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k=101
E=b

REVATAIEMT I/ BO1OTHY, WU EMMAEAT I /B THD AT A= ONREH
FEMID1 DThDH, ATH=F, ATFA=UT T IV R T AT 2T —BIZL-TCTT /v
VEREBTAHAZEIZED S-TT N L AT F =~ EEREIND, AT IALRIG DGR
THDS-TT /I -L- AFFA=ZNIATF NI T AT 2T —BIZh o TAFVEEHE L
S-TT /)N -1-REVATA UNEEEND, REVATANIZOS-TT /b -1L-
REVATAUNS-TFT )b -1- REVATA VIKSIRIER I X > TIKRDRET D Z &
FoT,. 7F /v BICAEND, REVATA T2 ODORERE., T7hbb, B,
B4 IV BI2EDOBGICE o THREVATA VP AT A= U ~RHRE L EHX I B6 BEET
HEMBEBENCL > TV AT A U~ EEBENDIRENDH D D,

NH,
N
e G
ATP re NTON
HOOC._~_ SMe HOOC._~_ St
H ~_ _— , H 0
NH; NH,
methionine OH OH
Methionine adenosyltransferase
S-Adenosyl-L-methionine
Tetrahydrofolate X
Methionine synthase BHMT Methyltransferases
5-Methyltetrahydrofolate Methyl-X
NH,
HOOC SH AdoHcyase
w Ty
NH, 7—‘ N N/)
. HOOC S
Homocysteine \_/\/ j o
Adenosine NH,
OH OH
CBS
CTH S-Adenosyl-L-homocysteine
HOOC\;/\SH
NH, Cysteine

AdoHcyase: S-Adenosyl-L.-homocysteine hydrolase

REV AT A AGH

196 94, McCully iZ, FEVAT A U HBRIE(L, OFFFEE &\ o 7 & MR RE O JFUIANIZ 7e
V9D LaHE LD, TNLRE, ENERGET 57205 < OFKREBRAI TN TE 729, Perry
5%, 5,661 AEXRIZ LTz ak— MFEZITV., MHRRE S AT A AN B NIE NS

ERIET DfERE N E < . FXERET EFMHE 10.3u mol/LUTOREE1 L Lzl &, 154
umol/LULETATRECRAZ L EHRE LY, 20 0 24, Clarke HIE. BRI O BRSO AH
FELREVATA VRE L OBENICHTHAXTF Y VAEE L, REVATA EER
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B HRIBINTEY, ahR— MIEOERNPOEFEL AT A REXT VY NA v —{D Y
RAIPKI2. BIEEFT LI ENHMEINTND O, —J, BEHVWEFERTIL, ERRZ A
T37HEIB LIERAEV AT A v U Rk HRMENRE L FHRETRE 7 /W K o T ZE % i
IFT LTy HEEEOBMSCHRIEROBAN R 6D Z ENHEIN TS D, apoE X
B~ 2%&7 70— ERATI2#H, BLO24 BT LK, STU AT A o ARREEILE
HTHHTTYTT /v —H—REGTHZLICLVMPREVAT A AMENMET T2 Z &
DEINTND Y, ZNLBEFOERND, BAIIFEATA VAR THDLS- 7T/
IV - L - RE VAT A UNIKGERESR  (S-adenosyl-L-homocysteine hydrolase; AdoHceyase; EC
3.3.1.1) #HEL, MAETLATA VREZEF(LEE D2 LT X 0 NEIE, OFEIES O H)
REB DTG, IREPHIRTE DO TIERVNEE X T,

W1E ANAAL—F v NAZ Y —=2 T OFEN

BT BEY AT RHBI AT AL DA ANV—T" > bR ) —=2 T DEiE
MFERRLG S W B4 BHIZE S £ T AdoHeyase FHEAI & L THONTWD b DIXT 7/ ¥ U HE
BEHWKRDOHBTHY . ZDEL PWARAWMHERTH - 7= 910, Rl ERIC L 28, 77 /v

CABER DI BIRNE L W o TERUE A RIR T D700 FxITHET T VB ER T DHRLY
— MEEMORE 2R LT,

NH, NH, NH; NH,

<l < <l aam

N = N N/) N N/)\CHs <N | N/)

HO— o HQ o HOJJ
£ HO
OH OH OH OH OH OH
3'-deazaadenosine 1 neplanocin A 2 MDL-28842 3 DHPA 4
NH,
NN NH2 NH;

DZ-2002 5 HO 6 HO
Yuan et al.
Snapper et al. Merck
JPET 2005 Bioorg. Med. Chem 2009 BMCL 2014

1—1 BE&o AdoHcyase BHEFHI
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BFSDWEICHLIZABEY o RikBls 27 & (ALIS) &9 alfipHEA| O S 4 Eih L
INA A= hAZ J—=27 (HTS) Hilf WEHWTHTS 2% LR, 1 2Hobds
Wita HTS & v MeAmE L TRH LT,

Reprinted from Current Opinion in Chemical Biology 2007, 11, 518-526, Annis, D. Allen et al,
Affinity selection-mass spectrometry screening techniques for small molecule drug discovery,
with permission from Elsevier.

X1—2 H#Y T Rikpls 27 Ls

52 H LB MRIE LIz T TSR

FONIHTS by MEAWIZ 2507 I MG, $7bb 1 O3IREET < R b 5 — 3K
T X EEAETLHRT I FeA LTV,



LA G RO

cl ,\D 8a 8b 8c
HN" >

()§ ICs0 = 0.53 uM ICs0 = 0.38 uM ICso = 0.34 uM

o) o)

N ~
1 ‘ F
0" R N .
Cl H N
H

8d

P4

ICso = 0.97 uM ICsq = 8.78 uM ICso = 11.36 M

M1—3 N"AALVL—Ty hNARZ Y —= T THELNFHTStE Y MEEW

INBbEMD S H 3G (bEW 8a—c) IFNRENMET I REIC N- AFVEEFT D 34k
7 FEEZAELTEY., thofbE X 0 SRR EIRES RN &b, —MIZ 2%k 7T 2
RIZFmEEEZ L TBY, VARV M TR IRE LTIFEL, 20 _HEHEAMICL D IZIFER
PALITEZ ShneE S Tnd 19, LrL2H#k7 I RONHZT7 VXL LT 37 I RCIX
F?VX-VXEﬁk@i*w¥~%%ﬁTﬁb\i@ﬁ%?%@w@w%ﬁ\%émiﬁﬁm
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—va Bk AT I N LD 2L X#R T, B EONMR A7 R VRN 5 B
LN TWVWAH W HTS b > MEAMOF TILEM SEIX 2T X REGTMEELZA L TWDH,
N- AFNVEEFT DAY 8a—c LI L, ZOIEMENTHNZ LICHER Lz, T7hbb, [eh
W 8a—cNEEEX L I THHS-TF )b -1L- REVATA VIKSEEESE AR T 5
BREEMET X FEIE S AR A & > TV D, — bW 8t 1L 7 A - v A RIS IR S 4,
AR A L DT W DIEERTI, 8f DT I RE A FMALTIUL N T v A — T AU K D IE
Pea T4 A= a b ZRD ZENEG L2 | BEREEEESKIRICH LT 5,1 &0 )G A
SECE RRREB 2 B AR L 72,
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BYET X NI, ICEDFEALEMOEREIT ST,

CI\©\ 2) KB T IRERGL D ZE R
0
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= /=L (9) Z#AKFENLFT NV TDATHASZEILLIZ L, 1, 4 -YZ7vR -2 -=haXuoBrt
B SHALEY 10 21572, 10 D= b riaHbgk v RT VU FHIC L V& LAY 11 215
7o ALEW 11, 7 el T L, BLOVA e rroF 7 I (DIPEA) #REA&L,
WL 14A0CTRIESE D Z EIC LD VAT IR 12 ~E BB L T2, 12 DY T AT V% KEE
T RU T ANTT AT YNKGIETHZ D P HIVR 18 2157,

cl Cl cl
1) NaH, DMF rt o FeCl, NHyNH,-H,0 o

2) 1,4-dichloro-2-nitrobenzene 80°C NO, Charcoal activated, MeOH NH,
OH y. 93% 50°C - reflux
0,
9 c 10 y- 99% & 1M
cl cl
Br” “CO.Et (6eq) \©\o rcozEt aq. NaOH \©\o (COZH
_ =
DIPEA(4eq.) 140°C N COEt THF, MeOH rt N._COzH
5 y. 91%
y. 85% 12 ”
cl cl

2 —2 HEPHIA 18 DA
F2H BT X REML O

L& 18 # VT, {bAW 1Ta-1 B X OMLAEW 1Tn-p DR EIT>T-, (LEW 18 E N, N- ¥
AFNHRNLLT 2 K (DMF) T, 14801 -=F /-3 - (3 -UAFALTI /)7l
ANRTA X R (EDC) & SOG S, JUSRT CRREEKY) 14 2B ST, NIRRT
X REMLICHYS 957 2 v 1ha-i BL OV 15n-p #2127 2 MME L7z, WICEIGRFIZ, 2— (1
—tRrJY=)) =FATI 1 -k ReFi_ry M7 Y —L (HOBt), EDC #/lx 2
SDHOT I MEEITV, ENEEAEY 1Ta-1 B LV 1Tn-p 2157,

cl
\©\ COH Cl\@\ i ’
2
o r a o Hko b COH

©/N\/C02H R N - i Nr
07 A,
cl

cl 13 cl 14

cl /\/NO
c \©\o ;10

N

T L

Ax—Ah1 RIKLEM: (a) EDC, DMF rt; (b) 15, or 15, DIPEA, 0 °C; ()
2-(1-pyrrolidinyl)ethylamine, HOBt, EDC, 0 °C to rt.
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IEAEM 1T Y7 na A X U 4mol/L HERE - VA4S IR Tl Boc b5 Z L ic X v ket

17 %157, 1T 2y 7mu X 2 %EF, N =F A7 Iy (TEA) ZHEHE LONZ, HAKHEE
L OGS ED Z LIk 0bEM 1Tk 2157, FRRICAZ AL KR= L7 vl RERILSEDZ
EICEVEEW 1T, 7 ea XA TV ERISEIEDL 2 LI VLAY 1Tm 257, LAY 17p
TR h=RU L BREE LUTRBRES Y LAEZMA, T - MV TF AV ERESED D
CICR VLB 1Tq 2572, 1TqEY 7 e A X T, TEA 2L LTONA, A X AL
R=nral) REFIGESEDLZ EICEVILED 1Tr, 7 aXHBATFIVERIESEDLZ EITLY

L&Y 1Ts 215372,

15a  HN 150 HN 15¢ /@ 15d 15¢
HaC- HN HaC
HCI N SN
H HCl
17a: A=\ 17b:A,= N 17¢: A, = @ 17d: A, = 17e: A, =
“ - .
CHs I
CHj3

oo O e D
o -
HaC-
HCl ¥ N HCl HCl
N : i

15f
H3C.
3C N
H

17F: Ay =

CHy N \

0
15i o
M )< N e NJ\CH3
N" O &y > 17k Ay=
HyCu 3 d N

H /O\IH
17: A= |
N ¢ N/S\CHs

CHs, —— 171 A, = N

9 N~ “OCH,
L 17Tm A =
N




5 e 00
H3Cs, -
3C N N
H
17n: A = 170: A4 =
~ \‘N’N
3

CH

\ /7
.S
ae P03
15p 0.0 NO, N

\\/' ) o 0
CH R
3 f (\N CH,
> h — 17t A =~ NI

Z

H3C<

Iz
\

CHs
AX—252 FIE (D) 4 mol/L HCl in dioxane, CH2Cle, rt; (e) Ac2O, TEA, CH2Clg, 0 °C to

rt; () CH3SO2Cl1, TEA, CH2Clz, 0 °C to rt; (g) Methyl chloroformate, TEA, CH2Cls, 0 °C to rt;
(h) p-Toluenethiol, Cs2COs, CH3CN, rt.

F3HT KEMET I FEMZOA

{bE% 18 # W T, A1 20a-d 3 L OMEAEY 20m-t DA AETT 72, (LA 18 %2 DMF %

BT, 12480 EDC & i SRR & Ak S W 7%, L& 15e 35 L O DIPEA % 1 X it
SELHZLICE VLAY 18 ZEARERE UCHEEL 72, 181TxF L., KEMY I FEMLIZIHS T
L7 I ThHIEAW 1921 5 EH 5 Z LIz L v kB 20a-1 #4537-, 20e-1 ® N-Boc H:%

Wl CHR#ET S Z LI X VLAY 20m-t AR LT,

@lf@ spWsY

cl CHs

CH
/\/\ ; 3
192 H,C. D 190 H,N 'D 19¢ O 19d o

CHj
20a: A= H,C. NO 20b: Ay = N 20c: Ay = O 20d: A, = '
o 2= HN NQ 2 N 2 HN/\/N‘CH3



H
Boc \ d
7 AN A~ N
19e N 20e: A, = HN CH3 —— 20m: A, = HN CH3 HCI
HoN™ " CH, 2 | z |
Boc /A\V/EOC CHy d ANty g
19f oSN CHs 20f: A, = HN ~ —— 20n: A, = HN ~
2 ! |
Boc /\/I?IOC CHg d . /\/H CHs
19¢g ~_N__CH, 20g: A, = HN Y 200: A, = HN HCI
HoN T ' CHs ' CHs
CHs

d
19h /@ 20h: A, = /O\j I 20p: A, = /O\IH HCI
N< ~
H,N Boc H'?‘ Boc HN
1
/C /CN B ° /CNH HCI
A N— i - —boc e . -
19i N Boc 20i: A, H'}l 20q: A, HN
I I

H,
IBOC ,BOC d H
P S fOAL = S _— AL = CAN
19] HzN/\)LN) 20]. A2 = HN/\(C) 20r: A2 = HN/\L) HCl
1 1
IBOC I,?:oc d H
R - R _— CAL = RLN
19k HZN/\(:}N 20k: A, = HN/\(:}N 20s: A, = HN/\Z/\) Hel
- | pt 1 -
Boc Boc

H
N
191 H2N/\CJ 201: A, = HN/\CJ —_ 20t: A, = HN/U G
| 1

A¥—A53 I LE LM (a) EDC, DMF, rt; (b) 15e, DIPEA, 0 °C; (¢) 19a-1, HOBt, EDC, DMF,
0 °C to rt; (d) 4 mol/L HC1 in dioxane, CH2Cl, rt.

FAR NRWMET I NEALOEH L KIEMET X FELOEBO = Ex— g v

L& 18 = VLAY 22a B L OMEAY 22b D& EIT- T2, LAY 18 2 DMF IR, 1
WEO EDC & i S8, BEAMEZ AR SE7%, 6B 156n B X O'DIPEA 2z 1 >H®

72 MMbE T, ROSRTIC 19e, £721%19f, 3L OVHOBt, EDC #iz 22D 7 I K
{bZ2ATV, ENEIULAEY 21a, 21b 2157, {kEW 21a, 21b a7 A X o H 0 MY 7)LF
o fEfE (TFA) Tt Boc b L7=#, g L 352 LT, ZhEbAY 22a, 22b 2157,



Boc H
N

| N N
C HN/\/N R Cl HN/\/ R
a, b, c d e
(0]

13 . (0] K&O . (0]
N e
N
° N © N/N HCI
Cl CH3 Cl CHj
21a: R =Me 22a: R =Me
21b: R = Et 22b: R = Et

Ax—nh 4 RILLEM: (a) EDC, DMF rt; (b) 15n, DIPEA, 0 °C; (¢) 19e-f, HOBt, EDC, 0 °C to
rt; (d) TFA, CH2Cle, rt; (e) 4 mol/L HCl in dioxane, Et20, rt.

FHOH MEEMET X FEMLOT I PRED G

FRIAEMET X REALOT 2 ATHIY T 26/ 15e-h, B L OMELAY 15n-p DA E LIRS 5
ECEM LT, 2 -TI /4% (28) & tert—7 X INVAR= LT H—3A— K (BoczO)
T Boc i, BLOEEAEEETT v F LT 52 LIk, ThELAEY 24a, 24b 2157214,
KFERY FULT VI =0 AT, ERETLZ L1280, (LAY 15e. 16h G L T,
2-7/7-1, 2, 3, 4—T7hZ7eRurr7xLr (25) BLOF IV A—4—T =)L
Jua~FH -7 I (27) % Boc20 T Bocfb, KHELY FU LT VI = AT, HEEEE
THI LK, AW 15E, 16g 5k L7z, AT /LE RT7T 2 (29) % Boc20 T Bocfb L7z
%, ANDE -FLU LT R I NERSSEERILULEEY 81 215721, DifRi#EIZ L VbE
15n 25k liz, 1, 2, 3, 4—7 e kRkaAf VXU (82) Zi#ifgEr MY v AT=h
o YRE Ltk HShCRILTHZ LICLVILEM 383 2 157-, 838 D7 X ) HKELK N~ L TA
I L Lieth, KFLVF VLT AI =T LATEILT DHI EICL VLAY 160 AR LT, b&
W84 % ) kL, AbEW 85 B 4GT-t. I VLA F A TN—AF Ak, i Boc {kIZ L VLG
16p Z#H R L7z,

10



aorb (0] /@ c,d
— N — R.

H,N N
2 H HCl
23
24a: R= tert-BuO 15e: R= CHj3
24b: R= Me 15h: R= CH,CHg
a c, d
Boc H.C
H2N N C-N
H H HCl
25 26 15f
Q. O . J
O O L
HsC.
H,N BOC‘N ° ” HCI
27 H 28 159
e Boc, f g
CH3NHNH, —— N—NH, — > Boc. N _— HyCo N
HsC N N’
29 30 CHy 31 H HCl
15n
. I
HN r\C@ HsC. .N
H,N s N
32 33 150
Q0 NO2 Q0 NO:
>|\ )CJ)\ K\NH K o (\N/S I, d (\N/S
0 el NS G T
H 0" N N7
H H
34 35 15p

AF—Ah5  RIL KM (a) Boc20, TEA, CH2Cly, rt; (b) Ac20, TEA, CHzClz, 0 °C; (c) LiAlHa,
THEF, 0 °C to reflux; (d) 4 mol/L HC] in dioxane, Et20, rt; (e) BoczO, EtOH, CH2Cls, rt; (f)
o-Xylylene dibromide, TEA, N-methylpyrrolidone, 50 °C to r.t; (g) 4 mol/L. HCI in dioxane,
CH2Cle, rt; (h) NaNOg, H20, AcOH, 5 °C to rt; () Zn, AcOH, MeOH, 0 °C to rt; () 37% formalin,
AcOH, H20, 0 °C; LiAlH4, THF, 0 °C to reflux; (k) o-Nitrobenzenesulfonyl chloride, TEA,
CH:2Clz, 0 °C to rt; (1) CHsI, +BuOK, THF, 0 °C.

B 3E ALEYOlEEEEM & &L

R ETGEORIEIZ RO K S- TF 3 - L - BTV AT A VKRS REESE % VT
1Tolc, REEZRLONT RIS THDH DT, BRBERFIZ, HE, HEACMZTT /o T T
ST —EERIML., BEROIC L TR LETT /v d g )V~ BT 52210k

WEE ORISR Z 72N E I L, FEFELEEEOEZHPLC THIET S Z EICk 0L,

B NREMET X AL OZHRS R
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NEIRMET 2 FEALOZEHDOFE R AL TIRY, HTS b v MEAW 8a-f DT, 8d DA IMEEANE
T2 RO T R BRI S UTEREEEZA LT e, JRIEMET 2 FEIS, BRIk, FEBRIRICRY
272K 3T X R TH D Z ENROERAFIGEHERIUCEE L OMNE 5 hEfERT 5720, i
M 17a, 170 2GR, Ml L7z, L L7Zen b, 17a, 17b OEERAEIEMIZRIRICRGS L=, &
T X REAEA 37 X R CTH D Z & NRVEERAEEMEZ R OICEEROTIERLS, 7I FD
NEVEMEE L DN R EICEE SN TWAZ ENEBETH D Z ENRB Iz, VA7 I Ml
MRAET B2, HTS b MEEWSE D 24k 7 X K& N- A F /UL LTALAW) 17e =5 Ek. FEAMN
L7z, TOFER, 17e ORI EEMIL IC50 = 0.052+20.010 uM Z27r L 8f & LEE LK 2 0 0%
PINEEDM ER R SNTZ, 1Te DA X U ET R T8 Rat 74 L A8 L (bEaW 17f
Wb FEICIRUEMEDS BN, 1Te DAFILT I REF /LT I RICEH L7-tAY 17h 1%
TEERFI 1 O T L=, b 8b DL 7 b ~FH U B DO EHIZEB N T, v 7 g aF P8
(LR B UBRICEBR LTALEY 1T IEENME T T 0/ R L ko7, 1Te DAF N T == LT
IvE1, 2, 3, 4—T hTEeRuXx ) U AR LUIALEY 17d 1% 17c & IZTFEROBEFRIH
VLA R LT, V7 XY U D AT UBRE B LAY 1Tg 1% 8b L HRR0R0NE
PEPMET Lz, 7 etz 4 — R D= VHAZ8 i UL AW 175 (3R PR EIE 23
RKLiz, EXY o7 27T v (1Tk), AX AR =vEE (17D, A R vh
NAR=VHE (1Tm) 72 EOBEHILZEANT 5 & BAEFIRESERE LT,

#£3—1 JBEMET I FENOZH 1

of /\/J:>
0, X

N

o

O

>

O
Cl
{bEWmES Ax ICs0 (WM)*

17a

%
N
17b 17+2

>100

17c N 2.7+ 0.9
|

CHs
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17d ,\,5) 2.340.2
17e \N@ 0.052 % 0.010
|
CH,
17¢ \N@ 0.081 % 0.017
|
CHs
17g Q 0.53 + 0.08
N
CHa
17h \\ND 0.64+0.12
kCH3
Qi
17j N >100
|
CHs,
Jig
N~ “CH
17k . /Q 3 4.6+0.5
N
CHs
Q.0
N/S\CH3
171 . 0.23+0.05
N
CHs
X
N~ “OCH;
17m . 0.89+0.18
N
CHsy

*Kach datum represents the mean =+ standard error of triplicate determinations.
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oM THNMR A2 b b OSRHEETH & 72 LA WT A v

FERBLEIGMEDN E B L7 LA 17e @ 'TH-NMR & L2 2A, 2 —Af VX =)LAF LT IR
fHEDAFTa b, AFNVE BIXOWNVR=ZNVED afiOAF LoD v kB —7 530
TNEH 2 SOLETHAIZBHISN, YA — N7V ABMEROTFENRES N, DX 97k
REVEMET X R~ v b B — 7 Sl a IZBl S LA BIG0E, AEIERICITZEE S - T2 Mb s
W17, 17h, 17i-m S THER SN,

A b2:3 c2:3
HN

S X .
N . / N\ /N

4188

3—1 (k&% 17e ® 'H-NMR spectra

17e DZ DD RMEAR L U TA o F =V EDEHRITHE S BIEA L E 2 b, AMeEWIT ik =
YI7FA—varERY S L EEFERALNT,

8 ¢ CH3 is CH3 " N H
rans CH,

X3 —2 Au&¥ 1Te OIFEMET I RO TEMEARBAR. 213 b7 oA - A RE A
A UK =V I ORI R

SRR AR OIFAEIL, (LB EER Y v 37 EMBEERT 2BEICAFNICEL £ E3 2605, 2
T I )AVEVIEDATF VIRBIMN HBRICEWRT H LT, el b A X =KoL
BVEDTTREMEIIHER TE D L E 2, (LB 1Te DA L F LD A VA R U HADEWEIT -
Too TOREFR. K AFOBFRFIEEOR EXR SN, —F, (LM 1ITEOT T8 ket
THEVARMIEA VA R B LT AEA Y 1To IHEEME T 2555 & e o 7o LA 171
BELR1Tm OERY) D2 XTI~ UTALEY 1T BL X 1Ts 1ZZNEN 565, 2 0
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EOTEEDE BN R 67z,

#3—2 JRIEMET X RELOZLEH 2

"
QL
T

Cl

{bEWmES Ax ICs0 (WM)*
17n \\N,N: S::: 0.013 + 0.003
|
CH,3
170 \\N/&i::li::] 0.20 + 0.02
|
CH,
0.0

r/A\N/S\CH3
17r /N\V/J 0.049 = 0.008

N~ “OCH
17s r/A\ 3 0.044 + 0.006

*Each datum represents the mean + standard error of triplicate determinations.

{bE% 1Tn @ ' H-NMR AX7 T =2 N6 A VAL R D 2ODAF Lk AFVE
ANKR=ZNV alfiDAF LU HEOE—2 26 BEADFEEIMR SN T, VAERELIT N7 A K
ELODHE—ORIE, HDWIET A N T U AHAEBEPIEF ITHRIEE LTIFELTND Z &
DRB E N7z, FRRICALEY 170, 1Tr. 17s @ TH-NMR A~X7 kLT —H 2OV T H BMERD
A ZTRET D E— 7 3G S e o T2,
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d 2.88(s, 3H)

¢ 3.95(s, 2H)

3
B

2884

a 4.40(s, 2H)

CI\@\ HN/\/D
o) C(&o
<pUsY
N
N
L Y

cl CHs
d

17n

VA T T TrreT -
405 400 395 390 300 295 290 285 280

3—3 A% 17Tm @ 'H-NMR spectra
5 3H AKEMET I R D2 kS 5

KEMET I RERLOEHDOFRERZ U TR T, (bEW1Te D2 —Er ) VL F AT I ROT
K NH % A F AL L7Ab &Y 20a (XTEHERHEE Lz, =F AT I Ko7 m ey I RaoZ#
E&® 20b), Eu U Prnb XY Dr~n&H (LAY 20c), A FNT 2 ~D4EH (b
A 20d) 1LE BITTEEDNME T T /R E o7, ST IV D 28/kT I U ~OEH, Tb
Her ) PUENDATFILT I ((BEY 20m). =F AT I ((kE#H20n), Y T LT
1V ({bE# 200) ~OEHITIEN AR O Z & A OBRFIE A2 T~ 2 LR S
Too 2 DODEFRIRTFOHEEEN 2 IRFEDTHLIERKZ A T D27 I RO, BRILZ—
ICE o TIEERKRE LB L, 7 I NOREERSE TERIL L72{b&4 20p 38 X 0V 20q TIHTEMEDOK
BEZAR T AR SN2, 7 2 Fvb 2 IREBFEENTALIE TE(L L7 LB D 5 B {LEY) 20r,

20t [TEMENRRIE T T 0 BETH -7,

#3—3 KEMET I FERALOZ

Cl\@\ A,
0 (&b
N;\
Ay
Cl CHsy
fbEaWE = As oy ICs0 (UM)*
17e HN/\/D - 0.052 £ 0.010
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20a

20b

20c

20d

20m

20n

200

20p

20q

20r

20s

20t

HCl

HC1

HC1

HC1

HC1

HC1

HCl

HCl

>100

0.33+0.05

0.32 £0.05

0.13+0.03

0.070 £ 0.012

0.060 = 0.006

0.049 + 0.005

1.2+0.1

1.5+0.2

0.11+0.01

0.60 = 0.07

0.15 +£0.02

*Kach datum represents the mean =+ standard error of triplicate determinations.
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FARF B OMAE DOERR

HEVRMET X REBALOLEW S R ENTA VA > R kS L AKEBMET 2 REL O 5 B
ENTEN-AFNALT I N-ZFNT I U EEEAEDETALAEY 22a, 15 L1 22b % &%,
ML= & 2 A, YT ) BN — X —DIEF IRV EERZLEE A T 2 & DR ST,

F3—4 JREMET I NN, AKEMET X RENLO Gl S— Y OfAA DE
bEWE 5 b ICso (UM)*

22a N 0.0050 = 0.0020
LA

Cl CHs HCI

0
22b N @ 0.0085 + 0.0031
J A
o)

*Each datum represents the mean + standard error of triplicate determinations.

FO T PLEAI OB E RO

&M 22a VT, S- 75 /20 - L - REY AT A AR RIS DRSO O EER D
BatziTolz, WHTHDH S-TF /I -1- REVATA L OEEL 2.5,5.0, 1.5, 10, 20
nmol/L & Z{b &+, 0,1, 3, 3L 6 nmol/L DIEE TOILEY) 22a DOREEN ISR ERAZFH L
72, Lineweaver-Burk 7'm v NI X AT OF5ER, 22a OFERAERNIIHTIAECHY . Ki=
1.5 nmol/L TH D LFtE I T,
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1N

0'2 0?3 0?4 0?5
1/[AdoHcy] (nM)
3—4 bEWM22aickD 8- 7T /v -1 - REV AT A VK fREESEILE D
Lineweaver-Burk 7'z »» I : Assays were conducted by incubation of various concentrations of
the substrate (AdoHcy) with AdoHcyase in the absence (red circles@®) and presence of
different concentrations [1 nM (blue trianglesA), 3 nM (black squaresM), and 6 nM (green
diamonds®)] of 22a. SAS software, version 9.2 (SAS Institute Inc.) was used for statistical

analyses.
HAE PLER RS T L O X BEA IR
BO1ET BRSSO IS & BT IR B E

FEE R COREFERIOIE 2 7 4 A — a U EHERT D78, X BRI EMT 21772, 1
RO NEES-TT Vv -L- BREVATA UNKSERESE % Yuan, C.-S. 5D HEWEEE
(X X7 R 5 mM 22a, 40 %(v/v) 2-PrOH, 20 mM Tris-HCl(pH7.2), 0.1 M NaCl, 1 mM
EDTA, 1 mM DTT &% % AdoHcyase #EHZ 1/10 &SN L 7= 7.7 mg/mL AdoHcyase DIEHE 1 1
L&VH—rn—1 pyLZEREALTRKr Y7 &L, 100 mM HEPES(pH 7.5), 13 %(w/v) PEG4K,
10 %(v/v) 2-PrOH, 0.5 %(v/v) Ethyl Acetate ® V' — _—ZHW\T, v T 4 7 Fa v 7RA
PEHOEIZ J 0 X MRS s S AT A3 AT RE 72 BLAS 5 2 3 L7z, 100 mM HEPES(pH7.5), 25 %(w/v)
PEG4K, 15 %(v/v) Glycerol ¥AHRIZ 2 REfIIRIE L 72HCikdlh (K& & 0.1X0.05X0.0056 mm) % fif
SPthiEX SPring-8 O ¥ — AT A BL24XU, #fa O REIFTHEREHIE 2 7 ER () ORGHEH
XHpp HEEE R-AXIS V., 7 — # 4L# 2 HKL Research Inc. OREIPTHRELLE Y v 7' F 2 HKL2000
AL CHEM LIz, £ORER, FhnE6e 2.7 AT —4%+y MG,
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#£4-1 WESLRM

Beamline BL24XU
Wave length (A) 0.82565
Oscillation angle (°) 1.0
Measurement range (°) -90 ~ 90
No. of images 180
Temperature (°C) -180
x4—2 MWFEHNT—H
Resolution (A) 50.0-2.7
No. of observed reflections 195263
No. of unique reflections 31605
Completeness (%) 99.6 (highest range*2: 98.3)
Average I/o(I) 25.4 (highest range*2: 10.1)
Rmerge*! 0.092 (highest range*?: 0.235)
Crystal system Orthorhombic
Space group C222;
Cell constants (A) a=91.53
b=134.2
c=185.2

*1: Rmerge =X ( |(T-<I>)|)/Z (D
*2:2.80-2.70 A resolution

2RISR

#[E CCLRC @ CCP4 7’1 7' 7 5 AA — MTH £41% AMoRe % W TorFEHIEIC K 255t
BT 21172, 7T A4 5 —43027 (PDB) (2t FBLOZFDOMOFED AdoHeyase H
R, BLOBEERE OBEERPZBEFEIIN T D, AdoHeyase (4 ®mIKE LTFEL, TNETND
BRI IIflE R A £ > & NAD #E5& RAA UIMFEE L, T OMICHEE OFEA AL BEET D,
FE S ER &2 & £ 720 AdoHeyase 133 612 open form & U CHEAE L., FESCILER %2 & 108
AR closed form & U TIEET 5 Z &3 ST 5 10016 4[] & b closed ! AdoHceyase
(PDBID:1A7A). 7 v b closed # AdoHcyase (1KOU), 7 » I open ! AdoHcyase (1B3R)
DA REDNGy (250F) ZXENEHRES FET /MITEIR L, 72fFHE 16-4.0 ADRETT—~
ERAWCRNAEEREBOMREEER L, ECORBS TFETADLMMIELNEZN, 7 b
open ! AdoHcyase ¥R FET /0 & LI2GE IR b WHBEREZ R Lz, BIHEEIE TR
TR TH A BRER Oy B 7 M L=tk 0ffRE 15-4.0 ADEHTT — 2 2 VIl iER K %
FHE L. FEFREALICE £415 AdoHeyase 43 - DALE A RE LTz, £ ORER, FEXFREALIZIL 4
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BNy (2507) BDEETDHZENHALMNERST, Z2ZT, 7 b open i AdoHcyase
20T HMOAEICEE L, 7 2 /B %2t b AdoHceyase IZE#i L C NADZ RN 7= B HEH
3 EREERE O FET V& LT,

#4—3 7 v bopenZ! AdoHcyase (27%71) ZHERSTET NV E LIy FEBIEOMR
28 X R BEEL D

No. of Solution o Yij ¥ T Ty T. CC_F1 RF F*
1 85.30 450  95.33 0.0000 0.0000 0.0000 22.3 56.2
2 360.68 0.00 0.00 0.0000 0.0000 0.0000 12.1 59.0
3 180.50 0.00 0.00 0.0000 0.0000 0.0000 12.0 59.0
4 0.50 0.00 0.00 0.0000 0.0000 0.0000 12.0 59.0
7 BEE > i
No. of Solution o Yij ¥ Tx Ty T. CC_F1 RF F*
1 85.30 4.50 95.33 0.2817 0.9994 0.1051 58.2 45.8
2 85.30 4.50 95.33 0.2178 0.0003 0.1053 56.0 46.9
3 85.30 4.50 95.33 0.2817 0.9993 0.3942 42.5 52.6
4 85.30 4.50 95.33 0.2819 0.9993 0.0790 42.5 52.7
5 85.30 4.50 95.33 0.2178 0.0005 0.3933 42.2 52.6

*1: Correlation Coefficient

*2: R factor

%3 MREREEL

Accelrys Inc. DfEFEEMATH 7 0 75 5 CNX TfE S E OB (b2 E L=, T— &%t v MIC
EENDEHT RO T B EEZITHI L2 5 %O S EREE RN OERAL, £D5% DT
— 42D RKEF (freeR) 250 OF — 2 O R K7 & Hfg U, K8 ALEHR O 2 Y PRI L7z,
F7 FISTET V% open B & closed B CHALENBENTH 4 DD KA A GERFREALH
20T O N A A 2 & NAD #EA KA A V) 10T, TN EfkT 558 >0k s 2
DT N—THAED (TR BRFEHTE S 5-197, 198-350, 351-386., 387-432) . /I fiFHE 6.0-3.0
AT =2 % RHNTIZN—TRNEREEEIL, MEOREEEZITo T2, RIZ, ABEE 2500K 2>
5 300K % CT® Simulated Annealing % 3Zfii L72%&, 3L 777 4 v 7 A7/ T A
Quanta # W EFHEERIZHT H2ET VT 4 v T 4 7 & CNXIZ XD FALE - IREER T
DREEALE L HIAT > 1o, BEEE S ORENZITRE SNT2%, Fo-Fe 2/ 5L 35427 —Y
TARICE D EONETRERICEDE T, NADY, KyT1. (LAWY 22a L7k DK T DIE
ICHEEZIRE LR b, #EHEEEED 7o, MIEHEEICBLERE D TONRTA—=Z T 74 )L
TEAE, K FIZOWTIE CNX WO H D%, NAD KT 22a [ OWTIEY 747 Ko7 a7
7 A xplo2d IZX > THER L 7= b D& Lo, &I 50.0-2.7 ASREEDEITT — X IZH 0
C Bulk Solvent fE D FEZ2M] COE - EMIEZ IS L, AdoHeyase 2777, NAD+ 2437,

21



22a 255 F. /K 244 5y FI2xt LT, R=0.199. free R=0.240 R = X |Fo-Fc|/X |Fo|)Z157-. &
IEEO R AE /oW T 7 e 7 F 5 PROCHECK (2 THA R A Y 5% KRN0 fiRGE COFF
REPHICINE > TWDZ & 2R LT,

4 —4 MEEEHEHE

Resolution (&) 47.81-2.7

No. of all reflections 31525 (highest range*!: 4826)
Completeness (working + test) (%) 99.5 (highest range*!: 98.5)
R*2(working) 0.199 (highest range*: 0.229)
free R 0.240 (highest range*!: 0.282)
free R test set size (%) 5.0 (highest range*!: 5.5)
No. of reflections used for free R 1565 (highest range*!: 280)

No. of non-hydrogen atoms used in refinement

AdoHcyase 6644
NAD+ 88
22a 76
Water 244
B values

From Wilson plot (A2) 22.1
Mean B value all (A2) 23.9
AdoHcyase 24.1
NAD+ 18.6
22a 20.4
Water 21.5
Estimated coordinate error

ESD from Luzzati plot (4) 0.25
ESD from SIGMAA (&) 0.19
Low resolution cutoff (A) 5.00
RMS deviations from ideal values

Bond length (A) 0.006
Bond angles (°) 1.2
Dihedral angles (°) 22.0
Improper angles (°) 0.73

*1: 2.87-2.70 A resolution
*2:R=%|Fo-Fe|/Z|Fo|
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FAE B 22a & AdoHceyase, NAD+D SR &

FREOHIAIT L Z W2 iE b D Fo-Fe EFEERIZB W T REY 22a L TRENDEFEE
MBI 47z, AdoHeyase . NAD* K UKy 1% & O o G # L% O Fo-Fe & T4 X CII &
(2T 72 228 OEFEHEENBINT-, ZOEFEEDOIIRIL 22a DNLKRFHEAZ KR L TBY | &
5512 228 DG Z BT HEICE TID L Z LR TET,

4—1 22a OETEEK (Fo-Fcmap,30 > b, A7 LAK) (a), (b):FERFRENF D 2 55
T HEfETEEX, Af REBER. RO BERT. HO 0 ER2E T A IERET
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AdoHcyase HLEARIZDOWT, ZHZ4 NAD+, 22a 28 153+ 7 2fi LTz, 22a DA VA
R U ERALIE, BEICHEERENT S AU TV 5 closed Bl #5389 A HEA] (PDB ID:1A7A) L JE{ELO
NEIZIFIET 208, Z DM OE 71 AdoHeyase HRERD 2 5D R A A VRIZHEEN TR,
AdoHcyase H &KX open HUZITVY K A A OELE Z > T\ /= (PDBID:4YVF),

4 —2 AdoHcyase 4 &fk&ZHITHEA LTS NADH L 22a
¥th, f8f : AdoHeyase (Ca b L—R FEXFRHAL 2 531) . fkfa : NAD*, /K4 : 22a
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NAD binding domain

Catalytic domain

4 —3 AdoHcyase D KAA Y (UARETI) & 22a
Ha~Uv T A KB BL— T

b&M 22a DA VA > KU UENLIZ NADY O =2 F 07 3 REER L 3.9~4.0 A DFERETHATIC
MEL, BFAFY - g AZ XU THAERH 1DZ L TWD Z LRI, BT =1 55
DHFBRIL2 DD RAA ANTHRENTREETALE L, NADFEG R A A D mA 20347 &
BUKMFEEER., i RA A O AF V55 L - n AX XU ZHAEAEH 192 L Tn5H T
EWTRBE ST, LAY 228 1213 4 DOKRFREAG DIFEPRE I NI, Tobb, KEMET IR
BEALOD J VIR = VERSE I R A A DA LA = BT ORISBUKEREL & DKFEFRES, A TF LT 2
J IR R A A DT I W 59 OB VIR VL L OKFERESIRIATET R RERALO
IR NVEEFEE NAD fEA KA o 2FU 0 353 BT I R EDKFEHEE, BLU22a
DKENET 2 REMEO NH & JEIRMET S REMLOBETEE & D4yFN 8 BER/KFEE A 192005 S
Tro F7o. BREEMET X REALO 3#RT X REMLIZI I VR = VR ICR L, N- A FILEER T R
ML TWDZ ENHBA L, {bAWRBE(LERIEIRCSI T [V 27 2 MR 234 5558 &
ol
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4 — 4 Discovery Studio 4.1 (Z X % AdoHcyase, NAD*, &%) 22n O LA EX]
(F2 k) : 22a ME R A A & NAD fEA KA A TfkEN VDX, (A1) : 22a & NAD*D
ZaF T IREEREDDT A - g AZ XU THEEH, (ET) : 22a OFEET I N
MR VAR = VIS & HIS363 1T X N & D/KFERM G, LU 22a D7y 7N 8 BEKFEM G, (B
T) :22a OFEFHET =V UELE HISES DA I XY —NAEBREDr — n A v F U ZHHEER.
KIEMET I NERALA VAR =V iisg & THRST IBUKIRIL & OKFER G, B L OKEMET I FEML
7 X /ML GLUSY IS VAR ¥ 2V & OKERE G, B OB ILR T RIEEEE (A) 2%

555 % PLEAIHEA D X B E AT

X BAEA RN ORGSR, FRAMET X REALO 38T X RS AR L) | I 512407 8 BBRK
FREAL L TWDZ EDRRBINTZA, 2 bEY 22a 7% AdoHceysase ¥ KX OF NAD+ & AHAAE
HT 52 EICEoTHELIERHRETOHL EEZEX LN, ZNEMEET 5720, HEAEAROSLIAHE
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e X AMEERTICE VST L L S LB AT, BN L, (LAY 22a DRGSR ZBIGT 5
TLFTE RPN, EEIC LAY 22a LIFFITDVHEE, TROLRMOT I KB ATF
WNT R ENSER Y AR S TALEY) 1T OFEE LIS LTz, 1Tn 2 ¥ = Fbxz—7 L
SRR D 2 LIS KD B A R L X BREEEAEAT & it L 7=,

#5—1 (L&Y 1Tn OfEET — % LGSRl
Compound 17n
Empirical formula Cs1H35C12N503
Formula weight 596.56

Recryst. Solvent
Crystal Color, Habit
Crystal system

Diethyl ether
colorless, prismatic

Monoclinic

Unit cell dimensions a=18.9093(17 A a=90°
b=16.1873(9 A  Bp=131.002(5) °
c=13.2852(9 A  y=90°

Volume 3068.9(5) A3

Space group Ce

Zvalue 4

Density (calculated) 1.291 g/ems3

Absorption coefficient 22.252 cm'!

Crystal size 0.300 x 0.200 x 0.100 mm3

Temperature 298 K

26 max 135.8°

Reflections collected 2876

Independent reflections 2790 [R(Gnt) = 0.0347]

Data/restraints/parameters 2344/0/406

Goodness-of-fit on F2 1.003

Residuals: K, Rw 0.0438, 0.1257

Max Shift/Error in Final Cycle 0.000

Maximum peak in Final Diff. Map 0.27 e’/A3

Minimum peak in Final Diff. Map -0.25 e/A3

CCDC reference number 1049632

LAY 1Tn 1ZLEW 22a L [RIERIC, TRIEMET X REALO 38T X RV AREZR->TEY, &6
WCAKEEMET 2 REMEOZEHZIR T (K5 — 1D N2) EAREMET 2 RELoOEER T (K5 — 10
03) L ORI 2.918 A, AEBFT- 2L AN 166° THDHZ Linb, 4T 8 BB
FREAE L TWVD Z LRS- 2,
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5—1 ORTEP drawings of 17n with 50% probability displacement ellipsoids

5 — 2 Discovery Studio 3.5 (Z X B{bAW 1Tn O NLAKHEEX

#5—2 fbEW 1Tn O THNKERES

A---H—D A---D (A) ZA-H—D ()

03(A) ---H—N2(D) 2.918(9) 166.16

It 1Tn OEZ narL AR TOT 1 F 2 NMR T OFESR, X REEREERT O R., B
LAY 22a O X BHEEIRIRITOFRER NS, N- (VA R -2—A) -N- AF)L
T MEEE AT DA, D7 L BBER S XD L OREA LRI A BRI &
STBUKMERE FI2BW T, BT 2 RENLO 3T 2 Flidv ARL 72y LI FHNS8E
BRAKFHEEIER LTS Z EDNRB SN,
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«

A
VEN

%63

BAREVATA VREZ EFILIE S 2 LI X 0 MHESEOREBO TR, 1BENTE 50T
WhEEZ FOEREEETHD S-TF ) I - L- REV AT A UK REESE DORRLER D
AW ez E L7, PRFHEAID ISR S EERT 2O RS Z FRIL, 3T I RE
PN AR % L B 2 ENEMERBUCEE CH 5 LB 21, (bEMEE(LHFIEIC X > TH Lk
G 22a EiESR & DO X BHAESIEINT OFRE RN D | AR ORESR X open form & L THFEEL T
LD DRI NI, ETEERTR CHEARD 3T I REMLIZ T AR EZ L > TWND Z EDRRS I,
STNT8 BERAEMEGE Lo T D 2 L AVRIE S iz, XS A ST OFE R, LA 1Tn
I TN T8 BBRKEMAZLTH L LI, TDO3MHT I FEIT AR A L S>TNDH L
WHERR STz, LB 22a ORFFRMERXDFEHIALE TH S Z L 2R~ L, Kifild Ki= 1.5 nmol/L
Thole, TNETIZRWIET T Bk a2 A3 2 miEER LAY 22ab IZEREL AT A
WRHEZ YGET DA ORI T D U — AWM E 22 01557200 Tle < & OREIETEHEFE BTG
B IO X BEAEMBITERIITR A2 OS5 %O I B bR o—B 725 LB 2T b,
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B8 ALEMERK
General

All melting points were obtained on a Biichi 535 melting point apparatus and are uncorrected. Silica gel
column chromatography was performed on a SHOKO Scientific Purif-a2 Flash Chromatography System
using Purif-Pack silica gel columns or Yamazen Hi-Flash columns, and the described solvents as eluent
under gradient condition. 'H and ?C NMR spectra were recorded on a Bruker ARX300 spectrometer (300
MHz) or a Bruker AVANCE400 (400 MHz) spectrometer. Chemical shifts are expressed in parts per million
(ppm, O units) relative to tetramethylsilane (TMS) as an internal standard, and the following abbreviations
are used: s = singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet, dd = double doublet, dt = double
triplet, brs =broad singlet. Mass spectra were measured in a combination with a Waters Acquity UPLC
system (Acquity BEH C18 2.0x50 mm, mobile phase: A: H,O + 0.05% HCOOH; B: CH;CN + 0.05%
HCOOH, a gradient of 5-98% B over 1 min, flow rate 0.6 mL/min, column temperature 40 °C) and a
Micromass ZQ mass spectrometer in electrospray ionization (ESI) positive mode. Elemental analyses were
performed on a Perkin-Elmer 2400 II CHN Elemental Analyzer. High resolution mass spectroscopy
(HRMS) was measured in a combination with a Dionex UltiMate 3000 HPLC system (YMC Hydrosphere
C18 (3um) 2.0x75 mm, mobile phase: A: H,O + 0.1% HCOOH; B: CH;CN, A/B = 50/50 over 3 min, flow
rate 0.2 mL/min, column temperature 40 °C) and a Thermo Fisher Scientific LTQ Orbitrap Velos Pro mass
spectrometer in ESI positive mode. Purity was determined by HPLC measured by an Agilent 1100 system
(Sumipax ODS D-210SLP (3um) 4.6x50 mm, mobile phase: A: HO + 0.05% TFA; B: CH;CN + 0.05%
TFA, A/B = 40/60, 45/55, 50/50, 55/45, 60/40, or 70/30 over 12 min, flow rate 1.0 mL/min, column
temperature 40 °C), and was >95% for all tested compounds. All chemicals and solvents were of reagent
grade unless otherwise specified. The following abbreviations are used: DMF, N,N-dimethylformamide;
DMSO, dimethyl sulfoxide; TEA, triethylamine; THE, tetrahydrofuran; EDC,
1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride; HOBt, 3-hydroxybenztriazole.

4-Chloro-1-(4-chlorophenoxy)-2-nitrobenzene (10)22

NO,

Cl 10
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To a solution of 4-chlorophenol (10.6 g, 82.5 mmol) in DMF (100mL) was added NaH (3.32 g, 60% in
mineral oil, 83.0 mmol), and the resulting mixture was stirred at room temperature for 40 min. To the
mixture was added 1,4-dichloro-2-nitrobenzene (9) (14.5 g, 75.5 mmol), and the mixture was stirred at
80 °C for 75 min. The reaction mixture was cooled down, and poured into ice water (400mL). The
precipitated solid was filtered, washed with H,O (100 mL), 1 mol/L aqueous NaOH (100 mL x2), and H,O
(100 mL), and dried under reduced pressure to give 10 (21.8 g, 93%) as a yellow solid. Mp 74-76 °C. 'H
NMR (400 MHz, CDCl5): 8 (ppm) 6.98 (d, J = 8.7, 2H), 6.99 (d, J = 9.3, 1H), 7.35 (d, J = 8.7, 2H), 7.49
(dd, J = 2.6, 9.3, 1H), 7.96 (d, J = 2.6, 1H). >C NMR (100 MHz, CDCl5): & (ppm) 120.30, 121.81, 125.76,
128.85, 130.15, 130.23, 134.24, 141.50, 148.92, 154.22. MS (APCI) m/z 284, 286 [M+H]".

5-Chloro-2-(4-chlorophenoxy)aniline (11*

NH,

Cl 11

A solution of 7 (12.0 g, 42.2 mmol), FeCl; (702 mg, 4.33 mmol), and activated charcoal (3.70 g) in MeOH
(360 mL) was stirred at 50 °C, and to the mixture was added hydrazine monohydrate (7.00 mL, 144 mmol)
over 10 min, and then stirred under reflux for 1 h. The reaction mixture was cooled down, filtered through
Celite, washed with MeOH, and the resulting solution was concentrated under reduced pressure. The
residue oil was diluted with EtOAc, and the organic layer was washed with saturated aqueous NaHCOs;,
brine, and dried over Na,SO4. The insoluble material was filtered off, and the solution was concentrated
under reduced pressure to give 11 (10.6 g, 99%) as a colorless solid. Mp 59-61 °C. '"H NMR (400 MHz,
CDCl): & (ppm) 3.85 (brs, 2H), 6.67 (dd, J = 2.6, 8.2, 1H), 6.76 (d, J = 8.2, 1H), 6.80 (d, J = 2.6, 1H),
6.89 (d, J = 8.7, 2H), 7.26 (d, J = 8.7, 2H). °C NMR (100 MHz, CDCLy): & (ppm) 116.07, 118.33, 118.42,
121.04, 127.98, 129.76, 130.17, 139.75, 141.32, 155.81. LC-MS (ESI) m/z 254, 256 [M+H]".

N-[5-Chloro-2-(4-chlorophenoxy)phenyl]iminodiacetic acid diethyl ester (12)
QL
CO,Et
o (7
N._ CO,Et

Cl 12
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A solution of 11 (2.56 g, 10.1 mmol), ethyl bromoacetate (7.0 mL, 63 mmol), and
N,N-diisopropylethylamine (7.0 mL, 41 mmol) was stirred at 140 °C for 5 h. The reaction mixture was
cooled down, and diluted with EtOAc (100 mL). The organic layer was washed with 10% aqueous citric
acid (100mL x2), saturated aqueous NaHCO3, and brine, and dried over MgSO,. The insoluble material
was filtered off, and the solution was concentrated under reduced pressure. The residue oil was purified by
silica gel column chromatography (hexane : EtOAc =95 : 5 to 80 : 20) to afford 12 (3.68 g, 85%) as a pale
yellow oil.'H NMR (400 MHz, CDCls): & (ppm) 1.20 (t, J = 7.2, 6H), 4.10 (s, 4H), 4.11 (g, J = 7.2, 4H),
6.76 (d, J = 8.7, 1H), 6.81-6.87 (m, 4H), 7.24 (d, J = 8.7, 2H). °C NMR (100 MHz, CDCls): & (ppm)
14.15, 54.04, 60.95, 118.72, 119.42, 121.65, 122.31, 127.95, 129.56, 129.94, 142.40, 145.35, 155.99,
170.52. LC-MS (ESI) m/z 426, 428 [M+H]".

N-[5-Chloro-2-(4-chlorophenoxy)phenyl]iminodiacetic acid (13)

L
o rCOZH

N._CO,H
Cl 13

To a solution of 12 (3.68 g, 8.63 mmol) in MeOH (20 mL) and THF (10 mL) was added 1 mol/L aqueous
NaOH (30 mL, 30 mmol), and the resulting mixture was stirred at room temperature for 2 h. To the reaction
mixture was added 1 mol/L aqueous HCI (40 mL, 40 mmol), and the precipitated solid was filtered, washed
with H,0, and dried under reduced pressure to give 13 (2.90 g, 91%) as a colorless solid. Mp 192194 °C.
'H NMR (400 MHz, DMSO-dj): & (ppm) 4.05 (s, 4H), 6.82—6.88 (m, 3H), 6.91 (d, J = 8.7, 2H), 7.36 (d, J
= 8.7, 2H), 12.54 (brs, 2H). °C NMR (100 MHz, DMSO-d,): 8(ppm) 53.50, 118.10, 118.73, 120.01,
122.99, 126.42, 128.73, 129.41, 142.55, 143.94, 155.93, 171.47. LC-MS (ESI) m/z 370, 372 [M+H]". Anal.
Calculated for CisH13CILNOs: C, 51.91; H, 3.54; N, 3.78; Cl, 19.15. Found: C, 51.99; H, 3.49; N, 3.75; CI,
19.07.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -Nz-{2-[1,3-dihydro-ZH—isoindol—Z-yl(methyl)amino]-2-oxoe
thyl}-NI-(Z-pyrrolidin-1-ylethyl)glycinamide (17n)
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1. HNN O

17n

To a solution of 13 (371 mg, 1.00 mmol) in DMF (5 mL) was added EDC (195 mg, 1.02 mmol), and the
resulting mixture was stirred at room temperature for 1 h. Then, to the reaction mixture stirred under
ice-cooling was added 15n (192 mg, 1.04 mmol) and N,N-diisopropylethylamine (0.180 mL, 1.06 mmol),
and the mixture was stirred at 0 °C for 1h. To the reaction mixture was added 1-(2-aminoethyl)pyrrolidine
(0.140 mL, 1.12 mmol), HOBt (174 mg, 1.14 mmol), and EDC (220 mg, 1.15 mmol), and the resulting
mixture was stirred at room temperature for 6 h. The reaction mixture was diluted with EtOAc, and the
organic layer was washed with H,O, saturated aqueous NaHCO3, and brine, and dried over Na,SO,4. The
insoluble material was filtered off, and the solution was concentrated under reduced pressure. The residue
oil was purified by NH silica gel column chromatography (hexane : EtOAc = 50 : 50 to 0 : 100) to afford
17n (497 mg, 83%) as a colorless solid. Mp 96-100 °C. 'H NMR (400 MHz, CDCls): 8(ppm) 1.63—1.74 (m,
4H), 2.34-2.48 (m, 6H), 2.88 (s, 3H), 3.25 (q, J = 6.4, 2H), 3.95 (s, 2H), 4.07 (d, J = 11.3, 2H), 4.20 (d, J
= 11.3, 2H), 4.40 (s, 2H), 6.77 (d, J = 8.2, 1H), 6.79-6.87 (m, 3H), 6.98 (d, J = 2.1, 1H), 7.18-7.30 (m,
6H), 8.06 (t, J = 5.4, 1H). °C NMR (100 MHz, CDCls): & (ppm) 23.50, 24.70, 38.36, 53.98, 54.76, 54.92,
55.45, 58.66, 118.49, 118.82, 121.23, 122.61, 122.89, 127.59, 127.85, 129.69, 130.39, 136.97, 142.28,
144.75, 156.65, 170.08, 172.75. LC-MS (ESI) m/z 596, 598 [M+H]". HPLC purity: 98.87%. HRMS (ESI)
m/z calculated for C;;H35CILN5O5 [M+H]+ 596.21897, found 596.21902.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -Nz-[2-(1,3-dihydro-ZH—isoindol-2-yl)-2-oxoethyl] -NI-(Z-pyr
rolidin-1-ylethyl)glycinamide (17a)

C| HN/\/ O

én

The title compound was synthesized according to the method described for the synthesis of 17n to afford
17a (350 mg, 72%) as a colorless oil. '"H NMR (400 MHz, CDCls): & (ppm) 1.73-1.94 (m, 4H), 2.40-2.95

17a
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(m, 6H), 3.35 (q, J = 6.2, 2H), 4.07 (s, 2H), 4.37 (brs, 2H), 4.64 (s, 2H), 4.66 (s, 2H), 6.73-6.82 (m, 4H),
6.86-6.92 (m, 1H), 7.14 (d, J = 9.3, 2H), 7.18-7.25 (m, 1H), 7.26-7.35 (m, 3H), 8.75 (broad, 1H). '*C
NMR (100 MHz, CDCLy): 8(ppm) 23.42, 37.27, 51.51, 52.38, 53.96, 54.66, 56.10, 59.26, 118.07, 120.97,
122.66, 122.94, 123.24, 127.75, 127.79, 128.02, 129.61, 130.66, 135.58, 141.59, 143.79, 156.56, 169.09,
170.59. LC-MS (ESI) m/z 567, 569 [M+H]". HPLC purity 96.98%. HRMS (ESI) m/z calculated for
C30H33CLN,O; [M+H]" 567.19242, found 567.19306.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl]-Nz-{2-[3,4-dihydr0is0quinolin-Z(lH)-yl]-2-0x0ethyl}-NI-(Z-
pyrrolidin-1-ylethyl)glycinamide (17b)

{0
Q,
<P

Cl

17b

The title compound was synthesized according to the method described for the synthesis of 17n to afford
17b (548 mg, 81%) as a colorless oil. 'H NMR (400 MHz, CDCls): 8(ppm) 1.65-1.77 (m, 4H), 2.36-2.59
(m, 6H), 2.76 2.79 (2t,J = 6.2, 2H), 3.32 (q, J = 6.2, 2H), 3.46 (t, J = 6.2, 1.2H), 3.67 (t, J = 6.2, 0.8H),
3.98 (s, 2H), 4.28 4.29 (2s, 2H), 4.40 (s, 0.8H), 4.55 (s, 1.2H), 6.68-6.75 (m, 3H), 6.76-6.82 (m, 1H),
6.88-6.95 (m, 1H), 6.97-7.25 (m, 6H), 8.39 (brs, 1H). *C NMR (100 MHz, CDCl;): & (ppm) 23.53, 28.23,
28.97,38.27,40.11, 42.24, 44.26, 46.16, 54.00, 54.83, 55.92, 58.97, 118.32, 118.65, 121.12, 122.76, 122.81,
126.01, 126.57, 126.60, 126.81, 126.93, 127.26, 127.91, 128.17, 128.99, 129.62, 129.67, 130.51, 131.58,
132.96, 133.75, 134.79, 141.58, 141.63, 144.26, 144.33, 156.28, 156.33, 168.59, 168.70, 169.86. LC-MS

(ESI) m/z 581, 583 [M+H]". HPLC purity: 96.39%. HRMS (ESI) m/z calculated for CsH;3sCI,N,O;
[M+H]" 581.20807, found 581.20863.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -NZ-{Z-[methy(phenyl)amino]-2-oxoethyl} -NI-(Z-pyrrolidin-
1-ylethyl)glycinamide (17¢)

34



Cl CH,4 17¢c

The title compound was synthesized according to the method described for the synthesis of 17n to afford
17¢ (548 mg, 86%) as a colorless oil. '"H NMR (400 MHz, CDCls): §(ppm) 1.65-1.81 (m, 4H), 2.31-2.59
(m, 6H), 3.21 (s, 3H), 3.23 (q, J = 6.2, 2H), 3.82 (s, 2H), 3.88 (s, 2H), 6.73-6.84 (m, 5H), 7.13 (d, J = 7.7,
2H), 7.22-7.28 (m, 2H), 7.35-7.49 (m, 3H), 8.21 (brs, 1H). >C NMR (100 MHz, CDCl;): & (ppm) 23.51,
37.57, 38.12, 53.98, 54.70, 55.49, 58.87, 118.59, 118.79, 121.52, 122.80, 124.34, 127.00, 127.95, 128.58,
129.70, 130.21, 130.27, 141.75, 142.28, 145.05, 156.50, 169.49, 170.11. LC-MS (ESI) m/z 555, 557
[M+H]". HPLC purity: 99.50%. HRMS (ESI) m/z calculated for C,0H33CLN4O; [M+H]" 555.19242, found
555.19251.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[3,4-dihydr0quinolin-1(2H)-yl]-2-0x0ethyl}-NI-(Z-py
rrolidin-1-ylethyl)glycinamide (17d)

of /\/D
\Qo ;lo

Cl 17d

The title compound was synthesized according to the method described for the synthesis of 17n to afford
17d (970 mg, 77%) as a colorless oil. 'H NMR (400 MHz, CDCls): 8(ppm) 1.63—1.85 (m, 4H), 1.87-1.98
(m, 2H), 2.33-2.69 (m, 6H), 2.76 (t, J = 6.7, 2H), 3.23 (d, J = 6.2, 2H), 3.74 (brs, 2H), 3.96 (s, 2H), 4.30
(brs, 2H), 6.48-6.76 (m, 3H), 6.75 (d, J = 8.7, 1H), 6.81 (dd, J = 2.6, 8.7, 1H), 6.92-7.18 (broad, 1H),
7.15-7.31 (m, 5H), 8.30 (brs, 1H). °C NMR (100 MHz, CDCLy): & (ppm) 23.50, 23.79, 26.66, 37.93, 43.19,
54.01, 54.71, 55.11, 59.02, 118.24, 121.48, 123.16, 124.34, 126.41, 127.81, 129.02, 129.66, 130.38, 137.74,
141.80, 144.69, 156.52, 169.20, 170.24. LC-MS (ESI) m/z 581, 583 [M+H]". HPLC purity: 99.42%.
HRMS (ESI) m/z calculated for C3,H3sCLLN,O; [M+H]" 581.20807, found 581.20873.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydro-1H—inden-2-yl(methyl)amino]-2-0x0eth
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yl}-N'-(2-pyrrolidin-1-ylethyl)glycinamide (17¢)

C| HN/\/ O

17e

The title compound was synthesized according to the method described for the synthesis of 17n to afford
17e (502 mg, 67%) as a colorless oil. '"H NMR (400 MHz, CDCls): §(ppm) 1.65-1.81 (m, 4H), 2.37-2.59
(m, 6H), 2.66 (s, 1.8H), 2.70 (s, 1.2H), 2.78 (dd, J = 6.2, 16.4, 1.2H), 2.95 (dd, J = 6.2, 16.4, 0.8H), 3.04
(dd, J = 8.2, 16.4, 0.8H), 3.10 (dd, J = 8.2, 16.4, 1.2H), 3.32 (q, J = 6.2, 2H), 3.98 (s, 2H), 4.19 (s, 1.2H),
431 (s, 0.8H), 4.47-4.57 (m, 0.4H), 5.37-5.47 (m, 0.6H), 6.75 (d, J = 8.2, 2H), 6.78-6.98 (m, 3H), 7.14—
7.23 (m, 4H), 7.28 (d, J = 8.2, 2H), 8.25 8.36 (2broad, 1H). *C NMR (100 MHz, CDCl;): & (ppm) 23.52,
27.92, 28.98, 36.11, 36.35, 38.23, 53.15, 54.00, 54.80, 55.64, 55.93, 56.12, 58.75, 59.00, 118.53, 118.60,
119.03, 121.07, 121.39, 122.68, 122.81, 124.44, 124.49, 126.85, 127.16, 128.06, 129.78, 129.81, 130.44,
130.50, 139.98, 140.91, 141.64, 141.79, 144.36, 144.75, 156.42, 156.48, 169.21, 169.57, 169.98. LC-MS
(ESI) m/z 595, 597 [M+H]". HPLC purity: 97.75%. HRMS (ESI) m/z calculated for Cs;Hs3,CI1,N,O5
[M+H]" 595.22372, found 595.22444.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -NZ-{Z-[methyl(l,2,3,4-tetrahydr0naphtalen-2-yl)amino]-2-
oxoethyl}-NI-(Z-pyrrolidin-1-ylethyl)glycinamide 179)

C| HN/\/ O

17f

The title compound was synthesized according to the method described for the synthesis of 17n to afford
17f (565 mg, 67%) as a colorless oil. 'H NMR (400 MHz, CDCl;): 8(ppm) 1.64-2.00 (m, 6H), 2.36-2.76
(m, 8H), 2.78 2.80 (2s, 3H), 2.84-3.00 (m, 2H), 3.24-3.37 (m, 2H), 3.74-3.85 (m, 0.4H), 3.98 4.01 (2s,
2H), 4.30 (brs, 2H), 4.65-4.76 (m, 0.6H), 6.74 (d, J = 8.7, 1H), 6.76-6.95 (m, 4H), 6.98-7.17 (m, 4H),
7.23-7.30 (m, 2H), 8.1-8.9 (broad, 1H). *C NMR (100 MHz, CDCls): & (ppm) 23.51, 26.75, 27.24, 27.85,
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28.47, 29.18, 29.26, 31.76, 32.94, 37.94, 50.19, 52.74, 54.01, 54.77, 55.67, 56.24, 58.89, 59.25, 118.19,
118.74, 118.77, 120.71, 121.27, 122.58, 122.80,125.90, 126.07, 126.20, 126.50, 128.07, 128.12, 128.67,
128.78, 129.27, 129.78, 130.38, 130.45, 133.97, 134.76, 134.82, 135.33, 141.49, 141.75, 144.31, 144.81,
156.41, 156.58, 169.41, 169.72, 170.16. LC-MS (ESI) m/z 609, 611 [M+H]". HPLC purity: 98.34%.
HRMS (ESI) m/z calculated for C33H3CLLN,O5; [M+H]" 609.23937, found 609.24009.

N’-[5-Chloro-2-(4-chlo rophenoxy)phenyl] -N’-{2- [methyl(¢#rans-4-phenylcyclohexyl)amino]-2-oxoethyl
}-NI-(Z-pyrrolidin-1-ylethyl)glycinamide 17g)

Cl /\\/Ai:>
\T:::l\o ;ﬂlo

Cl CHs 179

The title compound was synthesized according to the method described for the synthesis of 17n to afford
17g (366 mg, 87%) as a colorless solid. Mp 151-153 °C. '"H NMR (400 MHz, CDCly): 8(ppm) 1.44-1.84
(m, 10H), 1.91-2.06 (m, 2H), 2.36-2.67 (m, 7H), 2.75 2.77 (2s, 3H), 3.31 (q, J = 6.2, 2H), 3.37-3.48 (mm,
0.35H), 3.99 (s, 2H), 4.21 (s, 1.3H), 4.29 (s, 0.7H), 4.35-4.44 (m, 0.65H), 6.75 (d, J = 8.7, 1H), 6.77-6.95
(m, 4H), 7.15-7.35 (m, 7H), 8.42 (broad, 1H). °C NMR (100 MHz, CDCl;): & (ppm) 23.50, 27.38, 28.51,
29.58, 30.63, 33.07, 33.20, 37.96, 43.19, 43.55, 52.72, 53.99, 54.74, 54.79, 55.46, 55.71, 55.90, 58.88,
59.11, 118.48, 118.58, 120.92, 121.22, 122.80, 122.91, 126.22, 126.39, 126.64, 126.73, 127.97, 128.45,
128.53, 129.68, 129.75, 130.42, 130.49, 141.66, 141.89, 144.22, 144.72, 145.77, 146.32, 156.52, 156.56,
169.14, 169.30, 170.17. LC-MS (ESI) m/z 637, 639 [M+H]". HPLC purity: 99.71%. HRMS (ESI) m/z
calculated for C3sH4CLN,O5 [M+H]™ 637.27067, found 637.27143.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -NZ-{Z-[2,3-dihydro-1H—inden-Z-yl(ethyl)amino]-2-0x0ethyl
}-NI-(Z-pyrrolidin-1-ylethyl)glycinamide (17h)

C| HN/\/ O

17h
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The title compound was synthesized according to the method described for the synthesis of 17n to afford
17h (351 mg, 46%) as a colorless amorphous solid. 'H NMR (400 MHz, CDCly): 8(ppm) 1.08 (t, J = 7.2,
1.5H), 1.14 (t, J = 7.2, 1.5H), 1.64-1.76 (m, 4H), 2.10-2.31 (m, 2H), 2.37-2.53 (m, 4H), 2.87-3.11 (m,
4H), 3.14-3.39 (m, 4H), 3.98 (s, 2H), 4.21 (s, 1H), 4.26 (s, 1H), 4.41-4.56 (m, 0.5H), 4.94-5.06 (m, 0.5H),
6.72-6.98 (m, 3H), 6.85 (d, J = 9.3, 2H), 7.11-7.24 (m, 4H), 7.27 (d, J = 9.3, 2H), 8.16-8.26 (m, 0.5H),
8.27-8.36 (m, 0.5H). °C NMR (100 MHz, CDCls): & (ppm) 14.33, 15.85, 23.51, 36.47, 36.91, 37.62, 38.21,
39.02, 53.99, 54.82, 55.71, 55.83, 56.07, 56.83, 58.76, 59.02, 118.72, 118.83, 119.07, 121.14, 121.34,
122.64, 122.74, 124.43, 124.53, 126.73, 127.17, 128.10, 129.76, 129.80, 130.39, 139.89, 140.89, 141.75,
141.85, 144.80, 156.43, 156.52, 168.96, 169.62, 170.04. LC-MS (ESI) m/z 609, 611 [M+H]". HPLC purity:
98.56%. HRMS (ESI) m/z calculated for C33H3oC1,N,03 [M+H]" 609.23937, found 609.23984.

NZ-{Z-{ [1-(tert-Butoxycarbonyl)piperidin-4-yl](methyl)amino}-2-oxoethyl} -NZ-[5-chlor0-2-(4-chlorop
henoxy)phenyl] -NI-(Z-pyrrolidin-1-ylethyl)glycinamide (171)

Cl /\/D

@:;\N O)Lok

|
Cl CHs 17i

The title compound was synthesized according to the method described for the synthesis of 17n to afford
17i (351 mg, 94%) as a colorless amorphous solid. 'H NMR (400 MHz, CDCL3): & (ppm) 1.30-1.60 (m,
2H), 1.44 (s, 9H), 1.60-1.80 (m, 4H), 1.80—1.90 (m, 2H), 2.30-2.50 (m, 6H), 2.50-2.80 (m, 5H), 3.28 (q, J
= 6.6, 2H), 3.35-3.50 (m, 0.2H), 3.96 (s, 2H), 4.05-4.30 (m, 4H), 4.30-4.50 (m, 0.8H), 6.65-6.90 (m, 5H),
7.25(d, J = 8.7, 2H), 8.15 (broad t, 1H).

LC-MS (ESI) m/z 662, 664 [M+H]".

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -Nz-{2-[methyl(piperidin-4-yl)amino]-2-0x0ethyl} -NI-(Z-pyr
rolidin-1-ylethyl)glycinamide (17j)
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To a solution of 17i (650 mg, 0.980 mmol) in CHCl; (20 mL) was added 4 mol/L. HCI in dioxane (2.0 mL,
8. 0 mmol), and the resulting mixture was stirred at room temperature for 6 h. The reaction mixture was
poured into diluted aqueous NaOH, and extracted with CHCI;. The organic layer was washed with brine,
dried over MgSO,. The insoluble material was filtered off, and the solution was concentrated under reduced
pressure to afford 17j (387 mg, 70%) as a pale yellow solid. Mp 125-127 °C. "H NMR (400 MHz, CDCls):
d (ppm) 1.40-1.60 (m, 4H), 1.63—1.73 (m, 4H), 1.73—2.12 (broad, 1H), 2.37-2.53 (m, 6H), 2.54-2.72 (m,
2H), 2.72 2.74 (2s, 3H), 3.06-3.20 (m, 2H), 3.28 (q, J = 6.6, 2H), 3.32-3.43 (m, 0.3H), 3.96 (s, 2H), 4.15 (s,
1.4H), 4.21 (s, 0.6H), 4.33—4.45 (m, 0.7H), 6.74 (d, J = 8.7, 1H), 6.77-6.95 (m, 4H), 7.25 (d, J = 8.7, 2H),
8.24 (broad t, 1H). °C NMR (100 MHz, CDCls): & (ppm) 23.53, 27.50, 28.52, 29.90, 31.05, 38.34, 45.93,
46.07, 51.67, 54.04, 54.60, 54.87, 55.62, 55.73, 58.78, 58.96, 118.48, 118.52, 118.82, 119.00, 121.16,
121.38, 122.81, 128.01, 129.69, 129.78, 130.48, 141.72, 141.92, 144.44, 144.80, 156.49, 168.93, 169.08,
169.91. LC-MS (ESI) m/z 562, 564 [M+H]". HPLC purity: 98.94%. HRMS (ESI) m/z calculated for
C,3H33CLN5O5 [M+H]" 562.23462, found 562.23404.

NZ-{Z-[(1-Acetylpiperidin-4-yl)(methyl)amino]-2-oxoethyl} -Nz-[5-chlor0-2-(4-chlorophenoxy)phenyl]-
NI-(Z-pyrrolidin-l-ylethyl)glycinamide (17k)

Cl /\/NO
\©\O ;ILO 0

Cl CH 17k

To a solution of 17j (102 mg, 0.131 mmol) and TEA (0.060 mL, 0.43 mmol) in CH,Cl, (3 mL) was added
Ac,O (0.030 mL, 0.32 mmol), and the resulting mixture was stirred at room temperature for 5 h. The
reaction mixture was diluted with EtOAc, and the organic layer was washed with saturated aqueous
NaHCOs; and brine, and dried over MgSO,. The insoluble material was filtered off, and the solution was

concentrated under reduced pressure. The residue oil was purified by NH silica gel column chromatography
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(EtOAc : MeOH = 100 : 0 to 95 : 5) to afford 17k (118 mg, quant.) as a colorless oil. 'H NMR (400 MHz,
CDCly): & (ppm) 1.40-1.60 (m, 4H), 1.64-1.76 (m, 4H), 2.10 (s, 3H), 2.37-2.48 (m, 6H), 2.49-2.59 (m,
1H), 2.68 (s, 3H), 2.96-3.17 (m, 1H), 3.21-3.35 (m, 2H), 3.43-3.60 (m, 0.2H), 3.80-3.90 (m, 1H), 3.96 (s,
2H), 4.15 (s, 2H), 4.46—4.59 (m, 0.8H), 4.68-4.80 (m, 1H), 6.75 (d, J = 8.7, 1H), 6.79-6.91 (m, 4H), 7.26
(d, J = 8.7, 2H), 8.04-8.15 (m, 1H). >C NMR (100 MHz, CDCL): & (ppm) 21.42, 23.52, 28.36, 28.53,
29.24, 38.39, 40.87, 45.68, 51.22, 54.03, 54.88, 55.61, 58.61, 58.77, 118.48, 118.57, 119.00, 121.39, 121.60,
122.78, 128.12, 129.81, 130.50, 141.64, 141.79, 144.56, 144.93, 156.42, 168.84, 169.33, 169.78. LC-MS
(ESI) m/z 604, 606 [M+H]". HPLC purity: 98.24%. HRMS (ESI) m/z calculated for C3oHsCI,N5O4
[M+H]" 604.24519, found 604.24597.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -NZ-{Z-{methyl[1-(methylsulfonyl)piperidin-4-yl]amino}-Z-o
xoethyl}-NI-(Z-pyrrolidin-l-ylethyl)glycinamide a7

CI HN/\/ O

@ ) JQ

To a solution of 17j (350 mg, 0.620 mmol) and TEA (0.130 mL, 0.933 mmol) in CH,Cl, (20 mL) was
added methanesulfonyl chloride (0.060 mL, 0.775 mmol), and the resulting mixture was stirred overnight at
room temperature. To the reaction mixture was added H,O (100 mL), and extracted with CHCI; (100 mL).
The organic layer was washed with brine, and dried over MgSO,. The insoluble material was filtered off,
and the solution was concentrated under reduced pressure. The residue oil was purified by silica gel column
chromatography (CHCl; : MeOH = 95 : 5 to 90 : 10) to afford 171 (397 mg, 100%) as a colorless oil. 'H
NMR (400 MHz, CDCL): & (ppm) 1.52-1.61 (m, 2H), 1.65-1.77 (m, 2H), 1.79-2.00 (m, 2H), 2.50-3.04
(m, 8H), 2.74 (s, 3H), 2.79 (s, 3H), 3.29 (q, J = 6.6, 2H), 3.27-3.44 (m, 2H), 3.56-3.64 (m, 0.2H), 3.82—
3.95 (m, 2H), 4.01 (s, 1.6H), 4.07 (s, 0.4H), 4.30 (s, 1.6H), 4.35-4.46 (m, 0.8H), 4.59 (brs, 0.4H), 6.73 (d, J
= 8.2, 1H), 6.75-6.87 (m, 2H), 6.82 (d, J = 9.0, 2H), 7.26 (d, J = 9.0, 2H), 8.60 (broad, 1H). *C NMR
(100 MHz, CDCls): & (ppm) 23.38, 23.45, 27.57, 28.36, 28.67, 29.38, 29.70, 35.16, 35.31, 37.05, 45.54,
50.73, 53.46, 53.92, 53.98, 54.60, 55.98, 56.10, 59.02, 118.19, 118.67, 118.74, 120.90, 122.90, 127.99,
128.15, 129.69, 129.81, 130.46, 141.42, 141.75, 144.25, 156.51, 156.61, 170.00, 170.59. LC-MS (ESI) m/z
640, 642 [M+H]". HPLC purity: 99.20%. HRMS (ESI) m/z calculated for C,oH4CLNsOsS [M+H]"
640.21217, found 640.21258.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -NZ-{Z-{ [1-(methoxycarbonyl)piperidin-4-yl](methyl)amino
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}-2-0x0ethyl}-NI-(Z-pyrrolidin-l-ylethyl)glycinamide (17m)

C| HN/\/ O

@;\ JQ oot

To a solution of 17j (101 mg, 0.130 mmol) and TEA (0.060 ml, 0.43 mmol) in CH,Cl, (3 mL) was added
methyl chloroformate (0.030 ml, 0.39 mmol), and the resulting mixture was stirred at room temperature for
5 h. The reaction mixture was diluted with EtOAc, and the organic layer was washed with saturated
aqueous NaHCO; and brine, and dried over MgSO,4. The insoluble material was filtered off, and the
solution was concentrated under reduced pressure. The residue oil was purified by NH silica gel column
chromatography (EtOAc : MeOH = 100 : 0 to 95 : 5) to afford 17m (105 mg, 94%) as a colorless oil. 'H
NMR (400 MHz, CDCls): 6 (ppm) 1.41-1.58 (m, 4H), 1.65—1.78 (m, 4H), 2.37-2.48 (m, 6H), 2.69 2.70 (2s,
3H), 2.72-2.89 (m, 2H), 3.28 (q, J = 6.6, 2H), 3.40-3.54 (m, 0.2H), 3.70 3.71 (2s, 3H), 3.95 (s, 2H), 4.14
4.21 (2s, 2H), 4.10-4.37 (m, 2H), 4.41-4.53 (m, 0.8H), 6.74 (d, J = 8.2, 1H), 6.78-6.96 (m, 4H), 7.25 (d, J
=9.3, 2H), 8.10 (broad t, J = 5.1, 1H). °C NMR (100 MHz, CDCL): & (ppm) 23.55, 27.44, 28.52, 28.62,
29.68, 38.39, 43.33, 51.25, 52.70, 52.84, 54.03, 54.15, 54.89, 55.67, 58.67, 58.84, 118.52, 118.61, 119.02,
119.20, 121.37, 121.58, 122.77, 128.14, 129.81, 130.51, 141.69, 144.60, 144.98, 155.77, 156.45, 168.97,
169.28, 169.79. LC-MS (ESI) m/z 620, 622 [M+H]". HPLC purity: 98.23%. HRMS (ESI) m/z calculated
for C30H40CLN5O5 [M+H]" 620.24010, found 620.24091.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -NZ-{Z-[3,4-dihydr0is0quinolin-2(1H)-yl(methyl)amin0]-2-0
xoethyl}-NI-(Z-pyrrolidin-l-ylethyl)glycinamide (170)

0 (go
0
o) r}rN

Cl CHs 170

The title compound was synthesized according to the method described for the synthesis of 17n to afford
170 (1.20 g, 97%) as a colorless amorphous oil. 'H NMR (400 MHz, CDCly): & (ppm) 1.64-1.80 (m, 4H),
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2.32-2.64 (m, 6H), 2.77-3.07 (m, 3H), 2.95 (s, 3H), 3.10-3.22 (m, 1H), 3.26 (q, J = 6.6, 2H), 3.62 (d, J =
13.8, 1H), 3.94 (s, 2H), 4.07 (d, J = 13.8, 1H), 4.34 (d, J = 18.2, 1H), 4.45 (d, J = 18.2, 1H), 6.74 (d, J =
8.2, 1H), 6.79 (dd, J = 2.6, 8.2, 1H), 6.82 (d, J = 9.2, 2H), 6.92 (d, J = 2.6, 1H), 6.97-7.03 (m, 1H), 7.10~
7.22 (m, 3H), 7.25 (d, J = 9.2, 2H), 8.29 (broad, 1H). °C NMR (100 MHz, CDCls): § (ppm) 23.48, 23.81,
29.90, 38.00, 49.90, 52.57, 53.96, 54.67, 55.46, 58.77, 118.56, 121.04, 122.83, 126.14, 126.73, 126.81,
127.86, 128.65, 129.72, 130.32, 132.71, 132.87, 142.12, 144.69, 156.60, 170.31, 172.26. LC-MS (ESI) m/z
610, 612 [M+H]". HPLC purity: 99.31%. HRMS (ESI) m/z calculated for C3H3CLNsO; [M+H]'
610.23462, found 610.23456.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[methyl{4-[(2-nitr0phenyl)sulfonyl]piperazin-l-yl}a
mino]-2-oxoethyl} -NI-(Z-pyrrolidin-1-ylethyl)glycinamide (17p)

cl /\/D
\Q ;lo

N

o;\r}r'\'ﬁdN

(0] O 0 NO,
Cl CHj; 17p

\ 7/

The title compound was synthesized according to the method described for the synthesis of 17n to afford
17p (725 mg, 97%) as a pale yellow oil. 'H NMR (400 MHz, CDCl;): & (ppm) 1.62-1.75 (m, 4H), 2.34—
2.46 (m, 6H), 2.62 (d, J = 9.3, 2H), 2.84 (s, 3H), 2.87-3.03 (m, 4H), 3.24 (q, J = 6.5, 2H), 3.82 (d, J = 10.3,
2H), 3.90 (s, 2H), 4.25 (s, 2H), 6.74 (d, J = 8.7, 1H), 6.77-6.83 (m, 3H), 6.91 (d, J = 2.1, 1H), 7.24 (d, J =
8.7, 2H), 7.64-7.69 (m, 1H), 7.71-7.80 (m, 2H), 7.96-8.04 (m, 2H). *C NMR (100 MHz, CDCL;): & (ppm)
23.51, 24.14, 38.39, 45.66, 50.84, 53.98, 54.77, 55.52, 58.51, 118.45, 118.80, 121.44, 122.87, 124.35,
128.02, 129.75, 130.39, 131.09, 131.11, 131.81, 134.16, 142.07, 144.90, 148.31, 156.48, 169.86, 171.57.
LC-MS (ESI) m/z 748, 750 [M+H]".

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[methyl(piperazin-1-yl)amino]-2-0x0ethyl}-NI-(Z-pyr
rolidin-1-ylethyl)glycinamide (17q)
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To a solution of 17p (711 mg, 0.950 mmol) in CH3CN (8 mL) were added Cs,CO; (747 mg, 2.29 mmol)
and 4-ethylthiophenol (0.200 mL, 1.48 mmol), the resulting mixture was stirred at room temperature for 2 h.
The reaction mixture was diluted with H,O, and extracted with CHCl; (50 mL x3). The organic layers were
combined, and dried over Na,SO,. The insoluble material was filtered off, and the solution was
concentrated under reduced pressure. The residue oil was purified by NH silica gel column chromatography
(EtOAc : MeOH =100 : 0 to 90 : 10) to afford 17q (491 mg, 92%) as a colorless oil. 'H NMR (400 MHz,
CDCly): 6 (ppm) 1.61-1.79 (m, 5H), 2.37 (t, J = 6.9, 2H), 2.39-2.46 (m, 4H), 2.55 (d, J = 9.8, 2H), 2.72—
2.93 (m, 4H), 2.86 (s, 3H), 3.02 (d, J = 11.3, 2H), 3.23 (q, J = 6.5, 2H), 3.94 (s, 2H), 4.32 (s, 2H), 6.76 (d,
J =82, 1H), 6.79-6.89 (m, 3H), 6.94 (d, J = 2.6, 1H), 7.25 (d, J = 8.7, 2H), 8.11 (t, J = 5.4, 1H). °C
NMR (100 MHz, CDCl;): 6 (ppm) 23.52, 23.74, 38.39, 45.91, 52.39, 54.01, 54.80, 55.36, 58.70, 118.40,
118.75, 121.26, 122.97, 127.83, 129.68, 130.38, 142.28, 144.82, 156.64, 170.09, 171.71. LC-MS (ESI) m/z
563, 565 [M+H]".

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -NZ-{Z-{methyl [4-(methylsulfonyl)piperadin-1-yljamino}-2-
oxoethyl}-NI-(Z-pyrrolidin-1-ylethyl)glycinamide (17r)

Cl CH3 17r

The title compound was synthesized from 17q according to the method described for the synthesis of 171 to
afford 17r (235 mg, 93%) as a colorless solid. Mp 144147 °C. 'H NMR (400 MHz, CDCl3): & (ppm) 1.63—
1.76 (m, 4H), 2.39 (t, J = 6.7, 2H), 2.39-2.47 (m, 4H), 2.65 (d, J = 10.3, 2H), 2.81-3.00 (m, 4H), 2.82 (s,
3H), 2.86 (s, 3H), 3.26 (q, J = 6.5, 2H), 3.78 (d, J = 10.8, 2H), 3.93 (s, 2H), 4.30 (s, 2H), 6.76 (d, J = 8.7,
1H), 6.79-6.86 (m, 3H), 6.93 (d, J = 2.1, 1H), 7.25 (d, J = 9.3, 2H), 8.04 (t, J = 5.1, 1H). >C NMR (100
MHz, CDCl;): 8 (ppm) 23.54, 24.17, 35.40, 38.42, 45.59, 50.78, 54.01, 54.81, 55.58, 58.63, 118.49, 118.85,

43



121.50, 122.88, 128.07, 129.75, 130.40, 142.14, 144.98, 156.52, 169.88, 171.57. LC-MS (ESI) m/z 641,
643 [M+H]". HPLC purity: 98.96%. HRMS (ESI) m/z calculated for C2;HzoC1N4OsS [M+H]" 641.20742,
found 641.20796.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -NZ-{Z-{ [4-(methoxycarbonyl)piperidin-1-yl](methyl)amino
}-2-0x0ethyl}-NI-(Z-pyrrolidin-l-ylethyl)glycinamide (17s)

cl /\/NO
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The title compound was synthesized from 17q according to the method described for the synthesis of 17m
to afford 17s (273 mg, 97%) as a colorless oil. 'H NMR(400 MHz, CDCL): & (ppm) 1.64-1.77 (m, 4H),
238 (t,J = 6.9, 2H), 2.39-2.47 (m, 4H), 2.55 (d, J = 10.8, 2H), 2.75 (dt, J = 3.1, 11.3, 2H), 2.83 (s, 3H),
2.96 (t,J = 11.8, 2H), 3.25 (q, J = 6.3, 2H), 3.72 (s, 3H), 3.94 (s, 2H), 4.01-4.26 (broad, 2H), 4.32 (s, 2H),
6.76 (d, J = 8.2, 1H), 6.79-6.86 (m, 3H), 6.94 (d, J = 2.6, 1H), 7.25 (d, J = 9.3, 2H), 8.06 (t, J = 5.1, 1H).
C NMR (100 MHz, CDCls): § (ppm) 23.53, 23.87, 38.40, 43.48, 50.98, 52.94, 54.01, 54.80, 55.45, 58.64,
118.45, 118.85, 121.40, 122.88, 127.99, 129.74, 130.40, 142.15, 144.90, 155.54, 156.54, 169.97, 171.67.
LC-MS (ESI) m/z 621, 623 [M+H]". HPLC purity: 99.35%. HRMS (ESI) m/z calculated for
CoH30CLNOs [M+H]" 621.23535, found 621.23537.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -Nz-{2-[1,3-dihydro-ZH—isoindol—Z-yl(methyl)amino]-2-oxoe
thyl}-NI-[2-(methylamin0)ethyl] glycinamide hydrochloride (22a)

H
C'\©\ HN >N,
o
N,
J

o)
o7y
Cl CH; HCl  22a

To a solution of 13 (276 mg, 0.746 mmol) in DMF (4 mL) was added EDC (146 mg, 0.762 mmol), and the

resulting mixture was stirred at room temperature for 1 h. To the reaction mixture stirred under ice-cooling
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were added 17n (142 mg, 0.769 mmol) and N,N-diisopropylethylamine (0.140 mL, 0.823 mmol), and the
mixture was stimed at 0 °C for 40 min. To the reaction mixture was added fert-butyl
(2-aminoethyl)methylcarbamate (160 mg, 0.918 mmol), HOBt-H,O (145 mg, 0.947 mmol), and EDC (180
mg, 0.939 mmol), and the resulting mixture was stirred at room temperature for 2 h. The reaction mixture
was diluted with EtOAc, and the organic layer was washed with H,O, diluted aqueous NaOH, and brine,
and dried over MgSO,. The insoluble material was filtered off, and the solution was concentrated under
reduced pressure. The residue oil was purified by silica gel column chromatography (hexane : EtOAc =70 :
30 to 0 : 100) to afford 338 mg of 21a as a pale yellow oil. To the obtained oil in CH,Cl, (2 mL) was added
TFA (2 mL), and the resulting mixture was stirred at room temperature for 2 h. A diluted aqueous NaOH
solution was added to the reaction mixture to give an alkaline solution with a pH greater than 10. The
solution was extracted with CH,Cl, (50 mL x2), and the organic layers were combined, and dried over
Na,SO,. The insoluble material was filtered off, and the solution was concentrated under reduced pressure.
The residue oil was purified by NH silica gel column chromatography (EtOAc : MeOH = 100 : 0 to 90 :
10) to afford a colorless oil (227 mg). To the obtained oil dissolved with diethyl ether (2 mL) was added 4
mol/L HCI in dioxane (0.105 ml, 0.420 mmol), and the resulting mixture was stirred at room temperature
for 20 min. The precipitated solid was filtered, washed with diethyl ether, and dried under reduced pressure
to give 22a (175 mg, 40%) as a colorless solid. Mp 90-100 °C. 'H NMR (400 MHz, DMSO-dj): & (ppm)
2.49 (s, 3H), 2.78-2.87 (m, 2H), 2.83 (s, 3H), 3.25 (d, J = 6.2, 2H), 3.94 (s, 2H), 4.02 (d, J = 11.8, 2H),
4.21(d,J = 11.8, 2H), 4.51 (s, 2H), 6.75-6.85 (m, 3H), 6.88 (d, J = 8.7, 2H), 7.25 (brs, 4H), 7.40 (d, J =
8.7, 2H), 8.50 (t, J = 5.7, 1H), 8.73 (brs, 2H). >C NMR (100 MHz, DMSO-d;): & (ppm) 24.21, 32.23,
34.64, 47.45, 53.85, 54.77, 56.98, 117.05, 118.68, 119.14, 122.40, 123.31, 126.31, 127.02, 128.85, 129.46,
137.34, 142.90, 143.21, 156.52, 170.49, 172.13. LC-MS (ESI) m/z 556, 558 [M+H]". HPLC purity:
97.77%. HRMS (ESI) m/z calculated for CosH3,C1,N5O5 [M+H]" 556.18767, found 556.18816.

NZ-[5-Chlor0-2-(4-chlorophenoxy)phenyl] -Nz-{2-[1,3-dihydr0-2H—is0ind01—2-yl(methyl)amino]-2-oxoe
thyl}-N'-[2-(ethylamino)ethyl|glycinamide hydrochloride (22b)

H
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CHy  HCl 22b

The title compound was synthesized according to the method described for the synthesis of 22a to afford
22b (350 mg, 73%) as a colorless solid. Mp 98108 °C. 'H NMR (400 MHz, DMSO-dy): & (ppm) 1.15 (t, J
= 7.2, 3H), 2.79-2.95 (m, 4H), 2.83 (s, 3H), 3.25 (q, J = 5.8, 2H), 3.94 (s, 2H), 4.02 (d, J = 11.3, 2H), 4.21
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(d,J = 11.3, 2H), 4.51 (s, 2H), 6.75-6.85 (m, 3H), 6.88 (d, J = 9.3, 2H), 7.25 (s, 4H), 7.40 (d, J = 9.3, 2H),
8.52 (t, J = 5.7, 1H), 8.74 (broad, 2H). '°C NMR (100 MHz, DMSO-d,): & (ppm) 10.79, 24.19, 34.75,
41.64, 4532, 53.82, 54.77, 56.99, 117.01, 118.68, 119.11, 122.39, 123.31, 126.30, 127.01, 128.85, 129.46,
137.34, 142.90, 143.18, 156.54, 170.42, 172.15. LC-MS (ESI) m/z 570, 572 [M+H]". HPLC purity:
97.22%. HRMS (ESI) m/z calculated for C5sH34,CLNsO; [M+H]" 570.20332, found 570.20323.

N-[5-Chloro-2-(4-chlorophenoxy)phenyl]-/V-{2-[2,3-dihydro-1H-inden-2-yl(methyl)amino|-2-oxoethyl
}glycine (18)

RQt
CO,H
o 2
N;l\ g >
o7y
CHj 18

To a solution of 13 (556 mg, 1.50 mmol) in DMF (6 mL) was added EDC (294 mg, 1.53 mmol), and the

Cl

resulting mixture was stirred at room temperature for 1 h. To the reaction mixture stirred under ice-cooling
were added 15e (284 mg, 1.55 mmol) and N N-diisopropylethylamine (0.280 mL, 1.65 mmol), and the
mixture was stirred at 0 °C for 1 h. To the reaction mixture were added H,O (6 mL), 1 mol/L aqueous HCI
(6 mL), and the precipitated solid was filtered, washed with H,O, dried under reduced pressure, and washed
with diethyl ether to give 18 (684 mg, 91%) as a colorless solid. Mp 171-172 °C. '"H NMR (400 MHz,
DMSO-dy): & (ppm) 2.61 (s, 3H), 2.75-3.07 (m, 4H), 4.08 (s, 2H), 4.25 (s, 1.2H), 4.42 (s, 0.8H), 4.60-4.76
(m, 0.4H), 5.12-5.27 (m, 0.6H), 6.85 (brs, 3H), 6.91 (d, J = 8.7, 2H), 7.08-7.26 (m, 4H), 7.39 (d, J = 8.7,
2H), 12.91 (brs, 1H). °C NMR (100 MHz, DMSO-dy): & (ppm) 27.35, 28.78, 35.19, 35.43, 52.96, 54.48,
55.58, 117.89, 118.19, 118.65, 118.79, 119.54, 119.83, 122.88, 123.14, 124.14, 126.37, 126.44, 128.70,
128.84, 129.50, 140.58, 140.98, 142.48, 143.42, 143.81, 156.07, 156.16, 169.19, 169.37, 171.53, 171.59.
LC-MS (ESI) m/z 499, 501 [M+H]". Anal. Calculated for C,sH,4CI,N,04-1/3H,0: C, 61.79; H, 4.92; N,
5.54; Cl, 14.03. Found: C, 61.56; H, 4.63; N, 5.51; Cl, 13.96.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydro-1H—inden-2-yl(methyl)amino]-2-0x0eth
yl}-Nl-methyl(z-pyrrolidin-1-ylethyl)glycinamide (20a)
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To a solution of 18 (64 mg, 0.13 mmol) and 1-(2-methylaminoethyl)pyrrolidine (28 mg, 0.22 mmol) in
DMF (2 mL) under ice-cooling were added HOBt -H,O (39 mg, 0.25 mmol), and EDC (48 mg, 0.25 mmol),
and the resulting mixture was stirred overnight at room temperature. The reaction mixture was diluted with
EtOAc, and the organic layer was washed with H,0O, diluted aqueous NaOH, and brine, and dried over
Na,SO,. The insoluble material was filtered off, and the solution was concentrated under reduced pressure.
The residue oil was purified by NH silica gel column chromatography (hexane : EtOAc = 80 : 20 to O :
100) to afford 20a (49 mg, 62%) as a colorless oil. '"H NMR (400 MHz, CDCl3): & (ppm) 1.72-1.85 (m,
2H), 2.02-2.18 (m, 2H), 2.47-2.65 (m, SH), 2.58 2.61 (2s, 3H), 2.70-3.17 (m, 8H), 3.23-3.32 3.45-3.52
(2m, 2H), 4.17-4.36 (m, 4H), 4.53—4.64 (m, 0.4H), 5.46-5.58 (m, 0.6H), 6.67—6.93 (m, 5H), 7.13-7.29 (m,
6H). °C NMR (100 MHz, DMSO-dy): & (ppm) 23.52, 23.58, 27.61, 28.95, 33.77, 34.80, 36.04, 36.08,
36.32, 36.38, 47.03, 48.35, 52.77, 53.02, 53.33, 53.72, 53.80, 53.95, 54.15, 54.24, 54.40, 54.54, 56.02,
118.64, 118.70, 118.75, 118.99, 119.16, 119.45, 120.32, 120.60, 122.02, 122.15, 122.24, 124.42, 126.74,
126.97, 127.87, 129.65, 129.68, 130.05, 140.27, 141.11, 143.68, 143.82, 144.48, 144.68, 156.40, 169.26,
169.38, 169.51, 169.64, 169.73. LC-MS (ESI) m/z 609, 611 [M+H]". HPLC purity: 97.84%. HRMS (ESI)
m/z calculated for C33H39CILN4O5 [M+H]+ 609.23937, found 609.23969.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydr0-1H—inden-2-yl(methyl)amino]-2-0x0eth
yl}-Nl- (3-pyrrolidin-1-ylpropyl)glycinamide (20b)

@M@

The title compound was synthesized according to the method described for the synthesis of 20a to afford
20b (508 mg, 83%) as a colorless amorphous solid. 'H NMR (400 MHz, CDCL;): & (ppm) 1.64-1.78 (m,
2H), 1.78-1.89 (m, 4H), 2.42-2.70 (m, 6H), 2.64 (s, 1.8H), 2.69 (s, 1.2H), 2.77 (dd, J = 6.1, 16.4, 1.2H),
2.94 (dd, J = 6.1, 16.4, 0.8H), 3.03 (dd, J = 8.7, 16.4, 0.8H), 3.09 (dd, J = 8.7, 16.4, 1.2H), 3.23 (q, J = 6.1,
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2H), 3.97 (s, 2H), 4.20 (s, 1.2H), 4.32 (s, 0.8H), 4.43-4.58 (m, 0.4H), 5.34-5.44 (m, 0.6H), 6.73-6.92 (m,
5H), 7.12-7.23 (m, 4H), 7.29 (d, J = 8.7, 2H), 8.51 8.61 (2broad, 1H). *C NMR (100 MHz, CDCL): &
(ppm) 23.41, 27.84, 28.04, 29.04, 36.08, 36.36, 37.29, 53.33, 53.68, 53.83, 56.10, 56.21, 56.47, 58.95,
59.17, 117.89, 118.22, 118.59, 118.66, 120.69, 121.00, 122.85, 122.94, 124.43, 124.49, 126.88, 127.19,
128.20, 129.83, 129.88, 130.39, 130.44, 139.91, 140.83, 141.34, 141.51, 144.04, 144.42, 156.39, 156.43,
169.41, 169.78, 169.97. LC-MS (ESI) m/z 609, 611 [M+H]". HPLC purity: 98.19%. HRMS (ESI) m/z
calculated for C33H3CLN,O5 [M+H] 609.23937, found 609.24003.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydro-1H—inden-2-yl(methyl)amino]-2-0x0eth
yl}-N'- (2-piperidin-1-ylethyl)glycinamide (20c)

20c

The title compound was synthesized according to the method described for the synthesis of 20a to afford
20c (554 mg, 91%) as a colorless amorphous solid. 'H NMR (400 MHz, CDCl5): 6 (ppm) 1.31-1.44 (m,
2H), 1.45-1.59 (m, 4H), 2.20-2.45 (m, 6H), 2.65 (s, 1.8H), 2.70 (s, 1.2H), 2.78 (dd, J = 6.2, 16.4, 1.2H),
2.95(dd,J=6.2,16.4, 0.8H), 3.03 (dd, J = 8.7, 16.4, 0.8H), 3.10(dd, J = 8.7, 16.4, 1.2H), 3.28 (q, J = 6.2,
2H), 3.98 (s, 2H), 4.17 (s, 1.2H), 4.30 (s, 0.8H), 4.46-4.58 (m, 0.4H), 5.37-5.48 (m, 0.6H), 6.76 (d, J = 8.7,
1H), 6.78-6.97 (m, 2H), 6.86 (d, J = 9.3, 2H), 7.13-7.24 (m, 4H), 7.28 (d, J = 9.3, 2H), 8.14 8.25 (2broad,
1H). °C NMR (100 MHz, CDCls): & (ppm) 24.22, 25.83, 27.90, 28.98, 36.11, 36.34, 36.46, 53.13, 54.34,
55.49, 55.78, 56.13, 57.52, 58.68, 58.92, 118.50, 118.58, 118.72, 119.10, 121.13, 121.43, 122.70, 122.82,
124.44, 124.48, 126.84, 127.16, 128.04, 129.78, 129.81, 130.44, 130.49, 139.97, 140.92, 141.72, 141.87,
144.37, 144.74, 156.42, 156.48, 169.05, 169.39, 169.83. LC-MS (ESI) m/z 609, 611 [M+H]". HPLC purity:
99.92%. HRMS (ESI) m/z calculated for C33H3oC1,N,03 [M+H]" 609.23937, found 609.24023.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydro-1H—inden-2-yl(methyl)amino]-2-0x0eth
yl}-Nl- [2-(dimethylamino)ethyl]glycinamide (20d)
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Cl CHs 20d

The title compound was synthesized according to the method described for the synthesis of 20a to afford
20d (494 mg, 87%) as a colorless amorphous solid. "H NMR (400 MHz, CDCls) ; & (ppm) 2.15 2.16 (2s,
6H), 2.23-2.29 (m, 2H), 2.66 (s, 1.8H), 2.70 (s, 1.2H), 2.78 (dd, J = 6.2, 16.4, 1.2H), 2.96 (dd, J = 6.2,
16.4, 0.8H), 3.05 (dd, J = 8.7, 16.4, 0.8H), 3.10 (dd, J = 8.7, 16.4, 1.2H), 3.25 (q, J = 6.6, 2H), 3.98 (s, 2H),
4.17 (s, 1.2H), 4.30 (s, 0.8H), 4.48-4.59 (m, 0.4H), 5.37-5.58 (m, 0.6H), 6.762 (d, J = 8.7, 1H), 6.78-6.99
(m, 2H), 6.87 (d, J = 9.3, 2H), 7.13-7.22 (m, 4H), 7.28 (d, J = 9.3, 2H), 8.12 (t,J = 5.1, 0.4H), 8.25 (t, J =
5.1, 0.6H). °C NMR (100 MHz, CDCls): & (ppm) 27.91, 28.98, 36.09, 36.35, 37.16, 45.38, 53.13, 55.50,
55.81, 56.11, 58.16, 58.69, 58.94, 118.59, 118.64, 118.89, 119.31, 121.21, 121.54, 122.62, 122.74, 124.44,
124.50, 126.85, 127.17, 128.07, 129.76, 129.81, 130.43, 130.48, 139.98, 140.90, 141.66, 141.82, 144.54,
144.93, 156.40, 156.47, 169.14, 169.50, 169.90. LC-MS (ESI) m/z 569, 571 [M+H]". HPLC purity:
99.13%. HRMS (ESI) m/z calculated for C3,H35C1,N,05 [M+H]"™ 569.20807, found 569.20824.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydro-1H—inden-2-yl(methyl)amino]-2-0x0eth
yI}-N'- [2-(methylamino)ethyl|glycinamide hydrochloride (20m)

H
N

Cl N
O Gl
o (go
N ;\ E >
o
Cl CH; HClI  20m
To a solution of 18 (371 mg, 1.00 mmol) and zert-butyl (2-aminoethyl)methylcarbamate (160 mg, 0.918
mmol) in DMF (3 mL) under ice-cooling were added HOBt -H,O (100 mg, 0.653 mmol), and EDC (119
mg, 0.621 mmol), and the resulting mixture was stirred overnight at room temperature. The reaction
mixture was diluted with EtOAc, and the organic layer was washed with H,O, diluted aqueous NaOH, and
brine, and dried over MgSQO,. The insoluble material was filtered off, and the solution was concentrated

under reduced pressure. The residue oil was purified by silica gel column chromatography (hexane : EtOAc

=70 :30to 0 : 100) to afford 233 mg of 20e as a colorless oil. To the obtained oil in CH,Cl, (1 mL) was
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added 4 mol/L HCI in dioxane (1.0 mL, 4.0 mmol), and the resulting mixture was stirred at room
temperature for 1 h. To the reaction mixture was diluted with diethyl ether (20 mL) to allow precipitation of
a solid. This solid was filtered, washed with diethyl ether, and dried under reduced pressure to give 20m
(166 mg, 56%) as a colorless solid. Mp 98-109 °C. 'H NMR (400 MHz, DMSO-dj): & (ppm) 2.47-2.53 (m,
3H), 2.61 (s, 1.2H), 2.66 (s, 1.8H), 2.78-3.07 (m, 6H), 3.25 (d, J = 6.0, 2H), 3.94 3.95 (2s, 2H), 4.35 (s,
1.2H), 4.51 (s, 0.8H), 4.61-4.72 (m, 0.4H), 5.16-5.27 (m, 0.6H), 6.77-6.93 (m, 5H), 7.12-7.24 (m, 4H),
7.41 (d,J = 9.2, 2H), 8.68 (t,J = 5.6, 1H), 8.73 (brs, 2H). °C NMR (100 MHz, DMSO-dj): & (ppm) 27.39,
28.76, 32.23, 34.61, 35.17, 35.44, 47.44, 52.93, 54.75, 54.89, 55.54, 57.14, 57.32, 117.12, 117.36, 118.61,
118.75, 119.06, 119.33, 123.05, 123.18, 124.16, 126.39, 126.49, 128.76, 128.87, 129.51, 140.56, 140.98,
142.53, 142.61, 142.95, 143.39, 156.38, 169.22, 169.49, 170.37. LC-MS (ESI) m/z 555, 557 [M+H]".
HPLC purity: 98.38%. HRMS (ESI) m/z calculated for C,yH33CI,N4O; [MJrH]+ 555.19242, found
555.19282.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydro-1H—inden-2-yl(methyl)amino]-2-0x0eth
yI}-N'- [2-(ethylamino)ethyl|glycinamide hydrochloride (20n)

H
CI\©\ HN/\/NVCHs
o) (A*o
N;\ f >
Cl

o7y
CH;  Hcl 20m

The title compound was synthesized according to the method described for the synthesis of 20m to afford
20n (252 mg, 83%) as a colorless solid. Mp 97-108 °C. '"H NMR (400 MHz, DMSO-dy): & (ppm) 1.11—
1.22 (m, 3H), 2.62 (s, 1.2H), 2.66 (s, 1.8H), 2.76-3.09 (m, 8H), 3.26 (d, J = 6.0, 2H), 3.94 3.95 (2s, 2H),
4.35 (s, 1.2H), 4.51 (s, 0.8H), 4.61-4.73 (m, 0.4H), 5.15-5.28 (m, 0.6H), 6.76—6.96 (m, SH), 7.10-7.26 (m,
4H), 7.41 (d, J = 8.7, 2H), 8.64-8.75 (m, 1H), 8.77 (brs, 2H). °C NMR (100 MHz, DMSO-dy): & (ppm)
10.82, 27.39, 28.76, 34.75, 35.18, 35.43, 41.68, 45.34, 52.96, 54.80, 54.91, 55.56, 57.14, 57.29, 117.16,
117.37, 118.63, 118.75, 119.10, 119.37, 123.05, 123.16, 124.15, 126.40, 126.49, 128.76, 128.86, 129.51,
140.54, 140.97, 142.53, 142.59, 143.01, 143.42, 156.38, 169.26, 169.48, 170.35. LC-MS (ESI) m/z 569,
571 [M+H]". HPLC purity: 98.92%. HRMS (ESI) m/z calculated for C3oH35sC1,N40O; [M+H]" 569.20807,
found 569.20839.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydro-1H—inden-2-yl(methyl)amino]-2-0x0eth
yl}-N'- [2-(isopropylamino)ethyl|glycinamide hydrochloride (200)
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The title compound was synthesized according to the method described for the synthesis of 20m to afford
200 (96 mg, 61%) as a colorless solid. Mp 93-101 °C. 'H NMR (400 MHz, DMSO-dy): & (ppm) 1.19 (d, J
=6.2,2.4H), 1.21 (d, J = 6.2, 3.6H), 2.62 (s, 1.2H), 2.66 (s, 1.8H), 2.72-3.07 (m, 6H), 3.19-3.34 (m, 3H),
3.94 (s, 1.2H), 3.95 (s, 0.8H), 4.34 (s, 1.2H), 4.51 (s, 0.8H), 4.61-4.72 (m, 0.4H), 5.16-5.27 (m, 0.6H),
6.78-6.86 (m, 3H), 6.87-6.95 (m, 2H), 7.11-7.25 (m, 4H), 7.41 (d, J = 9.3, 2H), 8.65-8.74 (m, 1H), 8.81
(brs, 2H). °C NMR (100 MHz, DMSO-dy):  (ppm) 18.33, 27.38, 28.77, 34.92, 35.20, 35.42, 42.85, 49.19,
52.97, 54.73, 54.83, 55.59, 57.12, 57.25, 117.23, 117.42, 118.69, 118.81, 119.13, 119.39, 122.97, 123.07,
124.15, 126.41, 126.49, 128.72, 128.81, 129.48, 129.51, 140.54, 140.97, 142.55, 142.60, 143.12, 143.51,
156.32, 156.35, 169.19, 169.39, 170.32. LC-MS (ESI) m/z 583, 585 [M+H]". HPLC purity: 97.96%.
HRMS (ESI) m/z calculated for C3,H3,CL,N,O; [M+H]" 583.22372, found 583.22415.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydr0-1H—inden-2-yl(methyl)amino]-2-0x0eth
yl}-Nl- (piperidin-3-yl)glycinamide hydrochloride (20p)

Cl CHs Hcl  20p

The title compound was synthesized according to the method described for the synthesis of 20m to afford
20p (131 mg, 73%) as a colorless solid. Mp 124-136 °C. "H NMR (400 MHz, DMSO-dj): & (ppm) 1.22—
1.37 (m, 1H), 1.55-1.86 (m, 3H), 2.50-2.60 (m, 1H), 2.60 (s, 1.2H), 2.67 (s, 1.8H), 2.72-3.16 (m, 7H),
3.77-3.90 (m, 1H), 3.93 (s, 2H), 4.34 (d, J = 18.0, 0.6H), 4.39 (d, J = 18.0, 0.6H), 4.48 (d, J = 18.0, 0.4H),
4.54 (d, J = 18.0, 0.4H), 4.61-4.72 (m, 0.4H), 5.14-5.26 (m, 0.6H), 6.77-6.94 (m, 5H), 7.11-7.25 (m, 4H),
7.42(d,J =9.3,2H), 8.78 (d, J = 7.2, 1H), 8.96 (brs, 1H), 9.12 (brs, 1H). *C NMR (100 MHz, DMSO-dj):
& (ppm) 20.27, 27.42, 27.67, 28.74, 35.16, 35.46, 42.49, 42.72, 45.80, 53.00, 54.98, 55.10, 55.49, 57.29,
57.52, 116.95, 117.16, 118.67, 118.79, 119.07, 119.31, 123.09, 123.17, 124.16, 126.39, 126.45, 126.50,
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128.76, 128.86, 129.50, 129.56, 140.55, 140.94, 140.96, 142.18, 142.29, 143.03, 143.40, 156.37, 169.31,
169.44, 169.75. LC-MS (ESI) m/z 581, 583 [M+H]". HPLC purity: 95.88%. HRMS (ESI) m/z calculated
for C3;H3sCLN,O; [M+H]" 581.20807, found 581.20836.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydro-1H—inden-2-yl(methyl)amino]-2-0x0eth
yl}-N'- (pyrrolidin-3-yl)glycinamide hydrochloride (20q)

Cl CH,  HCl 20d

The title compound was synthesized according to the method described for the synthesis of 20m to afford
20q (106 mg, 68%) as a colorless solid. Mp 136146 °C. '"H NMR (400 MHz, DMSO-dj): & (ppm) 1.56—
1.70 (m, 1H), 1.92-2.07 (m, 1H), 2.62 (s, 1.2H), 2.69 (s, 1.8H), 2.77-3.30 (m, 8H), 3.84-4.00 (m, 2H),
4.06-4.18 (m, 1H), 4.31 (d,J = 17.9, 0.6H), 4.44 (d, J = 17.9, 0.6H), 4.47 (d, J = 17.4, 0.4H), 4.59 (d, J =
17.4, 0.4H), 4.65-4.75 (m, 0.4H), 5.18-5.29 (m, 0.6H), 6.77-6.93 (m, 5H), 7.11-7.25 (m, 4H), 7.41 (d, J =
9.2, 2H), 8.88 (d, J = 6.1, 0.6H), 8.91 (d, J = 6.1, 0.4H), 9.14 (brs, 1H), 9.36 (brs, 1H). °C NMR (100
MHz, DMSO-dg): & (ppm) 27.44, 28.77, 29.58, 35.19, 35.50, 43.13, 43.20, 47.98, 48.04, 48.63, 52.91,
54.73, 54.90, 55.53, 57.35, 57.63, 116.96, 117.18, 118.59, 118.75, 119.12, 119.34, 123.13, 123.24, 124.16,
126.39, 126.49, 128.78, 128.89, 129.47, 129.51, 140.55, 140.96, 140.99, 142.34, 142.42, 142.99, 143.39,
156.40, 156.45, 169.41, 169.73, 169.89. LC-MS (ESI) m/z 567, 569 [M+H]". HPLC purity: 99.30%.
HRMS (ESI) m/z calculated for C30H33CLN,O5 [M+H]" 567.19242, found 567.19287.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydro-1H—inden-2-yl(methyl)amino]-2-0x0eth
yI}-N'-[(2S)-pyrrolidin-2-ylmethyl|glycinamide hydrochloride (20r)

T2

6]
The title compound was synthesized according to the method described for the synthesis of 20m to afford

Cl

N
CH;  Hcl  20r
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20r (117 mg, 75%) as a colorless solid. Mp 113-125 °C. 'H NMR (400 MHz, DMSO-dy): & (ppm) 1.43—
1.59 (m, 1H), 1.71-1.93 (m, 3H), 2.61 (s, 1.2H), 2.65 (s, 1.8H), 2.82 (dd, J = 6.7, 16.4, 1.2H), 2.90 (dd, J =
6.7, 16.4, 0.8H), 2.95 (dd, J = 8.7, 16.4, 1.2H), 3.00 (dd, J = 8.7, 16.4, 0.8H), 3.05-3.19 (m, 2H), 3.20-
3.51 (m, 3H), 3.96 3.97 (2s, 2H), 4.36 (s, 1.2H), 4.52 (s, 0.8H), 4.59-4.71 (m, 0.4H), 5.15-5.26 (0.6H),
6.76—6.94 (m, SH), 7.11-7.24 (m, 4H), 7.42 (d, J = 8.7, 2H), 8.69 (brs, 1H), 8.85 (t,J = 5.4, 1H), 9.44 (brs,
1H). °C NMR (100 MHz, DMSO-dq): & (ppm) 22.70, 26.95, 27.37, 28.75, 35.16, 35.42, 44.37, 52.95,
54.90, 55.03, 55.52, 57.16, 57.35, 58.70, 66.25, 117.08, 117.33, 118.68, 118.81, 119.07, 119.33, 123.00,
123.11, 124.15, 126.40, 126.45, 126.49, 128.74, 128.84, 129.51, 129.55, 140.54, 140.96, 142.28, 142.39,
143.00, 143.42, 156.28, 156.31, 169.25, 169.53, 170.53. LC-MS (ESI) m/z 581, 583 [M+H]". HPLC purity:
99.80%. HRMS (ESI) m/z calculated for C3;H3sC1,N,05 [M+H]" 581.20807, found 581.20828.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydro-1H—inden-2-yl(methyl)amino]-2-0x0eth
yI}-N'-[(2R)-pyrrolidin-2-ylmethyl|glycinamide hydrochloride (20s)
Cl

H
®
HN TN

. X
TR

The title compound was synthesized according to the method described for the synthesis of 20m to afford
20s (387 mg, 76%) as a colorless solid. Mp 110-118 °C. 'H NMR (400 MHz, DMSO-dy): & (ppm) 1.44—
1.59 (m, 1H), 1.73-1.92 (m, 3H), 2.61 (s, 1.2H), 2.65 (s, 1.8H), 2.82 (dd, J = 6.7, 16.4, 1.2H), 2.90 (dd, J =
6.7, 16.4, 0.8H), 2.95 (dd, J = 8.7, 16.4, 1.2H), 3.00 (dd, J = 8.7, 16.4, 0.8H), 3.05-3.17 (m, 2H), 3.18-
3.49 (m, 3H), 3.97 (s, 2H), 4.34 (s, 1.2H), 4.50 (s, 0.8H), 4.59—4.70 (m, 0.4H), 5.14-5.26 (0.6H), 6.76—6.94
(m, 5H), 7.11-7.24 (m, 4H), 7.42 (d, J = 8.7, 2H), 8.52 (brs, 1H), 8.87 (t, J = 5.1, 1H), 9.19 (brs, 1H). °C
NMR (100 MHz, DMSO-dp): 6 (ppm) 22.71, 26.96, 27.36, 28.75, 35.16, 35.41, 44.34, 52.94, 54.89, 55.02,
55.52,57.16, 57.35, 58.69, 117.08, 117.32, 118.67, 118.82, 119.07, 119.32, 122.99, 123.12, 124.15, 126.39,
126.44, 126.49, 128.73, 128.84, 129.50, 129.55, 140.54, 140.96, 142.29, 142.39, 142.99, 143.41, 156.31,
169.25, 169.52, 170.51. LC-MS (ESI) m/z 581, 583 [M+H]". HPLC purity: 98.85%. HRMS (ESI) m/z
calculated for C3;H3sCLN,O5 [M+H]" 581.20807, found 581.20824.

NZ-[S-Chlor0-2-(4-chlorophenoxy)phenyl]-NZ-{Z-[2,3-dihydro-1H—inden-2-yl(methyl)amino]-2-0x0eth
yI}-N'-(piperidin-2-ylmethyl)glycinamide hydrochloride (20t)
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The title compound was synthesized according to the method described for the synthesis of 20m to afford
20t (369 mg, 84%) as a colorless solid. Mp 124-134 °C.'"H NMR (400 MHz, DMSO-d): & (ppm) 1.20—
1.44 (m, 2H), 1.46-1.75 (m, 4H), 2.60 (s, 1.2H), 2.65 (s, 1.8H), 2.73-3.06 (m, 6H), 3.09-3.35 (m, 3H),
3.98 (s, 2H), 4.38 (s, 1.2H), 4.53 (s, 0.8H), 4.59-4.70 (m, 0.4H), 5.13-5.25 (m, 0.6H), 6.77-6.94 (m, 5H),
7.10-7.24 (m, 4H), 7.38-7.45 (m, 2H), 8.3-9.0 (broad, 2H), 8.77 (t, J = 6.2, 0.4H), 8.82 (t, J = 6.2, 0.6H).
C NMR (100 MHz, DMSO-dy): & (ppm) 21.27, 21.53, 25.60, 27.38, 28.77, 35.16, 35.40, 40.33, 43.81,
52.99, 54.90, 55.11, 55.27, 55.54, 57.26, 57.47, 117.02, 117.36, 118.65, 118.76, 118.98, 119.30, 123.01,
123.13, 124.15, 126.41, 126.44, 126.50, 128.78, 128.88, 129.50, 129.55, 140.54, 140.96, 142.22, 142.41,
142.94, 143.40, 156.28, 156.32, 169.43, 169.71, 170.36. LC-MS (ESI) m/z 595, 597 [M+H]". HPLC purity:
98.37%. HRMS (ESI) m/z calculated for C3,H3,CI1,N,05 [M+H]" 595.22372, found 595.22394.

N-Methyl-1,3-dihydro-2H-isoindol-2-amine hydrochloride (15n)24

H3C\N,N: g

H HCl  15n

Xylylene dibromide (160 g, 606 mmol) and fert-butyl 1-methylhydrazinecarboxylate (30) (88.5 g, 606
mmol) obtained according to the reported method® were dissolved in N-methylpyrrolidone (550 mL). To
the stirred reaction mixture at 50-60 °C, TEA (190 mL, 1.36 mol) was gradually added dropwise. After the
addition was completed, the reaction mixture was stood overnight at room temperature. To the reaction
mixture was added 5% aqueous citric acid (700 mL), and the precipitate solid was collected by filtration,
washed  with  H;0, and dried under reduced  pressure to  give tert-Butyl
1,3-dihydro-2H-isoindol-2-yl(methyl)carbamate (31) (126 g, 84%) as a pale pink solid. This compound was
used in the next reaction without further purification. '"H NMR (300 MHz, CDCls): & (ppm) 1.41(s, 9H),
3.09(s, 3H), 4.44(s, 4H), 7.1-7.2(m, 4H). To a solution of 27 (126 g, 507 mmol) in CH,Cl, (150 mL) and
EtOH (150 mL) was added 4 mol/L HCI in dioxane (500 mL), and the reaction mixture was stirred at room
temperature for 5 h. The reaction mixture was diluted with H;O and CH,Cl, and the aqueous layer was

extracted. An ice-cooled aqueous NaOH solution was added to the ice-cooled aqueous layer to give a
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strongly-alkaline solution. The aqueous layer was extracted with CH,Cl,. The organic layer was dried over
K,CO;, and the insoluble material was filtered off. The solution was concentrated under reduced pressure.
The residue oil was dissolved in diethyl ether (500 mL), and 4 mol/L HCI in dioxane (140 mL) was added
with stirring under ice-cooling to allow precipitation of a solid. This solid was filtered, washed with diethyl
ether, and dried under reduced pressure to give 15n (75.9 g, 81%) as a gray solid. Mp 159-165 °C. 'H
NMR (400 MHz, DMSO-dj): & (ppm) 2.77 (s, 3H), 4.42 (brs, 4H), 7.23-7.43 (m, 4H), 10.97 (brs, 2H). °C
NMR (100 MHz, DMSO-dj): & (ppm) 32.81, 56.66, 122.67, 127.63, 136.10. LC-MS (ESI) m/z 149 [M+H]".
Anal. Calculated for CoH3CIN,: C, 58.54; H, 7.10; N, 15.17; Cl, 19.20. Found: C, 58.31; H, 7.08; N,
14.87; Cl, 18.84.

3,4-Dihydroisoquinolin-2(1H)-amine (33)*°

S0
HoN

To a stirred solution of 1,2,3,4-tetrahydroisoquinoline (32) (2.00 g, 15.0 mmol) and sodium nitrite (2.07 g,
30.0 mmol) in H,O (30 mL) was gradually added AcOH (1.30 mL, 22.7 mmol) at under 5 °C, and the

mixture was stirred at room temperature for 90 min. The reaction mixture was diluted with EtOAc, and the

33

organic layer was washed with H,O, saturated aqueous NaHCO; and brine and dried over MgSO,. The
insoluble material was filtered off, and the solution was concentrated under reduced pressure. The residue
oil was purified by silica gel column chromatography (hexane : EtOAc =90 : 10 to 50 : 50) to afford 2.03 g
of a purple oil. This oil was dissolved with MeOH (15 mL), and to the mixture was added Zn (4.00 g, 61.2
mmol). To the mixture was gradually added AcOH (15.0 mL) under ice-cooling, and the mixture was
stirred at room temperature for 80 min. The insoluble material in the reaction mixture was filtered off
through Celite, and washed with MeOH and CHCI;. The solution was neutralized with saturated aqueous
NaHCOj; and the solution was extracted with CHCI; (200 mL x3). The organic layers were combined, and
dried over Na,SO,. The insoluble material was filtered, and the solution was concentrated under reduced
pressure. The residue oil was purified by silica gel column chromatography (EtOAc : MeOH = 100 : 0 to
80 : 20) to afford 33 (1.50 g, 67%) as a pale yellow oil. 'H NMR (400 MHz, CDCL): & (ppm) 2.5-3.5
(broad, 2H), 2.94 (t, J = 5.7, 2H), 3.00 (t, J = 5.7, 2H), 3.82 (s, 2H), 7.00-7.05 (m, 1H), 7.09-7.19 (m, 3H).
C NMR (100 MHz, CDCLy): & (ppm) 29.27, 57.23, 62.01, 125.82, 126.46, 126.67, 128.37, 133.19, 134.00.
LC-MS (ESI) m/z 149 [M+H]".

N-Methyl-3,4-dihydroisoquinolin-2(1H)-amine (150)27
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3CN

H 150

To a stirred solution of 33 (1.50 g, 10.1 mmol) in H,O (15 mL) and AcOH (0.700 mL, 12.2 mmol) was
added 37% aqueous formalin (0.950 mL, 12.6 mmol), and the resulting mixture was stirred at 0 °C for 10
min. The reaction mixture was diluted with diluted aqueous NaOH, and the solution was extracted with
diethyl ether (100 mL). The organic layer was washed with brine, and dried over MgSO,. The insoluble
material was filtered off, and the solution was concentrated under reduced pressure. The residue oil was
purified by silica gel column chromatography (hexane : EtOAc = 100 : 0 to 80 : 20) to afford 1.34 g of a
colorless oil. The obtained oil in THF (10 mL) was added to a stirred suspension of LiAlH4 (460 mg, 12.1
mmol) in diethyl ether (50 mL), the resulting mixture was stirred under reflux for 40 min. The reaction
mixture was ice-cooled, and H,O (0.460 mL), 15% aqueous NaOH (0.460 mL), H,O (1.38 mL) and
Na,SO, were successively added with stirring. The insoluble material was filtered off through Celite, and
the solution was concentrated under reduced pressure. The residue oil was purified by NH silica gel column
chromatography (hexane : EtOAc = 100 : 0 to 50 : 50) to afford 120 (1.30 g, 79%) as a colorless oil. 'H
NMR (400 MHz, CDCls): & (ppm) 2.69 (s, 3H), 2.99 (s, 4H), 3.88 (s, 2H), 7.01-7.18 (m, 4H). °C NMR
(100 MHz, CDCl3): 8 (ppm) 28.92, 35.48, 52.73, 57.96, 125.82, 126.44, 126.95, 128.46, 133.71, 133.99.
LC-MS (ESI) m/z 163 [M+H]".

tert-Butyl 4-[(2-nitrophenyl)sulfonylpiperazin-1-yl|carbamate (35)

0. 0 NO,

SR

N 35

To an ice-cooled solution of tert-Butyl piperazin-1-ylcarbamate (34) (820 mg, 4.07 mmol, Bepharma. Ltd.)
and TEA (0.850 ml, 6.10 mmol) in CH,Cl, (10 mL) was added 2-nitrobenzenesulfonyl chloride (947 mg,
4.27 mmol) , and the resulting mixture was stirred overnight at room temperature. The reaction mixture was
diluted with EtOAc, and the organic layer was washed with 10% aqueous citric acid and brine, and dried
over MgSQO,. The insoluble material was filtered off, and the solution was concentrated under reduced
pressure. The residue oil was purified by silica gel column chromatography (hexane : EtOAc = 90 : 10 to
0 : 100) to afford 31 (1.39 g, 86%) as a pale blue solid. Mp 183—184 °C. '"H NMR (400 MHz, DMSO-dy): &
(ppm) 1.44 (s, 9H), 2.89 (t, J = 4.9, 4H), 3.43(t, J = 4.9, 4H), 5.54 (s, IH), 7.62 (dd, J = 1.5, 7.7, 1H),
7.66-7.77(m, 2H), 7.95 (dd, J = 1.5, 7.2, 1H). °C NMR (100 MHz, DMSO-d,): & (ppm) 28.29, 45.74,
54.95, 80.75, 124.17, 130.81, 130.86, 131.52, 133.90, 148.48, 154.19. LC-MS (ESI) m/z 331 [M+H]". Anal.
Calculated for C;sH»,N4O6S: C, 46.62; H, 5.74; N, 14.50. Found: C, 46.64; H, 5.58; N, 14.44.
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N-Methyl-4-(2-nitrophenyl)sulfonyl-piperazin-1-amine hydrochloride (15p)

” 15p

To a stirred solution of 35 (775 mg. 2.01 mmol) in THF (8 mL) was added potassium tert-butoxide (331 mg,
2.95 mmol), the resulting mixture was stirred at 0 °C for 5 min. Then, to the reaction mixture was added
iodomethane (0.300 ml, 4.82 mmol), and the mixture was stirred at 0 °C for 30 min. The reaction mixture
was diluted with EtOAc, and the organic layer was washed with H,O and brine, and dried over MgSO,.
The insoluble material was filtered off, and the solution was concentrated under reduced pressure. The
residue oil was purified by silica gel column chromatography (hexane : EtOAc = 90 : 10 to 35 : 65) to
afford 543 mg of a colorless oil. The obtained oil was dissolved with CH,Cl, (2 mL), and to the solution
was added 4 mol/L HCI in dioxane (2.0 mL, 8.0 mmol), and the resulting mixture was stirred at room
temperature for 4 h. The reaction mixture was diluted with diethyl ether (8 mL). The precipitated solid was
filtered, washed with diethyl ether and dried under reduced pressure to give 15p (3.53 g, 83%) as a
colorless solid. Mp 224-226 °C. 'H NMR (400 MHz, DMSO-dy): & (ppm) 2.64 (brs, 3H), 3.09 (brs, 4H),
3.36 (brs, 4H), 7.86-7.92(m, 1H), 7.95(t, J = 7.7, 1H), 8.01-8.06(m, 2H), 10.85 10.98 (2brs, 2H). "°C
NMR (100 MHz, DMSO-dy): & (ppm) 30.22, 44.65, 49.91, 124.25, 129.00, 130.32, 132.43, 135.02, 147.68.
LC-MS (ESI) m/z 301 [M+H]". Anal. Calculated for C,;H,;,CIN,0,S-1/5H,0: C, 38.81; H, 5.15; N, 16.46;
Cl, 10.42; S, 9.42. Found: C, 38.99; H, 5.00; N, 16.09; Cl, 10.53; S, 9.23.

N-Methylindan-2-amine hydrochloride (15¢)**

H3C\N/I: g

H HCl  15e

2-Aminoindane (23) (3.10 g, 23.3 mmol) was dissolved in CH,Cl, (50 mL), Boc,O (5.20 g, 23.8 mmol)
and TEA (5 mL) were added under ice-cooling, and the mixture was stirred at room temperature for 2 h.
The reaction mixture was diluted with a 1:1 EtOAc/hexane (100 mL) solution, and the organic layer was
washed with 10% aqueous citric acid solution, saturated aqueous NaHCO; and brine and dried over MgSO,.
The insoluble material was filtered off, and the solution was concentrated under reduced pressure to give
4.68 g of 24a as a colorless oil. This was added to a suspension of LiAlH, (2.56 g, 67.5 mmol) in THF (100

mL), and the mixture was heated under reflux conditions for 3 h. The reaction mixture was ice-cooled, and
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H,0 (2.56 mL), 15% aqueous NaOH (2.56 mL), H,O (7.68 mL) and MgSO, were successively added with
stirring. The insoluble material was filtered off through Celite, and the solution was concentrated under
reduced pressure to give an oil (3.15 g). This was dissolved in diethyl ether (50 mL), 4 mol/L HCI in
dioxane (6 mL) was added, and the precipitated solid was filtered, washed with diethyl ether and dried
under reduced pressure to give 15e (3.53 g, 83%) as a colorless solid. Mp 233-236 °C.*” '"H NMR (400
MHz, DMSO-dy): 6 (ppm) 2.57 (s, 3H), 3.11 (dd, J = 6.7, 16.4, 2H), 3.27 (dd, J = 8.0, 16.4, 2H), 3.87—4.00
(m, 1H), 7.16-7.23 (m, 2H), 7.23-7.30 (m, 2H), 9.39 (brs, 2H). >C NMR (100 MHz, DMSO-dj): & (ppm)
30.76, 35.29, 58.17, 124.44, 126.89, 139.36. LC-MS (ESI) m/z 148 [M+H]".

N -Ethylindan -2-amine hydrochloride (15h)>®

ey

HyC™ N
H HCI  15h

The title compound was synthesized according to the method described for the synthesis of 15e from
2-aminoindane (23) (1.07 g, 8.03 mmol) and acetic anhydride(0.76 mL, 8.04 mmol) to afford 15h (1.01 g,
94%) as a colorless solid. Mp 168176 °C. "H NMR (400 MHz, DMSO-dy): & (ppm) 1.25 (t, J = 7.2, 3H),
2.92-3.06 (m, 2H), 3.08-3.19 (m, 2H), 3.22-3.33 (m, 2H), 3.90-4.07 (m, 1H), 7.15-7.31 (m, 4H), 9.32 (brs,
2H). >C NMR (100 MHz, DMSO-d,): & (ppm) 11.06, 35.47, 40.60, 56.66, 124.40, 126.87, 139.38. LC-MS
(ESI) m/z 162 [M+H]".

N-Methyl-1,2,3,4-tetrahydronaphthalen-2-amine hydrochloride (151’)28

H ~
3C NJ( j(j
H

HCI  15f

The title compound was synthesized according to the method described for the synthesis of 15e from
1,2,3,4-tetrahydronaphthalen-2-amine (25) (2.50g, 13.6 mmol) to afford 15f (1.66 g, 62%) as a colorless
solid. Mp 185-186 °C. 'H NMR (400 MHz, DMSO-dy): & (ppm) 1.71-1.85 (m, 1H), 2.20-2.28 (m, 1H),
2.60 (s, 3H), 2.74-2.93 (m, 3H), 3.13-3.23 (m, 1H), 3.31-3.42 (m, 1H), 7.08-7.17 (m, 4H), 9.24 (brs, 2H).
C NMR (100 MHz, DMSO-dy): & (ppm) 24.85, 26.78, 29.37, 30.93, 53.97, 125.90, 126.15, 128.42,
128.93, 132.50, 134.86. LC-MS (ESI) m/z 162 [M+H]".

trans-N-Methyl-4-phenylcyclohexanamine hydrochloride (15g)
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e
3CN

N HCl  15g

The title compound was synthesized according to the method described for the synthesis of 15e from
trans-4-phenylcyclohexanamine (27) (3.42 g, 16.2 mmol) to afford 15g (3.11 g, 88%) as a colorless solid.
Mp 269-272 °C. '"H NMR (400 MHz, DMSO-d,): & (ppm) 1.38-1.58 (m, 4H), 1.81-1.95 (m, 2H), 2.08—
2.22 (m, 2H), 2.44-2.60 (m, 4H), 2.91-3.09 (m, 1H), 7.15-7.33 (m, 5H), 8.88 (brs, 2H). °C NMR (100
MHz, DMSO-dg): 6 (ppm) 28.28, 31.37, 42.27, 56.23, 126.01, 126.56, 128.23, 145.88. LC-MS (ESI) m/z
190 [M+H]". Anal. Calculated for C;3HyCIN-1/10H,O: C, 68.61; H, 8.95; N, 6.16; Cl, 15.58. Found: C,
68.77; H, 8.78; N, 6.16; Cl, 15.38.

S

28T X RS LSRR

Crystallization, data, and structural refinement of human recombinant AdoHcyase, NAD", and 22a

The enzyme of human recombinant AdoHcyase purchased from Diazyme Laboratory was purified

1."> The protein-inhibitor complex was produced by

according to the method reported by Yuan C.-S. et a
sitting-drop vapor diffusion method using a reservoir solution composed of 100 mM HEPES (pH 7.5),
13 % (w/v) PEG 4000, 10% (v/v) 2-PrOH, and 0.5% (v/v) EtOAc. A plate-shape crystal suitable for X-ray
diffraction having dimensions 0.1 mm x 0.05 mm x 0.005 mm in a drop was dipped into a cryoprotectant
solution containing 100 mM HEPES (pH 7.5), 25% (w/v) PEG 4000, and 15% (v/v) glycerol for 2 hours
before it was frozen in liquid nitrogen. X-ray diffraction data were collected at SPring-8 BL24XU beam
line. The diffraction data were measured up to 2.7 A resolutions at -180 °C. The data were processed with
the program HKL2000. The structure of AdoHcyase and inhibitor complex was solved by molecular
replacement with the program AMoRe, utilizing the previously determined coordinates of AdoHcyase with
Protein Data Bank accession code 1B3R. The structure was refined against all available data to 2.7 A using
Maximum likelihood (Refmac) to a crystallographic R-factor of 0.199 and free R-factor of 0.240. Data
collection and model refinement statistics are summarized in table 4-4. The crystallographic refinement
parameters, final (Fo-Fc) maps, and conformational analysis by PROCHECK indicate that the crystal

structure has been determined with acceptable statistics. Coordinates have been deposited with the Protein

Data Bank, (PDB ID: 4Y VF).

X-ray crystal structure determination of 17n

A colorless prismatic crystal of compound 17n suitable for X-ray single crystal analysis was obtained at
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room temperature by partial evaporation from diethyl ether. X-ray data were collected at a temperature of
25 £ 1 °C on a Rigaku AFC7R diffractometer equipped with a graphite monochromated Cu-Ka radiation
(A= 1.5418 A) and a rotating anode generator. The crystal structure was solved by direct methods. > The
non-hydrogen atoms were refined anisotropically by full-matrix least squares refinement on F°. The H
atoms were refined using the riding model. All calculations were performed using the CrystalStructure
crystallographic software package.”> CCDC 1049632 contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.

5 3Hi  in vitro BESR L EFIEVERIE

The enzyme inhibitory activity was measured using the hydrolysis activity of AdoHcy as an index. The
measurement method was modification of the reported method. AdoHcy (10 pM) and adenosine
deaminase (Roche) (4 units) were added to 50 mM phosphate buffer (pH 7.2, containing 1 mM EDTA)
with the total amount being 200 pL, and to the solution were added a test substance and then human
recombinant S-adenosyl-L-homocysteine hydrolase (50 ng, Diazyme Laboratories) to start the reaction,
and the mixture was incubated at 37 °C for 8 min. The reaction was quenched by the addition of 1 mol/L
aqueous perchloric solution (20 pl), and the mixture was centrifuged under the conditions of 10000 rpm, 5
min, 4 °C. The supernatant was collected, and the amount of AdoHcy after the reaction was quantified by
HPLC. The inhibitory rate was determined with the amount of decrease in AdoHcy before and after the
reaction without using the test substance as 100%. Inhibitory rate (%) = [(amount of decrease of AdoHcy in

the presence of test substance)/ (amount of decrease of AdoHcy in the absence of test substance)] x100.
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