3.94 (2H, m), 3.80 (3H, s), 6.78 (1H, t, J=2.1
Hz), 7.54 (1H, t, J = 2.1 Hz), 7.59-7.67 (1H, m), 7.71-7.76 (1H, m), 7.92 (1H, d, J = 3.7 Hz), 9.44
(1H, s); MS (ESI) m/z 514 [M+H]".

5-Fluoro-N?-[3-methoxy-5-(5-methyl-1H-tetrazol-1-yl)phenyl]-N*-[(3R)-piperidin-3-
ylmethyl|pyrimidine-2,4-diamine (18b)

Compound 18b was prepared from compound 18a in 99% yield as a colorless solid, using a
similar approach to that described for 17b. 'H NMR (DMSO-ds) 6 0.80—1.77 (5H, m), 2.05-2.53 (3H,
m), 2.58 (3H, s), 2.72-2.88 (2H, m), 3.14-3.24 (2H, m), 3.80 (3H, s), 6.78 (1H, t, J= 2.0 Hz), 7.52—
7.76 (3H, m), 7.89 (1H, d, J = 3.8 Hz), 9.42 (1H, s); MS (ESI) m/z 414 [M+H]".

5-Fluoro-N?-[3-methoxy-5-(5-methyl-1H-tetrazol-1-yl)phenyl]-NV*-{[(3S)-1-methylpiperidin-3-
ylmethyl}pyrimidine-2,4-diamine (18c)

Compound 18¢ was prepared from compound 18b in 61% yield as a colorless solid, using a
similar approach to that described for 17¢. 'H NMR (DMSO-ds) 6 0.73-1.93 (7H, m), 2.09 (3H, s),
2.44-2.70 (2H, m), 2.57 (3H, s), 3.12-3.36 (2H, m), 3.80 (3H, s), 6.78 (1H, t, J= 2.0 Hz), 7.52-7.76
(3H, m), 7.89 (1H, d, J = 3.8 Hz), 9.42 (1H, s); MS (ESI) m/z 428 [M+H]"; HRMS (ESI) calcd for
C20H26FNoO [M+H]": 428.2322, Found: 428.2332; Anal. Calcd for C20H26FN9O: C, 56.19; H, 6.13;

N, 29.49; F, 4.44. Found: C, 56.28; H, 6.15; N, 29.45; F, 4.47. [a] » (c = 0.1, MeOH) 6.0 °.

N*-{[(3S)-1-Ethylpiperidin-3-yljmethyl}-5-fluoro-N*-[3-methoxy-5-(5-methyl-1H-tetrazol-1-
y))phenyl]pyrimidine-2,4-diamine (19a)

To a solution of 18b (52 mg, 0.13 mmol) in NMP (500 pL), ethylbromide (12 puL, 0.16 mmol)
and DIPEA (28 pL, 0.16 mmol) were added and the reaction mixture was stirred at 80 °C for 1h. To

the reaction mixture CHCI3; was added and chromatographed on amino silica gel with elution using
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(n-hexane-EtOAc) (1:6) to give 19a (38 mg, 68%) as a colorless solid. 'H NMR (DMSO-ds) J 0.77—
2.36 (9H, m), 0.94 (3H, t, J=8.0 Hz), 2.40-2.78 (2H, m), 2.57 (3H, s), 3.17-3.37 (2H, m), 3.80 (3H,
s), 6.78 (1H, t, J=2.0 Hz), 7.52-7.76 (3H, m), 7.89 (1H, d, J = 3.8 Hz), 9.42 (1H, s); MS (ESI) m/z
442 [M+H]"; HRMS (ESI) calcd for C21H23FNoO [M+H]": 442.2479, Found: 442.2479.

5-Fluoro-N*-{[(3S)-1-(2-methoxyethyl)piperidin-3-yljmethyl}-N*-[3-methoxy-5-(5-methyl-1H-
tetrazol-1-yl)phenyl]pyrimidine-2,4-diamine (19b)

Compound 19b was prepared from compound 18b in 64% yield as a colorless solid, using a
similar approach to that described for 18a. "TH NMR (DMSO-ds) 6 0.79-1.93 (7H, m), 2.36-2.42 (2H,
m), 2.57 (3H, s), 2.65-2.76 (2H, m), 3.18 (3H, s), 3.19-3.39 (4H, m), 3.80 (3H, s), 6.78 (1H, t, J =
2.0 Hz), 7.52-7.76 (3H, m), 7.89 (1H, d, J = 3.8 Hz), 9.42 (1H, s); MS (ESI) m/z 472 [M+H]"; HRMS
(ESI) caled for C2oH30FNoO, [M+H]": 472.2585, Found: 472.2575.

2-[(35)-3-{[(5-Fluoro-2-{[3-methoxy-5-(5-methyl-1H-tetrazol-1-yl)phenyl]amino} pyrimidin-4-
yl)amino]methyl}piperidin-1-yl]ethanol (19¢)

To a solution of 18b (59 mg, 0.14 mmol) in THF (1.2 ml), 2,2-difluoroethyl
trifluoromethanesulfonate (37 mg, 0.17 mmol) and DIPEA (49 pL, 0.29 mmol) were added. The
reaction mixture was refluxed for 14 h. After cooling to room temperature, the reaction mixture was
diluted with CHCIl; and basified with saturated aqueous NaHCOs. The organic layer was washed with
brine, dried over Na2SO4 and concentrated in vacuo. The residue was chromatographed on silica gel
with elution using (CHCI3-MeOH) (97:3) to give 19¢ (35mg, 51%) as a colorless solid. 'H NMR
(DMSO-ds) ¢ 0.80-0.88 (1H, m), 1.31-1.42 (1H, m), 1.53-1.59 (2H, m), 1.82-1.86 (2H, m), 2.05—
2.11 (1H, m), 2.57 (3H, s), 2.61-2.70 (2H, m), 2.73-2.80 (2H, m), 3.16-3.31 (2H, m), 3.80 (3H, s),
6.07 (1H, tt, J=55.9, 4.3 Hz), 6.78 (1H, t, J = 2.1 Hz), 7.54-7.59 (2H, m), 7.73 (1H, t, J = 1.8 Hz),
7.90 (1H, d, J=3.7 Hz), 9.42 (1H, s). MS (ESI) m/z 478 [M+H]*; HRMS (ESI) calcd for C21H26F3NoO
[M+H]": 478,2291, Found: 478.2288.

5-Fluoro-N?-[3-methoxy-5-(5-methyl-1H-tetrazol-1-yl)phenyl]-N*-{[(35)-1-(2,2,2-
trifluoroethyl)piperidin-3-yljmethyl}pyrimidine-2,4-diamine (19d)
Compound 19d was prepared from compound 18b in 64% yield as a colorless solid, using a
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similar approach to that described for 19¢. 'H NMR (DMSO-ds) 6 0.81-0.91 (1H, m), 1.33-1.43 (1H,
m), 1.53-1.59 (2H, m), 1.84-1.91 (1H, m), 1.98-2.03 (1H, m), 2.21-2.27 (1H, m), 2.57 (3H, s), 2.77—
2.80 (1H, m), 2.83-2.86 (1H, m), 3.10 (2H, q, J = 10.3 Hz), 3.21-3.25 (2H, m), 3.79 (3H, s), 6.78
(1H, t, J = 2.1 Hz), 7.55-7.60 (2H, m), 7.72 (1H, t, J= 1.8 Hz), 7.90 (1H, d, J = 3.8 Hz), 9.43 (1H,
s). MS (ESI) m/z 496 [M+H]"; HRMS (ESI) calcd for C21H2sFsNoO> [M+H]": 496.2196, Found:
496.2206.

2-Chloro-5-fluoro-N-[(3R)-piperidin-3-ylmethyl|pyrimidin-4-amine (20)

To a solution of 11 (3.4 g, 20 mmol) in DMF (34 mL), (35)-3-(aminomethyl)piperidine-1-
carboxylic acid tert-butyl ester (5.2 g, 24 mmol) and DIPEA (4.5 mL, 26 mmol) were added. The
reaction mixture was stirred at room temperature for 14 h. The reaction mixture was poured into
saturated aqueous NH4Cl and extracted with EtOAc. The organic layer was washed with H,O and
brine and then dried over NaxSO4 and concentrated in vacuo to give a brown solid. To a solution of
the residue in CH>Cl> (60 mL), TFA (13 mL, 170 mmol) was added and stirred at room temperature
for 4h. The reaction mixture was concentrated in vacuo. The residue was added to saturated aqueous
K>COs3 and extracted with (CHCI3-MeOH) (80/20). The organic layer was dried over Na;SO4 and
concentrated in vacuo to give 20 (4.2 g, 87%) as a pale solid. 'H NMR (DMSO-ds): 0.99-1.12 (1H,
m), 1.24-1.39 (1H, m), 1.52-1.61 (1H, m), 1.66—1.79 (2H, m), 2.21 (1H, dd, J=11.8, 9.4 Hz), 2.38—
2.48 (1H, m), 2.77-2.85 (1H, m), 2.85-2.93 (1H, m), 3.15-3.24 (3H, m), 8.04 (1H, d, J = 3.2 Hz),
8.15-8.24 (1H, m); MS (ESI) m/z 245, 247 [M+H]".

2-Chloro-5-fluoro-N-{[(3S)-1-methylpiperidin-3-yl|methyl}pyrimidin-4-amine (21)

To a solution of 20 (2.1 g, 8.6 mmol) in CH>Cl; (21 mL) , 36% aqueous formaldehyde solution
(1.0 g, 13 mmol) and sodium triacetoxyborohydride (2.7 g, 13 mmol) were added and then stirred at
room temperature for 1 h. The reaction mixture was diluted with CHCl3 and basified with saturated
aqueous NaHCOs. The organic layer was washed with brine, dried over Na>SO4 and concentrated in
vacuo. The residue was chromatographed on amino silica gel with elution using CHCI; to give 21
(1.3 g, 59%) as a colorless solid. '"H NMR (DMSO-ds) § 0.82-0.97 (1H, m), 1.34-1.49 (1H, m), 1.54—
1.70 (3H, m), 1.78-1.94 (2H, m), 2.12 (3H, s), 2.53-2.69 (2H, m), 3.12-3.29 (2H, m), 8.04 (1H, d, J
=3.5 Hz), 8.14-8.24 (1H, m); MS (ESI) m/z 259, 261 [M+H]".
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5-Fluoro-N*-{[(3S)-1-methylpiperidin-3-yljmethyl}-N?-|3-(5-methyl-1 H-tetrazol-1-
yD)phenyl]pyrimidine-2,4-diamine (22a)

To a solution of 21 (355 mg, 1.4 mmol) in IPA (14 mL), 3-(5-methyl-1H-tetrazol-1-yl)aniline
(313 mg, 1.3 mmol) and 4 M HCI-EtOAc (1.0 mL, 4.1 mmol) were added and stirred at 120 °C for 9
h. The reaction mixture was diluted with CHCI3 and washed with saturated aqueous NaHCO3. The
organic layer was washed with brine, dried over NaxSO4 and concentrated in vacuo. The residue was
chromatographed on amino silica gel with elution using (CHCl3-MeOH) (90:10) to give 22a (320 mg,
59%) as a colorless solid. "H NMR (DMSO-ds) ¢ 0.74-0.87 (1H, m), 1.28-1.41 (1H, m), 1.54—1.64
(3H, m), 1.74-1.92 (2H, m), 2.10 (3H, s), 2.52-2.70 (2H, m), 2.57 (3H, s), 3.15-3.28 (2H, m), 7.10-
7.18 (1H, m), 7.47 (1H, t, J = 8.1 Hz), 7.55-7.63 (1H, m), 7.77-7.83 (1H, m), 7.90 (1H, d, J = 3.8
Hz), 8.24 (1H, t, J = 2.1 Hz), 9.49 (1H, s); MS (ESI) m/z 398 [M+H]"; HRMS (ESI) calcd for
Ci9H24FNo [M+H]": 398.2217, Found: 398.2208.

5-Fluoro-N*-{[(3S)-1-methylpiperidin-3-yl|methyl}-N?-[3-(1H-1,2,3-triazol-1-
yD)phenyl]pyrimidine-2,4-diamine (22b)

Compound 22b was prepared from compound 21 in 74% yield as a colorless solid, using a similar
approach to that described for 22a. '"H NMR (DMSO-ds) 6 0.81-0.95 (1H, m), 1.27-1.42 (1H, m),
1.50-1.64 (3H, m), 1.71-1.82 (1H, m), 1.83-1.94 (1H, m), 2.07 (3H, s), 2.47-2.66 (2H, m), 3.23—
3.37 (2H, m), 7.27-7.33 (1H, m), 7.41 (1H, t, J = 8.1 Hz), 7.52-7.61 (1H, m), 7.65-7.72 (1H, m),
7.90 (1H, d, J=3.8 Hz), 7.95 (1H, d, J=3.8 Hz), 8.57 (1H, d, /= 2.1 Hz), 8.71 (1H, d, J= 1.2 Hz),
9.4 (1H, s); MS (ESI) m/z 383 [M+H]"; HRMS (ESI) calcd for C19H23FNg [M+H]": 383.2108, Found:
383.2106.

5-Fluoro-N*-{[(3S)-1-methylpiperidin-3-ylmethyl}-N?-[3-(1,3-0xazol-5-yl)phenyl|pyrimidine-
2,4-diamine (22¢)

Compound 22¢ was prepared from compound 21 in 72% yield as a colorless solid, using a similar
approach to that described for 22a. 'H-NMR (DMSO-ds) & 0.80-0.95 (1H, m), 1.30-1.46 (1H, m),
1.52-1.71 (3H, m), 1.74-1.84 (1H, m), 1.84-1.98 (1H, m), 2.08 (3H, s), 2.42-2.70 (2H, m), 3.23—
3.39 (2H, m), 7.21-7.27 (1H, m), 7.31 (1H, t, J= 7.9 Hz), 7.50-7.56 (1H, m), 7.57 (1H, s), 7.63-7.69
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(1H, m), 7.88 (1H, d, J = 3.8 Hz), 8.20-8.24 (1H, m), 8.42 (1H, s), 9.19 (1H, s); MS (ESI) m/z 383
[M+H]"; HRMS (ESI) calcd for CaHasFNgO [M+H]": 383.1996, Found: 383.1994.

5-Fluoro-N*-{[(3S)-1-methylpiperidin-3-yljmethyl}-N?-|3-(1H-pyrazol-1-
y)phenyl]pyrimidine-2,4-diamine (22d)

Compound 22d was prepared from compound 21 in 86% yield as a colorless solid, using a similar
approach to that described for 22a. 'H NMR (DMSO-ds) § 0.82-0.97 (1H, m), 1.31-1.45 (1H, m),
1.53-1.68 (3H, m), 1.74-1.97 (2H, m), 2.08 (3H, s), 2.50-2.71 (2H, m), 3.21-3.41 (2H, m), 6.52 (1H,
dd, J=2.4, 1.6 Hz), 7.24-7.34 (2H, m), 7.48-7.59 (2H, m), 7.71 (1H, d, J= 1.6 Hz), 7.88 (1H, d, J
=4.0 Hz), 8.34 (1H, d, J= 2.4 Hz), 8.44 (1H, dd, J = 1.6, 1.6 Hz), 9.24 (1H, s); MS (ESI) m/z 382
[M+H]"; HRMS (ESI) calcd for C2oH24FN7 [M+H]": 382.2155, Found: 382.2148.

5-Fluoro-N*-{[(3S)-1-methylpiperidin-3-yl|methyl}-N?-[3-(4-methyl-1 H-pyrazol-1-
yD)phenyl]pyrimidine-2,4-diamine (22e)

Compound 22e was prepared from compound 21 in 93% yield as a white solid, using a similar
approach to that described for 22a. 'H NMR (DMSO-ds) & 0.83-0.97 (1H, m), 1.32-1.45 (1H, m),
1.53-1.69 (3H, m), 1.74-1.84 (1H, m), 1.84-1.96 (1H, m), 2.08 (3H, s), 2.10 (3H, s), 2.52-2.62 (1H,
m), 2.62-2.70 (1H, m), 3.26-3.38 (2H, m), 7.17-7.23 (1H, m), 7.27 (1H, dd, J = 8.0, 8.0 Hz), 7.46—
7.56 3H, m), 7.88 (1H, d, J=3.6 Hz), 8.10 (1H, s), 8.38 (1H, dd, /= 2.0, 2.0 Hz), 9.21 (1H, s); MS
(ESI) m/z 396 [M+H]*; HRMS (ESI) caled for C21H26FN7 [M+H]": 396.2312, Found: 396.2308.

N2-[3-(4-Chloro-1H-pyrazol-1-yl)phenyl]-5-fluoro-NV*-{[(3S)-1-methylpiperidin-3-
ylmethyl}pyrimidine-2,4-diamine (22f)

Compound 22f was prepared from compound 21 in 92% yield as a white solid, using a similar
approach to that described for 22a. Mp 136°C; '"H NMR (DMSO-ds) & 0.80-0.95 (1H, m), 1.30-1.44
(1H, m), 1.52-1.68 (3H, m), 1.73-1.96 (2H, m), 2.08 (3H, s), 2.49-2.70 (2H, m), 3.24-3.39 (2H, m),
7.21-7.27 (1H, m), 7.32 (1H, dd, J = 8.0, 8.0 Hz), 7.49-7.58 (2H, m), 7.83 (1H, d, /= 0.4 Hz), 7.89
(1H, d, J= 3.6 Hz), 8.45 (1H, dd, J = 2.2, 2.2 Hz), 8.65 (1H, d, J = 0.4 Hz), 9.28 (1H, s); *C NMR
(DMSO-ds) 624.31,27.56,35.43,43.71,46.33,55.67,59.54,108.37,110.47,110.61, 116.44, 126.05,
129.08, 138.41, 138.56, 138.77, 139.49, 142.38, 152.19, 144.40; MS (ESI) m/z 416, 418 [M+H]";
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HRMS (ESI) calcd for C20H23CIFN7 [M+H]™: 416.1766, Found: 416.1770; IR (ATR, cm™) 1429;
Anal. Calcd for C20H23CIFN7: C, 57.76; H, 5.57; N, 23.57; Cl, 8.52; F, 4.57. Found: C, 57.79; H,

5.46; N, 23.64: CL, 8.49; F, 4.59. [a] p (c=0.1, MeOH) -4.5 °.

1,2,2,6,6-Pentamethylpiperidine-4-carbonitrile (24)

Under argon atmosphere, to a solution of 23 (3.0 g, 18 mmol) and TosMIC (3.8 g, 19 mmol) in
DME (63 mL) and tert-BuOH (21 mL), tert-BuOK (4.0 g, 35 mmol) was added at 0 °C. The reaction
mixture was allowed to room temperature and stirred for 2 h. The reaction mixture was poured into
H>O and extracted with EtOAc. The organic layer was washed with brine and dried with anhydrous
Na»SO4 and concentrated under reduced pressure. The residue was triturated with (n-hexane-EtOAc)
(50:50) to give 24 (1.8 g, 56%) as a colorless solid. 'H NMR (CDCls) 6 1.00 (6H, s), 1.16 (6H, s),
1.63-1.74 (2H, m), 1.78-1.88 (2H, m), 2.22 (3H, s), 2.73-2.84 (1H, m); MS (ESI) m/z 181 [M+H]".

1-(1,2,2,6,6-Pentamethylpiperidin-4-yl)methanamine (25)

Under argon atmosphere, to a suspension of LAH (210 mg, 5.5 mmol) in THF (20 mL), 24 (1.0
g, 5.5 mmol) was added at 0 °C. The reaction mixture was stirred at 0 °C for 3 h then cautiously
quenched with saturated aqueous Rochelle's salt and stirred at room temperature for 15 min. The
precipitate was filtrated and concentrated under reduced pressure. The residue was chromatographed
on amino silica gel with elution using (CHCI3-MeOH) (98:2) to give 25 (1.0 g, 98%) as a colorless
oil. 'TH NMR (CDCl3) 6 0.97-1.17 (4H, m), 1.01 (6H, s), 1.14 (6H, s), 1.48-1.58 (2H, m), 1.61-1.75
(1H, m), 2.25 (3H, s), 2.53 (2H, d, J = 6.4 Hz); MS (ESI) m/z 185 [M+H]".

4-Chloro-1-(3-nitrophenyl)-1H-pyrazole (27)

To a solution of 26 (400 mg, 2.8 mmol) in DMI (2.4 mL), 4-chloro-1H-pyrazole (440 mg, 4.3
mmol) and K>COs (0.78 g, 5.7 mmol) were added and stirred at 130 °C for 16 h. The mixture was
partitioned with EtOAc and H20. The organic layer was washed with brine, dried over anhydrous
Na»SO4 and concentrated under reduced pressure. The residue was chromatographed on amino silica
gel with elution using (n-hexane-EtOAc) (90:10) to give 27 (583 mg, 92%) as a pale yellow solid. 'H
NMR (DMSO-ds) 6 7.82 (1H, dd, /= 8.0, 8.0 Hz), 8.00 (1H, d, /= 0.4 Hz), 8.16-8.21 (1H, m), 8.27—
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8.32 (1H, m), 8.64 (1H, dd, J= 2.4, 2.4 Hz), 9.04 (1H, d, J = 0.4 Hz); MS (ESI) m/z 224, 226 [M+H]".

3-(4-Chloro-1H-pyrazol-1-yl)aniline (28)

To a solution of 27 (580 mg, 2.6 mmol) in EtOH (14 mL), SnCl>:2H>0 (2.3 g, 10 mmol) was added
and refluxed for 6 h. The mixture was partitioned with EtOAc and saturated aqueous NaHCO3 and
filtered with celite. The residue was extracted, washed with brine, dried over anhydrous Na>SO4 and
concentrated under reduced pressure. The residue was chromatographed on amino silica gel with
elution using (n-hexane-EtOAc) (45:55) to give 28 (467 mg, 94%) as a pale yellow solid. '"H NMR
(DMSO-ds) 6 5.38 (2H, s), 6.49-6.54 (1H, m), 6.84-6.88 (1H, m), 7.01 (1H, dd, J = 2.0, 2.0 Hz),
7.10 (1H, dd, J = 8.0, 8.0 Hz), 7.79 (1H, d, /= 0.8 Hz), 8.59 (1H, d, J = 0.8 Hz); MS (ESI) m/z 194,
196 [M+H]".

Kimes _ED ISR

E=q18

3,5-Dichloro-6-cyanopyrazine-2-carboxamide (31)

To a solution of 3,5-dichloropyrazine-2-carbonitrile (30) (120 mg, 0.69 mmol) in formamide (5.3 g,
120 mmol) were added H2SO4 (37 pL, 0.69 mmol), F.SO4-7H20 (190mg, 0.69 mmol) in H>O (700
pL) and H2O» (230 pL, 2.1 mmol) in H,O (700 pL) dropwise at 0 °C, and the mixture was stirred at
the same temperature for 30 min. The reaction mixture was quenched with ice water and extracted
with EtOAc. The aqueous layer was extracted with EtOAc. The combined organic layer was
washed with water, saturated aqueous NaHCO3 and brine, dried over Na;SO4 and concentrated in
vacuo to give 31 (99 mg, 66%) as a pale yellow solid. 'H NMR (DMSO-ds) 6 8.18 (1H, br s), 8.28
(1H, br s); MS (ESI) m/z 197, 199 [M-HCI+H,O]".

3-(3-Bromoanilino)-5-chloro-6-cyanopyrazine-2-carboxamide (34)

To a solution of 31 (110 mg, 0.51 mmol) in DMI (2 mL) were added 3-bromoaniline (74 mg, 0.43

mmol) and DIPEA (106 pL, 0.61 mmol). The reaction mixture was heated with stirring at 60 °C in

a Biotage auto-sampling microwave reactor for 20 min. The mixture was poured into saturated

aqueous NH4Cl and collected by vaccum filtration to give 34 (145 mg, 81%) as a yellow solid. 'H

NMR (DMSO-ds) 6 7.35-7.42 (2H, m), 7.54-7.60 (1H, m), 8.01 (1H, br s), 8.26 (1H, br s), 8.63
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(1H, s), 12.0 (1H, br s); MS (ESI) m/z 350, 352 [M-HJ-.

6-(3-Bromoanilino)-4-chloropyridine-3-carbonitrile (35)

To a solution of 2,4-dichloro-5-cyanopyridine 32 (300 mg, 1.7 mmol) in DMF (2 mL) were added
3-bromoaniline (290 mg, 1.7 mmol) and 4 M HCI (43 pL, 0.17 mmol). The reaction mixture was
heated with stirring at 150 °C in a Biotage auto-sampling microwave reactor for 1.5 h. The mixture
was diluted with EtOAc and washed with brine. The organic layer was dried over Na>xSOsand
concentrated in vacuo. The residue was chromatographed on silicagel with elution using (n-hexane-
CHCls) (5:95) and recrystalyzed with EtOAc and n-hexane to give 35 (40 mg, 7.5%). 'H NMR
(DMSO-ds) & 7.49-7.56 (3H, m), 7.77 (2H, br s), 8.75 (1H, s), 10.39 (1H, s); MS (ESI) m/z 306,
308 [M-H].

2-(3-Bromoanilino)-4-chloropyrimidine-5-carbonitrile (36)

To a solution of 2,4-dichloro-5-cyanopyrimidine 33 (700 mg, 4.0 mmol) in DMF (7 mL) were
added 3-bromoaniline (710 mg, 4.1 mmol) and DIPEA (750 puL,4.3 mmol) at 0 °C, and stirred at the
same temperature for 1 h. The reaction mixture was concentrated in vacuo. The residue was
chromatographed on silicagel with elution using (n-hexane- CHCI3) to give 36 (510 mg, 41%). 'H
NMR (DMSO-ds) 6 7.28-7.38 (2H, m), 7.63-7.69 (1H, m), 7.99 (1H, br s), 8.97 (1H, s), 10.99 (1H,
s); MS (ESI) m/z 307, 309 [M-H]".

5-{[(trans-4-Aminocyclohexyl)methyl]amino}-3-[(3-bromophenyl)amino]-6-cyanopyrazine-2-
carboxamide (29)
To a solution of 34 (60 mg, 0.17 mmol) in DMI (1 mL) were added tert-butyl (¢trans-4-
aminomethylcyclohexyl)carbamate (78 mg, 0.34 mmol) and DIPEA (89 uL, 0.51 mmol). The
reaction mixture was heated with stirring at 60 °C in a Biotage auto-sampling microwave reactor for
20 min. The mixture was chromatographed on silicagel with elution using (CHCI3-MeOH) (100:0
to 98:2) and concentrated in vacuo. To the residue in CH>Cl, (2 mL) was added TFA (450 pL, 5.8
mmol) at 0 °C and stirred at room temperature for 2 h. The reaction mixture was basified with
saturated aqueous NaHCOs3 and extracted with EtOAc. The organic layer was dried over Na;SOq4
and concentrated in vacuo to give 29 (28 mg, 37%) as a pale yellow solid. "H NMR (DMSO-ds) &
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0.83-1.09 (4H, m), 1.50-1.65 (1H, m), 1.68-1.88 (4H, m), 2.40-2.50 (1H, m), 3.08-3.28 (2H, m),
7.22-7.44 (3H, m), 7.67 (1H, brs), 8.01 (1H, br s), 8.09 (1H, brs), 8.28 (1H, br s), 12.05 (1H, br s);
MS (ESI) m/z 444, 446 [M+H]"; HRMS (ESI) caled for C1oH2:ON;Br [M+H]": 444.1142, Found:
444.1144.

4-{[(trans-4-Aminocyclohexyl)methyl]amino}-6-[(3-bromophenyl)amino]nicotinonitrile (37)
Compound 37 was prepared from compound 35 in 19% yield as a colorless solid, using a similar
approach to that described for 29. 'H NMR (DMSO-ds) § 0.75-1.32 (4H, m), 1.48-1.68 (1H, m),
1.69-1.95 (4H, m), 2.71-2.84 (1H, m), 2.85-3.09 (2H, m), 5.32 (2H, brs), 5.98 (1H, s), 6.76-6.82
(1H, m), 7.06-7.11 (1H, m), 7.21 (1H, t, J= 8.1Hz), 7.43-7.48 (1H, m), 8.00-8.03 (1H, m), 8.20
(1H, s), 9.38 (1H, s); MS (ESI) m/z 400 [M+H]".

4-{[(trans-4-Aminocyclohexyl)methyl]amino}-2-[(3-bromophenyl)amino]pyrimidine-5-
carbonitrile (38a)

Compound 38a was prepared from compound 36 in 74% yield as a colorless solid, using a similar
approach to that described for 29. 'H NMR (DMSO-de) § 0.87-1.06 (4H, m), 1.27-1.47 (2H, m),
1.53-1.65 (1H, m), 1.67—-1.81 (4H, m), 2.39-2.55 (1H, m), 3.21-3.42 (2H, m), 7.14-7.19 (1H, m),
7.23 (1H, t, J=8.0Hz), 7.56-7.62 (1H, m), 7.88 (1H, br s), 8.22 (1H, s), 8.35 (1H, s), 9.94 (1H, br
s); MS (ESI) m/z 401, 403 [M+H]"; HRMS (ESI) calcd for C1sH22Ne¢Br [M+H]": 401.1084, Found:
401.1086.

4-({[trans-4-(Aminomethyl)cyclohexyl|methyl}amino)-2-[(3-bromophenyl)amino]pyrimidine-
5-carbonitrile (38b)

Compound 38b was prepared from compound 36 in 53% yield as a colorless solid, using a similar
approach to that described for 29. 'H NMR (DMSO-de) § 0.64—1.32 (8H, m), 1.56-1.87 (4H, m),
2.30-2.39 (2H, m), 3.25-3.33 (2H, m), 7.12-7.29 (2H, m), 7.56-7.67 (1H, m), 7.89 (1H, br s), 8.22
(1H, brs), 8.35 (1H, s), 9.94 (1H, br s); MS (ESI) m/z 415, 417 [M+H]"; HRMS (ESI) calcd for
C1oH24NgBr [M+H]": 415.1240, Found: 415.1242.

4-{[2-(trans-4-Aminocyclohexyl)ethyl]amino}-2-[(3-bromophenyl)amino]pyrimidine-5-
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carbonitrile (38c)

Compound 39¢ was prepared from compound 36 in 89% yield as a colorless solid, using a similar
approach to that described for 29. 'H NMR (DMSO-ds) § 0.78-1.33 (5H, m), 1.39-1.55 (2H, m),
1.59-1.86 (4H, m), 2.35-2.56 (1H, m), 3.36-3.50 (2H, m), 7.17-7.28 (2H, m), 7.58-7.67 (1H, m),
7.85 (1H, brs), 8.17 (1H, s), 8.35 (1H, s), 9.97 (1H, br s); MS (ESI) m/z 415 [M+H]"; HRMS (ESI)
calcd for C19H24NeBr [M+H]": 415.1240, Found: 415.1240.

2-(3-Bromoanilino)-4-{[(piperidin-4-yl)methyl|]amino}pyrimidine-5-carbonitrile (38d)
Compound 38d was prepared from compound 36 in 78% yield as a colorless solid, using a similar
approach to that described for 29. 'H NMR (DMSO-de) § 0.95-1.17 (2H, m), 1.56-1.67 (2H, m),
1.68-1.85 (1H, m), 2.27-2.45 (2H, m), 2.81-3.01 (2H, m), 3.07-3.57 (3H, m), 7.14-7.20 (1H, m),
7.23 (1H, t, J=8.0 Hz), 7.56-7.66 (1H, m), 7.89 (1H, br s), 8.19 (1H, s), 8.36 (1H, s), 9.96 (1H, br
s); MS (ESI) m/z 387, 389 [M+H]"; HRMS (ESI) caled for C17H20N¢Br [M+H]": 387.0927, Found:
387.0928.

4-({|(1s,3R,45,55,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-(3-bromoanilino)pyrimidine-
5-carbonitrile (38e)

Compound 38e was prepared from compound 36 in 51% yield as a colorless solid, using a similar
approach to that described for 29. 'H NMR (DMSO-de) & 1.17-1.87 (13H, m), 1.92-2.06 (2H, m),
2.77-2.83 (1H, m), 3.18-3.28 (2H, m), 7.14-7.20 (1H, m), 7.25 (1H, t, J = 8.1Hz), 7.46-7.57 (1H,
m), 7.58-7.72 (1H, m), 8.32-8.41 (2H, m), 9.96 (1H, br s); MS (ESI) m/z 453 [M+H]"; HRMS
(ESI) caled for C22H26BrNg [M+H]"™: 453.1397, Found: 453.1396.

tert-Butyl [(1R,25,3S,5s,75)-5-({[S-cyano-2-(methanesulfinyl)pyrimidin-4-
yllJamino}methyl)adamantan-2-yl]carbamate (41)

To a solution of 4-chloro-2-(methylsulfanyl)pyrimidine-5-carbonitrile 39 (4.9 g, 26 mmol) in DMI
(50 mL), tert-butyl [(1R,25,3S,5s,7s)-5-(aminomethyl)adamantan-2-yl]carbamate 40 (7.4 g, 26
mmol) and DIPEA (9.1 ml, 52 mmol) were added at 0 °C and stirred at 0 °C for 1 h. The reaction
mixture was poured into saturated aqueous NH4Cl and resulted precipitate was collected by vaccum
filtration to give a colorless solid. To a solution of the residue in CH>Cl, (110 mL), 75% m-CPBA
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(6.5 g, 28 mmol) was added at 0 °C. After stirring at 0 °C for 3 h, 75% m-CPBA (0.44 g, 2.6 mmol)
was added and stirred at 0 °C for 1 h. The reaction mixture was diluted with EtOAc and washed
with saturated aqueous NaHCO3. The organic layer was washed with H>O and brine, dried over
Na>SOs4 and concentrated in vacuo. The residue was chromatographed on silicagel with elution
using (n-hexane-EtOAc) (25:75 to 10:90) to give 14 (9.5 g, 81%) as a colorless solid. 'H NMR
(DMSO-ds) 6 1.22-1.58 (8H, m), 1.38 (9H, s), 1.76-1.97 (5SH, m), 2.81 (3H, s), 3.15-3.30 (2H, m),
3.41-3.52 (1H, m), 6.75-6.82 (1H, m), 8.48-8.55 (1H, m), 8.72 (1H, s); MS (ESI) m/z 468
[M+Na]".

4-({|(1s,3R,45,55,75)-4-Aminoadamantan-1-ylmethyl}amino)-2-anilinopyrimidine-5-
carbonitrile (42a)

To a solution of 41 (50 mg, 0.11 mmol) in DMI (1 mL), aniline (20 pL, 0.22 mmol) and 4 M HCI-
dioxane (3 pL, 0.011 mmol) were added and stirred at 100°C for 3 h. The reaction mixture was
concentrated in vacuo. To the residue in CH>Cl; (1 mL) was added TFA (500 puL) and stirred at room
temperature for 2 h. The reaction mixture was concentrated in vacuo. The residue was
chromatographed on amino silicagel with elution using (CHCI3-MeOH) (98:2 to 90:10) to give 42a
(15 mg, 36%) as a colorless solid. 'H NMR (DMSO-ds) & 1.10-2.20 (15H, m), 2.75-2.81 (1H, m),
3.22 (2H, d, J = 6.3Hz), 6.98-7.04 (1H, m), 7.26-7.32 (2H, m), 7.51-7.60 (1H, br), 7.73-7.79 (2H,
m), 8.32 (1H, s), 9.74 (1H, br s); MS (ESI) m/z 375 [M+H]"; HRMS (ESI) calcd for C2oH27Ns [M+H] "
375.2292, Found: 375.2290.

4-({[(1s,3R,45,5S,75)-4-Aminoadamantan-1-ylJmethyl}amino)-2-(cyclohexylamino)pyrimidine-
5-carbonitrile (42b)

To a solution of 41 (50 mg, 0.11 mmol) in DMI (1ml), cyclohexylamine (30 pL, 0.26 mmol) was
added and stirred at room temperature for 14 h. The reaction mixture was concentrated in vacuo. To
the residue in CH>Cl, (1 mL), TFA (85 pL, 1.1 mmol) was added and stirred at room temperature for
5 h. The reaction mixture was concentrated in vacuo and chromatographed on amino silicagel with
elution using (CHC13-MeOH) (98:2 to 90:10) to give 42b (20 mg, 47%) as a colorless solid. '"H NMR
(DMSO-ds) 6 1.03-1.88 (23H, m), 1.96-2.06 (2H, m), 2.74-2.80 (1H, m), 3.08-3.17 (2H, m), 3.62—
3.74 (1H, m), 7.22-7.31 (1H, m), 7.45-7.51 (1H, m), 8.09 (1H, s); MS (ESI) m/z 381 [M+H]";
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HRMS (ESI) calcd for C22Hs3Ne [M+H]": 381.2761, Found: 381.2762.

4-({[(15,3R,45,5S,7s)-4-Aminoadamantan-1-yljmethyl}amino)-2-
[(cyclohexylmethyl)amino]pyrimidine-5-carbonitrile (42c¢)

Compound 42¢ was prepared from compound 41 in 47% yield as a colorless solid, using a similar
approach to that described for 42b. 'H NMR (DMSO-d) & 0.81-1.88 (24H, m), 1.95-2.07 (2H, m),
2.76-2.81 (1H, m), 3.00-3.19 (4H, m), 7.21-7.28 (1H, m), 7.64-7.71 (1H, m), 8.08 (1H, s); MS (ESI)
m/z 395 [M+H]"; HRMS (ESI) caled for C23H3sNs [M+H]": 395.2918, Found: 395.2918.

4-({|(1s,3R,45,55,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-(benzylamino)pyrimidine-5-
carbonitrile (42d)

Compound 42d was prepared from compound 41 in 34% yield as a colorless solid, using a similar
approach to that described for 42b. 'H NMR (DMSO-de) & 1.10-2.10 (15H, m), 2.71 and 2.81 (total
1H, each br s), 3.03 and 3.13 (total 2H, each d, J = 6.4Hz), 4.45 and 4.47 (total 2H, each d, J =
6.4Hz), 7.03-7.38 (6H, m), 7.88-8.22 (2H, m); MS (ESI) m/z 389 [M+H]*; HRMS (ESI) calcd for
C23H20Ng [M+H]": 389.2448, Found: 389.2446.

4-({|(1s,3R,45,58,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-[(2-
bromobenzyl)amino|pyrimidine-5-carbonitrile (42¢)

Compound 42e was prepared from compound 41 in 79% yield as a colorless solid, using a similar
approach to that described for 42b. 'H NMR (DMSO-dc) & 1.13-2.01 (15H, m), 2.74 and 2.91 (total
1H, each br s), 2.94 and 3.16 (total 2H, each d, J = 6.3Hz), 4.46 (2H, d, J= 6.0Hz), 7.14-7.20 (2H,
m), 7.29-7.33 (2H, m), 7.60 (1H, d, J=7.8Hz), 7.91 and 8.21 (total 1H, each t, /= 6.3Hz), 8.18 (1H,
s); MS (ESI) m/z 467, 469 [M+H]"; HRMS (ESI) calcd for C23H23N¢Br [M+H]": 467.1553, Found:
467.1556.

4-({[(1s,3R,45,58,75)-4-Aminoadamantan-1-yljmethyl}amino)-2-[(2-
chlorobenzyl)amino]pyrimidine-5-carbonitrile (42f)

Compound 42f was prepared from compound 41 in 69% yield as a colorless solid, using a similar
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approach to that described for 42b. '"H NMR (DMSO-dc) & 1.07-2.03 (15H, m), 2.62 and 2.80 (total
1H, each br s), 2.94 and 3.16 (total 2H, each d, J = 6.3Hz), 4.51-4.54 (2H, m), 7.15-7.31 (4H, m),
7.42 (1H, d, J=7.4Hz), 7.92 and 8.19 (total 1H, each t, /= 6.3Hz), 8.18 (1H, s); MS (ESI) m/z 423
[M+H]"; HRMS (ESI) calcd for C23H23CINg [M+H]": 423.2058, Found: 423.2059.

4-({|(1s,3R,45,58,75)-4-Aminoadamantan-1-yljmethyl}amino)-2-[(3-
chlorobenzyl)amino|pyrimidine-5-carbonitrile (42g)

Compound 42g was prepared from compound 41 in 68% yield as a colorless solid, using a similar
approach to that described for 42b. 'H NMR (DMSO-dc) & 1.13-2.02 (15H, m), 2.68 and 2.79 (total
1H, each brs), 2.99 and 3.13 (total 2H, each d, /= 6.3Hz), 4.44 and 4.47 (total 2H, each d, /= 6.2Hz),
7.13—7.35 (5H, m), 7.96 and 8.19 (total 1H, each t, /= 6.3Hz), 8.17 and 8.20 (total 1H, each s); MS
(ESI) m/z 423 [M+H]"; HRMS (ESI) calcd for C23HosCINg [M+H]": 423.2058, Found: 423.2057.

4-({|(1s,3R,45,58,75)-4-Aminoadamantan-1-yljmethyl}amino)-2-[(4-
chlorobenzyl)amino|pyrimidine-5-carbonitrile (42h)

Compound 42h was prepared from compound 41 in 71% yield as a colorless solid, using a similar
approach to that described for 42b. '"H NMR (DMSO-dc) & 1.12-2.02 (15H, m), 2.66 and 2.79 (total
1H, each brs), 2.98 and 3.12 (total 2H, each d, /= 6.1Hz), 4.42 and 4.45 (total 2H, each d, /= 6.4Hz),
7.11-7.28 (1H, m), 7.25 (2H, d, J = 8.4Hz), 7.35 (2H, d, J = 8.4Hz), 7.95 and 8.17 (total 1H, each t,
J =7.6Hz), 8.15 (1H, s); MS (ESI) m/z 423 [M+H]"; HRMS (ESI) calcd for C23H23CINg [M+H]":
423.2058, Found: 423.2059.

4-({|(1s,3R,45,58,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-[(2-
methylbenzyl)amino|pyrimidine-5-carbonitrile (42i)

Compound 42i was prepared from compound 41 in 16% yield as a colorless solid, using a similar
approach to that described for 42b. '"H NMR (DMSO-dc) & 1.03-2.06 (15H, m), 2.27 and 2.31 (total
3H, each s), 2.64 and 2.79 (total 1H, each br s) 2.95-3.04 and 3.10-3.18 (total 2H, each m), 4.38—
4.49 (2H, m), 7.04-7.28 (5H, m), 7.79-7.86 and 8.05-8.13 (total 1H, each m), 8.15 and 8.18 (total
1H, each s); MS (ESI) m/z 403 [M+H]";HRMS (ESI) calcd for C24H31Ns [M+H]": 403.2605, Found:
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403.2605.

4-({[(15,3R,45,5S,7s)-4-Aminoadamantan-1-ylmethyl}amino)-2-[(2-
ethoxybenzyl)amino]pyrimidine-5-carbonitrile (42j)

Compound 42j was prepared from compound 41 in 62% yield as a colorless solid, using a similar
approach to that described for 42b. 'H NMR (DMSO-de) & 1.10-2.10 (15H, m), 1.36 3H, t, J= 6.9
Hz), 2.69-2.75 and 2.85-2.89 (1H, each m), 2.98 and 3.15 (2H, each d, J = 6.4Hz), 4.00-4.11 (2H,
m), 4.41-4.48 (2H, m), 6.79-6.88 (1H, m), 6.91-6.98 (1H, m), 7.03-7.31 (3H, m), 7.66 and 7.92
(total 1H, each t, J = 6.4Hz), 8.15 and 8.17 (total 1H, each s); MS (ESI) m/z 433 [M+H]"; HRMS
(ESI) calcd for C2sH33NgO [M+H]": 433.2710, Found: 433.2708.

4-({{(1s,3R,45,58,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-{|2-
(trifluoromethyl)benzyl]amino}pyrimidine-5-carbonitrile (42Kk)

Compound 42k was prepared from compound 41 in 80% yield as a colorless solid, using a similar
approach to that described for 42b. '"H NMR (DMSO-ds) 8 0.95-2.09 (15H, m), 2.50-2.58 and 2.77—
2.83 (1H, each m), 2.90 and 3.17 (2H, each d, J = 6.4Hz), 4.61-4.72 (2H, m), 7.14-7.76 (5H, m),
7.92-8.01 and 8.16-8.27 (total 2H, each m); MS (ESI) m/z 457 [M+H]"; HRMS (ESI) calcd for
C24H23F3Ng [M+H]"™: 457.2322, Found: 457.2321.

4-({|(1s,3R,45,58,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-[(2-
cyclopropylbenzyl)amino]pyrimidine-5-carbonitrile (421)

Compound 421 was prepared from compound 41 in 81% yield as a colorless solid, using a similar
approach to that described for 42b. '"H NMR (DMSO-ds) & 0.57-0.68 (2H, m), 0.85-0.97 (2H, m),
1.02-2.06 (16H, m), 2.61 and 2.79 (1H, each br s), 2.98 and 3.14 (total 2H, each d, J= 6.3Hz), 4.60—
4.71 (2H, m), 6.93-7.29 (5H, m), 7.80-7.87 and 8.06-8.13 (total 1H, each m), 8.16 and 8.18 (total
1H, each s); MS (ESI) m/z 429 [M+H]".

4-({[(1s,3R,45,58,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-{|2-
(trifluoromethoxy)benzyl]amino}pyrimidine-5-carbonitrile (42m)

Compound 42m was prepared from compound 41 in 76% yield as a colorless solid, using a similar
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approach to that described for 42b. '"H NMR (DMSO-dc) & 1.01-2.02 (15H, m), 2.63 and 2.79 (total
1H, each s), 2.94 and 3.14 (total 2H, each d, /= 6.4Hz), 4.54 (2H, d, J = 6.1Hz), 7.14-7.34 (5H, m),
8.90 and 8.14 (total 1H, each t, J = 6.4Hz), 8.18 (1H, s); MS (ESI) m/z 473 [M+H]"; HRMS (ESI)
calcd for C24H2sF3N6O [M+H]™: 473.2271, Found: 473.2276. Anal. Calcd for C24H27F3N6O: C, 61.01;
H, 5.76; N, 17.79; F, 12.06. Found: C, 61.08; H, 5.84; N, 17.47; F, 11.84.

{[(1R,25,35,5s,75)-5-({|S-Cyano-2-({|2-(trifluoromethoxy)phenyl|methyl}amino)pyrimidin-4-
ylJamino}methyl)adamantan-2-yljJamino}acetic acid (43a)

To a solution of 42m (30 mg, 0.063 mmol) in DMF (0.6 mL), ethyl bromoacetate (7.0 uL, 0.063
mmol) and DIPEA (22 pL, 0.13 mmol) were added and stirred at 60 °C. The reaction mixture was
diluted with EtOAc and washed with H>O. The organic layer was washed with H>O and brine, dried
over Na;SO4 and concentrated in vacuo. The residue was purified with preparative TLC with elution
using (CHCl3-MeOH) and concentrated in vacuo. To a solution of the residue in THF (2.4 mL), 4M
LiOH aqueous solution (0.1 mL, 0.4 mmol) was added and stirred at room temperature. To the
reaction mixture, 1M HCl aqueous solution (0.4 mL, 0.4 mmol) was added and concentrated in vacuo.
To the residue was added H2O and filtrated and washed with EtOACc/IPE to give 43a (11mg, 33%) as
a colorless solid. '"H NMR (DMSO-de) & 1.06-2.12 (14H, m), 2.82 and 3.04 (total 1H, each s), 2.94
(2H, d, J = 6.3Hz), 3.07-3.21 (2H, m), 4.45-4.58 (2H, m), 7.24-7.41 (5H, m), 7.93 and 8.18 (total
1H, each t,J=6.2Hz), 8.18 (1H, s) ; MS (ESI) m/z 531 [M+H]"; HRMS (ESI) calcd for C26H30F3N6O3
[M+H]": 531.2326, Found: 531.2329.

2-{[(1R,25,3S,5s,75)-5-({|5-Cyano-2-({|2-(trifluoromethoxy)phenyl|methyl}amino)pyrimidin-4-
yllamino}methyl)adamantan-2-yljJamino}acetamide (43b)

To a solution of 42m (30 mg, 0.063 mmol) in DMF (0.6 mL), 2-bromoacetamide (8.8 mg, 0.063
mmol) and DIPEA (22 pL, 0.13 mmol) were added and stirred at 60 °C. The reaction mixture was
diluted with EtOAc and washed with H>O. The organic layer was washed with H>O and brine, dried
over NaxSO4 and concentrated in vacuo. The residue was purified with preparative TLC with elution
using (CHC13-MeOH) to give 43b (11mg, 33%) as a colorless solid. '"H NMR (DMSO-ds) & 1.03—
2.09 (14H, m), 2.27 (1H, br s), 2.93 and 3.14 (total 2H, each d, J = 6.3Hz), 2.99 and 3.04 (total 2H,
each s), 4.50—4.57 (2H, m), 7.00-7.40 (7H, m), 7.91 and 8.16 (total 1H, each t, /= 6.3Hz), 8.18 (1H,
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s); MS (ESI) m/z 530 [M+H]"; HRMS (ESI) calcd for C26H31F3N702 [M+H]": 530.2486, Found:
530.2488.

4-[({(1s,3R,45,55,75)-4-[(2-Hydroxyethyl)amino]adamantan-1-yl} methyl)amino]-2-({[2-
(trifluoromethoxy)phenyljmethyl}amino)pyrimidine-5-carbonitrile (43c¢)

Compound 43¢ was prepared from compound 42m in 42% yield as a colorless solid, using a similar
approach to that described for 43b. Mp 148 °C; '"H NMR (DMSO-de) § 1.08-2.34 (15H, m), 2.53—
2.61 (2H, m), 2.94 and 3.14 (total 2H, each d, J = 6.3Hz), 3.40-3.48 (2H, m), 4.44 (1H, br s), 4.54
(2H, d, J = 6.0Hz), 7.18-7.34 (5H, m), 7.91 and 8.15 (total 1H, each t, J = 6.3Hz), 8.18 (1H, s); 1*C
NMR (DMSO-ds) 6 27.07, 29.93, 30.16, 31.28, 31.340, 34.18, 34.42, 49.05, 49.80, 49.96, 60.58,
60.65, 60.91, 78.76, 80.36, 117.27, 119.24, 120.64, 121.28, 127.31, 127.79, 128.10, 132.32, 145.79,
161.74, 161.80; MS (ESI) m/z 517 [M+H]"; HRMS (ESI) calcd for C26H32F3N6O2 [M+H]™: 517.2533,
Found: 517.2524; IR (ATR, cm™) 1541, 2360, 3736; Anal. Calcd for Ca¢H31F3N6Oa: C, 60.45; H,
6.05; N, 16.27; F, 11.03. Found: C, 60.38; H, 6.05; N, 16.19; F, 10.90.

Methyl (15,3R,5S5,75s)-4-{|(benzyloxy)carbonyl]amino}adamantane-1-carboxylate (45)

To a solution of 44 (1.0 g, 4.7 mmol) in CH>Cl, (10 mL) were added diisopropylethylamine (1.3 mL,
7.5 mmol) and Cbz-Cl (1.1 mL, 7.5 mmol) at 0 °C and the mixture was stirred at room temperature
overnight. The reaction mixture was diluted with EtOAc and saturated aqueous NaHCO3. The organic
layer was washed with brine, dried over MgSO4 and concentrated in vacuo. The residue was
chromatographed on silica gel with elution using (n-hexane-EtOAc) (1:1) to give 45 (1.2 g, 73%). 'H
NMR (CDCl3) 6 1.50-2.26 (13H, m), 3.61-3.70 (3H, m), 3.74-3.86(1H,m), 5.02-5.18 (3H, m), 7.29—
7.40 (5H, m); MS (ESI) m/z 344 [M+H]".

(1s,3R,5S,7s)-4-{[(Benzyloxy)carbonyl]amino}adamantane-1-carboxylic acid (46)

To a solution of 45 (1.0 g, 2.9 mmol) in 1,4-dioxane (5.0 mL) and MeOH (5.0 mL) was added 1 M
NaOH (5.8 mL, 5.8 mmol) and the mixture was stirred at 60 °C for 4 h. The reaction mixture was
poured into potassium sulfate aqueous solution and extracted with EtOAc. The organic layer was

washed with brine, dried over MgSO4 and concentrated in vacuo to give 46 (1.0 g, 104%). 'H NMR
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(CDCls) & 1.52-2.25 (14H, m), 3.60-3.87 (1H, m), 5.01-5.21 (3H, m), 7.27-7.40 (5H, m); MS (ESI)
m/z 352 [M+Nal".

Benzyl [(1R,2r,3S,5s,75)-5-carbamoyladamantan-2-yl]carbamate (47a) and
Benzyl [(1R,25,38,5s,7s)-5-carbamoyladamantan-2-yl]carbamate (47b)

To a solution of 46 (1.0 g, 3.0 mmol) in DMF (10 mL) were added ammonium chloride (210 mg,
3.9 mmol), HOBt-H>O (600 mg, 3.9 mmol), DIPEA (1.3 mL, 7.6 mmol), EDC-HCI (870 mg, 4.5
mmol). The mixture was stirred at 60 °C for 2 h. The reaction mixture was poured into H>O and
extracted with EtOAc. The organic layer was washed with saturated aqueous NaHCO3 and brine,
dried over MgSO4 and concentrated in vacuo. The residue was chromatographed on silica gel with
elution using (n-hexane-EtOAc) (1:1 to 0:1) to give 47a (410 mg, 41%, less polar) and 47b (500 mg,
50%, high polar).
47a'"H NMR (DMSO-de) & 1.46 (2H, br d, J= 13 Hz), 1.67 (6H, br s), 1.88 (3H, brs), 2.01 (2 H, br
d, /=13 Hz), 3.56-3.64 (1H, m), 5.02 (2H, s), 6.67 (1H, br s), 6.94 (1 H, br s), 7.26-7.39 (6H, m);
MS (ESI) m/z 329 [M+H]".
47b 'H NMR (DMSO-de) 6 1.35 (2H, br d, J = 12.5 Hz), 1.70-1.90 (9H, m), 1.94 (2H, br d, J = 13
Hz), 3.55-3.62 (1H, m), 5.02 (2H, s), 6.69 (1H, br s), 6.96 (1H, br s), 7.28-7.39 (6H, m); MS (ESI)
m/z 329 [M+H]".

Benzyl [(1R,25,35,5s,75s)-5-(aminomethyl)adamantan-2-yl]carbamate (48)

Under ice-cooling, to a solution of 47b (500 mg, 1.5 mmol) in THF (5.0 ml) was added dropwise a
1.17 M solution of a borane-tetrahydrofuran complex in THF (3.9 mL, 4.6 mmol) under a nitrogen
air flow, followed by heating and refluxing for 3 h. The reaction mixture was cooled, water was
carefully added dropwise, and diluted with CH>Cl, and K>COs3 aqueous solution. The aqueous layer
was extracted with CH>Cly. The obtained organic layer was combined and dried over Na>SO4 and
concentrated in vacuo to give 48 (530 mg, 110%)."H NMR (DMSO-ds) & 1.25-1.49 (8H, m), 1.78—
1.89 (3H, m), 1.90-2.00 (2H, m), 2.17 (2H, s), 3.50-3.56 (1H, m), 5.02 (2H, s), 7.24-7.41 (6H, m);
MS (ESI) m/z 315 [M+H]".

tert-Butyl [(1R,25,3S,5s,75)-5-(aminomethyl)adamantan-2-yl]carbamate (40)
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To a solution of 48 (13 g, 41 mmol) and pyridine (4.3 mL, 54 mmol) in CH>Cl, (130 mL),
trifluoroacetic anhydride (7.6 mL, 54 mmol) in CH>Cl, (20 mL) were added at 0 °C and stirred at
0 °C for 30 min. To the reaction mixture, Ho O was added and extracted with EtOAc. The organic
layer was washed with H>O and brine, dried over Na>SO4 and concentrated in vacuo. To the residue
in EtOH (450 mL), di-tert-butyl dicarbonate (14 g, 66 mmol), 10% Pd/C (3.6 g, 3.4 mmol) and
cyclohexa-1,4-diene (42 mL, 440 mmol) were added and stirred at room temperature for 1 h. The
precipitate was filtered and concentrated in vacuo. The residue was chromatographed on silicagel
with elution using (n-hexane-EtOAc) (5:1) to give a Boc protected compound (11 g). To the residue
in MeOH (270 mL) / H,O (110 mL) / THF (110 mL), K»COs (40 g, 0.29 mol) was added and stirred
at room temperature. The reaction mixture was extracted with EtOAc. The organic layer was washed
with brine, dried over Na,SO4 and concentrated in vacuo to give 40 (9.0 g, 78%). 'H NMR (DMSO-
ds) 6 1.25-1.47 (17H, m), 1.77-1.86 (3H, m), 1.89—-1.98 (2H, m), 2.18 (2H, s), 3.41-3.50 (1H, m),
6.75 (1H, d, J= 6.5Hz) ; MS (ESI) m/z 281 [M+H]".

K = EOER
4-1({(1s,3R,45,58,75)-4-[(Propan-2-yl)amino]adamantan-1-yl} methyl)amino]-2-({|2-
(trifluoromethoxy)phenyl]methyl}amino)pyrimidine-5-carbonitrile (49)

To a solution of 42m (50 mg, 0.11 mmol) in CH2Cl» (2.5 mL), acetone (23 pL, 0.32 mmol) and
sodium triacetoxyborohydride (67 mg, 0.32 mmol) were added and then stirred at room temperature
for 5 h. The reaction mixture was basified with saturated aqueous NaHCO3 and extracted with EtOAc.
The organic layer was washed with brine, dried over Na2SO4 and concentrated in vacuo. The residue
was chromatographed on amino silica gel with elution using (CHCI3-MeOH) to give 49 (53 mg, 98%)
as a colorless solid. "TH NMR (DMSO-ds) § 0.94 (6H, d, J = 6.2 Hz), 0.97-1.97 (14H, m), 2.46 and
2.65 (total 1H, each brs), 2.70-2.75 (1H, m), 2.94 and 3.15 (total 2H, each d, /= 6.3 Hz), 4.54 (2H,
d,J=6.0 Hz), 7.16-7.35 (5H, m), 7.90 and 8.14 (total 1H, each t, /= 6.3 Hz), 8.18 (1H, s); MS (ESI)
m/z 515 [M+H]"; HRMS (ESI) caled for C27H34F3N6O [M+H]": 515.2741, Found: 515.2740.

4-[({(1s,3R,4s5,5S,75)-4-(Cyclohexylamino)adamantan-1-yl} methyl)amino]-2-({[2-
(trifluoromethoxy)phenyl]methyl}amino)pyrimidine-5-carbonitrile (50)

Compound 50 was prepared from compound 42m in 91% yield as a colorless solid, using similar
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approach to that described for 49. "H NMR (DMSO-ds) § 0.91-1.22 (14H, m), 1.45-1.99 (11H, m),
2.32 (1H, m), 2.93 and 3.15 (total 2H, each d, J = 6.3Hz), 4.54 (2H, d, J = 6.0 Hz), 7.16-7.35 (5H,
m), 7.89 and 8.14 (total 1H, each t, J = 6.3 Hz), 8.18 (1H, s); MS (ESI) m/z 555 [M+H]"; HRMS
(ESI) caled for C30H3sF3N6O [M+H]": 555.3054, Found: 555.3047.

4-[({(1s,3R,45,58,75)-4-[(Oxan-4-yl)amino]adamantan-1-yl}methyl)amino]-2-({[2-
(trifluoromethoxy)phenyl|methyl}amino)pyrimidine-5-carbonitrile (51)

Compound 51 was prepared from compound 42m in 67% yield as a colorless solid, using similar
approach to that described for 49. 'H NMR (DMSO-ds) & 1.02—1.89 (18H, m), 2.54-2.74 (2H, m),
2.94 and 3.17 (total 2H, each d, J = 6.3Hz), 3.27 (2H, t,J=11.6 Hz), 3.81 (2H, d, /= 11.6 Hz), 4.54
(2H, d, J= 6.0 Hz), 7.16-7.34 (5H, m), 7.89 and 8.14 (total 1H, each t, /= 6.3Hz), 8.18 (1H, s); MS
(ESI) m/z 557 [M+H]"; HRMS (ESI) calcd for C20H36F3N6O2 [M+H]": 557.2846, Found: 557.2839.

4-1({(1s,3R,45,58,75)-4-[(cis-4-tert-Butoxycarbonylaminocyclohexyl)amino]adamantan-1-
yl}methyl)amino]-2-({[2-(trifluoromethoxy)phenyl|methyl}amino)pyrimidine-5-carbonitrile
(52) and 4-[({(1s,3R,45,5S,75)-4-| (trans-4-tert-
Butoxycarbonylaminocyclohexyl)amino]adamantan-1-yl} methyl)amino]-2-({[2-
(trifluoromethoxy)phenyl]methyl}amino)pyrimidine-5-carbonitrile (53)

To a solution of 42m (75 mg, 0.16 mmol) in CHCl, (5 mL) and THF (2 mL), 4-(tert-
butoxycarbonylamino)cyclohexanone (76 mg, 0.36 mmol) and sodium triacetoxyborohydride (150
mg, 0.71 mmol) were added and then stirred at room temperature. The reaction mixture was basified
with saturated aqueous NaHCOj3 and extracted with CHCIs. The organic layer was washed with brine,
dried over Na>2SO4 and concentrated in vacuo. The residue was chromatographed on amino silica gel
with elution using (n-hexane-EtOAc) (1:1) to give 52 (30 mg, 29%, less polar) and 53 (27 mg, 25%,
high polar). 52 '"H NMR (DMSO-ds) & 0.89-1.89 (24H, m), 1.37 (9H, m), 2.39-2.44 (1H, m), 2.90—
2.97 (2H, m), 4.51-.4.58 (2H, m), 6.54-6.66 (1H, m), 7.22-7.40 (5H, m), 8.10-8.16 (1H, m), 8.18
(1H, s); MS (ESI) m/z 670 [M+H]*; 53 '"H NMR (DMSO-ds) 60.89-1.90 (24H, m), 1.37 (9H, m),
2.18-2.29 (1H, m), 2.88-2.98 (2H, m), 4.46—.4.59 (2H, m), 6.61-6.73 (1H, m), 7.22-7.42 (5H, m),
8.01-8.16 (1H, m), 8.18 (1H, s); MS (ESI) m/z 670 [M+H]";
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4-[({(1s,3R,45,58,75)-4-[(trans-4-Aminocyclohexyl)amino]adamantan-1-yl}methyl)amino]-2-
({[2-(trifluoromethoxy)phenyl|methyl}amino)pyrimidine-5-carbonitrile (54)

To a solution of 53 (21 mg, 0.03 mmol) in CH>Cl, (2 mL), TFA (0.12 mL, 1.6 mmol) was added
and stirred at room temperature. The reaction mixture was concentrated in vacuo. The residue was
chromatographed on amino silica gel with elution using (CHCI3-MeOH) to give 54 (13 mg, 72%). 'H
NMR (DMSO-ds) 6 0.94-2.67 (27H, m), 2.93-3.15 (2H, m), 4.53-4.55 (2H, m), 7.15-7.35 (5H, m),
7.89-8.15 (1H, m), 8.18 (1H, s); MS (ESI) m/z 570 [M+H]" ; HRMS (ESI) calcd for C3oH39F3N70
[M+H]": 570.3163, Found: 570.3162.

4-Chloro-2-({|2-(trifluoromethoxy)phenyl|methyl}amino)pyrimidine-5-carbonitrile (55)

To a solution of 2,4-dichloropyrimidine-5-carbonitrile 33 (5.1 g, 29 mmol) in DMF (50 mL), 2-
(trifluoromethoxy)benzylamine (5.9 g, 31 mmol) in DMF (13 mL) and DIPEA (6.1 mL, 35 mmol)
were added under -50 °C in dry ice-acetone bath and stirred at -50 °C. The reaction mixture was diluted
with EtOAc and washed with H>O, dried over MgSO4 and concentrated in vacuo. The residue was
chromatographed on silica gel with elution using CHCl3 4 times to give 55 (4.0 g, 42%). '"H NMR
(DMSO-ds) 6 4.58-4.69 (2H, m), 7.31-7.50 (4H, m), 8.75 and 8.77 (1H, each s), 9.23-9.33 (1H, br);
MS (ESI) m/z 351, 353 [M+Na]".

4-[({(1s,3R,4s,5S,7s)-4-| (cis-4-Hydroxycyclohexyl)amino]adamantan-1-yl}methyl)amino]-2-
({[2-(trifluoromethoxy)phenyl]methyl}amino)pyrimidine-5-carbonitrile (58)

To a solution of 55 (43 mg, 0.13 mmol) in DMI (0.6 mL), 56 (30 mg, 0.11 mmol) and DIPEA (75
pL, 0.43 mmol) were added and stirred at room temperature over night. The reaction mixture was
diluted with CHCI3 and chromatographed on amino silica gel with elution using (CHCI3-MeOH) to
give 58 (42 mg, 68%) as a colorless solid. 'H NMR (DMSO-ds) § 0.71-2.70 (24H, m), 2.90-3.19
(2H, m), 3.56-3.64 (1H, m), 4.23-4.59 (3H, m), 7.14-7.41 (5H, m), 7.90 and 8.14 (total 1H, each t,
J=6.3 Hz), 8.18 (1H, s); MS (ESI) m/z 571 [M+H]"; HRMS (ESI) calcd for C30H33F3NsO> [M+H]":
571.3003, Found: 571.3001.

4-1({(1s,3R,45,58,75)-4-[(trans-4-Hydroxycyclohexyl)amino]adamantan-1-yl}methyl)amino]-2-
({[2-(trifluoromethoxy)phenyl]methyl}amino)pyrimidine-5-carbonitrile (59)
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Compound 59 was prepared from compound 55 in 53% yield as a colorless solid, using similar
approach to that described for 58. 'TH NMR (DMSO-ds) § 0.69-2.69 (24H, m), 2.88-3.17 (2H, m),
3.22-3.41 (1H, m), 4.41-4.59 (3H, m), 7.13-7.43 (SH, m), 7.90 and 8.14 (total 1H, each t, J = 6.3
Hz), 8.18 (1H, s); MS (ESI) m/z 571 [M+H]"; HRMS (ESI) calcd for C3oH3gF3Ne¢O> [M+H]":
571.3003, Found: 571.3001.

4-({[(15,3R,45,5S,75)-4-Aminoadamantan-1-yljmethyl}amino)-2-{|2-
(trifluoromethoxy)benzyl]amino}pyrimidine-5-carbonitrile (42m)

To a solution of 41 (2.1 g, 4.7 mmol) in DMI (20 mL), 2-(trifluoromethoxy)benzylamine (1.8 g, 9.4
mmol) was added at 0 °C and stirred at room temperature for 1 h. The reaction mixture was poured
into H>O, collected by vaccum filtration and chromatographed on silica gel with elution using (n-
hexane-EtOAc) (8:2 to 7:3) to give a colorless solid. To a suspension of obtained product in CH2Cl;
(30mL), TFA (14 mL) was added at 0 °C and stirred at room temperature for 1 h. The reaction mixture
was concentrated in vascuo. To the residue, saturated aqueous NaHCO3 was added and the precipitate
was washed with H>O and n-hexane to give 3 (1.7 g, 76%) as a colorless solid. 'H NMR (DMSO-ds)
0 1.01-2.02 (15H, m), 2.63 and 2.79 (total 1H, each s), 2.94 and 3.14 (total 2H, each d, J = 6.4Hz),
4.54 (2H, d, J=6.1Hz), 7.14-7.34 (5H, m), 8.90 and 8.14 (total 1H, each t, /= 6.4Hz), 8.18 (1H, s);
MS (ESI) m/z 473 [M+H]"; HRMS (ESI) calcd for CasH2sF3NgO [M+H]": 473.2271, Found:
473.2276. Anal. Calcd for C24H»7F3N6O: C, 61.01; H, 5.76; N, 17.79; F, 12.06. Found: C, 61.08; H,
5.84; N, 17.47; F, 11.84.

4-({[(1s,3R,45,58,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-{|2-
(trifluoromethyl)benzyl]amino}pyrimidine-5S-carbonitrile (60)

Compound 60 was prepared from compound 41 in 80% yield as a colorless solid, using similar
approach to that described for 42m. 'H NMR (DMSO-ds) 6 0.95-2.09 (15H, m), 2.50-2.58 and 2.77—
2.83 (1H, each m), 2.90 and 3.17 (2H, each d, J = 6.4Hz), 4.61-4.72 (2H, m), 7.14-7.76 (5H, m),
7.92-8.01 and 8.16-8.27 (total 2H, each m); MS (ESI) m/z 457 [M+H]"; HRMS (ESI) calcd for
C24H2sF3Ng [M+H]": 457.2322, Found: 457.2321.

4-({[{(1s,3R,45,58,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-{|2-
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(chlorophenyl)methyljamino}pyrimidine-5-carbonitrile (61)

Compound 61 was prepared from compound 41 in 69% yield as a colorless solid, using similar
approach to that described for 42m. 'H NMR (DMSO-ds) § 1.07-2.03 (15H, m), 2.62 and 2.80 (total
1H, each br s), 2.94 and 3.16 (total 2H, each d, J = 6.3Hz), 4.51-4.54 (2H, m), 7.15-7.31 (4H, m),
7.42 (1H, d, J=7.4Hz), 7.92 and 8.19 (total 1H, each t, J= 6.3Hz), 8.18 (1H, s); MS (ESI) m/z 423
[M+H]"; HRMS (ESI) calcd for C23HasCINg [M+H]": 423.2058, Found: 423.2059.

4-({[(15,3R,45,5S,75)-4-Aminoadamantan-1-yljmethyl}amino)-2-{|2-
( methylsulfanyl)benzyl]amino}pyrimidine-5-carbonitrile (62)

Compound 62 was prepared from compound 41 in 79% yield as a colorless solid, using similar
approach to that described for 42m. '"H NMR (DMSO-ds) § 1.07-2.03 (15H, m), 2.49 (3H, s), 2.63
and 2.81 (total 1H, each brs), 2.95 and 3.15 (total 2H, each d, J = 6.3Hz), 4.44 (2H, d, J = 5.8Hz),
7.06-7.27 (5H, m), 7.84 and 8.11 (total 1H, each t, J = 6.0Hz), 8.16 (1H, s); MS (ESI) m/z 435
[M+H]"; HRMS (ESI) calcd for C24H31N¢S [M+H]": 435.2325, Found: 435.2324.

4-({|(1s,3R,45,55,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-({[2-(methylsulfanyl)pyridin-
3-yljmethyl}amino)pyrimidine-5-carbonitrile (63)

Compound 63 was prepared from compound 41 in 69% yield as a colorless solid, using similar
approach to that described for 42m. '"H NMR (DMSO-d) § 1.01-2.07 (15H, m), 2.54 and 2.55 (total
3H, each s), 2.58-2.82 (1H, m), 2.90-3.18 (2H, m), 4.29-4.41 (2H, m), 7.02-7.11 (1H, m), 7.14-7.41
(2H, m), 7.86-8.23 (2H, m), 8.29-8.37 (1H, m); MS (ESI) m/z 436 [M+H]"; HRMS (ESI) calcd for
Ca23H30N7S [M+H]": 436.2278, Found: 436.2278.

4-({|(1s,3R,45,55,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-({|2-(methoxy)pyridin-3-
ylmethyl}amino)pyrimidine-5-carbonitrile (64)

Compound 64 was prepared from compound 41 in 80% yield as a colorless solid, using similar
approach to that described for 42m. "H NMR (DMSO-ds) & 1.02-2.05 (15H, m), 2.61-2.82 (1H, m),
2.90-3.17 (2H, m), 3.89 and 3.92 (total 3H, each s), 4.34—4.41 (2H, m), 6.87-6.95 (1H, m), 7.10-
7.31 (1H, m), 7.36-7.43 (1H, m), 7.78-8.09 (2H, m), 8.16 (1H, s); MS (ESI) m/z 420 [M+H]"; HRMS
(ESI) caled for C23H30N70 [M+H]": 420.2506, Found: 420.2507.

75



4-({[(15,3R,45,5S,75)-4-Aminoadamantan-1-ylmethyl}amino)-2-({|2-(ethylsulfanyl)pyridin-3-
yllmethyl}amino)pyrimidine-5-carbonitrile (65)

Compound 65 was prepared from compound 41 in 70% yield as a colorless solid, using similar
approach to that described for 42m. '"H NMR (DMSO-ds) § 1.06-2.02 (15H, m), 1.32 (3H, t, J= 8.0
Hz), 2.61-2.79 (1H, m), 2.93-3.17 (2H, m), 3.22 (2H, q, J = 8.0 Hz), 4.31-4.34 (2H, m), 7.04-7.35
(3H, m), 7.87-8.17 (2H, m), 8.29-8.33 (1H, m); MS (ESI) m/z 450 [M+H]"; HRMS (ESI) calcd for
C24H3N7S [M+H]": 450.2434, Found: 450.2434.

4-({|(1s,3R,45,55,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-({|2-
(isopropylsulfanyl)pyridin-3-yljmethyl}amino)pyrimidine-5-carbonitrile (66)

Compound 66 was prepared from compound 41 in 71% yield, using similar approach to that
described for 42m. 'H NMR (DMSO-ds) & 1.07-2.02 (21H, m), 2.62-2.80 (1H, m), 2.94-3.16 (2H,
m), 4.07-4.14 (1H, m), 4.29-4.33 (2H, m), 7.03-7.39 (3H, m), 7.82-8.11 (1H, m), 8.17 (1H, s), 8.30—
8.33 (1H, m); MS (ESI) m/z 464 [M+H]".

4-({{(1s,3R,45,58,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-({[2-(isopropyloxy)pyridin-3-
ylmethyl}amino)pyrimidine-S-carbonitrile (67)

Compound 67 was prepared from compound 41 in 80% yield, using similar approach to that
described for 42m. '"H NMR (DMSO-ds) § 1.06-2.03 (21H, m), 2.61-2.79 (1H, m), 2.94-3.15 (2H,
m), 4.34-4.38 (2H, m), 5.26-5.34 (1H, m), 6.83-8.01 (5H, m), 8.17 (1H, s); MS (ESI) m/z 448
[M+H]".

4-({[(1s,3R,45,55,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-({[|2-(methoxy)pyridazin-3-
ylmethyl}amino)pyrimidine-5-carbonitrile (68)

Compound 68 was prepared from compound 41 in 72% yield as a colorless solid, using similar
approach to that described for 42m. 'H NMR (DMSO-ds) & 0.95-2.08 (13H, m), 2.58-3.19 (3H, m),
3.22-3.40 (2H, m), 4.03—4.16 (3H, m), 4.32-4.48 (2H, m), 7.16-7.27 (1H, m), 7.28-8.23 (3H, m),
8.71-8.84 (1H, m); MS (ESI) m/z 421 [M+H]*; HRMS (ESI) calcd for C22H29NgO [M+H]": 421.2459,
Found: 421.2460.
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4-({1(1s,3R,45,5S,75)-4-{| (trans-4-Hydroxycyclohexyl)methyl|]amino}adamantan-1-
yllmethyl}amino)-2-({[2-(trifluoromethoxy)phenyl]methyl}amino)pyrimidine-5-carbonitrile
(69)

Under ice-cooling, to a solution of (18,45)-4-((tert-
butyldimethylsilyl)oxy)cyclohaxanecarbaldehyde (28 mg, 0.12 mmol) in CH2Cl> (1.5 mL), 42m (50
mg, 0.11 mmol) and sodium triacetoxyborohydride (67 mg, 0.32 mmol) were added and then stirred
at room temperature for 2 h. To the reaction mixture, aldehyde (10 mg, 0.04 mmol) was added and
stirred at room temperature for 1 h. The reaction mixture was basified with saturated aqueous
NaHCOs and extracted with CHCIz. The organic layer was washed with H>O, brine, dried over
MgSO0O4 and concentrated in vacuo. The residue was chromatographed on amino silica gel with elution
using (n-hexane- CHCIl3) (2:8) to give a white solid (41 mg). To the obtained product (38 mg, 0.05
mmol) in MeOH (0.7 mL), 1N aqueous HCI (10 mL) was added under ice-cooling and stirred at room
temperature for 1 h. The reaction mixture was concentrated in vacuo and diluted with CHCls, basified
with saturated aqueous NaHCO3. The mixture was extracted with 10% MeOH/CHCI3, the organic
layer was washed with H>O, brine, dried over MgSO4 and concentrated in vacuo. The residue was
chromatographed on amino silica gel with elution using (CHCI3-MeOH) (97:3 to 90:10) to give 69
(29 mg, 49% from 42m) as a colorless solid. 'H NMR (DMSO-ds) § 0 .78-2.62 (26H, m), 2.89-3.18
(2H, m), 3.25-3.37 (1H, m), 4.41-4.45 (1H, m), 4.50-4.58 (2H, m), 7.10-7.40 (5H, m), 7.85-8.21
(2H, m); MS (ESI) m/z 585 [M+H]" ; HRMS (ESI) calcd for C31HF3NsO> [M+H]": 585.3159,
Found: 585.3153.

4-({[(1s,3R,45,58,75)-4-{|(trans-4-Hydroxycyclohexyl)methyl]amino}adamantan-1-
yllmethyl}amino)-2-({[2-(trifluoromethyl)phenyl|methyl}amino)pyrimidine-5-carbonitrile (70)

Compound 70 was prepared from compound 60 in 70% yield as a colorless solid, using similar
approach to that described for 69. 'H NMR (DMSO-ds) & 0.79-2.58 (26H, m), 2.86-3.19 (2H, m),
3.26-3.38 (1H, m), 4.43—4.48 (1H, m), 4.624.71 (2H, m), 7.18-7.73 (5H, m), 7.93-8.01 and 8.16—
8.27 (total 2H, each m); MS (ESI) m/z 569 [M+H]"; HRMS (ESI) calcd for C31H40F3NcO [M+H]":
569.3210, Found: 569.3200.
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4-({[(1s,3R,45,58,75)-4-{|(trans-4-Hydroxycyclohexyl)methyl]amino}adamantan-1-
yllmethyl}amino)-2-{[2-(chlorophenyl)methyl]amino}pyrimidine-5-carbonitrile (71)

Compound 71 was prepared from compound 61 in 74% yield as a colorless solid, using similar
approach to that described for 69. 'H NMR (DMSO-ds) § 0.79-2.03 (23H, m), 2.20-2.61 (3H, m),
2.89-3.19 (2H, m), 3.26-3.37 (1H, m), 4.40—4.45 (1H, m), 4.48-4.56 (2H, m), 7.12-7.45 (5H, m),
7.87-8.22 (2H, m); MS (ESI) m/z 535, 537 [M+H]"; HRMS (ESI) calcd for C30H4CINsO [M+H]":
535.2947, Found: 535.2946.

4-({|(1s,3R,45,58,75)-4-{|(trans-4-Hydroxycyclohexyl)methyl]amino}adamantan-1-
yllmethyl}amino)-2-({[2-(methylsulfanyl)phenyl|methyl}amino)pyrimidine-5-carbonitrile (72)
Compound 72 was prepared from compound 62 in 58% yield as a colorless solid, using similar
approach to that described for 69. 'H NMR (DMSO-ds) § 0.79-2.03 (23H, m), 2.21-2.62 (6H, m),
2.90-3.19 (2H, m), 3.24-3.39 (1H, m), 4.38-4.50 (3H, m), 7.04-7.31 (5H, m), 7.78-8.22 (2H, m);
MS (ESI) m/z 547 [M+H]"; HRMS (ESI) calcd for C31H43N¢OS [M+H]": 547.3214, Found: 547.3217.

4-({[(1s,3R,45,58,75)-4-{|(trans-4-Hydroxycyclohexyl)methyl]amino}adamantan-1-
yllmethyl}amino)-2-({[2-(methylsulfanyl)pyridin-3-yljmethyl}amino)pyrimidine-5-
carbonitrile (73)

Compound 73 was prepared from compound 63 in 82% yield as a colorless solid, using similar
approach to that described for 69. Mp 229 °C; 'H NMR (DMSO-ds) § 0.79-2.04 (23H, m), 2.21-2.62
(6H, m), 2.88-3.18 (2H, m), 3.24-3.38 (1H, m), 4.30-4.40 (2H, m), 4.41-4.45 (1H, m), 7.03-7.12
(1H, m), 7.13-7.41 (2H, m), 7.84-8.21 (2H, m), 8.26-8.37 (1H, m); *C NMR (DMSO-ds) & 12.11,
27.11,29.27,29.41,29.94,30.07,30.21, 31.28, 34.16, 34.30, 34.43, 35.15, 35.29, 37.20,37.31,49.97,
52.92, 60.70, 69.32, 78.75, 117.25, 118.94, 132.12, 132.16, 146.85, 155.39, 155.53, 161.60, 161.66,
161.81; M S (ESI) m/z 548 [M+H]"; HRMS (ESI) calcd for C30H42N70S [M+H]": 548.3166 , Found:
548.3166; IR (ATR, cm™) 2203, 3524; Anal. Calcd for C30H41N70S: C, 65.78; H, 7.54; N, 17.90; S,
5.85. Found: C, 65.74; H, 7.57; N, 17.89; S, 5.94.

4-({1(1s,3R,45,5S,75)-4-{|(trans-4-Hydroxycyclohexyl)methyl]amino}adamantan-1-
yllmethyl}amino)-2-({[2-(methoxy)pyridin-3-ylmethyl}amino)pyrimidine-5-carbonitrile (74)
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Compound 74 was prepared from compound 64 in 90% yield as a colorless solid, using similar
approach to that described for 69. 'H NMR (DMSO-ds) § 0.79-2.03 (23H, m), 2.22-2.61 (3H, m),
2.88-3.19 (2H, m), 3.25-3.38 (1H, m), 3.89 and 3.92 (total 3H, each s), 4.33—4.46 (3H, m), 6.86—
6.96 (1H, m), 7.08-7.34 (1H, m), 7.34-7.44 (1H, m), 7.75-8.09 (2H, m), 8.16 (1H, s); MS (ESI) m/z
532 [M+H]"; HRMS (ESI) calcd for C30H42N702 [M+H]": 532.3395, Found: 532.3394.

4-({1(1s,3R,45,5S,75)-4-{| (trans-4-Hydroxycyclohexyl)methyl]amino}adamantan-1-
yllmethyl}amino)-2-({[2-(ethylsulfanyl)pyridin-3-yljmethyl}amino)pyrimidine-5-carbonitrile
(75)

Compound 75 was prepared from compound 65 in 37% yield as a colorless solid, using similar
approach to that described for 69. 'H NMR (DMSO-de) § 0.81-2.31 (27H, m), 1.32 (3H, t, J = 8.0
Hz), 2.93-3.17 (2H, m), 3.22 (2H, q, J = 8.0Hz), 4.31-4.36 (2H, m), 4.43 (1H, d, /= 4.0 Hz), 7.03—
7.38 (3H, m), 7.85-8.17 (2H, m), 8.26-8.33 (1H, m); MS (ESI) m/z 562 [M+H]"; HRMS (ESI) calcd
for C31H44N70S [M+H]": 562.3323, Found: 562.3318.

4-({[(1s,3R,45,58,75)-4-{|(trans-4-Hydroxycyclohexyl)methyl]amino}adamantan-1-
yllmethyl}amino)-2-({[2-(iso-propylsulfanyl)pyridin-3-yljmethyl}amino)pyrimidine-5-
carbonitrile (76)

Compound 76 was prepared from compound 66 in 89% yield as a colorless solid, using similar
approach to that described for 69. 'H NMR (DMSO-ds) & 0.82-2.32 (33H, m), 2.94-3.17 (2H, m),
4.08-4.15 (1H, m), 4.29-4.33 (2H, m), 4.42—4.43 (1H, m), 7.03-7.08 (1H, m), 7.16-7.39 (2H, m),
7.84-8.17 (1H, m), 8.17 (1H, s), 8.27-8.33 (1H, m); MS (ESI) m/z 576 [M+H]"; HRMS (ESI) calcd
for C32Hs6N70S [M+H]": 576.3479, Found: 576.3477.

4-({[(1s,3R,45,58,75)-4-{|(trans-4-Hydroxycyclohexyl)methyl]amino}adamantan-1-
yllmethyl}amino)-2-({[2-(iso-propyloxy)pyridin-3-yljmethyl}amino)pyrimidine-5-carbonitrile
(77)

Compound 77 was prepared from compound 67 in 100% yield as a colorless solid, using similar
approach to that described for 69. 'H NMR (DMSO-ds) & 0.82-2.67 (33H, m), 2.95-3.18 (2H, m),
4.32-4.42 (3H, m), 5.28-5.34 (1H, m), 6.83—7.40 (3H, m), 7.65-8.00 (2H, m), 8.16 (1H, s); MS (ESI)
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m/z 560 [M+H]"; HRMS (ESI) calcd for C3:H4N702 [M+H]": 560.3708, Found: 560.3707.

4-({1(1s,3R,45,5S,75)-4-{|(trans-4-Hydroxycyclohexyl)methyl]amino}adamantan-1-
yllmethyl}amino)-2-({[2-(methoxy)pyridazin-3-yljmethyl}amino)pyrimidine-5-carbonitrile
(78)

Compound 78 was prepared from compound 68 in 59% yield as a colorless solid, using similar
approach to that described for 69. 'H NMR (DMSO-ds) § 0.76-1.66 (16H, m), 1.76-1.91 (6H, m),
1.94-2.36 (3H, m), 2.80-3.20 (2H, m), 3.25-3.30 (2H, m), 4.05-4.13 (3H, m), 4.34-4.46 (3H, m),
7.16-7.26 (1H, m), 7.29-8.32 (3H, m), 8.71-8.80 (1H, m); MS (ESI) m/z 533 [M+H]"; HRMS (ESI)
calcd for C29Hai1NgO, [M+H]": 533.3347, Found: 533.3341.

4-({[(1s,3R,45,58,75)-4-tert-Butoxycarbonylaminoadamantan-1-ylmethyl} amino)-2-({|2-
(methylsulfanyl)pyridin-3-yljmethyl}amino)pyrimidine-5-carbonitrile (79)

To a solution of 41 (700 mg, 1.6 mmol) in DMF (7 mL), [2-(methylsulfanyl)pyridin-3-
yl]methanamine (360 mg, 2.4 mmol) and DIPEA (410 puL, 2.4 mmol) were added at 0 °C and stirred
at room temperature for 1 h. The reaction mixture was diluted with EtOAc/H>O and extracted with
EtOAc. The organic layer was washed with H>O, brine, dried over MgSO4 and concentrated in vacuo.
The residue was chromatographed on silica gel with elution using (CHCI3-MeOH) (98:2 to 90:10) to
give 79 (730 mg, 86%) as a pale yellow solid. '"H NMR (DMSO-ds) § 1.02-1.98 (22H, m), 2.54 and
2.55 (total 3H, each s), 2.90-3.19 (2H, m), 3.28-3.51 (1H, m), 4.31-4.41 (2H, m), 6.63—6.84 (1H,
m), 7.03-7.13 (1H, m), 7.20-7.41 (2H, m), 7.87-7.93 and 8.14-8.24 (total 2H, each m), 8.29-8.38
(1H, m); MS (ESI) m/z 558 [M+Na]".

4-({|{(1s,3R,45,55,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-({[2-(methanesulfinyl)pyridin-
3-yllmethyl}amino)pyrimidine-5-carbonitrile (80)

To a solution of 79 (100mg, 0.19 mmol) in CH2Cl> (3 mL), 75% m-CPBA (47 mg, 0.21 mmol) was
added at 0 °C and stirred at 0 °C for 2 h. To the reaction mixture, 75% m-CPBA (4.3 mg, 0.019 mmol)
was added at 0 °C and stirred at room temperature for 2 h. To the reaction mixture, aqueous NaHCOs3
was added and extracted with EtOAc. The organic layer was washed with aqueous NaHCO3, H>O,
brine, dried over MgSO4 and concentrated in vacuo. The residue was chromatographed on silica gel
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with elution using (CHCIl3-MeOH) (98:2 to 89:11) to give a colorless solid (120 mg). To a suspension
of the obtained product (110 mg, 0.2 mmol) in CH2Cl> (1.7 mL), TFA (1.5 mL, 20 mmol) was added
at 0 °C and stirred at room temperature for 0.5 h. The reaction mixture was concentrated in vascuo.
The residue was chromatographed on amino silica gel with elution using (CHCI3-MeOH) (10:1) to
give 80 (073 mg, 95% from 79) as a colorless solid. '"H NMR (DMSO-dc) § 1.03-2.06 (15H, m),
2.59-2.81 (1H, m), 2.84 and 2.85 (total 3H, each s), 2.89-3.19 (2H, m), 4.69—4.92 (2H, m), 7.16—
7.36 (1H, m), 7.49-7.56 (1H, m), 7.72-7.85 (1H, m), 7.90-8.22 (2H, m), 8.55-8.64 (1H, m); MS
(ESI) m/z 452 [M+H]"; HRMS (ESI) calcd for C23H30N;0S [M+H]": 452.2227, Found: 452.2232.

4-({|(1s,3R,45,55,75)-4-Aminoadamantan-1-yl|methyl}amino)-2-({|2-
(methanesulfonyl)pyridin-3-yljmethyl}amino)pyrimidine-5-carbonitrile (81)

Compound 81 was prepared from compound 79 in 73% yield as a pale yellow solid, using similar
approach to that described for 80. 'H NMR (DMSO-ds) & 0.96-2.07 (15H, m), 2.52-2.83 (1H, m),
2.88-3.20 (2H, m), 3.43 (3H, s), 4.87-4.96 (2H, m), 7.19-7.37 (1H, m), 7.62-7.70 (1H, m), 7.76—
7.85 (1H, m), 7.88-8.24 (2H, m), 8.50-8.59 (1H, m); MS (ESI) m/z 468 [M+H]"; HRMS (ESI) calcd
for C23H30N70,S [M+H]": 468.2176, Found: 468.2179.

4-({[(1s,3R,45,58,75)-4-{[(trans-4-Hydroxycyclohexyl)methyl]amino}adamantan-1-
yllmethyl}amino)-2-({[2-( methanesulfinyl)pyridin-3-yljmethyl}amino)pyrimidine-5-
carbonitrile (82)

Compound 82 was prepared from compound 80 in 79% yield as a colorless solid, using similar
approach to that described for 69. 'H NMR (DMSO-ds) & 0.80-2.58 (26H, m), 2.84 and 2.86 (total
3H, each s), 2.88-3.17 (2H, m), 3.25-3.38 (1H, m), 4.42-4.45 (1H, m), 4.69-4.93 (2H, m), 7.16-7.37
(1H, m), 7.48-7.57 (1H, m), 7.71-7.86 (1H, m), 7.89-8.23 (2H, m), 8.52-8.64 (1H, m); MS (ESI)
m/z 564 [M+H]"; HRMS (ESI) caled for C30H42N70,S [M+H]": 564.3115, Found: 564.3116.

4-({[(1s,3R,45,58,75)-4-{[(trans-4-Hydroxycyclohexyl)methyl]amino}adamantan-1-
yllmethyl}amino)-2-({[2-(methanesulfonyl)pyridin-3-yljmethyl}amino)pyrimidine-5-
carbonitrile (83)

Compound 83 was prepared from compound 81 in 63% yield as a colorless solid, using similar
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approach to that described for 69. 'H NMR (DMSO-ds) & 0.78-2.55 (26H, m), 2.88-3.20 (2H, m),
3.25-3.37 (1H, m), 3.43 (3H, s), 4.41-4.47 (1H, m), 4.86-4.97 (2H, m), 7.19-7.39 (1H, m), 7.61—
7.71 (1H, m), 7.75-7.86 (1H, m), 7.86-8.18 (1H, m), 8.18 and 8.21 (total 1H, each s), 8.45-8.60 (1H,
m); MS (ESI) m/z 580 [M+H]"; HRMS (ESI) caled for C290H41N3O> [M+H]": 580.3064, Found:
580.3061.

Benzyl {[(1s,3R,45,5S,7s)-4-aminoadamantan-1-yljmethyl}carbamate (84)

To solution of 40 (500 mg, 1.8 mmol) and NEt; (0.3 mL, 2.1 mmol) in CH>Cl; (10 mL), Z-CI 0.28
mL, 2.0 mmol) was added at 0°C and stirred at room temperature for 4 h. The reaction mixture was
diluted with EtOAc, washed with 0.1N aqueous HCI, H>O, saturated aqueous NaHCO3 and brine.
The separated organic layer was dried over MgSO4 and concentrated in vacuo. The residue was
chromatographed on amino silica gel with elution using (n-hexane-EtOAc) (3:1) to give a white solid
(739 mg). To a solution of the residue in CH>Cl> (5.9 mL), TFA (5.9 mL, 76 mmol) was added at 0
°C and stirred at room temperature for 2 h. The reaction mixture was concentrated, then diluted with
CH>Cl and basified with aqueous K>COs and extracted with EtOAc. The organic layer was washed
with brine, dried over MgSO4 and concentrated in vacuo to give 84 (560 mg, 100%) as a colorless
oil. 'HNMR (DMSO-ds) § 1.19-1.29 (2H, m), 1.33-1.51 (6H, m), 1.60-1.68 (2H, m), 1.74-1.82 (1H,
m), 1.93-2.04 (2H, m), 2.28 (2H, br), 2.70 (2H, d, J = 6.4Hz), 2.77-2.83 (1H, m), 5.01 (2H, s), 7.18
(1H, t, J = 6.4Hz), 7.27-7.41 (5H, m); MS (ESI) m/z 315 [M+H]".

Benzyl ({(1s,3R,4s,5S,75)-4-[(cis-4-{|tert-
butyl(dimethyl)silyl]oxy}cyclohexyl)amino]adamantan-1-yl}methyl)carbamate (85) and Benzyl
({(1s,3R,4s,5S,7s)-4-[(trans-4-{[tert-butyl(dimethyl)silyl]oxy}cyclohexyl)amino]adamantan-1-
yl}methyl)carbamate (86)

To a solution of 84 (760 mg, 2.4 mmol) and 4-(tert-butyldimethylsilyloxy)cyclohexanone (1.1 g, 4.8
mmol) in CH2Cl> (23 mL), sodium triacetoxyborohydride (1.0 g, 4.8 mmol) was added and then
stirred at room temperature for 4 h. The reaction mixture was extracted with EtOAc and saturated
aqueous NaHCOjs. The organic layer was washed with H>O, brine, dried over MgSO4 and
concentrated in vacuo. The residue was chromatographed on amino silica gel with elution using (n-
hexane-EtOAc) (10:1 to 1:1) to give 85 (670 mg, 53%, less polar) as a colorless oil and 86 (440 mg,
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34%, high polar) as a colorless oil. 85 'H NMR (DMSO-dc) & 0.02 (6H, s), 0.87 (9H, s), 1.08-1.29
(3H, m), 1.33-1.64 (14H, m), 1.70-1.82 (3H, m), 1.91-2.00 (2H, m), 2.42-2.54 (1H, m), 2.62-2.69
(1H, m), 2.70 (2H, d, J = 6.3 Hz), 3.79-3.86 (1H, m), 5.00 (2H, s), 7.18 (1H, t, J = 6.3 Hz), 7.27-
7.41 (5H, m); MS (ESI) m/z 527 [M+H]". 86 'H NMR (DMSO-ds) & 0.02 (6H, s), 0.85 (9H, s), 0.92—
1.29 (7H, m), 1.32-1.48 (6H, m), 1.68-1.85 (7H, m), 1.89-1.98 (2H, m), 2.31-2.44 (1H, m), 2.61—
2.67 (1H, m), 2.70 (2H, d, J= 6.3 Hz), 3.50-3.61 (1H, m), 5.00 (2H, s), 7.18 (1H, t, J= 6.3 Hz), 7.27-
7.41 (5H, m); MS (ESI) m/z 527 [M+H]".

cis-4-{[(1R,25,3S,5s,7s)-5-(Aminomethyl)adamantan-2-yl]amino}cyclohexan-1-ol (56)

To a solution of 85 (640 mg, 1.2 mmol) in THF (13 mL), TBAF (1 M THF solution) (3.7 mL, 3.7
mmol) was added and stirred at 70 °C for 13 h. The reaction mixture was concentrated in vacuo. The
residue was extracted with CHCls/H2O/brine. The organic layer was washed with brine 4 times, dried
over MgSO4 and concentrated in vacuo. The residue was chromatographed on silica gel with elution
using (CHCI3-MeOH-28% aqueous NH3) (20:1:0 to 8:1:0.1) to give a colorless solid (450 mg). To
the obtained product (430 mg) in MeOH (13 ml), 10% Pd on carbon (85 mg, 50% wet) was added
and stirred at 35 °C under H> for 2.5 h. The reaction mixture was diluted with MeOH and filtered
through a Celite® pad. The filtrate was concentrated in vacuo to give 56 (310 mg, 95% from 85) as a
colorless solid. "TH NMR (DMSO-ds) & 1.25-3.39 (28H, m), 3.75-3.83 (1H, m), 4.47 (1H, br s); MS
(ESI) m/z 279 [M+H]".

trans-4-{{(1R,25,38,5s,75s)-5-(Aminomethyl)adamantan-2-yl]amino}cyclohexan-1-o0l (57)

Compound 57 was prepared from compound 86 in 113% yield as a colorless solid, using similar
approach to that described for 57. '"H NMR (DMSO-ds) & 1.08-3.28 (28H, m), 4.07-4.15 (1H, m),
4.46-4.72 (1H, m); MS (ESI) m/z 279 [M+H]".

Computational analysis

Docking simulation

A template coordinate for the docking simulation was prepared from that of PKCO complexed with

staurosporine (PDB ID: 1XJD) using Protein Preparation Wizard implemented in Maestrol1

(Schrodinger, LLC; New York, NY, USA). Docking simulation was carried out by Glide XP in
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Maestrol1 with a hydrogen-bond constraint to Leu461 backbone NH atom.

PKCO inhibitory activity (enzyme assay)

The reaction mixture contained STK Substrate 1-biotin, full-length human PKC6 and ATP. Our
compound was dissolved in dimethyl sulfoxide and added to the reaction mixture. The reaction
mixture was incubated at room temperature for 60 min, followed by incubation with Sa-XL665 and
STK Antibody Cryptate for 60 min. The enzyme reaction rate was measured in fluorescence intensity

at 620 nm (Cryptate) and 665 nm (XL665). The activity is expressed as “PKC0 ICso (nM)” in Tables.

IL-2 inhibitory activity (cellular assay)
Jurkat cells transiently transfected with the pGL3-IL2 pro 43 plasmid were incubated for 14 h with
test compounds in medium containing anti-CD3 and anti-CD28 antibodies, followed by the addition

of substrate solution to measure the firefly luciferase activity.

PKC isozyme assays
Recombinant PKC isoforms (a, B1, v, 8, €, 1 and () were purchased from Carna Biosciences Inc.
The inhibitory effects of test compounds against all PKC isoforms were measured using the HTRF

KinEASE STK S1 kit (Cisbio Bioassays) according to the protocol in the kit.

Other kinases assay
Jak kinases inhibitory activities were measured using a Carna Biosciences Assay kit according to
the manufacturer’s instructions. PI3Ks and Syk kinases inhibitory activities were measured using a

HTRF Assay kit according to the manufacturer’s instructions.

Aqueous solubility
Small volumes of DMSO solutions of the test compounds were diluted to 130 pL by adding the
aqueous buffer solution of pH 6.8. After incubation at 25 °C for 20 h, precipitates were separated by

filtration. The solubility was determined by HPLC analysis of each filtrates.
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Rat cardiac transplantation model

ACI rats were used as cardiac donors and Lewis rats as cardiac recipients. All procedures were
conducted under aseptic conditions. Rats were intraperitoneally anesthetized with pentobarbital (40
mg/kg). Abdominal vascularized heterotopic cardiac transplantation was conducted in accordance
with a previously reported method. Compound was dissolved in propylene glycol. Compound was
orally administered in combination with tacrolimus. Beginning on the operation day, all test
compounds were administered for 14 consecutive days. Cardiac allograft function was assessed by
daily palpation for 28 days, and graft rejection was defined as the cessation of palpable cardiac graft
beats. All animal experimental procedures were approved by the Institutional Animal Care and Use
Committee of Astellas Pharma Inc. Further, the Astellas Pharma Inc. Tsukuba Research Center was
awarded Accreditation Status by the AAALAC International. All efforts were made to minimize the

number of animals used and to avoid suffering and distress.

Assessment of inhibition potency of CYP3A4 using human liver microsomes

The test compounds (5 uM) were added to human liver microsomes (HLMs) (0.1 mg/mL) in
potassium sodium phosphate buffer (100 mM, pH 7.4) containing NADPH (1 mM) and
ethylenediaminetetraacetic acid (EDTA, 0.1 mM). For reversible inhibition study, midazolam was
added to the reaction mixture without pre-incubation. For time-dependent inhibition study,
midazolam was added to the mixture after pre-incubation for 30 min at 37 °C. The reaction was
stopped by addition of acetonitrile after incubation for 20 min at 37 °C. The metabolite of midazolam
(1'-hydroxymidazolam) was analyzed by LC/MS/MS and the metabolic activity was determined. The
residual metabolic activity of HLMs for midazolam in the time-dependent inhibition study was

expressed as the percentage of that in the reversible inhibition study.

Transcellular transport study in LLC-PK1-MDR1 cells
Wild type or MDRI-expressing LLC-PK1 cells (LLC-PK1-WT or LLC-PKI1-MDRI,
respectively) cultured for 5 days on a BD Falcon 96-Multiwell 1.0 um Insert System were pre-
incubated with transport buffer (HBSS, pH7.4, for the apical and basolateral sides) for 1h. After
aspiration of the transport buffer, the donor solution (transport buffer (0.5% DMSO) containing the
test compound (1 uM) and Texas Red (1 pM)) was added to the apical or basolateral side for the
85



influx or efflux transport study, respectively, and the receiver solution (transport buffer (0.5%
DMSO)) was added to the opposite side. After incubation for 3h, the test compound in both sides was
analyzed by LC/MS/MS and the apparent permeability was determined. Efflux ratio (ER) was
calculated by dividing the apparent permeability in the direction from the basolateral to the apical
side by that in the opposite direction. Net efflux ratio (NER) was the ratio of ER of LLC-PK1-MDR1
to LLC-PK1-WT. Texas Red was used for the estimation of the apparent permeability via paracellular

transport.

Pharmacokinetic study

The pharmacokinetic characterization of compound was conducted in female SD rats. Compound
was intravenously administered at 1 mg/kg in a mixture of DMF/propylene glycol/IN HCI/ saline
(25/25/0.2/49.8) solution, and and orally administered at 1 mg/kg in a mixture of DMF/propylene
glycol/1IN HCV/ saline (25/25/0.2/49.8) solution. Blood samples were taken at multiple time points up
to 24 h after a single administration of the compound. Concentrations of unchanged compound in
plasma were determined using LC-MS/MS. Pharmacokinetic parameters after i.v. and p.o.
administration were calculated by noncompartmental analysis using Phoenix WinNonlin version 6.3

software (Pharsight Co., St. Louis, MO, USA).
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