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A5V CUREEA x4 LREEH 2a-c
ErFv—FIZHT S
=y X Y
ft=% ICs0 (uM)
2a Cl H 0.018
2b H NH, 0.36
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RZETHTZ LN, invivo IEEDFHOVKRERFER EE X, ZORRERKOF—T
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Table 3 7 B/ RULE M) O [HLETEME
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R VA REA TR LT, BT REIMEDO AL KR VENEET S, 2O LR= L3
OF HEFIC, F~v—EBOEMEETHLEY V195 ICFEND, HATRTE Fe¥

TEDIE L TV 5,

HN’[S Cl

Figure 11 {t&¥da L b ¥ ~—FPOEAEKET L
(Figure 8 DA IR HA KT T /L % [liR)

LU I951F. B ATF V57, TANRT XM 102 & & B I catalytic triad & FEIEAL,
vV T uT T —BREE AR RS D 2> T S (Figure 12), U & 195,
ERAFV 5T, TANRNTF UM 102 & 70 hronzifES ., EHEETHL Y &
195 23EMEAK. Sy hole (2 X » TR SN2 HE D7 </ BRFRE D C Kimfll 7 X RS %
REZET 2,
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_N
Jfﬁa &H
195

Ser S1 hc:-Ie

-é{ Hole

Figure 12 £V > 7' a7 7 —BIZEBW T, MK ERNFREE S 3 D SO

CTENR e DINVKR=NVEEIZ, TR —POIEEERETHL Y 195D R

B VNSRRI L, T VSR E G R 2 TERT S (Figure 13),

.".. \-.

OMe OMe O 0 00 TJmﬁiﬁéW
OH 4c

mﬁ Ser 195 eI
195
Ser I HO
+
on L

Ser'%

0

Figure 13 L&) de & ¥~ —ERHEHEE 2T 2 HifE

WIZ., ZOBEEERFDOLDIZHONWT, TAEF 77—~ Al 7773 3 10z
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XORRETIE 28 L, BERS R A MR L, BLERNC S~ — B OIFMER, 372b b
U2 195 Ot KX ERKAERES LT VAVBEEAEERNZ- X0 LA TE
(Figure 14), Z D Z L N BEARDONIKIIRINENZ & BHED O BT,

IHIT, 2O X BFEREEE RO E Ry F 7o Ial—ra rCTFRILEZED,
LB D P, site FHAERMEEFR D S hole IZ AV IAA TV 5, 7235, Prime site (2D T,
UTENRVENPHE L, X~ — B OIEWA LB L TV D7 HAKRET L ED

ERIINEETH D,

Cl O

HN‘% Cl
e

S
OMeO” ™0 0O O

Ser!®

FoILERESHE

Figure 14 {t&¥dc L b FX~—FB DT IIVEESEEAER (X Bk S EmAT)
B VERL, B X BE : TAEA 77—~ (BR) AIBEER 7 7> 7 > a v (OfREE : 1.90 A)

Lk, F~—BIoxd 2 EORHEMER L O X MG Emrn s, o7 vk
L7 LGSR R 22 079 < L ARNIZB W THEREIKS 7 & UG L, ZEMDR
BnWE PR L, BT, ZOX D RRINTAERNTIEFFRMICEZ 5 LGS D,
vV T T B ORREENMET T2 &Iz, SEIERY T EITHEA.
REICIEVE R E 5.2 | BMERBLEFHRT D AREENH D, 7 PE—ERERD X 5 72
PR BIZIL TR IO R 523 03 & AHE S, RO L 2MEIIMRD TEHETH 5,
INHDOZ LD, ARNICEIT D RENR LR EEOWEE B L, {LA~DK

BHEPMH SND &9 —BOMELERLELEE X,
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H2E ARNEEEDN FEZBEX U REA NV EA~DOE XX

FIEEIHCORLEL I T BN UERK & LIALEMITREER R 252109 <
AERNIZEB T DLEEME, ZOBLRIZHESE | B RIIMEDOIRNA VA= VAT
NREANEICEEMZ D2 L L LTz, VT B/ XUALAEY 4 Tid, BRNEFRF 2N
B REMEEZ R T ANVEZNVERNEE L TND, ZTOZERTTENNVER SO VR
ENVENREA OB EZZ TS THRERTH LD, b L, ANVR=VEE DNV NEA
NIEICE XL 13 2EETIUE. DANREA AITERZE TN OETZ2H LA,
Figure 15 (2779 & 9 22 B O EAEIE XN HT 2, RNERIR FOETHEELZ T,
ik & LTERNDANVRZNVE~ORBBHEGREZ VISR EERT,

HN
// \\ | // \\

u: Nu: K E:#l E{ZFWLEE'IEE
4c [ K, RILFFZIL(-SH)E,
[75/(-NH2)§7:IE ETORA?
REFEE
B2 e
¥ A
HN‘A

Cl N o / r
N._O HN‘K
Cany HN—(
cl

13 ome

Figure 15 B 73R MERTIN AL S A VI EHT 557 1i%G
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%2 /i LB DGR
TNV IRFEA NI E B Z T2 ALA ) 13 13X Scheme 3 IZ/RTHIETHRK LIz, 1 %E
%5 2 #i> Scheme 2 [ZHEWVARL L= 7 2/ 1)L U F% 14 (Scheme 2 [ZBIT 5, L&Y 8
ICHEY) CRFEFHFEIL 15 2, DL R= LV A I F Y —/(ICDDEAWTHEA L, 16 %
372, %W T 16 @ Boc LA FAMESRMECRE L, Va7 B FUVEEEAL, HTHNT
NFRIMABICE VAR, RBICZEEGZEICL 13 & Lin, ZOHIEE, RYOEMR
ANR= VUG 4 DA E B2 D DA T, LML, RRRZR 50, s FfEjs

ZRATEDRORVIL— N TH D,

Cl 1 ﬂ
NHBoc (7 "N7 NN 15
OH A~ NaH
Z (CDI) a
OMe (0] >
14
o)
cl Boc cl Y\Br
NH 1 M HCI/ACOH NH
H H
> BrCHZCOCI Z N\H/N
\n/ Et3N
OMe OMe O O
cl
yleld 45% yield: 92%
SFH
FILFILIE Q\K\'\Jp
Mo o HN
18 CI
yield: 72%
H,, Pt HNJS Cl
(sulflded C) o ! /©/
°S
75\
OMe 000
13 C|
yield: 37% 4c

Scheme 3 7 /L 3 A WAEUV G D E %
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5 3 i G TERHm & fEdT

ERLTALE OISR RS P LOHEONEL T A 47 7 —~ A3 7
7Y 7Y arBROME - RIEER T 4 — /L RIZENEIVKE LTZ, T RE A LI
X272 13 0%, MAFEP RN 60 Ll EE . b EDANVK=ABLEY & X E
RN IIT B 22 E PRI RIE A0 B3 & 7 L 7= (Table 5), EFFRIRGE L2 % bILEW 13 8%
DEEMER T LN JHVEY | RELENIG SNTZldE BT, LrLE
D=7 T, FHHEIIRELS TR o> T LE2Te, T2 TEM 13 #X—R L L LT, &

EoyfiRet LETZ BT LT,
Table 5 LAWY 4¢ 35 L N 13 DI SE P 080 - FHETEME

cl o] o)
cl
HN‘% Cl HNJ\
5 v
O/ \O HN
OMe © OMe o
4c 13 o

= (X Z, min)" ICs0 (uM)?)
4c 18 0.034
13 >60 5.4

1) EIRNE S SO MR LR 7T A4 77—~ R AEEEHTT 7o a v
2) SR - RIERET 4 —L B
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F2EFIMOBRIESW T FEHRGTDHICHIY, 13 L bR~ —EDH
BEETNVOERZEKE LTz, 1 2E 1 {HiTRLE 4a LR 1 DFTORFHLO
72, 13 [ZIFBHGRIRICH D 2 FEORMERRFET D, MEDILEW Ry X7
A a7 ks LIz BMERZ O G 2 D T %, Figure 16 DEIZE DR ERT, HL
NEANIITE SR TACEWIL, 0 F2M R L72BTL prime site J7 588 & ) site D
MHAEERAPYFFCE 5, UL, Sy site %, prime site HF &R 2 HH 2 NAETX H1F
EFRATENELS 2V, 2072 13 1 XTERITITAD I <, {EERKRIBIIK T L2 EE
Z 10

TSR L, BICRTIED AR T I KT, SV Sy site & ZRANICHAEER L
TW5, O G, &R B4 BRI, SRR I8 2T DO Sy site

(CXIET D LD KNS, site & BREAFICHAEAEN T2 L 5 ICEZ WL T & LB R,
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LA

Figure 16 {tA# 13 8L M 4a L b hF~—FDOEAEKETT L
BEEETNER : TAEA 77—~ () A7 7 27var, Rydrr/7ue s Z A 0 GOLD
FIREZRSLARENER D S5 B SV Ry F o 2 a7 &R Ul B E R+

Z 2T, IARNEANERULEW 13 & 1 &2, prime site D5 B & BRI OMIZ—
IRFBZAFN LTz DN EY) 19a %75 2 7= (Figure 17), &3 L, prime site 75
BERD Sy site ICELE SN D D LR LT, S HIT A LT 19a D A F L LTS, site
DANNINLET 2 & TR LT, Bl L 912, Sy site 13, BARNEA NVEULEY)
13 BEFOFEERTIE, MEFEFICL D DRMITHAEERTE 2V, —FH, A4 AR &
D/NSWEHIE THIUTEIR R IMAESND THAH, £ T, Sy site ITHRMITINAE
SNHED . TIFNEEN DAL ER L 19b, ¢ BAE LT,

IO OBEMEEMOF D, ZFNAEERFD 190 & X~ —BOHEAEERE T IAEK
AR L7, ZOMEWITIE 2 DFTORFRLBF(EL ., MRk E L THEFH 4 FkEO R
KRARETH D, BREMERIZONWT Ry F o/ Ialb—arL, &xkbmEWEy

F T AT s LIZEMERORERZ Figure 17 OAIIRT, FERD S, site (2, =F
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JVEEM S site ICHFR 2 INAEIND EEZHILD,

Cl o Cl o
HN‘[/\ HN’Z\
N__O —N\ N_ _O
L - l,"' \f e Sz'
OMe O HN 4 OMe 0o HN site
13 19a:R=H R == 5¢'site
Cl 19b:  Et
19c¢: n-Pr

Figure 17 #1& 8w dl 4~ 2 X O NVAULEM D53 1-3%F
BEKETNARK : 7 AEA T 77—~ (K) AN~ 772 ay, Fydrr77nr7 7 4 0 GOLD
AIREASEAR BRI D 5 b, @ Ry %27 237 o) Li- B R Z R+
%261 {LAEMDOERK
FI T, RNV E LA % . Scheme 4 |23 HIEIZE-> CTEKR LTz, 73
JHNKREE4 L T Y TV AT OV EMES . RS T Boe HAFREL, 20 &
L7z, B 22727 2 ) F% B U A RS XU UWTMBYL, HiEMESRtEco 2T 1
ZAKGRL ., 21 2157, EWTT X NG AL 7 7 ¥ ABRARS, “Hif6%
BILL, Z7raXm7 U —/LEOMAICEY 23a,b & LT, B2 DX UL T 2
VARG, BRMESRMEN TMB A REL, BHINE T2 19a-c AR LTZ,
INHDEEMDOEBRIEIZONTIX, ZNETOINNEAL NVBULEDDZ I &I
KIEICER L, 7B RVBRZEITHEE, prime site ITHTZ DN U7 I 2 HRGRE

BOBPETEAL TS, ZHICEY | F—OFHIZK L prime site & S E S EICE X
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TALEMZ R E S ARTE 5,

¢l 1) H-Gly-OEt-HCl, %
NHBoc EDCI-HCI, HOBt NH, -HCI
> H
N Et
ZNco,H  2)4MHCIEtOAC 7 ~C02
OMe OMe (@]
14 20
Cl T™B c™™B 9
| HCl 1) EDCI-HCI "
1) TMBI1E NH HOB
— N " NH
2) aq. NaOH AN NACOH 5
OMe o (sulfided-C) OMe 0
TMB: trimethoxybenzyl 21 22
cit™B
n-BuLi N/ZS HzN
—_— N__O &
Cl__O. Y =
A o O
o OMe SAr R =H, Et, n-Pr
23a: Ar = 4-NO,CgH,
23b:  2-CICgH,
ci ™M P cl 7
NJS 1 M HCI/ HNJS
AcOH
NYO iatali N_ O
OMe O HN OMe O HN
24 R 19a:R=H R
19b:  Et
19c: n-Pr

Scheme 4 X2 U IVEULED DB



55 3 Hi IR PERHm & AT

BRLTAEEHDOE FF~—BICHT HHEORE LK LI, & AN, MG
ERID T NSEA NG 13 L 1T & A ETEWEDR M ELRWIEDNY 2, n-7' e
BN E RO 19¢ TIIRIEIZIE T LT L% »7-(Table 6), —J7, X VLA L L7~ 19a,b
M3 LRBEOEWAZ R LIZZ NG, HAFEHEIARHS LTV, #EERET LA
D, XUUAREEMIE, v —BOEEBMICIAE SN TS LB X T, prime site

Fora Sy site 12, —f. NUVIALZEA LT VX LA S site [ICEUE S B 545
TREFHIZYU TH o2, 19¢ 12O TIE, 19b D= F VI L [ -7 1 BV LT — R 3R
R <, Sy site DRATE Gy & ORI KN RE L 720 | ZOTDIEMEMET Lz &
BN b, N IVEULAME b EIC LT BT, L0 E R VBN D 5,

Table 6 (L5 4¢, 13 3 L Y 19a-¢ DFEETENE

cl 7 cl 7
HN—% HN‘”\ HN’%
@% 0l e
R
1 13 Cl 19a-c
Ehxv—+
(A=t R (239 BICs0 (uM)"
4dc — 0.034
13 — 5.4
19a H 4.9
19b Et 2.8
19¢ n-Pr 69.3

* TAEE T y—~ () - RIEEBT —L K
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F 4 PHEIRMEDEIE Z B L7 prime site 75 & OEffids L OV
55 1H Sy site LAHAAEA L S D EHILOEA P

FBIFEFIBTRLIELIIC, BERD SPB LSy site & OFHANERAZ#ARMR L, N
DN LT DR T, IEVEILEIE Le 72, £ 2T, prime site &R HIRIZ, B
FDS, site ERRINTAHEAFML O DEREZEAT LI L& Lz, H1IEFIEHT
RLTZEHIT, Sy site ITIFA LU P TRLIZY U2 40 OIEHT X 7 & 7L ¥ =2 143
DT T =Dk, FTRLETZ=2=AT 7 =0 41 OFE#HT I RO AVR= VIERF
HT5H, 2T, =FVEEZEALZ19 & b FF~—FOEEIKTT /L (Figure 18)%
FE L7z, L&Y prime site T HERD 3-F 7213 40012, ZND EMHAEERAL 9 DB LR

FINIRT X AT ITEER R BT S LB ALEW 25 Rt LTz,

O -
HN Sa 5|Ee
"-,l .\/W KqD

N. O -
Q\)\F hil | @
OMe O HN Y
N =y
Et H

Cl

19b y
Prime sit?.___..-
g1
cl O
Sy siteth 7 I /BEFREICHET 2 BREER .
FEE(FALS 3 BIREEEA o.mYI:I '

Figure 18 K, F*!, R™! & oM HAE 2 B U T=4> Fik &
BAEEETNAER : TAEA 77—~ (BF) AEEEINF 7727y ar. Rydrr/7u s J A GOLD
TRERNARBEMEERDO Y B, BW Ry F o F 2 a7 2R LR EE R
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52 Hi LG DERL

LG 25 DERUTIE, 3-FIT 4N EREZEA LA DT T /(292-d) 8 4~
AR TH D, ZNDIER AT AT v R26 £lzidnm 7 AbT7 UV —1 30 oAk LT
(Scheme 5), X ATV & K26 /51X Grignard ) T FVHEEZEAL 27 & L, £
Uo7 N a— L ENIERETT Z v A X NIZEWL28), HZICHREICLD T 2
JREFFO29, c L LTS, —F, ~"a s AT U= 30 n5iE, 28T 2T Ll
rHWe=htuaZanNr bRy 7Y o780 31 AL, = b e Ad Nef SUGIC
EoT, WoltABAR=EEE Lz, 7 hor 32kt LkdTr I /{kl, 29b, d %
B LT, SR AR 31b, d D4y FIN 2 APTICE £ 5 = b A EEEE T T 2 HED

T8, 32b,d BB — R BSRRIRE TR > TV,
A

A EtMgBr, DEAD, PPhs,
Cul HO phthalimide
OHC B — B —_—

Et
26a: A = H, B = CO,t-Bu 27a: A =H, B = CO,t-Bu
26¢: A = CO,t-Bu, B=H 27c: A = CO,t-Bu, B=H

e} A NH,NH5-H,O .2H:|/©iA
™ H5N
Nj/CEB then, B
0 gt 4 M HCI/ Et
1,4-dioxane

28a: A = H, B = CO,t-Bu g
28c: A = CO,t-Bu, B= H *

)-29a: A = H, B = CO,t-Bu
)-29c: A = CO,t-Bu, B=H

nitropropane, KOt-Bu,
sz(dba)3, K3PO4, A then
Iigand* 1 M aq. HCI

—_— O5N —_—

B
Cl B *2-(t-Bu),P-2'-Me-biphenyl Et

A

30b: A =NO,, B =CO,t-Bu 31b: A =NO,, B = CO,t-Bu
30d: A = CO,t-Bu, : B =NO, 31d: A = CO,t-Bu, : B = NO,

A 1) NH,OH-HCl, HCl A
ﬂ NaOAc Y@[
(@]
B 2) Hy, Pd-C, B
Et then,

32b: A = NO,, B = CO,t-Bu 4MHCI/EtOAC (1) 29h: A = NO,, B = CO,t-Bu
32d: A = CO,t-Bu, : B = NO, (+)-29d: A = CO,t-Bu, : B = NO,

Y
T
N
Z

Scheme 5 Prime site BRI SICERER A O VILT I OERK
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B LRV T R 29a-d VY, B3 ES 2 Hid Scheme 4 (2R L= 51E L[]

FRIZ 25a-d A HK L7=(Scheme 6), 7. JElIR L7z 23a 2217 2 U 29a-d & i

AN
=

BNTHNLRF NI ED T F L AT VAR CleE L,

A

cl TMB\N o) H,N /[ :[B o TME O
) Et 29a-d N <
N__O EtsN 6

NYO A
OMe 0 o\©\ OMe o HNQ'(C[B
NO

Et

33a: A =H, B = CO,t-Bu,
33b: A = NH,, B = CO,t-Bu,
33c: A = CO,t-Bu, B = H,
33d: A = CO,t-Bu, B = NH,,

‘<

Cl O

HN—%
1 MHCI/ 6
AcOH NYO A
> OMe O HN_p
B
Et

25a: A=H, B = CO,H,
25b: A = NH,, B = CO,H,
25¢: A= CO,H,B=H,
25d: A = CO,H, B = NH,,

Scheme 6 Prime site 75 B ERalh I B REFE A B A L= U NVRULEM DA Rk
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5 3 i G TERHm & fEdT

BT lZBR LIAL AW OERNE 2K L7, ZOREHR% Table 7 1277, ALK =
NAUEEY) 4e \TIXE 72 1M RIZA2 0 A, B 19b & W3 b IEPE T KR
ELBEKRET LV TTHELIZEY ., Sy site R FHANER L 9 2 B HIEE A TEMER
WICHBRZ ENbhoT,

Table 7 Prime site LA%@%%%J\ Lf;fh/\%@ﬁﬂiﬁ
O
HN4g HNJ%
6
Y 2 \\
OMe O HN
Et
19b, 25a-d 4c
B .
1it& ErcEXT—EIZIXT S
A B IC50 (uM)*
4c — — 0.034
19b H H 2.8
25a H COLH 0.54
b NH,  CO,H 0.63
c CO,H H 0.47
d COH NH, 0.50

* TAEE Ty —~ (BR) E - RIERB T 4 — LK

B4 S, site & OMENEH W Liz~T m il O A0

LA D & 51T prime site 5 BR ~O M HBE AN ITIEVEDQBIEIZH T > 7D T, KRIT
NP VB E AT D BRICE 2 CHIz(Figure 19), F~—¥ L AHENEA T 2 502 B0
L ERUEIC, R, MR MER TR EZEAT L, ~T ke LG 34 1213
BRiZ, Sy site ICTFIET D U P 40 L OKFRES EIF LT,
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Cl O
HN S,' site

@ #Qq \ A~
OMe 0 HN‘/@\
(6R.1'R)-25a Et w P

Prime site

HEERALSDEEE
103

Figure 19 S,’ site (2%~ 2 BlFME 2 — &m0 5 53 ik et

BEEETNERK : 7 AEF 77—~ (BK) RIS 77 ay, Fyxr 77w r 7 5 GOLD
L&W 25a L& M X~ —EBOEEEET VOMEREKIE, ATREZSLERIEED S b, mn Ry F 7 2=
7w LT B R E2 R

58S Hi AL DGR

bEW 34 DERUTARFIRIg~T v B Z&Te7 I &, Scheme 7 ("3 HIETHM L
2o ETEVDUBREEOWR3TIE. 7 F& Brown HOHE N TREFETLL, H-
W7 T —Zxt LIERBE CERIR T2 EATHZEICK VAL, 77 U (R)-40
DEMIZBNTIZ, TATE K38 EILE L L, RELDHIEPDTRET LF/LLT
Wb, —J., TT—IUR)43 IZOWTIE, TIRDOR)-2-7 X /BN OLFEIND T
F7 2 FEEFEEE LT, 7T B F L% HV - Hantzsch Akl kv, B
W &3 DT B A L 7=(Scheme 7), £+ DAL= T X & RV 5 4 B35 2 Hi D Scheme

6 LIRERDITIETILE 34 Z B LTz,
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N

N
Z | \BCl ﬁ
o} HO
N"co,t-Bu ) N C0,t-Bu
Et Et
35 (S)-36
N
1) DEAD, PPhy | X
phthalimide H N\H/\J\
2 =
COzt—BU
2) NH2NH2 H20 Et
(R)-37
CO-t-Bu COzt-BU
o 2 EtZZn O \
)é HO. s
= Y
38 (S)-39
HO IN—n-Bu
n-Bu
1) DEAD, PPh; CO,t-Bu
phthalimide o) \
H2N =
2) NH,NH, H,0
Et
(R)-40
0o
1) Br\)kcozEt,
i KHCO, I Mcout
BocHNj)kNH BocHN\‘/L\N 2
2
2) (CF53C0),0,
Et pyridine Et
41 (R)-42
1) aq. NaOH
2) Cl3CCH,0H,
EDCI-HCI, Hog ok
DMAP /\>\\<
H,N YL\N
3) 4 M HCI/EtOAc 1 O
(R)-43

Scheme 7 ~7 BEAZGTT I VEOERK
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%6 Hi WEEREM & AR
EZAM B LTIEAT 0 BBILEY 34 DIEMEIX. RUBUVEROFE A [REED,

D WITRIEIAE T L, BifF L7e~T R O RITBIZ S 7p7» - 7 (Table 8), ~7
RIRAE TR R LKRFRET D EORMBR LM AAERIIR & EEMET LS
LA TIE, F~v—EBDOT I RIAVR=AVEEMOPORFEEHRNTZEEZ LD

(Figure 20),

Table 8 ~7 g L L7-{LEW DL EEM

Cl
i\\\\\&w Hetero_ COM i ‘\\\\
OMe Me

COZH
Et
(6R,1'R)-34a-f (6R*1'R*)-25a
ICso = 0.54 uM*
ErcEFT—F ErFYT—E
l:?d'q’”é* l:?d'a’”é*
34 Ar ICs0 (M) 34 Ar ICs0 (M)
N $\
a | 0.38 d ~ ) —COH 052
=
CO,H

CO,H

0/\>\
b \(@ 0.41 e %N COH 277

Y

o} S
c YQ\COZH 1.2 f VL\}CQZH 1.64

*FTAEAT =< (KR R - RIERET 4 —/ K
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Figure 20 ~7 2Bl & Sy’ site DFH AAEHICEE 95542

HTE IANEANFEDOFEA O
FIZ T, BORVEBURICEY . EHEZRLIEALEY DR DAL & HHFER ORI

HNNFEA NIEFFAT S Z 212 Liz(Figure 21), O AIZ LV | prime site LD
MMEFEDRL BN LD D Z EICE®mIZR, Lrb, XFF R TELMbN TS &
DT, 7 X MR EIEEHEEREDN SN2 LD Sy site (IxE L, B 220 E I B RE AR 2 [H]
ETEXDHOTIE AWML,

MIE 2t A & 2 & BE L ITic, BRORET I /BRI L EERTE 220
LI, AbLEMOFRELZEELTCLEIBRELH D, L, EREKL=F L
B Ol BRI SHVEE S D BRICEUED B HEARY . =2 b e B —iICRF]

W72 Bb EEZ . FIRORIE T I RiEE 2B A Lz,
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Cl O
HN

2ea

OMe

(6R,1'R)-25a Et

Prime site

AILNEALBEBAL ™ s, o
EBREDOHEEZEAD -

Cl O
HN‘Q
8l.__N__O F
Y 0 Ar/LE
OMe o) HN]QLN
Et H
44a.g: E, F = CO,H, NH,
Figure 21 W/ EA VEIEANIC L D, FAAEREXDOZELL
BEBRETNAER : TAELE 77—~ (BF) AIESNi 777 vay, Rydrr77uwsZ A GOLD
FRER MK RMEERD S L, MW Ry T T X a7 2R LT B KRE RS
%8 Hi (LEMD AL
H VST A JVEEIT Scheme 8 (T T HIETHEE L=, £9°. 43 %5 2 H#idD Scheme 4
(R LTIET U= 27 )L 23b 1T L, HIRODOR)-2-7 X /B -7 F L Z G S,
ARFEZRR T, IR EE4S & LTz, 2D DIT prime site ZHEKT Df 42 D7 I %

i S, RO RMZERL TS,
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Cl TMB, 1) HoN_ _CO,t-Bu Cl
NJH 2T/2 WJS
Et

e "
2) CF4CO,H
ome O O . oMe O HN._COH
23b 45  Et
/F 0
cl
HoN
2) 1 MHCI/ N__O F
Et;N AcOH o £
OMe O HN\HL
N
O, n-Pr H
P Et
n-Pri ! F',,,O E,F= COzH, NH2 orH
0* ~O” “n-Pr 44a-g

Scheme 8 /W NFEA NI ETEA LTZALEMDERK

55 9 Hi IS PEREAm & fRAT

B LIALEMOEOREEZKE L= 2 A, FRBELICHVRS VR, 7/
B FFOEmIE, WTILs IC B8 1 uM LU FOTEMEAZ R LTz, W 2 0D 44f
DOIEMEIT0.38 pM & | T /LN E A )V EEZ 48 NS 5 LART O 25a D Z 41 Z B2V TUN % (Table 9).
ZORERNS, F~—FBEMHAEIEHAL 5 5 prime site FEHERD LR F LB LT
R HEAE U LE IR E T AU, ARICIER T 5 2 & A3 ) o 7o (Figure 22), L2

LER SN 6 IHPEDOREER) EFITERD 5T,
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Table 9 77 /W /RE A NVEEETRAN LTAL &Y OBREEM:

o] 0 o] o)
HN& HN—%
N__O F A __N__O
TR LU
OMe O HN ATE OMe O HN
CO,H
E Et
44a-g (6R*,1'R*)-25a
ICsq = 0.54 uM*
Er¥rv—+t Er¥Fv—+t
IZx9 % IZx9 %
44 Ar ICs0 (LM)* 44 Ar ICso (uM)*

NH>
0.57 e 0.73
CO,H

o =
NH
0.66 g \([/\COZH 0.85

0.79

W &f

* AL T y—~ () mE - RIEEBT —/L K

F41

R143

Figure 22 _“FHOEREHAEAIC X HHAAMERAEADOZAL
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108 7 b7 — VBRI Sy site & AR AAER 5 Al REM:
EBIC, TRNETOMRBRZREL, WLRIFIE, ~Taf+, HAEA L

EHAA DY, DNVRFIVEROSEMEOO LD, T h TV — VB & £ 44h % [HLEFH
DR & L Ca%E L 7= (Figure 23),

FP. T hTYLBRIT, HLR T UV L FIRLE ORRREEE A R T O T, i
% L7z prime site 5 EFBRICH VAR X NI FFOMEM LR Vv 40, TAF =
143 L O EAER IR TE %, KIS, 4 EATOERF A OWNT NN &R KE/-E D
ARECTH D, SHIT, 44h DL ITHANEANVEZEZN LT T Y —LBREFoME L
FTIUT, TNETICER LB L ITRRDMEICERELZRET 2 WML & 2,
INHLDZENG, S, sitelZxf L, —ERWHAEREZ IR LT,

Cl o)
O WTJ\iiI'l' O w II'
44a
ICso = 0.57 uM
Figure 23 S E I EREFREDOHBMAGICIVRE Lz, 7 87V —VREFOLEY

7T N7 V= VEBREFEOMLA ) 44h X5 4 T 8 Hii(Scheme 8) 12k~ 7= R D —D,

HNKRUBEASNZ5-T X )T NI —VEMET D2 12X - TERK L7 (Scheme 9),

0 N
N-N,

T HN [N HN
H,N™ N

O >
OMe O KN OzH EtN
O, n-Pr
s F g 44h Et

o
n-Pr! 1.0
0* ~0" “n-Pr

Scheme 9 7 F 7V — LB A FE LSO AR
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EMEREREIE L2 2 A, T T Y —/LERZHD 44h 13, b bX~—PITxT 5
IC50 723 0.26 uM & W H RV E 2R LTz, Sy site ICHERICH F LW TIVE S, BHE
ELMAEERAL TS EMFFL, 22T, F~v—¥ L OLHEROER & ik X BRIE
PTIEZKIE LTz, LinL, ZORREMITLI2E ZA, T MY —ABRIE, Z o 37
ENBEH L. Sy site DNER TR BEREDO L FRETY P 40 OMEHT I /L E
M BAEH LT o (Figure 24), FRER36 ., HimATlm PRI EIZE R DR TH-
7o

Oy F NI CABRNICEIET 256, BROKS T EKE-EA L TRENRT D, 5
FEEAEEEMRAERT 2581, TR ENOEREIIKERE LTk y 12k
By 2 MENH 0 | FOEKEBUABERI LT LT ¢ LIRS, A A4 UM OB B A0 BAE
M & DBE BESBEFASF LT 213 BT DRGFBREE L TN DX R EER
I CIERITRE W,

VI EOBWMANG, 1At T 28, fEaKEHRLTET, ¥ XV EREICE
WA A UBMRAEERANEZ 2 EPHRL T eho =, SRR L7 44h DT T —
NVERE U D40 OFEAERIE, X s s G AR AT Ot R b WO THI- 72, ZOMA
TERIZIE. A A BOFFERNGINTIMA, 5FICE N5 IR OEEED S HWr LT,
EYWER LD 7 7 TN =V AN HE L TWD EEX DAL, 2D B st

XTIV T  Zffio T2 EHEER L T 5,
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cl 0
m&ﬁ
N oi--.ﬁ'
Lo B fats
Y & Hfjgkﬁiﬁgﬂ
ash  Et

ICs0 = 0.26 M

Figure 24 t hF~—RIZxt3 2654 44h O FLETENE & S S X SAdE AT
* SEREERIERR. HAES XE : TR EA Ty —= () AEBEHR T 7 v 7 v ay (OfERE 1 2.00 A)

5511 8 MG Al U7 PR oo 21k

VL ED X 91T prime site DG 2 fl 2 507~ JEMEDEIE L7ALEM A R LT,
ZIDDOFIIND HEN T T V7R 25a Z IR, KRN ENE A MERE L 7o, IFZERIIC.,
IAEHIZ 5 2 80028 60 /3 Lh b & | REMEDSE WA AT A VR EY 13 & R L
Ty GB2EHB3HE) ., TObD LI L T, 25ald, PRl 54 75 &0 1ZIEA
CRRETh-T=, SHIZ, HIBKE L~ —EBDOHERER T, 258a LA FaX—
a2 > L, FHEAIZ G L2 B T7%I A8 U7 BERTEMEDY, 2 IRl L7272 Tk 97%
(CETEET 5 Z LAV o 7o (Figure 25), & OFFRIE, RERGEIZ AL BLERA %~ —
Y OMBEENI N DL S 2 EE2BFWRLTWD, ZHICED, H1EHE3HORLEA
WR= ARG & B D | Btk A S & 2 JRREME S m O, BESRIC RS B IR F I 2e

FEATERITE = > TWWR W EHI L7,
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cl 0 Cl 0
HN—4 HN—
N._O W’L’(N\(O
o) o)
OMe HNO OMe HN ]/@\COZH
13 . Et

T,;2> 60 (min)

-~ 30PMEE - —---

~
| e |

(6R*1'R*)-25a

! I

! |

! |

. | kE®

|

| ] —

. | 2B

| I

N L BEEEREN: 97T%

Figure 25 (L4 25a OAERNZENE & SR PLE O Rt
*TRAEAT 7= (BR) S - SIEBI T 4 — L R
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Vivand

#58 SLIMETROMIA LIEVEIC G 2 D R
51 H X SRS SRS IR & RE G E A G DD ek SLIREL g

54 B 11 HilR 2 L 912, MRS, 2 oIEMAEIE LIc /B 25a & R
L7ZD T, SEMEFNEVEC 5 A D5 BAH L & Lz, TRET, FyFr o7y
Rab—va U EEVICOFBEEZRGI L, BlaED TE7Z, L LERITIE. AR
SINIAR BRI AW T, 2 » IO RFRLEFROSHE . A5t 4 B O BRI FEE

L (Figure 26), 1 FEEDLNF RN T, FHOITE DO TWRWATREMESL H 5,

Cl @) Cl 0
HN& HN—%
N__O &H/N 0
Y i Y
OM O HN OM O HN
© \‘/©\002H © CO,H
Et Et
(6S,1'R)-25a (6R,1'R)-25a
Cl 0 Cl 0
rm#% rmJ%
\\\\w&WNYO N\(\O)ij\
OM O HN OM O HN
© ; CO,H © < CO,H
Et Et
(6R,1'S)-25a (6S,1'S)-25a

Figure 26 {LA%) 25a DRNLAREME(R

Z 2T, BUNEMA R L2 252 ITDOWT, BNLREMIRO MR SRR E A2 R ET 5
ZEICLT 2 rFTOARFTLO S B, HRAOTF VEEOITHROE I OWTIE,
4 B S IR LI, [NT rEREZRCEMOEA] THO A G RO LKA
EIEAE AN O OFEIC L > T, ZLOEWME/RDL ZENFRTH D, Ll £

DTT BRAARGDAFHATOWNTIE, AFESHLE S INEE T, #od AR E DR
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EIPRERARRE CH D, T 2T LRI R IHEE0N, B TIE O 2 32 72,
FTHIEEA 33a 2B 4 FRHDORMARO ) LT AT VA~ —%2 T La~ N7

T4 EONEELT-, 0, HEZu~ N7 T 7 40— T RED 037 LBE

DR EAMEIR % slow moving isomer, RAEAS 0.44 & B8N A3\ FL4: (A % fast moving isomer

& A CRBA 9 5 (Figure 27), Slow moving isomer, fast moving isomer & %, £ L2485
GEMEDFERIREY. LT IR TH D,

cl TMB O o TMB O
N 5 NJ%
N__O &H/N 0
. N\
© COt-Bu | | © CO,t-Bu
Et Et
cl TMB, O . c TMB O
il \ @Jj
N__O N__O
&r N | L
oM O HN oM O HN
© ¢ COst-Bu | | © ¢ CO,t-Bu
Et . Et

slow moving isomer (R¢: 0.37)

fast moving isomer (Ry: 0.44)
(x)-33a (x)-33a

Figure 27 #Z7 L7 a~ 777 4—I2X D, HIBEAK33a DY T AT LA~ —/5f

Z ®D 9 B slow moving isomer [FfEEEL L7= D T, B A XOEAIE 2 K8 L, Z OfE R,
FE6 SEARBLE (X (6R*,1°S*) Td D Z & 23 h- 7= (Figure 28), B (6R,1°S)-1K & (6S,1°R)-

ROERIRAEMTH D,
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o TMB. O 1 M 4

: \ ' o . \.:/q"

N 'm—,‘; ‘#fﬁ{ﬁw" 7 4 \E"(

i i I A W

: ' /0 g Ci25)

. OMe O HN T a2y ST
: _ : ‘ms-— 1

E COzt BU : M ) c(?m\ L‘(l\'

! ' 1 (e L

5 W S

: _;;,,i__{ ¥
: 1 04 demy O3,
i [

. Ccl T™MB. O ),

| NJS

A _N__O

slow moving isomer (Rys: 0.37)
(6R*,1'S*)-33a

Figure 28 X #Rifi it & it THEE L7, — DY T AT LA~ — ORI ARRLE

SR X BIE - 7 A4 77—~ (K AR 7 7> 27 v a v

2 r IORFHRLENETNEFEOMOMEEZ 7 & JERR L TERT UL, AT 5 72
PERIZ 4T CH D, — ., Figure 29 [ICBWTHTRT LT, RUVALT I Ui %
MR BRI L LT DA IR, RFETRF(6S,1°R)-14 & (6R,1’R)-1AD 2 FHH
LT 720,

TR T 5 72(6S, "R L (6RI'R)-IKIT, T AT LA~—OBRICHLDT, BT
Lrm~ hIT74—IC L SBETRETH D, Wi A, FITE X MRS L
D SR IR E AR E LT, HRCRT YT e g e~ N T T o —EO
ZEE)° NMR A7 ML & T 5, — B L7 SIRBIER DN 6S,R)-AKTH Y | 780 3

MDA FMER S . ZOFHRE b SR E Lic Y o 7L 2l cx 5,
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g TMB o e TMB o
T : “COt- Bu Y©\002I Bu |
3 _{BS.T'R)= 333 _{BR.TR)- 33a
c TMB O . o T™MB 0O
N—g 5 N
*’gr”\f"
M O HN | © HN\/Q\
OMe v CO,t-Bu | CO,t-Bu
Et 5
(6R 1 3) -33a (65,1'S)-33a
*E“LLPFEE%J&;E%ﬁ

Figure 29 N7 G Rk & i ARG ARAT Z2 ML 5 oH 5 2 &1 & 0 ffse SEARBL B A R E

ZOBHBICHET . R)-KOHS KRB ZFF O DLT I U ERFARKR L
(Scheme 10), F£J°, Bauer D 5L NTL > TT AT b RIDLE T /L2 —/1(S5)-27a
Z 70%ee, HIH(S): (R)=85:15 T L=, ZOHDITH L7 H A I REEHERE
Al & U CRIESUSITA Uiz, SREZE BSOS IR O S fin % £ > THETT3 5 D T,
(R)-29a WAL 5,

ZDOREFTNAX LT ZE OB N HME SN TEY . BRBAINS(S)-27a THDHZ LI
FEVORMITIRNA, (R)-29a (TFHHULEW 72D T, SDOT-OBEAIE & LIz b Hijh

i X MRE 2, SLREZEDN(R)-TH D 2 L 2 ERE LT,
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NI R ER
1) DEAD, PPhs,

FEHET7ILXILE
Ti(Oi-Pr),,
Et,Zn phthalimide
HO CO,t-B .
2IBU - 9) NH,NH,-H,0

OHC : CO,t-Bu  (S)-mandelic :t
acid 3) L-tartaric acid
(S)-27a

70% ee

Min

26a

- L-tartaric acid

AN \‘/CLCOZt-Bu
X{RHEERITT

Et
(R)-29a
(R-EEBEXRET

Scheme 10 X2 VLT I v 0 RE G TH— O R B R A G

LSS XBRIE : 7 A4 77—~ (K) BRI 7> 27 v a v

552 8 SRS L EEM G 2 D
IED X iz, FTUTATULA~—D ) b —HFOMINREE Z2fEE LTz, KW
(6R,1’R)-25a &

-
—

TARBFEREEA L CHEEELEEEZ KT D2 L0k Y,
(6S,1’R)-25a M EE L, 7% I VARBLE N EE o7z, LA D 4 FEONLAREPER]
DNWT, ENEIHEFRE 2K L7, & R% Figure 30 [Z-7, 4 FED 5 H 1 FA,
(6R,VR)ARDGFRUMEMEZ R LTV, 5 4 FE 4 HidD Figure 18 IT/RLTZ L 91T, Ky
X7 vIalb—varOEBET, (LEMD P, site TEERMD S, hole IZIEL AV AL,

prime site 7% S;°F LT Sy’ site [IZ BAFIZINAE SN D & FHI L, 0 FikeE Lo ik byt & &

—FHLTWb,
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Cl 0 Cl 0
IWA% |m4g
éﬁrN o) N__O
* Y Y
OM O HNg: OM O HN
© ; CO,H e CO,H
Et Et
C bt (6R,1'R)-25a (6S,1'R)-25a
s < 0.24 3.1
ICs0 (M)*
Cl 0 Cl o)
|w~g |m~g
mfo QLWM?O
OM o) HN\/Ji:j\ OM O HN
© < CO,H © ¢ CO,H
Et Et
(6S,1'S)-25a (6R,1'S)-25a
>10 >10

Figure 30 L&) 25a AR LR O P ETE

*TAEF T 7=~ (BR) WE - RIERET 4 — K

95 31 AIBRACTH D T B DERE TR LT O E

Ny

T8I T _7= FE T, b L Figure 31 O LIRT T 2 Uy Off&E &2 £ 2 72856,
FTRTCOF—ATHUFIEZERED KIS o & ALBEOSIRLFETME L, 2l
L, MOEETHL VTSR 22 DL LN HOHEBRIEEHAV, FUMHESIZE-
T 33a Z AT UL, ZED6S,1R)-AKIA D(6R,1'R)-AKD EH 55 v—T7 DB —F
T5, TORMENPOLBKR LT, 22 OEMETHEIIARLENRE DD T, fHRE LT,
MERESTARELE 2 e L7z 22 OSBRI FIEEIZ /D, 2D &6, Figure 31

2T, 22 D D b OFURIRE VT MGEEIX, BA% 22 2 8RR L THW D ARk

T, ELWEREZFCEWHEA~DOREICARLIEHRZ 52 5,
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Lo TMB o TMB,
Q\)T iw&r
3 COgtBu P COgtBu
e (681R)33a _ (6R1R)33a ____________________________
c T™MB O . ¢ TMB O
hhg ; N4g
v’gﬁr”\f"
M O HN 5 0 m\)::L
OMe v CO,t-Bu CO,t-Bu
Et :
(BR.1'S)- -33a (6S,1'S)-33a

*E*T_L{ME ;;EIE}ﬁc?f
Figure 31 Y7 B/ 22 D 5 H— O8GIKE VD | SCARELE R E DA

FIT, TEIMKO 221K L, FTNVEEHERFSOD T L7~ N7 40— &
2 Bt BEAR D 43 Bt 2 5l A 7= [ EFR SOV « il 72 E R 2 S F S FITHRET LIRS R
B FAE RISy BfEd 5 2 & 23 T & 7= (Figure 32),

Cl TMB Cl TMB,
iz AT
CHIRALCEL .
OD-H* OMe OMe o
(£)-22 (-)-22 (fast moving (+)-22 (slow moving
isomer, fr: 6.7 min) isomer, {r: 9.4 min)
*mobile phase: CH3CN (0.1% TFA) 1 J
flow rate: 9.9 mL/min. Y
—HERRETIE
M I (ARR E A

Figure 32 27 ¥/ 344y : HPLC % F U= B854 AR o 4y i
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ZooH, REFEH 6.7 0A R L, BB L2 22 Z(R)-BLEDX T LT I 2 29a
EREA L. 3Ba A LTz, ZOEWOERE I u~ N 7T 7 4 —IZBIT S RAEB L O
NMR A7 hViE, Z8 IBROG6R*1R*)-AKE—F L7, #l>T, 22 @ fast moving

isomer |Z(R)-fK, slow moving isomer |L(S)-1& & 7 S 417 (Figure 33),

1) n-Buli

Q Cl

citme, P 2) C')Lotj ¢ e P
NJS J%
Q\HNH Q““'(\W

B9 N._o
% oM 0 H\I\]T !
OMe 0 H2N COzt-BU © y Cozt-BU

B Et
(-)-22 (fast moving (R)-29a (6R1'R)-33a
isomer, tg: 6.7 mi
o o (6R*1'R)-tRERE,
NMRAARZR LA —EL
c ™M, 9
N
------- - NH
OMe 0

(+)-22 (slow moving
isomer, tg: 9.4 min)

Figure 33 U7 B X857« fliFE7e 33a DOSTAR(LSED B M U 7o e STAREC R E

AR TER OB EL TS, IE L LR & ORf%

DXL T TB/RAN 22 1IR)AE, (S)-REMNL L TR TE 5 L5127 -
DT, ZOHLONGHFE L, prime site HHLRIZT I/ HKEZEA LT 25d OENRR
PR Z B LTz, ZNEIUTHOWTIHEORIE ZKIH, T ORR%E 25a DL L HbHHE
T Table 10 [Z/R L7z, 7 X/ F&Fil=720 25a & [REEIZ(6R, I’R)-IRITIRVEMEZ 7R LT=
23, 25d Tl VT AT LA~—THD(6S,1'R)-IEN, (6R,1’R)-IKDZ % DT Mipn
o kEo 7,
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Table 10 LAY 25a B LN 25d IG5 FN D, 4 FEOSLAREMAROREETEM:

Cl @) cl O
HN« HN‘%
éLTAK(O A N\(O A
OMe O HNg OMe O HN
B B
Et Et
(6R,1'R)-25 (6S,1'R)-25
Cl 0 Cl 0
HN‘% HN‘%
NYO A \\\\\HNYO A
OMe O HN OMe O HN
H B S B
Et Et
(65,1'S)-25 (6R,1'S)-25
X IR IE BEfE ErFv—F
. Kﬁ?é*
6 A ICso (M)
a R H CO,H 0.24
S S H CO,H >10
S R H CO,H 3.1
R S H CO,H >10
d R R CO,H  NH, 0.30
S S CO,H  NH, >10
S R CO,H [ NH, 0.17
R S CO,H  NH, >10

*TAEA T 7=~ (BR) RE - RIERET 4 — K
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% 6 T PEHEAIEA RO X Ml G ¥ Lo, AR OE N

B3R OREE AL DN L ETEVEC 5 2 T B

=

1

&

AT D% LIZ(6R,1'R)-25d & (6R,1'R)-25d 12 H L, F~—1 & O3k IER
& B X BREHT OWE 2K L7z, £ ORREMHT L7 & 2 A, £ Figure 34 (TR
J°& 9 IZ(6R,1’R)-25d 1%, P,site, primesite & H1T, 73 Fixafi#E Y S, hole, S’HB LSy
site |[ZINAE STV e, VTEARVERO IALT R R7 e gL T, BaReET L
TPRLIZEY ., B 214 OFEHITHENDL VLR =VEELKFRE L Tz, T
WKL, YT AT LA Y—T, LbZDIEMED(6R,IR)-K% L[E] - 72(6S,1°R)-25d |Z
DUWNTIE, Pysite, prime site [L(6R,1'R)-IK & [AERIZIAE SNV TW b DD, EiRD7T
F7m R AKERE L TR T,

Z 2T, (6S,1°R)-25d 3 L TN6R,1’R)-25d D& &Iz BT, YT B/ LA EE
FINESNDMEICER Lz, METIIEHTHD, HAREEKRT S L. BEED
HEEARL, VP 40BLI0Y P 192 DMENKE S Ri->TnD,

AHFFE L WAT L C Johnson &Johnson #Hid ¥~ —ELEAIOAIREZ KRG L T, £
DiEfE LAY H & R L T e (Figure 35)%, 2o D(LEWICER LT, HE - B
HRFD Lee HEPLET L7 V—T1%, F~—8 & OEFERO X Bk S EAFT
% 2013 ARSI D, ARRSCOMITE & R ORSEZE(LZ I LI L TW 5,

ABFZETIEL (6S,1°R)-25d Z XA L1234 S,y site 233 < 216 L 7= LA D prime site
FEREE L, KBS EENT L L1222 -722 L3, (6S,1°R)-25d DIEME

2 EEls 7B o—2 L Bbih b,
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ci A O cl 0

@ ol "

@ o CO,H N__O CO,H

&o” e e AN ¢
© NH,

(6R,1'R)-25d Et

Figure 34 (6R,1’'R)-25d 3 L TN6S,1°R)-25d & b k&~ —F DAl X Stk it
HAESVERL., BEAER X BRE  TAE A7y —~ (BF) AN 777 v a v
[43fRRE (6R,1'R)-25d: 1.78 A, (6S,1I’R)-25d: 1.73A]

B
A
Y<
Cl )|(
HN O
Me
P
| & “oH
S O
H
A=F, Cl X,Y=CH=CH
B=F H CH,

Figure 35 Johnson & Johnson L3 R.H L 7=, F~—TE[HEAI H

55



52 8 ARSI AN EAER T 594 F &, fithic L ARl S kA DZ
ne Loz

AMFFEIZIBNT, Fv—1F - BLEFREGEROILAEAEE D 52N SRR,
filltt TR S AL B OV T B RIRRDIF®O R 2 (AT ST E 72, Johnson &
Johnson @ I*”, 5 A J*¥, Boehringer Ingelheim ¢ K*¥% Figure 36 7R3, 7235,
LT H & RBRORME TR S, T IFFREE 2 8 OR L E 2 Egd Lizkam *c
bHbH, ZILHDOAEFEH L 25d DF~— & OIS EG & L L7z, S, hole D HLZEL
([CEHILDP AV IATDREEREUE, 25d, K W BRI U225, KT, S;site & 07
non-prime site DA EHRILDIZ E A EOHIPESNLTWDE, ZNE TR S
e7ar 7 —EHERDZL <X, 1K EFERIZ, non-prime site & FIZFIH LT

%) 45)

; N
N_
9 HN. .0 ‘é
Y
PO3H; g e

I
s

1(0.029)"" J (0.002)2
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Figure 36 I, ] 3 X INK & b b %~ —¥ DIfh iy X S s i
(H 73fi#fE: 2.6 A, PDBID: 2HVX; I /3fi#hE: 2.8 A, PDBID: 4kp0; ] />fi#AE: 1.95 A, PDBID: 3SON)

ARFFE %58 U R L7z 25d 1%, prime site & OFHAEAEFA 2358 &V 95 st FRAY 25 - ©
b olo, WERMFFENF—TIT 2L BEREW CEBELBRIITE 20, BiIZHE
DX &g d 2 & 1K O X 512 prime site & V2R WAIRO FEMEREE > TWN=D T
X, EWVWOHIGEE X Db Lt

LinL. AFEORRIZ, F~—BHEFROSFHFHI, TR E TITRWEAZN
Z T %, Novartis D7 /L—7"TiL, L= [HEAORIFEMFIEIZISVN T, prime site D
EPhx A LTl Y Y HEHoBR L FEE, HiLOEROBED 1 21220 9

HEEZTWND,
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T invivo IERET WVIZEIT DA 2MER O

o4 FH 1 IR L, BUVIEEEZ R IT(EAEY. BRPIZIZ(6R,1I'R)-25d B LT
(6S,1'R)-25d IZDW\T, ERNLEMEDHEGR L in vivo RIERTET WVIZEBIT D HEMEO#H
AEZKHE L 72(Table 11), ZOFEHR, MAETOFEEHNIL, AR = /VEZFFOHEA 4¢
W18 Gy EARF I TeDITHR L, 60 R &+ ERNEZEMZ R LTz, SHIZH)
W T MBI DEHMETIL, AT DX T U RIBAEA] 2¢ A3 50 mg / kg Z HEHEN
BehH, INNREANTLE UTZBER 138 10 mg / kg #R OB G528k, Lo
L IHIIRE R LT=DIZH L, TN 2.0,04mg/ kg & W) ERWHETRAOKES
D EVIFFTE 2, BIERERBEIIE L7z, invivo IEMEDR E &5 AHF5E0 H

2 R LT,
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Table 11 ARNIZEIT D2 EEMEN S, £ DOFER in vivo IETED A E L7

Cl 9
Y CO,H HNJS Cl
/i:: N. /©/
: T 7% S;
OMe 0 00

O
2c
Cl 7
HNJS
N._O ©\$\( COLH
HN .
OMe o OMe o) HN\1‘/©:
13 CI (6R,1'R)}-25d  Et
(6S,1'R)-25d
aw ErFv—t <) A MR BFELGMHZERY
- (239 BICs0 (uM)" Ty (min)? 15 8(mg/ kg)”
2c 0.13 7 50 (REREM)
4c 0.034 18 2.0 (&0)
13 5.4 > 60 10 (##0Q)
(6R,1'R)-25d 0.3 60 2.0 (120)
(6S,1'R)-25d 0.17 54 0.4 (20)

) TAEE 77—~ (BF) & - RIEKER T 1 —/L R
2) FRARNEE 5% 0 MAE R RIS 7 v v a v
N NTTURBEBA~ U RZBT DR R - ERET — L R
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«

o8 E HRE

AWFFRORR % Table 12 12F L diz, 7 hE—MRERIGRICA L e~ —BIHE
ORI A D S L, {EMEZR LT 2¢ IR L U TRBE(EIFIE A R ATz, 37, AR
WNIZB T D LE®RDM LA BIE L., 3 DOEFRGIEPEEET 2, N LERANVF=/V
A X FBEE AT L UEHOBAIZ LD fiEH, Pysite HERLZMN. S, D7 BB
& L7z, ICso 23 0.034 uM & BRUNEME A2 7R3 b S8 % FUH U7z 23, i i 2348 < |
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FER DR
General Methods

'H NMR spectra were recorded on Brucker ARX-400 or Brucker Avance III (400 MHz)
spectrometer in the indicated solvent. Chemical shifts and coupling constants in '"H NMR
signals were elucidated by the aid of analyzing software, ACD Spectrus Processor (2012
Release). Mass spectra (ESI) were recorded on Agilent G1956A MSD spectrometer system.
High resolution mass spectra (FAB) were recorded on JEOL the Mstation JMS-700. Specific
rotations were recorded on Jasco DIP-1020. Melting points were recorded on Stanford Research
Systems OptiMelt MPA-100. Chemical reagents and solvents were purchased from
Sigma-Aldrich Co. LLC., Tokyo Chemical Industry Co., LTD., Wako Pure Chemical Industries
LTD., Kanto Chemical Co., Inc. or Nacalai Tesque, and used without purification. Flash column
chromatography was performed using Merck Silica Gel 60 (230-400 mesh) or Purif-Pack SI 30
pm supplied by Shoko Scientific. Preparative TLC was performed using Merck PTLC Glass

Plates Si 60 20 x 20 cm, 0.5 mm or 1 mm thick.]

Table 13 Structures of compounds 5a-e, 6a-e and 7a-e

D D D

B CHO B CO,Et B CO.H

5-7 A B C D

a H H H
b OMe H Cl
c Cl H
d Cl H
e H Cl
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Ethyl 2-(1’-hydroxylbenzyl)propenoate (6a)

To a mixture of 5a (2.00 g) and ethyl acrylate (3.28 mL) were added
1,4-diazabicyclo[2.2.2]octane (2.11 g), lanthanum trifluoromethanesulfonate (550 mg) and
triethanolamine (1.25 mL), and the mixture was stirred at room temperature for 3 days. Water
and saturated potassium hydrogen sulfate aqueous solution were added to the reaction mixture,
and the resulting mixture was extracted with ethyl acetate. The organic layer was successively
washed with water and brine, dried over anhydrous sodium sulfate, then concentrated in vacuo
to give 6a (3.64 g, 94.0%). '"H NMR (CDCl;) &: 7.41-7.31 (4H, m), 7.31-7. 27 (1H, m),
6.35-6.33 (1H, m), 5.83-5.79 (1H, m), 5.60-5.54 (1H, m), 4.18 (2H, q,J= 7.1 Hz), 1.24 3H, t,J
=7.1 Hz); MS (ESI): 189 (M-OH)". This was employed for the next step without further

purification.

Ethyl 2-[[(5’-chloro-2’-methoxy)phenyl]-hydroxymethyl]propenoate (6b)

Ester 6b was prepared from 5b in a similar manner to 6a."H NMR (CDCl;) &: 7.37 (1H, d, J
=2.6 Hz), 7.22 (1H, dd, J= 8.7, 2.7 Hz), 6.80 (1H, d, J = 8.8 Hz), 6.31 (1H, dd, /= 1.3, 1.3 Hz),
5.86-5.80 (1H, m), 5.68 (1H, dd, J= 1.3, 1.3 Hz), 4.22 (2H, q, J= 7.1 Hz), 3.81 (3H, s), 1.28
(3H, t,J = 7.2 Hz); MS (ESI): 253 (M-OH)". This was employed for the next step without

further purification.

Ethyl 2-[(2°-cholorophenyl)-hydroxymethyl]propenoate (6¢)

'H NMR (CDCl5) 8: 7.56 (1H, d, J = 7.8 Hz), 7.36 (1H, d, /= 7.8 Hz), 7.31 (1H, dd, J = 7.8,
7.8 Hz), 7.25 (1H, dd, J=7.8, 7.8 Hz), 6.34 (1H, s), 5.98 (1H, s), 5.58 (1H, s5), 423 (2H, q, J =
7.2 Hz), 1.28 (3H, t, J = 7.2 Hz); MS (ESI): 233 (M-OH)". This was employed for the next step

without further purification.
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Ethyl 2-[(3’-cholorophenyl)-hydroxymethyl]propenoate (6d)
'H NMR (CDCls) &: 7.44-7.35 (1H, m), 7.30-7.24 (3H, m), 6.36 (1H, dd, /= 1.1, 1.1 Hz),
5.82 (1H, dd, J=1.1, 1.1 Hz), 5.54-5.50 (1H, m), 4.19 (2H, q, J= 7.2 Hz), 1.26 (3H, t,J= 7.2

Hz); MS (ESI): 233 (M-OH)". This was employed for the next step without further purification.

Ethyl 2-[(4’-cholorophenyl)-hydroxymethyl]propenoate (6¢)

Ester 4b was prepared from 3b in a similar manner to 4a. '"H NMR (CDCls) 8: 7.32 (4H, s),
6.34 (1H, dd, J=1.1, 1.1 Hz), 5.80 (1H, dd, /= 1.1, 1.1 Hz), 5.54-5.52 (1H, m), 4.18 (2H, q, J
=7.2Hz), 1.26 (3H, t, J= 7.2 Hz); MS (ESI): 233 (M-OH)". This was employed for the next

step without further purification.

(E)-2-(Aminomethyl)-3-phenylpropenoic acid (7a)

To a solution of 6a (3.64 g) in methylene chloride (30 mL) were added triethylamine (2.58
mL) and acetyl chloride (1.25 mL) under ice cooling, and the mixture was stirred at that
temperature for 1 hour. Water was added to the reaction mixture, and the resulting mixture was
extracted with methylene chloride. The organic layer was successively washed with saturated
potassium hydrogen sulfate aqueous solution, saturated sodium hydrogen carbonate aqueous
solution and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo.

The residue (3.77 g) was diluted with dimethyl sulfoxide (25 mL), then sodium azide (1.48
g) was added to the solution, and the mixture was stirred at room temperature for 30 minutes.
Water was added to the reaction mixture, and the resulting mixture was extracted with diethyl
ether. The organic layer was successively washed with water and brine, dried over anhydrous
sodium sulfate, and concentrated in vacuo.

The residue (3.29 g) was diluted with tetrahydrofuran (40 mL), then triphenylphosphine
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(3.73 g) and water (600 pL) were added to the mixture, and the resulting mixture was stirred at
room temperature for 14 hours. Next, tetrahydrofuran was distilled off in vacuo.

To the resulted aqueous mixture, ethanol (40 mL) and 2.0 M sodium hydroxide aqueous
solution (20 mL) were added, and the mixture was stirred at room temperature for 2 hours.
Ethanol was distilled off in vacuo, and the resulted aqueous layer was washed with ethyl acetate.
Then, the resulted aqueous layer was neutralized with 2.0 M hydrochloric acid. The precipitates
were collected by filtration, washed with diethyl ether, and dried in vacuo to give 7a (640 mg,
25.4%). '"H NMR (acetic acid-d4): 5 8.16 (1H, s), 7.43-7.56 (5H, m), 4.23 (2H, s); MS (ESI):

178 (M+H)". This was employed for the next step without further purification.

(E)-2-(Aminomethyl)-3-(5’-chloro-2’-methoxy)propenoic acid (7b)

Acid 7b was prepared from 6b in a similar manner to 7a. "H NMR (acetic acid-d4) &: 8.07
(1H, s), 7.41 (1H, dd, J=2.6, 8.8 Hz), 7.34 (1H, d, /= 2.6 Hz), 7.03 (1H, d, /= 8.8 Hz), 4.07
(2H, s); MS (ESI): 242 (M+H)". This was employed for the next step without further

purification.

(E)-2-(Aminomethyl)-3-(2°-cholorophenyl)propenoic acid (7¢)
'H NMR (DMSO-d6): & 8.37 (2H, br), 7.53 (1H, s), 7.52-7.47 (1H, m), 7.44-7.28 (3H, m),
3.57 (2H, s); MS (ESI): 212 (M+H)". This was employed for the next step without further

purification.

(E)-2-(Aminomethyl)-3-(3’-cholorophenyl)propenoic acid (7d)
'H NMR (acetic acid-d4): & 8.06 (1H, s), 7.49-7.42 (3H, m), 7.35-7.40 (1H, m), 4.16 (2H, s);

MS (ESI): 212 (M+H)". This was employed for the next step without further purification.
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(E)-2-(Aminomethyl)-3-(4’-cholorophenyl)propenoic acid (7e)
'H NMR (acetic acid-d4): & 8.07 (1H, s), 7.51-7.41 (4H, m), 4.17 (2H, s); MS (ESI): 212

(M+H)". This was employed for the next step without further purification.

Table 14 Structures of compounds 8a-e

D
C NHPG
B ZCO,H
A
8
8 A B C D PG
a H H H Boc
b OMe H Cl  CF3;CO
c Cl H CF5;CO
d Cl H Boc

e H H Cl H Boc

(E)-2-|[(tert-Butoxycarbonyl)amino]methyl]-3-phenylpropenoic acid (8a)

To a suspension of 7a (450 mg) in tetrahydrofuran (10 mL) were added 2.0 M sodium
hydroxide aqueous solution (2.5 mL) and di-tert-butyl dicarbonate (610 mg), and the mixture
was stirred at room temperature for 1 hour. Next, tetrahydrofuran was distilled off in vacuo, and
the resulted aqueous mixture was adjusted pH to approximately 4 by adding saturated potassium
hydrogen sulfate aqueous solution. The mixture was extracted with ethyl acetate. The organic
layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated in vacuo.
The residue was dissolved in ethyl acetate, and hexane was added to the solution (ethyl acetate /
hexane = 4 / 1), then the precipitates were collected by filtration to give 8a (700 mg, quaant.).
'H NMR (CDCl): § 7.98-7.73 (1H, br), 7.60-7.30 (5H, br), 6.75 (0.5H, br), 5.14 (0.5H, br),

4.25 (2H, d, J=5.9 Hz), 1.60-1.15 (9H, br); MS: 278 (M+H)". This was employed for the next
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step without further purification.

(E)-2-[[(tert-Butoxycarbonyl)amino]methyl]-3-(3’-chlorophenyl)propenoic acid (8d)
Acid 8d was prepared from 7d in a similar manner to 8a. "H NMR (CDCl;) &: 7.85-7.65 (2H,
m), 7.51-7.35 (2H, m), 6.80 (1H, br), 5.10 (1H, br), 4.21 (2H, d, J= 3.5Hz), 1.25 (9H, br); MS:

334 (M+Na)". This was employed for the next step without further purification.

(E)-2-[[(tert-Butoxycarbonyl)amino]methyl]-3-(4’-chlorophenyl)propenoic acid (8e)
'H NMR (CDCls) &: 7.82-7.70 (1H, m), 7.48-7.22 (3H, m), 6.77 (1H, br), 5.14 (1H, br), 4.21
(2H, d, J= 6.3 Hz), 1.28 (9H, br); MS: 334 (M+Na)". This was employed for the next step

without further purification.

(E)-3-[(5”7-Chloro-2”-methoxy)phenyl]-2-[(2°,2°,2’-trifluroacetamino)methyl]propenoic
acid (8b)

To a suspension of 7b (1.00 g) in tetrahydrofuran (10 mL) was added trifluoroacetic
anhydride (1.0 mL) under ice cooling, and the mixture was stirred at room temperature for 2
hours. The reaction mixture was concentrated in vacuo, and ethyl acetate was added to the
residue. The resulting mixture was successively washed with saturated potassium hydrogen
sulfate aqueous solution and brine, dried over anhydrous sodium sulfate, and concentrated in
vacuo. The residue was dissolved in ethyl acetate, and hexane was added to the solution (ethyl
acetate / hexane = 4 / 1), then the precipitates were collected by filtration to give 8b (1.20 g,
85.7%). "H NMR (CDCl;) 8: 8.01 (1H, s), 7.39 (1H, d, J= 2.4 Hz), 7.35 (1H, dd, /= 8.8, 2.4
Hz), 7.01 (1H, br), 6.88 (1H, d, J = 8.8 Hz), 4.33 (2H, d, J= 6.0 Hz), 3.84 (3H, s); MS (ESI):

360 (M+Na)". This was employed for the next step without further purification.
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(E)-3-(2”-Chlorophenyl)-2-[(2°,2°,2’-trifluroacetamino)methyl] propenoic acid (8c)

Acid 8¢ was prepared from 7¢ in a similar manner to 8b. 'H NMR (DMSO-d6) &: 12.9 (1H,
br), 9.59 (1H, br), 7.79 (1H, s), 7.59-7.53 (1H, m), 7.52-7.48 (1H, m), 7.47-7.38 (2H, m), 4.08
(2H, d, J = 4.7 Hz); MS (ESI): 308 (M+H)". This was employed for the next step without

further purification.

Table 15 Structures of compounds 9a-c¢

(0]
9
9 E
a H
b NHCOCF3
c CO,t-Bu

Table 16 Structures of compounds 10a-g

D
c NHPG Cl
G T
B Z s E
A o 00
10
10 A B C D PG E
a H H H H Boc H
b OMe H H Cl CFsCO H
(o OMe H H Cl CF3;CO NHCOCF;
d cl H H CF,CO H
e H Cl H Boc H
f H H Cl Boc H

g OMe H H Cl  CF3;CO  COyt-Bu
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(E)-2-[[(tert-Butoxycarbonyl)amino]methyl]-/V-[(4’-chlorophenyl)sulfonyl]-3-
phenylpropenamide (10a)

To a solution of 8a (789 mg) and 9a (551mg) in methylene chloride (15 mL) were added
4-N,N-dimethylaminopyridine (350 mg) and 1-[(3’-dimethylamino)propyl]-3-ethylcarbodiimide
hydrochloride (830 mg), and the mixture was stirred at room temperature for 14 hours. Then,
ethyl acetate was added to the reaction mixture. The resulting mixture was successively washed
with water, saturated potassium hydrogen sulfate aqueous solution, water and brine, dried over
anhydrous sodium sulfate, then concentrated in vacuo to give 10a (1.39 g, quantitative). 'H
NMR (CDCly) 6: 12.00-11.12 (1H, br), 8.08 (2H, d, /= 8.5 Hz), 7.88 (1H, s), 7.50 (2H, d, J =
8.5 Hz), 7.44-7.35 3H, m), 7.21 (2H, d, J=7.0 Hz), 4.93 (1H, t,J=6.9 Hz), 4.12 (2H, d, J=
6.9 Hz), 1.51 (9H, s); MS: 395(M-tert-Bu)". This was employed for the next step without

further purification.

(E)-3-[(5”7-Chloro-2”-methoxy)phenyl]-/N-[(4°”’-chlorophenyl)sulfonyl]-2-[(2°,2°,2°-
trifluoroacetamido)methyl]propenamide (10b)

Amide 10b was prepared from 8b and 9a in a similar manner to 10a. 'H NMR (CDCl;) &:
9.56-9.29 (1H, br), 8.06 (2H, d, J= 8.5 Hz), 7.54 (1H, s), 7.54 (2H, d, J= 8.5 Hz), 7.35 (1H, dd,
J=18.9,2.4Hz),7.23(1H, d, J=2.4 Hz), 7.07-6.97 (1H, m), 6.90 (1H, d, /= 8.9 Hz), 4.21 (2H,
d,J= 6.3 Hz), 3.84 (3H, s); MS: 511(M+H)". This was employed for the next step without

further purification.

(E)-3-[(5”-Chloro-2”-methoxy)phenyl]-N-[[[4°’-chloro-3-(27”,2,27”-
trifluoroacetamido)|phenyl]sulfonyl]-2-[(2°,2°,2’-trifluoroacetamido)methyl]propenamide

(10c¢)
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"HNMR (CDCly) &: 8.99 (1H, d, J = 2.0 Hz), 8.49 (1H, s), 7.99 (1H, dd, J = 8.5, 2.0 Hz),
7.65 (1H, d, J = 8.5 Hz), 7.55 (1H, 5), 7.33 (1H, dd, J = 8.9, 2.4 Hz), 7.24 (1H, d, J = 2.4 Hz),
7.10-7.06 (1H, m), 6.87 (1H, d, J = 8.9 Hz), 4.22 (2H, d, J = 6.1 Hz), 3.89 (3H, s). This was

employed for the next step without further purification.

(E)-3-(2”-Chlorophenyl)-/V-[(4>-chlorophenyl)sulfonyl]-2-[(2°,2°,2’-trifluoroacetamido)m
ethyl]propenamide (10d)

'H NMR (CDCl;) &: 9.88-9.14 (1H, m), 8.06 (2H, d, J = 8.8 Hz), 7.60 (1H, s), 7.54 (2H, d, J
=8.8 Hz), 7.37-7.33 (3H, m), 6.93 (1H, t, J= 6.1 Hz), 4.21 (2H, d, J= 6.1 Hz). This was

employed for the next step without further purification.

(E)-2-[[(tert-Butoxycarbonyl)amino]methyl]-3-(4’-chlorophenyl)-/NV-[(3”’-chlorophenyl)sulf
onyl] propenamide (10e)

'H NMR (CDCl;) &: 8.08 (2H, d, J = 8.6 Hz), 7.78 (1H, s), 7.50 (2H, d, J = 8.6 Hz),
7.39-7.30 (2H, m), 7.19 (1H, s), 7.14-7.05 (1H, m), 4.90 (1H, t, J= 6.6 Hz), 4.09 (2H, d, /= 6.6

Hz), 1.51 (9H, s). This was employed for the next step without further purification.

(E)-2-[[(tert-Butoxycarbonyl)amino]methyl]-3-(4’-chlorophenyl)-/N-[(4”’-chlorophenyl)sulf
onyl] propenamide (10f)

'H NMR (CDCls) &: 8.07 (2H, d, J = 6.2 Hz), 7.78 (1H, s), 7.50 (2H, d, J = 6.2 Hz), 7.38
(2H,d,J=8.1Hz), 7.16 2H, d, J=8.1 Hz), 491 (1H, t,J=7.1 Hz), 4.10 (2H, d, /= 7.1 Hz),

1.50 (9H, s). This was employed for the next step without further purification.

(E)-N-[[4°”-Chloro-3’”-(tert-butoxycarbonyl)phenyl]|sulfonyl]-3-[(5”’-chloro-2”-methoxy)p
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henyl]-2-[(2°,2°,2’-trifluoroacetamido)methyl|propenamide (10g)

'HNMR (CDCl5) &: 8.39 (1H, d,J = 2.2 Hz), 8.12 (1H, dd, J= 8.5, 2.2 Hz), 7.60 (1H, d, J =
8.5 Hz), 7.56 (1H, s), 7.34 (1H, dd, /= 8.9, 2.4 Hz), 7.22 (1H, d, J = 2.4 Hz), 7.15-7.10 (1H, m),
6.88 (1H, d, /= 8.9 Hz), 4.20 (2H, d, J = 6.1 Hz), 3.82 (3H, s). This was employed for the next

step without further purification.

Table 17 Structures of compounds 11a-g and 12a-g

NHCOCHzBr
// \\ B // \\
o 00
1 12
11 or 12 A B C D E F
a H H H H H H
b OMe H H Cl H H
c OMe H H Cl NH, Na
d Cl H H H Na
e H Cl  H H H
f H Cl H H
g OMe H H Cl CO,t-Bu H

(E)-2-[(2’-Bromoacetamido)methyl]-N-[(4”’-chlorophenyl)sulfonyl]-3-phenylpropenamide
(11a)

1.0 M hydrogen chloride solution in acetic acid (20 mL) was added to 10a (1.37 g), and the
mixture was stirred at room temperature for 90 minutes. Then, the reaction mixture was diluted
with diethyl ether, and stirred at 0 °C for 30 minutes. The precipitates were collected by

filtration to give colorless solids (880 mg).
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To a biphasic mixture of the above-mentioned solid (880 mg) in methylene chloride (12 mL)
and water (6.0 mL) were added triethylamine (700 puL) and bromoacthyl bromide (220 uL) at
0 °C, and the mixture was stirred at room temperature for 20 minutes.

Another portion of triethylamine (350 pL) and bromoacetyl bromide (110 pL) was added to
the mixture, and the resulting mixture was stirred at room temperature. Then, the reaction
mixture was diluted with ethyl acetate, and the mixture was successively washed with saturated
sodium hydrogen carbonate aqueous solution, water, saturated potassium hydrogen sulfate
aqueous solution, water, and brine. The organic layer was dried over anhydrous sodium sulfate,
and concentrated in vacuo. The residue was triturated with a mixture of ethyl acetate and hexane,
and the insoluble solid was collected by filtration to give 11a (640 mg, 44.6%). 'H NMR
(CDCl;) &: 7.98-7.93 (2H, m), 7.48-7.43 (3H, m), 7.39-7.32 (5H, m), 7.07 (1H, s), 5.22 (2H, s),

4.30 (2H, s). This was employed for the next step without further purification.

(E)-2-[(2’-Bromoacetamido)methyl]-3-(3”’-chlorophenyl)-V-[(4°”’-chlorophenyl)sulfonyl] pr
openamide (11e)

Amide 11e was prepared from 10e in a similar manner to 11a."H NMR (DMSO-d6) &: 8.46
(1H, t,J=5.1 Hz), 7.97 (2H, d, J= 8.6 Hz), 7.72 (2H, d, J= 8.6 Hz), 7.58 (1H, s), 7.52 (1H, s),
7.48-7.44 (3H, m), 3.98 (2H, d, J= 5.1 Hz), 3.79-3.73 (2H, m). This was employed for the next

step without further purification.

(E)-2-|(2’-Bromoacetamido)methyl]-3-(4”’-chlorophenyl)-/V-[(4°”’-chlorophenyl)sulfonyl]pr
openamide (11f)
'H NMR (DMSO-d6) &: 8.46 (1H, t, J=4.6 Hz), 7.97 (2H, d, J=8.6 Hz), 7.72 (2H, d, J =

8.6 Hz), 7.54-7.48 (4H, m), 3.99 (2H, d, /=4.6 Hz), 3.76 (2H, s). This was employed for the
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next step without further purification.

(E)-6-Benzylidene-4-[(4’-chlorophenyl)sulfonyl]-1,4-diazepan-2,5-dione (12a)

To a solution of 11a (640 mg) in N,N-dimethylformamide (90 mL) was added 60%
dispersion of sodium hydride in mineral oil (58 mg), and the mixture was stirred at room
temperature for 20 minutes and at 60 °C for 14 hours. After cooling, acetic acid was added to
the reaction mixture, and the resulting mixture was concentrated in vacuo. The residue was
diluted with ethyl acetate, and the mixture was successively washed with saturated sodium
hydrogen carbonate aqueous solution, water, saturated potassium hydrogen sulfate aqueous
solution, water and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo.

The residue was dissolved in ethyl acetate, and hexane was added to the solution (ethyl acetate /
hexane = 5/ 1), then the precipitates were collected by filtration to give 12a (354 mg, 66.8%).
'H NMR (DMSO-d6) &: 8.07 (1H, t, J=4.1 Hz), 7.96 (2H, d, J=7.9 Hz), 7.74 (2H, d, J= 7.9
Hz), 7.54 (1H, s), 7.49-7.38 (5H, m), 4.71 (2H, s), 4.29 (2H, d, J= 4.1 Hz). This was employed

for the next step without further purification.

(E)-6-(3”-Chlorobenzylidene)-4-[(4’-chlorophenyl)sulfonyl]-1,4-diazepan-2,5-dione (12e)
Diazepane 12e was prepared from 11e in a similar manner to 12a. "H NMR (CDCl;) &: 8.02
(2H, d, J=8.6 Hz), 7.59 (1H, s), 7.52 (2H, d, J = 8.6 Hz), 7.42-7.33 (2H, m), 7.25-7.22 (1H, m),
7.17-7.11 (1H, m), 6.02-5.92 (1H, m), 4.70 (2H, s), 4.31 (1H, d, /J=4.6 Hz), 432 (1H,d, /= 4.6

Hz). This was employed for the next step without further purification.

(E)-6-(4”-Chlorobenzylidene)-4-[(4’-chlorophenyl)sulfonyl]-1,4-diazepan-2,5-dione (12f)

'"H NMR (CDCLy) 8: 8.02 (2H, d, J = 7.5 Hz), 7.60 (1H, s), 7.52 (2H, d, J = 7.5 Hz), 7.40

73



(2H, d, J = 7.4 Hz), 7.20 2H, d, J = 7.4 Hz), 5.84-5.93 (1H, m), 4.70 (2H, s), 431 (2H, d, J =

3.6 Hz). This was employed for the next step without further purification.

(E)-2-[(2’-Bromoacetamido)methyl]-3-[(5”-chloro-2”-methoxy)phenyl]-NV-[(4*”-
chlorophenyl)sulfonyl]propenamide (11b)

To a solution of 10b (1.01 g) in methanol (9.0 mL) was added 2.0 M sodium hydroxide
aqueous solution (2.2 mL), and the mixture was stirred at room temperature for 2 hours.
Methanol was distilled off in vacuo.

The resulted aqueous solution was diluted with methylene chloride (15 mL), then
bromoacetyl chloride (180 uL) was added under ice cooling, and the mixture was stirred at that
temperature for 20 minutes. Next, methylene chloride was distilled off in vacuo, and the
resulted aqueous solution was extracted with ethyl acetate. The organic layer was successively
washed with saturated sodium hydrogen carbonate aqueous solution, brine, saturated potassium
hydrogen sulfate aqueous solution and brine, dried over anhydrous sodium sulfate, and
concentrated in vacuo to give 11b (930 mg, 87.8%). This was employed for the next step

without further purification.

(E)-2-[(2’-Bromoacetamido)methyl]-N-[[3”’-(tert-butoxycarbonyl)-4°’-chlorophenyl]sulfo
nyl]-3-[(5”’-chloro-2’-methoxy)phenyl]propenamide (11g)
Amide 11g was prepared from 10g in a similar manner to 11b. Yield: 96.9%. This was

employed for the next step without further purification.

(E)-6-[(2”-Chloro-2”-methoxy)benzylidene]-4-[(4’-chlorophenyl)sulfonyl]-1,4-diazepan-

2,5-dione (12b)
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To a solution of 11b (915 mg) in N,N-dimethylformamide (50 mL) was added 60%
dispersion of sodium hydride in mineral oil (80 mg), and the mixture was stirred at 60 to 80 °C
for 19 hours. After cooling to room temperature, acetic acid (1.0 mL) was added to the
reaction mixture, and the mixture was concentrated in vacuo. Ethyl acetate was added to the
residue, and the solution was successively washed with saturated sodium hydrogen carbonate
aqueous solution, water, saturated potassium hydrogen sulfate aqueous solution and brine, dried
over anhydrous sodium sulfate, then concentrated in vacuo. The residue was dissolved in ethyl
acetate, and hexane was added to the solution (ethyl acetate / hexane =5/ 1), then the
precipitates were collected by filtration to give 12b (373 mg, 48.0%). 'H NMR (DMSO-d6)

6: 8.07-8.02 (1H, m), 7.95 (2H, d, /= 8.6 Hz), 7.75 (2H, d, J= 8.6 Hz), 7.54 (1H, s), 7.47 (1H,
dd, J=8.8,2.5Hz), 7.27 (1H, d, J=2.5Hz), 7.11 (1H, d, /= 8.8 Hz), 4.72 (2H, s), 4.18 (2H, d,
J=4.2 Hz), 3.80 (3H, s); MS (ESI): 455(M+H)". This was employed for the next step without

further purification.

(E)-4-[[[3’-(tert-Butoxycalbonyl)-4’-chloro]phenyl]sulfonyl]-6-[(5”’-chloro-2”’-methoxy)ben
zylidene]-1,4-diazepan-2,5-dione (12g)

Diazepane 12g was prepared from 11g in a similar manner to 12b. '"H NMR (CDCl;) &: 8.36
(1H, d, J=2.2 Hz), 8.07 (1H, dd, J = 8.5, 2.2 Hz), 7.67 (1H, s), 7.58 (1H, d, J= 8.5 Hz), 7.32
(1H, dd, J=8.9,2.4 Hz), 7.06 (1H, d, J=2.4 Hz), 6.85 (1H, d, J= 8.9 Hz), 6.12 (1H, t,J = 3.7
Hz), 4.69 (2H, s), 4.20 (2H, d, J = 3.7), 3.81 (3H, s); MS (ESI): 499 (M+H)". This was

employed for the next step without further purification.

(E)-4-[1(3’-Amino-4’-chloro)phenyl]|sulfonyl]-6-[(5”-chloro-2”-methoxy)benzylidene]-1,4-

diazepan-2,5-dione (12¢)
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To a solution of 10¢ (2.25 g) in methanol (20 mL) was added 2 M sodium hydroxide aqueous
solution (5.8 mL), and the mixture was stirred at room temperature for 23 hours and at 60 °C
another 7 hours. Then methanol was distilled off in vacuo.

The resulted aqueous solution was diluted with methylene chloride (20 mL), then
bromoacetyl chloride (0.35 mL) was added under ice cooling, and the resulting mixture was
stirred at that temperature for 20 minutes. Next, methylene chloride was distilled off in vacuo,
and the resulted aqueous solution was extracted with ethyl acetate. The organic layer was
successively washed with saturated potassium hydrogen sulfate aqueous solution, water,
saturated sodium hydrogen carbonate aqueous solution and brine, and dried over anhydrous
sodium sulfate. Then, N,N-dimethylformamide (40 mL) was added to the organic layer, and
ethyl acetate was distilled off in vacuo to give a solution of 11¢ as a sodium salt in
N,N-dimethylformamide.

The above-mentioned solution was stirred at 60 °C for 60 hours, and concentrated in vacuo.
The residue was diluted with ethyl acetate. The mixture was successively washed with saturated
potassium hydrogen sulfate aqueous solution and brine. The organic layer was dried over
anhydrous sodium sulfate, and concentrated in vacuo. The residue was dissolved in ethyl
acetate, and hexane was added to the solution (ethyl acetate / hexane =5/ 1), then the
precipitates were collected by filtration to give 12¢ (1.07 g, 62.9% from 10¢). 'H NMR
(DMSO-d6) 5: 11.26-11.04 (1H, m), 8.04 (1H, t, J=4.3 Hz), 7.62 (1H, d, /= 8.1 Hz), 7.57 (1H,
d,/J=2.0 Hz), 7.55 (1H, s), 7.47 (1H, dd, J = 8.1, 2.5 Hz), 7.32 (1H, dd, /= 9.2, 2.0 Hz), 7.28
(1H,d,J=2.5Hz), 7.11 (1H, d, J=9.2 Hz), 4.68 (2H, s), 4.17 (2H, d, /= 4.3 Hz), 3.80 (3H, s);

MS (ESI): 471 (M+H)".This was employed for the next step without further purification.

(E)-6-(2”-Chlorobenzylidene)-4-[(4’-chlorophenyl)sulfonyl]-1,4-diazepan-2,5-dione (12d)
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Diazepane 12d was prepared from 10d in a similar manner to 12¢."H NMR (CDCl5) &: 8.04
(2H, d, J=8.6 Hz), 7.73 (1H, s), 7.53 (2H, d, /= 8.6 Hz), 7.46 (1H, dd, /= 7.6, 1.0 Hz),
7.38-7.38 (2H, m), 7.15 (1H, dd, /= 7.1, 1.0 Hz), 5.91-5.84 (1H, m), 4.71 (2H, s), 4.17 (2H, d, J

=4.6 Hz). This was employed for the next step without further purification.

6-Benzyl-4-[(4’-chlorobenzene)sulfonyl]-1,4-diazepan-2,5-dione (4a)

To a solution of 12a (350 mg) in tetrahydrofuran (20 mL) was added 5% platinum, sulfide,
on carbon (35 mg), and the mixture was stirred under hydrogen atmosphere at room temperature
for 15 hours. Next, the catalyst was filtered out through Celite while being washed with
tetrahydrofuran, and the filtrate was concentrated in vacuo. The residue was purified by silica
gel column chromatography (hexane / ethyl acetate =3 /2 to 2/ 1), then the product was
dissolved in ethyl acetate, and hexane was added to the solution (ethyl acetate / hexane =5/ 1),
then the precipitates were collected by filtration to give 4a (255 mg, 73.2%). '"H NMR (CDCl5)
6:7.96 (2H, d, J= 8.6 Hz), 7.51 (2H, d, /= 8.6 Hz), 7.32-7.21 (3H, m), 7.11 (2H, d, J = 6.8 Hz),
5.87 (1H, br), 4.97 (1H, d, J=17.6 Hz), 4.42 (1H, d, /= 17.6 Hz), 3.39-3.12 (4H, m), 2.55 (1H,
dd, J = 14.4, 8.9 Hz); MS (ESI): 393 (M+H)"; HRMS (FAB): calcd for C;sH;sCIN,0,S"

393.0670 (M+H)", found 393.0658.

6-[(5”-Chloro-2"’-methoxy)benzyl]-4-[(4’-chlorophenyl)sulfonyl]-1,4-diazepan-2,5-
dione (4¢)

Diazepane 4¢ was prepared from 12b in a similar manner to 4a."H NMR (CDCL;): & 7.96
(2H,d, J=8.7Hz), 7.52 (2H, d, J= 8.7 Hz), 7.19 (1H, dd, J= 8.8, 2.6 Hz), 7.01 (1H, d, J=2.6
Hz), 6.77 (1H, d, J= 8.8 Hz), 5.71 (1H, br), 5.00 (1H, d, /= 17.7 Hz), 4.39 (1H, d, /= 17.7 Hz),

3.79 (3H, s), 3.50-3.40 (1H, m), 3.26-3.09 (3H, m), 2.52 (1H, dd, J = 14.1, 9.1 Hz); MS (ESI):
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457 (M+H)"; HRMS (FAB): calcd for C;oH,oCI,N,0sS" 457.0386 (M+H)", found 457.0381.

4-[[(3’-Amino-4’-chloro)phenyl]sulfonyl]-6-[ (5’-chloro-2”-methoxy)benzyl]-1,4-diazepan-
2,5-dione hydrochloride (4d)

Diazepane 4d, which was finally obtained as a hydrochloride salt by treatment with 4.0 M
hydrogen chloride solution in 1,4-dioxane, was prepared from 12¢ in a similar manner to 4a.
'H NMR (DMSO-d6) 8: 7.85-7.80 (1H, br), 7.44 (1H, d, J = 8.3 Hz), 7.40 (1H, d, J = 2.3 Hz),
7.28-7.23 (2H, m), 7.00-6.94 (2H, m), 4.86 (1H, d, J=17.5 Hz), 4.47 (1H, d, J=17.5 Hz), 3.76
(3H, s), 3.72-3.65 (1H, m), 3.02-2.98 (2H, m), 2.85 (1H, dd, /= 14.2, 4.2 Hz), 2.55-2.45 (1H,
m); MS (ESI): 472 (M+H)"; HRMS (FAB): found 490.0623. This suggested the formation of
hydrolyzed product of 2i [calculated HRMS for CoH,,C1,N;06S™: 490.0601 (M+H)']. It was

considered that hydrolysis proceeded during the preservation.

6-(2”°-Chlorobenzyl)-4-[(4’-chlorophenyl)sulfonyl]-1,4-diazepan-2,5-dione (4¢)

Diazepane 4e was prepared from 12d in a similar manner to 4a."H NMR (CDCl;) 8: 7.96
(2H, d, J=8.7 Hz), 7.52 (2H, d, J= 8.7 Hz), 7.36 (1H, dd, J= 5.8, 2.4 Hz), 7.25-7.16 (3H, m),
5.97 (1H, br), 4.99 (1H, d, J=17.7 Hz), 4.41 (1H, d, /= 17.7 Hz), 3.57-3.48 (1H, m), 3.34-3.18
(3H, m), 2.72 (1H, dd, J = 14.2, 8.2 Hz); MS (ESI): 427 (M+H)"; HRMS (FAB): calcd for

C,sH,7CI,N,0,8" 427.0281 (M+H)", found 427.0295.

6-(3’-Chlorobenzyl)-4-[(4’-chlorophenyl)sulfonyl]|-1,4-diazepan-2,5-dione (4f)
'H NMR (CDCl;) 8: 7.96 (2H, d, J = 8.5 Hz), 7.52 (2H, d, J = 8.5 Hz), 7.23 (1H, d, J=4.3
Hz), 7.23 (1H, d,J=4.3 Hz), 7.11 (1H, s), 7.01 (1H, dd, J = 4.3, 4.3 Hz), 5.67 (1H, br), 5.00

(1H, d,J=17.7 Hz), 4.42 (1H, d, /= 17.7 Hz), 3.39-3.25 (2H, m), 3.23-3.14 (2H, m), 2.53 (1H,
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dd, J= 144, 8.4 HZ), MS (ESI) 427 (M+H)+, HRMS (FAB) calcd for C13}117(:12N204SJr

427.0281 (M+H)", found 427.0261.

6-(4”-Chlorobenzyl)-4-[(4’-chlorophenyl)sulfonyl]-1,4-diazepan-2,5-dione (4g)

'HNMR (CDCl;) 8: 7.95 (2H, d, J= 8.7 Hz), 7.51 (2H, d, J= 8.7 Hz), 7.27 (2H, d, J= 8.3
Hz), 7.06 (2H, d, J = 8.3 Hz), 5.68 (1H, br), 4.98 (1H, d, /= 17.7 Hz), 4.41 (1H, d, J=17.7 Hz),
3.36-3.24 (2H, m), 3.22-3.13 (2H, m), 2.54 (1H, dd, J = 14.3, 8.0 Hz); MS (ESI): 427 (M+H)";

HRMS (FAB): calcd for C;sH,,CLN,0,S" 427.0281 (M+H)", found 427.0261.

4-|(4’-Chlorophenyl)sulfonyl]-6-(2”’-methoxybenzyl)-1,4-diazepan-2,5-dione (4b)

To a solution of 4¢ (40.0 mg) in acetic acid (2.0 mL) was added 5% palladium carbon (60.0
mg), and the mixture was stirred under hydrogen atmosphere at room temperature for 22 hours.
Next, the catalyst was filtered off through Celite while being washed with ethyl acetate, and the
filtrate was concentrated in vacuo. The residue was purified by preparative TLC (developed by
diethyl ether) to give 4b (9.10 mg, 24.6%). '"H NMR (CDCl;) 8: 7.97 (2H, d, J = 8.8 Hz), 7.51
(2H, d,J=8.8 Hz), 7.22 (1H, dd, J=7.1, 1.5 Hz), 7.03 (1H, dd, /= 7.1, 1.5 Hz), 6.90-6.84 (2H,
m), 5.67 (1H, br), 4.98 (1H, d, /= 17.6 Hz), 4.40 (1H, d, J = 17.6 Hz), 3.81 (3H, s), 3.54-3.42
(1H, m), 3.25-3.08 (3H, m), 2.56 (1H, dd, J = 14.0, 9.1 Hz); MS (ESI): 423 (M+H)"; HRMS

(FAB): caled for C19HyCIN,OsS™ 423.0776 (M+H)", found 423.0761.

6-[(5”-Chloro-2"’-methoxy)benzyl]-4-[[(3’-carboxy-4’-chloro)phenyl]sulfonyl]-1,4-diazepa
n-2,5-dione (4h)
To a solution of a product (590 mg), which was prepared from 12g in a similar manner to 4a,

in methylene chloride (5.0 mL) was added trifluoroacetic acid (5.0 mL), and the mixture was
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stirred at room temperature for 90 minutes. Then, the reaction mixture was concentrated in
vacuo, the residue was dissolved in ethyl acetate, and hexane was added to the solution (ethyl
acetate/hexane = 5/1), then the precipitate was collected by filtration to give 4h (403 mg,
76.0%). '"H NMR (DMSO-d6) &: 13.99 (1H, br), 8.28 (1H, d, J=2.3 Hz), 8.04 (1H, dd, J = 8.5,
2.3 Hz), 7.88-7.83 (1H, m), 7.85 (1H, d, J= 8.5 Hz), 7.28-7.21 (2H, m), 6.97 (1H, d, J = 8.5 Hz),
4.88 (1H, d,J=17.5 Hz), 4.53 (1H, d, J=17.5 Hz), 3.75 (3H, s), 3.72-3.61 (1H, m), 3.03-2.99
(2H, m), 2.84 (1H, dd, J = 14.3, 4.8 Hz), 2.57-2.50 (1H, m); MS (ESI): 501 (M+H)"; HRMS

(FAB): caled for CyoH,sCLN,NaO,S* 523.0104 (M+Na)", found 523.0094.

(E)-2-[(V-tert-Butoxycarbonyl)aminomethyl]-3-[(5’-chloro-2’-methoxy)phenyl]propenoic
acid (14)

Acid 14 was prepared from 7b in a similar manner to 8a. "H NMR (CDCl;) &: 7.93 (0.5H,
br), 7.78 (0.5H, br), 7.42 (0.5H, br), 7.30 (1H, dd, J= 8.8, 2.4 Hz), 7.19 (0.5H, br), 6.84 (1H, d,
J=8.8 Hz), 6.76 (0.5H, br), 5.12 (0.5H, br), 4.14 (2H, br), 3.84 (3H, s), 1.55-1.15 (9H, m); MS

(ESI): 364 (M+Na)". This was employed for the next step without further purification.

(E)-2-|[(tert-Butoxycarbonyl)amino|methyl]-3-[(5’-chloro-2’-methoxy)phenyl]-/V-[[(4”-
chlorophenyl)amino]carbonyl|propenamide (16)

To a solution of 15 (1.90 g) in N,N-dimethylformamide (35 mL) was added 60% dispersion
of sodium hydride in mineral oil (460 mg), and the mixture was stirred at room temperature for
1 hour. Next, to the reaction mixture was added a solution, which was prepared by stirring a
mixture of 1,1'-carbonyldiimidazole (1.9 g) and 14 (4.00 g) in tetrahydrofuran (35 mL) at room
temperature for 30 minutes, under ice cooling, and the resulting mixture was stirred at room

temperature for 16 hours. The reaction mixture was diluted with ethyl acetate and saturated
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potassium hydrogen sulfate aqueous solution, and the layers were separated. The organic layer
was washed with brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (hexane / ethyl acetate =1/ 1) to
give 16 (2.60 g, 45.1%). '"H NMR (CDCls) &: 10.79 (1H, br), 9.46 (1H, br), 7.70 (1H, s), 7.50
(2H, d, J=8.8 Hz), 7.33 (1H, dd, J = 8.8, 2.5 Hz), 7.30-7.20 (3H, m), 6.87 (1H, d, J = 8.8 Hz),
4.92 (1H, br), 4.15 (2H, d, J= 6.4 Hz), 3.84 (3H, s), 1.46 (9H, s). This was employed for the

next step without further purification.

(E)-2-[(2’-Bromoacetamido)methyl]-3-[(5”’-chloro-2”’-methoxy)phenyl]-N-[[(4°”-
chlorophenyl)amino]carbonyl|propenamide (17)

1.0 M hydrogen chloride solution in acetic acid (15 mL) was added to 16 (2.60 g), and the
mixture was stirred at room temperature for 1 hour. Acetic acid was distilled off in vacuo.

The residue was diluted with methylene chloride (50 mL) and water (10 mL), then
bromoacetyl chloride (500 uL) and triethylamine (1.7 mL) were added to the mixture under ice
cooling, and the biphasic mixture was stirred at that temperature for 20 minutes. Then, ethyl
acetate and water were added to the reaction mixture, and the resulting mixture was separated
into two layers. The organic layer was successively washed with saturated sodium hydrogen
carbonate aqueous solution, water, saturated potassium hydrogen sulfate aqueous solution and
brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The residue was
tritulated with ethyl acetate, and the insoluble solid was collected by filtration to give 17 (2.50 g,
92.3%). '"H NMR (DMSO-d6) 8: 10.8 (1H, s), 10.69 (1H, s), 8.55 (1H, br), 7.65-7.55 (3H, m),
7.51 (1H, s), 7.45 (1H, dd, /=9.0,2.2 Hz), 7.4 (2H, d, /= 8.8 Hz), 7.12 (1H, d, /= 9.0 Hz),
4.09 (2H, d, J=5.0 Hz), 3.86 (2H, s), 3.82 (3H, s). This was employed for the next step without

further purification.
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(E)-6-[(2”-Chloro-2”-methoxy)benzylidene]-4-[[(4’-chlorophenyl)amino]carbonyl]-1,4-
diazepan-2,5-dione (18)

To a solution of 17 (2.08 g) in N,N-dimethylformamide (150 mL) was added 60% dispersion
of sodium hydride in mineral oil (150 mg). The mixture was stirred at room temperature for 30
minutes, then warmed to 60 °C, and stirred for 1 hour. Next, acetic acid (500 pL) was added to
the reaction mixture, and the mixture was concentrated in vacuo. The residue was diluted with
ethyl acetate. The resulted solution was successively washed with saturated sodium hydrogen
carbonate aqueous solution, water, saturated potassium hydrogen sulfate aqueous solution and
brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The residue was
dissolved in ethyl acetate, and hexane was added to the solution (ethyl acetate / hexane =5/ 1),
then the precipitates were collected by filtration to give 18 (1.26 g, 72.0%). '"H NMR (CDCl5) &:
11.23 (1H, s), 7.52 (2H, d, J = 8.8 Hz), 7.48 (1H, s), 7.35 (1H, dd, /= 8.8, 2.5 Hz), 7.29 (2H, d,
J=8.8Hz), 7.14 (1H, d, /= 2.5 Hz), 6.89 (1H, d, J = 8.8 Hz), 5.90-5.84 (1H, m), 4.74 (2H, s),
4.30 (2H, dd, J = 3.3, 1.9 Hz), 3.87 (3H, s); MS (ESI): 434 (M+H)". This was employed for the

next step without further purification.

(E)-6-[(2”-Chloro-2”-methoxy)benzy]-4-[[(4’-chlorophenyl)amino]carbonyl]-1,4-diazepan-
2,5-dione (13)

To a solution of 18 (42.0 mg) in tetrahydrofuran (3.0 mL) was added 5% platinum, sulfided,
on carbon (20.0 mg), and the mixture was stirred under hydrogen atmosphere at room
temperature for 18 hours. Next, the catalyst was filtered out through Celite while being washed
with tetrahydrofuran, and the filtrate was concentrated in vacuo. The residue was purified by

silica gel column chromatography (hexane / ethyl acetate =2 /3 to 1/ 2), and the product was
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dissolved in ethyl acetate, and hexane was added to the solution (ethyl acetate / hexane =5/ 1),
then the precipitates were collected by filtration to give 13 (15.7 mg, 37.2%). 'H NMR
(DMSO0-d6) 6: 11.08 (1H, s), 7.75 (1H, d, J=3.5 Hz), 7.57 (2H, d, /= 8.8 Hz), 7.39 (2H, d, J =
8.8 Hz), 7.36 (1H, d, J= 2.5 Hz), 7.27 (1H, dd, J = 8.8, 2.5 Hz), 7.01 (1H, d, /= 8.8 Hz), 4.78
(1H, d, J=17.3 Hz), 4.63 (1H, d, J = 17.3 Hz), 4.00-3.90 (1H, m), 3.80 (3H, s), 3.23 (1H, dd, J
=12.9, 12.9 Hz), 3.08-2.99 (2H, m), 2.67 (1H, dd, J = 14.4, 9.0 Hz); MS (ESI): 436 (M+H);

HRMS (FAB): calcd for C,0H,0C1,N;04" 436.0825 (M+H)", found 436.0798.

Ethyl 2-[(E)-2’-(aminomethyl)-3’-[(5”-chloro-2”’-methoxy)phenyl|propenamido]acetate
hydrochloride (20)

To a solution of 14 (123 g) in methylene chloride (400 mL) were added glycine ethyl ester
hydrochloride (51.0 g), 1-hydroxybenzotriazole (49.0 g), triethylamine (53 mL) and
1-[(3’-dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (76.0 g) under ice cooling,
and the mixture was stirred at room temperature for 2 hours. Water was added to the reaction
mixture, then the precipitates were filtered off while being washed with ethyl acetate, and the
filtrate was extracted with ethyl acetate. The organic layer was successively washed with
saturated potassium hydrogen sulfate aqueous solution, water, saturated sodium hydrogen
carbonate aqueous solution and brine, dried over anhydrous sodium sulfate, and concentrated in
vacuo. The residue was dissolved in ethyl acetate, and hexane was added to the solution (ethyl
acetate / hexane = 5 / 1), then the precipitates were collected by filtration to give solids (132 g,
85.9%). 'HNMR (CDCl;) &: 7.64-7.50 (2H, m), 7.27 (1H, dd, J= 8.9, 2.1 Hz), 7.16 (1H, d, J
=2.1 Hz), 6.84 (1H, d, J= 8.9 Hz), 5.04-4.95 (1H, m), 4.23 (2H, q, J= 7.3 Hz), 4.11 (2H, d, J =
5.6 Hz), 4.09 (2H, d, /= 6.7 Hz), 3.82 (3H, s), 1.43 (9H, s), 1.30 (3H, t, /= 7.2 Hz).

4.0 M hydrogen chloride solution in ethyl acetate (350 mL) was added to the
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above-mentioned product (132 g), and the mixture was stirred at room temperature for 20
minutes. Diethyl ether was added to the reaction mixture, then the precipitates were collected
by filtration to give 20 (109 g, 97.1%). '"H NMR (DMSO-d6) &: 9.06 (1H, t,J = 5.8 Hz),
8.15-7.76 (2H, m), 7.60-7.58 (1H, m), 7.50-7.46 (2H, m), 7.15 (1H, d, J=9.7 Hz), 4.13 (2H, q,
J=72Hz),3.96 (2H, d, J= 5.8 Hz), 3.84 (3H, s), 3.67 (2H, s), 1.22 (3H, t, J = 7.2 Hz); MS

(ESI): 327 (M+H)". This was employed for the next step without further purification.

(E)-2-[3’-[(5°”-Chloro-2""-methoxy)phenyl]-2’-[[(2,4”,5”-
trimethoxybenzyl)amino]methyl]propenamido]acetic acid hydrochloride (21)

To a solution of 20 (55.8 g) in tetrahydrofuran (800 mL) were added
2,4,6-trimethoxybenzaldehyde (30.5 g) and triethylamine (21.4 mL), and the mixture was stirred
at room temperature for 20 minutes. Next, sodium triacetoxy borohydride (50.0 g) was added to
the mixture, and the resulting mixture was stirred at room temperature for 1 hour. Then, water
was added to the reaction mixture, and tetrahydrofuran was distilled off in vacuo. The resulted
aqueous solution was basified with sodium hydroxide aqueous solution to pH 10, and the
mixture was extracted with ethyl acetate. The organic layer was washed with brine, dried over
anhydrous sodium sulfate, and the solvent was partially distilled off in vacuo. 4.0 M hydrogen
chloride solution in ethyl acetate was added to the resulted solution, and the mixture was stirred
under ice cooling for 30 minutes. The precipitates were collected by filtration to give a product
(75.7 g, 90.7%). A similar synthesis was performed again to give the same product (72.8 g,
87.3%). '"H NMR (DMSO-d6) &: 9.12 (1H, br), 8.58 (1H, br), 7.59 (1H, s), 7.48 (1H, d, J= 8.9
Hz), 7.32 (1H, s), 7.13 (1H, d, J= 8.9 Hz), 6.23 (2H, s), 4.13 (2H, q, /= 7.1 Hz), 3.96 (2H, d, J
=5.7 Hz), 4.01-3.92 (4H, m), 3.82 (3H, s), 3.79 (3H, s), 3.75 (6H, s), 1.21 (3H, t,J= 7.1 Hz);

MS (ESI): 507 (M+H)".
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To a solution of the above-mentioned product (148.5 g) in methanol (300 mL) was added 2
M sodium hydroxide aqueous solution (300 mL), and the mixture was stirred at room
temperature for 2 hours. The reaction mixture was neutralized with 6.0 M hydrochloric acid
(100 mL), and methanol was distilled off in vacuo. The seed crystals, which were previously
prepared in a similar manner to this way, were added to the resulted solution, and the mixture
was stirred under ice cooling for 30 minutes. The precipitates were collected by filtration to give
21 (143.1 g, quantitative). 'H NMR (DMSO-d6) 8: 9.15-9.03 (1H, m), 7.57 (1H, s), 7.46 (1H,
dd,J=28.9,2.5Hz), 7.32 (1H, d, J=2.5Hz), 7.12 (1H, d, /= 8.9 Hz), 6.23 (2H, s), 3.97-3.91
(2H, m), 3.91-3.87 (2H, m), 3.81 (3H, s), 3.79 (3H, s), 3.75 (6H, s), 3.74-3.71 (2H, m); MS

(ESI): 479 (M+H)". This was employed for the next step without further purification.

6-[(5’-Chloro-2”-methoxy)benzyl]-1-(2°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
(22)

A solution of 21 (53.0 g) and 1-hydroxybenzotriazole (14.0 g) in N,N-dimethylformamide (1
L) was dropwisely added to a solution of 1-[(3’-dimethylamino)propyl]-3-ethylcarbodiimide
hydrochloride (24.0 g) and triethylamine (17 mL) in N,N-dimethylformamide (500 mL) over 2
hours. Then, an insoluble substance was filtered out while being washed ethyl acetate, and the
filtrate was concentrated in vacuo. Ethyl acetate and 1.0 M hydrochloric acid were added to
the residue, and the mixture was stirred for 30 minutes. An insoluble solid was collected by
filtration, and washed with water and ethyl acetate. Ethyl acetate and 1.0 M sodium hydroxide
aqueous solution were added to the solid, and stirred for 30 minutes. An insoluble solid was
collected by filtration, and washed with water and ethyl acetate. A mixture of tetrahydrofuran
and methanol (1 / 1) was added to the solid, and the mixture was stirred under heating at reflux

for 30 minutes. The mixture was cooled to room temperature, and filtered through Celite
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while being washed with mixture of tetrahydrofuran and methanol (1 / 1). The filtrate was
concentrated in vacuo. The residue was recrystallized from ethyl acetate to give the product
(22.1 g, 43.3%). '"H NMR (CDCls) &: 7.60 (1H, s), 7.24 (1H, dd, J = 8.6, 2.5 Hz), 6.76-6.69 (2H,
m), 6.12-6.03 (1H, m), 5.75 (2H, s), 4.52 (2H, s), 4.23 (2H, s), 4.05 (2H, d, J = 6.1 Hz), 3.79
(3H, s), 3.76 (3H, s), 3.52 (6H, s).

To a solution of the above-mentioned product (16.3 g) in tetrahydrofuran (600 mL) was
added 2% platinum, sulfide, on carbon (7.3 g), and the mixture was stirred under hydrogen
atmosphere at room temperature for 60 hours. Next, the catalyst was filtered out through
Celite while being washed with tetrahydrofuran, and the filtrate was concentrated in vacuo.

The residue was purified by silica gel column chromatography (chloroform / ethyl acetate /
methanol =7/ 1/0.5) to give 22 (13.1 g, 80.0%). '"H NMR (CDCL) &: 7.14 (1H, dd, J = 8.6,
2.5 Hz), 6.89 (1H, d, J=2.5 Hz), 6.70 (1H, d, J = 8.6 Hz), 5.99 (2H, s), 5.98-5.93 (1H, m), 4.81
(1H,d,J=13.7 Hz), 4.26 (1H, d, J = 13.7 Hz), 4.22 (1H, dd, J = 15.7, 3.5 Hz), 3.84 (3H, s),
3.74-3.67 (1H, m), 3.72 (3H, s) 3.64 (6H, s), 3.38 (1H, dd, J=15.7, 12.0 Hz), 3.12 (1H, dd, J =
13.0, 3.3 Hz), 2.95 (1H, dd, J = 15.0, 4.8 Hz), 2.40-2.54 (2H, m); MS (ESI): 461 (M+H)". This

was employed for the next step without further purification.

(5)-6-[(5”-Chloro-2”-methoxy)benzyl]-1-(2°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-
dione [(S)-22] and (R)-6-[(5”-Chloro-2”’-methoxy)benzyl]-1-(2°,4’,6’-trimethoxybenzyl)-
1,4-diazepan-2,5-dione [(R)-22]

Racemic mixture of 22 was separated by HPLC equipped with chiral stationary phase
(Daicel Chemical Industries, CHIRALCEL OD-H; 25 cm x 5 cm¢) by eluting a mixture of
mobile acetonitrile and trifluoroacetic acid (1000 / 1) to give products. The each product was

diluted with tetrahydrofuran, and the resulted suspension was stirred at 60 °C until the solution
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became clear. Then, the solution was gradually cooled to room temperature, and the precipitates
were collected by filtration to give each (5)-22 or (R)-22 including tetrahydrofuran as residual
solvent. The ratio of the number of molecules was estimated to be 2 : 3 by '"H NMR analysis.
'HNMR (CDCl5) &: 7.14 (1H, dd, J= 2.4, 8.5 Hz), 6.88 (1H, d, /= 2.4 Hz), 6.70 (1H, d, J= 8.5
Hz), 5.98 (2H, s), 5.98-5.93 (1H, m), 4.81 (1H, d, /= 13.4 Hz), 4.26 (1H, d, /= 13.4 Hz), 4.22
(1H, dd, J=15.2, 3.5 Hz), 3.83 (3H, s), 3.77-3.73 (4H, m), 3.72 (3H, s), 3.63 (6H, s), 3.39 (1H,
dd,J=15.2,12.4 Hz), 3.12 (1H, dd, J= 3.4, 13.2 Hz), 2.94 (1H, dd, J = 4.7, 15.2 Hz),
2.54-2.38 (2H, m); MS (ESI): 461 (M+H)"; [a]*’5+120.0 (c = 0.1, methanol) for (S)-22 and

—111.6 for (R)-22. This was employed for the next step without further purification.

6-[(5°”-Chloro-2’"-methoxy)benzyl]-4-[(4’-nitrophenoxy)carbonyl]-1-(2°,4°,6’-
trimethoxybenzyl)-1,4-diazepan-2,5-dione (23a)

To a solution of 22 (2.69 g) in tetrahydrofuran (160 mL) was added 1.59 M solution of
n-butyllithium in hexane (3.7 mL) at —78 °C, and the mixture was stirred at that temperature for
20 minutes. Next, a solution of p-nitrophenyl chloroformate (1.3 g) in tetrahydrofuran (10 mL)
was added to the mixture at —78 °C, and the resulting mixture was stirred at that temperature for
1 hour. Then, saturated potassium hydrogen sulfate aqueous solution was added to the reaction
mixture, and tetrahydrofuran was distilled off in vacuo, and the resulted aqueous solution was
extracted with ethyl acetate. The organic layer was washed with brine, dried over anhydrous
sodium sulfate, and concentrated in vacuo to give 23a (4.05 g, quantitative). 'H NMR (CDCl5)
6:8.27(2H,d,J=9.2 Hz), 7.36 (2H, d,J=9.2 Hz), 7.17 (1H, dd, J = 8.6, 2.5 Hz), 6.89-6.97
(1H, m), 6.73 (1H, d, /= 8.6 Hz), 6.05 (2H, s), 4.96 (1H, d, J=17.3 Hz), 4.70 (1H, d, J=13.7
Hz), 4.48 (1H, d, J=13.7 Hz), 4.46 (1H, d, /= 17.3 Hz), 3.83 (3H, s), 3.77 (3H, s), 3.69 (6H, s),

3.34-3.51 (2H, m), 3.02-3.25 (2H, m), 2.34-2.53 (1H, m). This was employed for the next step
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without further purification.

6-[(5°”-Chloro-2>"-methoxy)benzyl]-4-[(2”’-chlorophenoxy)carbonyl]-1-(2°,4°,6’-
trimethoxybenzyl)-1,4-diazepan-2,5-dione (23b)

Diazepane 23b was prepared from 22 and 2-chlorophenyl chloroformate in a similar manner
to 23a with purification by silica gel column chromatography (hexane / ethyl acetate / methanol
=1/2/0t03/3/1). 'HNMR (CDCly) &: 7.44-7.40 (1H, m), 7.33-7.12 (4H, m), 6.93 (1H, d, J
=2.6 Hz), 6.73 (1H, d, /= 8.8 Hz), 6.05 (2H, s), 5.06 (1H, d, J=17.6 Hz), 4.83 (1H, d, J=13.7
Hz), 4.44 (1H, d,J=17.6 Hz), 4.34 (1H, d, /= 13.7 Hz), 3.83 (3H, s), 3.77 (3H, s), 3.7 (6H, s),
3.57-3.45 (1H, m), 3.29-3.14 (2H, m), 3.07 (1H, dd, J= 14.1, 3.8 Hz), 2.38 (1H, dd, /= 14.1,
9.8 Hz); MS (ESI): 617 (M+H)". This was employed for the next step without further

purification.

(R)-6-[(5>-Chloro-2°’-methoxy)benzyl]-4-[(2”’-chlorophenoxy)carbonyl]-1-(2°,4°,6’-
trimethoxybenzyl)-1,4-diazepan-2,5-dione [(R)-23b]

Diazepane (R)-23b was prepared from (R)-22 and 2-chlorophenyl chloroformate in a similar
manner to 23a with purification by silica gel column chromatography (hexane/ethyl acetate = 1
/ 2, then ethyl acetate/methanol = 10 / 1), however, 1,2-dimethoxyethane was used as reaction
solvent due to low solubility of (R)-22 in tetrahydrofuran. (R)-23b showed a '"H NMR spectrum
identical to 23b. MS (ESI): 617 (M+H)"; [0]’» —39.4(c = 0.1, methanol). This was employed

for the next step without further purification.

(5)-6-[(5”’-Chloro-2"’-methoxy)benzyl]-4-[(2”’-chlorophenoxy)carbonyl]-1-(2°,4°,6°-

trimethoxybenzyl)-1,4-diazepan-2,5-dione [(5)-23b]
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Diazepane (S)-23b was prepared from (S5)-22 and 2-chlorophenyl chloroformate in a similar
manner to 23a with purification by silica gel column chromatography (hexane / ethyl acetate =
1 /2, then ethyl acetate/methanol = 5/ 1). (S)-23b showed a '"H NMR spectrum identical to 23b.
MS (ESD): 617 (M+H)"; [a]*» +33.3 (¢ = 0.1, methanol). This was employed for the next step

without further purification.

Table 18 Structures of compounds 24a-c
cotve ©
NJS

NYO

OMe O HN

R
24
24 R
a H
b Et
c n-Pr

6-[(5”-Chloro-2"’-methoxy)benzyl]-4-[(benzylamino)carbonyl]-1-(2°,4°,6°-
trimethoxybenzyl)-1,4-diazepan-2,5-dione (24a)

To a solution of 23a (100 mg) in N,N-dimethylformamide (5.0 mL) was added benzylamine
(17.5 puL) at 0 °C, and the mixture was stirred at 0 °C for 3 hours. Then, water was added to
the reaction mixture, and the resulting mixture was extracted with ethyl acetate. The organic
layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated in vacuo.
The residue was purified by silica gel column chromatography (hexane / ethyl acetate=1/1 to
1/99) to give 24a (60.7 mg, 64.0%). 'H NMR (DMSO-d6) &: 9.37 (1H, t, J = 5.6 Hz),

7.36-7.25 (SH, m), 7.18 (1H, dd, J = 8.6, 2.5 Hz), 6.92 (1H, d, J = 2.5 Hz), 6.75 (1H, d, J= 8.6
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Hz), 6.06 (2H, s), 5.38 (1H, d, J=17.3 Hz), 4.82 (1H, d, J = 13.7 Hz), 4.50 (2H, d, J = 5.6 Hz),
430 (1H, d, J=13.7 Hz), 4.27 (1H, d, J= 17.3 Hz), 3.84 (3H, s), 3.78 (3H, s), 3.66 (6H, s),
3.60-3.47 (1H, m), 3.11-2.84 (3H, m), 2.38 (1H, dd, J = 14.0, 8.9 Hz). This was employed for

the next step without further purification.

6-[(5”’-Chloro-2""-methoxy)benzyl]-4-[[(1”’-phenylpropyl)amino]carbonyl]-1-(2°,4°,6’-
trimethoxybenzyl)-1,4-diazepan-2,5-dione (24b)

Diazepane 24b was prepared in a similar manner to 24a. 'H NMR (DMSO-d6) &: 9.48(0.5H,
d,J=7.6 Hz), 9.46 (0.5H, d, J= 7.6 Hz), 7.26 (5H, m), 7.21-7.15 (1H, m), 6.94 (0.5H, d, J =
2.5 Hz), 6.92 (0.5H, d, /J=2.5 Hz), 6.76 (0.5H, d, /= 8.6 Hz), 6.75 (0.5H, d, J= 8.6 Hz), 6.08
(1H, s), 5.99 (1H, s), 5.33 (0.5H, d, J=17.8 Hz), 5.32 (0.5H, d, J = 17.8 Hz), 4.88-4.75 (2H, m),
4.32 (0.5H, d, J=13.7 Hz), 4.27-4.16 (1.5H, m), 3.84 (1.5H, s), 3.83 (1.5H, s), 3.78 (1.5H, m),
3.77 (1.5H, m), 3.71 (3H, s), 3.52 (3H, s), 3.61-3.42 (1H, m), 3.14-2.92 (3H, m), 2.40 (1H, dd, J
=13.7,9.7 Hz), 1.92-1.75 (2H, m), 0.90 (3H, dd, J = 7.4, 7.4 Hz). "H NMR spectrum of 24b
was assigned as mixture of two diastereomers. When each signal of corresponding proton was
separated, the number of proton was assigned to be 0.5. "H NMR spectra of following
diastereomers were assigned in the same manner. This was employed for the next step without

further purification.

6-[(5°”-Chloro-2>"-methoxy)benzyl]-4-[[(1”’-phenylbutyl)amino]carbonyl]-1-(2°,4°,6’-
trimethoxybenzyl)-1,4-diazepan-2,5-dione (24c)

'H NMR (DMSO-d6) 8: 9.46 (0.5H, d, J= 7.6 Hz), 9.44 (0.5H, d, J = 7.6 Hz), 7.34-7.23 (5H,
m), 7.22-7.16 (1H, m), 6.94 (0.5H, d, J= 2.5 Hz), 6.92 (0.5H, d, J=2.5 Hz), 6.76 (0.5H, d, J =

8.6 Hz), 6.75 (0.5H, d, J = 8.6 Hz), 6.08 (1H, s, J=4.2 Hz), 5.99 (1H, s), 5.32 (1H, d, J=17.8
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Hz), 4.94-4.75 (2H, m), 4.33 (0.5H, d, J = 13.7 Hz), 4.27-4.17 (1.5H, m), 3.85 (1.5H, s), 3.83
(1.5H, 5), 3.78 (1.5H, s), 3.76 (1.5H, 5), 3.7 (3H, s), 3.51 (3H, s), 3.54-3.49 (1H, m), 3.15-2.92
(3H, m), 2.40 (1H, dd, J = 13.7, 9.2 Hz), 1.78 (2H, m), 1.27 (2H, m), 0.96-0.85 (3H, m). This

was employed for the next step without further purification.

6-[(5’-Chloro-2’-methoxy)benzyl]-4-[(benzylamino)carbonyl]-1,4-diazepan-2,5-dione (192)
A mixture of 24a (58.8 mg) and 1.0 M hydrogen chloride solution in acetic acid (3.0 mL)
was stirred at room temperature for 15 hours. Then, the mixture was concentrated in vacuo, and
the residue was purified by silica gel column chromatography (hexane / ethyl acetate =1/ 1to 1

/ 99) to give 19a (37.0 mg, 90.2%). '"H NMR (CDCls) 8: 9.37(1H, br), 7.39-7.29 (5H, m), 7.21
(1H, dd, J=8.7,2.6 Hz), 7.11 (1H, d, J= 2.6 Hz), 6.80 (1H, d, 8.7 Hz), 5.76 (1H, br), 5.45 (1H,
d,J=17.5Hz),4.51 2H, d,J=5.5Hz), 4.14 (1H, d, J=17.5 Hz), 3.83 (3H, s), 3.75-3.68 (1H,
m), 3.36-3.31 (2H, m), 3.16 (1H, dd, J=13.9, 5.4 Hz), 2.58 (1H, dd, /= 13.9, 8.2 Hz); MS
(ESD): 416 (M+H)"; HRMS (FAB): caled for C,;H3CIN;O4" 416.1372 (M+H)', found

416.1396.

6-[(5”-Chloro-2"’-methoxy)benzyl]-4-[[(1’-phenylpropyl)amino]carbonyl]-1,4-diazepan-
2,5-dione (19b)

Diazepane 19b was prepared from 24b in a similar manner to 19a. '"H NMR (CDCls) &: 9.49
(1H,d,J=17.7 Hz), 7.39-7.21 (6H, m), 7.13 (1H, d, /= 2.5 Hz), 6.81 (0.5H, d, J= 8.7 Hz), 6.80
(0.5H, d, J= 8.8 Hz), 5.64 (0.5H, br), 5.60 (0.5H, br), 5.40 (0.5H, d, J=17.6Hz), 5.38 (0.5H, d,
J=17.6 Hz), 4.85-4.76 (1H, m), 4.12 (0.5H, d, J=17.6 Hz), 4.07 (0.5H, d, /= 17.6 Hz), 3.84
(1.5H, s), 3.82 (1.5H, s), 3.72-3.62 (1H, m), 3.35-3.27 (2H, m), 3.19 (1H, dd, /= 13.9, 5.2 Hz),

2.65-2.59 (1H, m), 1.95-1.79 (2H, m), 0.95-0.86 (3H, m); MS (ESI): 444 (M+H)"; HRMS
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(FAB): calcd for Co3H,sCIN3NaO," 466.1504 (M+Na), found 466.1515.

6-[(5”-Chloro-2”’-methoxy)benzyl]-4-[[(1’-phenylbutyl)amino]carbonyl]-1,4-diazepan-2,5-
dione (19¢)

'H NMR (CDCl;) 8: 9.48 (1H, d, J = 7.5 Hz), 7.39-7.20 (6H, m), 7.13 (1H, d, J=2.6 Hz),
6.81 (0.5H, d, /= 8.8 Hz), 6.80 (0.5H, d, /= 8.8 Hz), 5.76 (0.5H, br), 5.71 (0.5H, br), 5.39
(0.5H,J=d, 17.5 Hz), 5.37 (0.5H, d, /= 17.5 Hz), 4.93-4.84 (1H, m), 4.11 (0.5H, d, J=17.5
Hz), 4.06 (0.5H, d, J=17.5 Hz), 3.84 (1.5H, s), 3.82 (1.5H, s), 3.72-3.62 (1H, m), 3.38-3.28
(2H, m), 3.19 (1H, dd, J = 14.0, 5.2 Hz), 2.66-2.59 (1H, m), 1.91-1.71 (2H, m), 1.45-1.23 (2H,
m), 0.98-0.87 (3H, m); MS (ESI): 458 (M+H)"; HRMS (FAB): calcd for C,4H,5CIN;NaO,"

480.1661 (M+Na)", found 480.1653.

tert-Butyl 3-[1’-(1”,3”-dioxoisoindolin-2"’-yl)propyl|benzoate (28a)

To a suspension of copper (I) iodide (3.10 g) in diethyl ether (70 mL) was added 0.89 M
solution of ethylmagnesium bromide in tetrahydrofuran (3.5 mL) at -23 °C, and the mixture was
stirred at that temperature for 20 minutes. Next, a solution of 26a (3.00 g) in diethylether (10
mL) was added to the mixture, and the resulting mixture was stirred at —23 °C for 30 minutes.
Then, saturated ammonium chloride aqueous solution and 28% ammonia aqueous solution were
added to the reaction mixture. The resulting mixture was stirred at room temperature for 40
minutes, and extracted with ethyl acetate. The organic layer was successively washed with
water and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo.

To a solution of the residue (3.08 g) in tetrahydrofuran (70 mL) were added phthalimide
(3.80 g), triphenylphosphine (6.90 g) and diethyl azodicarboxylate (4.1 mL), and the mixture

was stirred at room temperature for 1 hour. Then, the mixture was concentrated in vacuo, and
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the residue was purified by silica gel column chromatography (hexane / ethyl acetate =7/ 1to 6
/1) to give 28a (2.61 g, 49.3%). '"H NMR (CDCl;) &: 8.12 (1H, s), 7.89 (1H, d, J = 7.6 Hz),
7.78-7.85 (2H, m), 7.77-7.64 (3H, m), 7.38 (1H, dd, J= 7.6, 7.6 Hz), 5.29 (1H, dd, /= 9.7, 6.6
Hz), 2.67-2.51 (1H, m), 2.41-2.28 (1H, m), 1.59 (9H, s), 0.98 (3H, dd, J = 7.4, 7.4 Hz). This

was employed for the next step without further purification.

tert-Butyl 4-[1°-(1”,3”-dioxoisoindolin-2"’-yl)propyl]benzoate (28c)

Ester 28c¢ was prepared from 26¢ in a similar manner to 28a. 'H NMR (CDCls) &: 7.95 (2H,
d,J=7.8 Hz), 7.83-7.80 (2H, m), 7.72-7.68 (2H, m), 7.57 (2H, d, J = 7.8 Hz), 5.28 (1H, dd, J =
9.7, 6.6 Hz), 2.64-2.49 (1H, m), 2.43-2.27 (1H, m), 1.56 (9H, s), 0.98 (3H, dd, J=7.1, 7.1 Hz).

This was employed for the next step without further purification.

tert-Butyl 3-(1’-aminopropyl)benzoate hydrochloride (29a)

To a solution of 28a (550 mg) in methanol (3.0 mL) was added hydrazine monohydrate (90
mL), and the mixture was stirred at reflux for 1 hour. ~After cooling to room temperature,
precipitates were removed by filtration while being washed with methanol. The filtrate was
concentrated in vacuo, and the residue was diluted with ethyl acetate. The solution was
successively washed with saturated sodium hydrogen carbonate aqueous solution and brine,
dried over anhydrous sodium sulfate, and concentrated in vacuo. The yellow oil (289 mg) was
dissolved in ethyl acetate, and 4.0 M hydrogen chloride solution in 1,4-dioxane (320 uL) was
added to the mixture. The precipitates were collected by filtration while being washed with
ethyl acetate to give 29a (229 mg, 56.0%). 'H NMR (DMSO-d6) &: 8.05 (1H, s), 8.01 (1H, d,
J=17.7Hz),7.65(1H,d,J=7.7 Hz), 7.57 (1H, dd, J= 7.7, 7.7 Hz), 4.84 (3H, br), 4.26 (1H, dd,

J=9.1,6.0 Hz), 2.12-1.92 (2H, m), 1.61 (9H, s), 0.90 (3H, dd, J= 7.3, 7.3 Hz); MS (ESI): 219
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(M-NH,)". This was employed for the next step without further purification.

tert-Butyl 4-(1’-aminopropyl)benzoate hydrochloride (29c)

Ester 29¢ was prepared from 28c¢ in a similar manner to 29a. 'H NMR (DMSO-d6) &: 8.04
(2H, d, J=8.4 Hz), 7.51 (2H, d, J = 8.4 Hz), 4.84 (3H, br), 4.25 (1H, dd, /= 9.0, 6.0 Hz),
2.10-1.90 (2H, m), 1.60 (9H, s), 0.90 (3H, dd, J = 7.4, 7.4 Hz); MS (ESI): 219 (M-NH,)". This

was employed for the next step without further purification.

tert-Butyl (2-nitro-5-propionyl)benzoate (32b)

To a solution of 30b (3.98 g) in dimethoxyethane (80 mL) were added tripotassium
phosphate (3.61 g), 2-(di-tert-butylphosphino)-2'-methylbiphenyl (480 mg),
tris(dibenzylideneacetone)dipalladium(0) (352 mg) and 1-nitropropane (2.75 mL), and the
mixrure was stirred at room temperature for a few minutes. Then, the mixture was warmed to
90 °C, and stirred at this temperature for 15 hours. Then, an insoluble substance was removed
by filtration through Celite while being washed with ethyl acetate, and the filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography (hexane
/ ethyl acetate =9 / 1 to 7/ 3) to give a product (3.78 g, 78.9%).

To a solution of the product (3.65 g) in a mixture of 1,4-dioxane (150 mL) and water (10
mL) was added potassium tert-butoxide (1.45 g), and the resulting mixture was stirred at room
temperature for 5 hours. Then, 1.0 M hydrochloric acid was added to the reaction mixture at
0 °C, and the resulting mixture was extracted with ethyl acetate. The organic layer was washed
with brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane / ethyl acetate =9/ 1 to 8 / 2) to give 32b

(2.10 mg, 63.8%). 'H NMR (CDCls) &: 8.28 (1H, d, J= 1.8 Hz), 8.13 (1H, dd, J = 8.6, 1.8 Hz),
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7.86 (1H, d, J = 8.6 Hz), 3.04 (2H, q, J = 7.1 Hz), 1.56 (9H, s), 1.25 (3H, t, J = 7.1 Hz). This

was employed for the next step without further purification.

tert-Butyl (2-nitro-4-propionyl)benzoate (32d)

Ester 32d was prepared from 30d in a similar manner to 32b."H NMR (CDCl;) &: 8.41 (1H,
d,J=15Hz), 8.2 (1H,dd,J=7.9, 1.5 Hz), 7.8 (1H, d, J= 7.9 Hz), 3.04 (2H, q, J = 7.2 Hz),
1.58 (9H, s), 1.26 (3H, t, J= 7.2 Hz). This was employed for the next step without further

purification.

tert-Butyl [2-amino-5-(1’-aminopropyl)|benzoate dihydrochloride (29b)

To a solution of 32b (350 mg) in ethanol (10 mL) were added hydroxylamine hydrochloride
(96.0 mg) and sodium acetate (154 mg), and the mixture was stirred at reflux for 20 hour. After
cooling to room temperature, the reaction mixture was concentrated in vacuo, and the residue
was diluted with ethyl acetate. The resulted solution was successively washed with water,
saturated sodium hydrogen carbonate aqueous solution and brine, dried over anhydrous sodium
sulfate, and concentrated in vacuo.

To a solution of the residue (125 mg) in ethanol (15 mL) was added 10% palladium on
carbon (37 mg), and the mixture was stirred under hydrogen atmosphere at a pressure of 4 atm
at room temperature for 6 hours. The catalyst was filtered out through Celite while being
washed with ethanol, and the filtrate was concentrated in vacuo. The residue was dissolved in
ethyl acetate, and 4.0 M hydrogen chloride solution in ethyl acetate (600 nL) was added to the
solution. The precipitate was collected by filtration while being washed with ethyl acetate to
give 29b (121 mg, 30.5%). '"H NMR (DMSO-d6) &: 8.22 (3H, br), 7.67 (1H, d, J= 1.2 Hz), 7.30

(1H, dd, J = 8.6, 1.2 Hz), 6.76 (1H, d, J = 8.6 Hz), 5.50-4.40 (3H, m), 3.95-3.86 (1H, m),
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1.94-1.83 (1H, m), 1.79-1.65 (1H, m), 1.51 (9H, s), 0.72 (3H, dd, J = 7.4, 7.4 Hz); MS (ESI):

234 (M-NH,)". This was employed for the next step without further purification.

tert-Butyl [2-amino-4-(1’-aminopropyl)|benzoate dihydrochloride (29d)

Ester 29d was prepared from 32d in a similar manner to 29b."H NMR (CDCl;) 8: 7.44 (1H,
d, /J=8.3 Hz), 6.58 (1H, d, /= 1.6 Hz), 6.54 (1H, dd, J= 8.3,1.6 Hz), 5.70-5.60 (3H, m), 3.68
(1H, dd, J=6.7, 6.7 Hz), 1.68-1.59 (2H, m), 1.56 (9H, s), 0.85 (3H, dd, J= 7.3, 7.3 Hz); MS

(ESI): 234 (M-NH,)". This was employed for the next step without further purification.

(6R*,1”R*)-4-[[[1”-[3"”’-(tert-Butoxycarbonyl)phenyl]|propyl]amino]carbonyl]-6-[(5””-
chloro-2""”’-methoxy)benzyl]-1-(2°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
[(6R*,1’R*)-33a: fast moving isomer| and (6R*,1”S5%)-4-[[[1°-[3"-(tert-
Butoxycarbonyl)phenyl]propyl]amino]carbonyl]-6-[(5"’-chloro-2"""’-methoxy)benzyl]-1-
(2°,4,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione [(6R*,1°5%)-33a: slow moving isomer]

To a solution of 23a (445 mg) in N,N-dimethylformamide (5.0 mL) were added tert-butyl
3-(1-aminopropyl)benzoate hydrochloride 29a (200 mg) and triethylamine (105 uL) at 0 °C,
and the mixture was stirred at 0 °C for 1 hour. Then, the reaction mixture was diluted with ethyl
acetate. The mixture was successively washed with water, saturated potassium hydrogen sulfate
aqueous solution and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo.
The residue was purified by silica gel column chromatography (hexane / ethyl acetate = 1 / 2) to
give the (6R*,1’R*)-33a (fast moving isomer, 120 mg, 23.4%) and (6R*,1°S*)-33a (slow
moving isomer, 78.0 mg, 15.2%).

(6R*,1’R*)-33a: '"H NMR (CDCl;) 8: 9.49 (1H, d, J=7.3 Hz), 7.89 (1H, s), 7.85 (1H, d, J =

7.6 Hz), 7.43 (1H, d, J = 7.6 Hz), 7.35 (1H, dd, J = 7.6, 7.6 Hz), 7.16 (1H, dd, J = 8.8, 2.6 Hz),
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6.89 (1H, d,J=2.6 Hz), 6.73 (1H, d, /= 8.8 Hz), 6.06 (2H, s), 5.28 (1H, d, J=17.4 Hz), 4.82
(1H, ddd,J=7.3,7.3,7.3 Hz),4.76 (1H, d, J= 13.8 Hz), 4.31 (1H, d, /= 13.8 Hz), 4.19 (1H, d,
J=17.4 Hz),3.82 (3H, s), 3.76 (3H, s), 3.69 (6H, s), 3.57-3.43 (1H, m), 3.10 (1H, dd, J = 14.0,
4.4 Hz), 3.05-2.96 (2H, m), 2.37 (1H, dd, J = 14.0, 9.6 Hz), 1.90-1.78 (2H, m), 1.57 (9H, s),
0.89 (3H, dd, J=7.3, 7.3 Hz). This was employed for the next step without further
purification.

(6R*,1°S*)-33a: '"H NMR (CDCl;) &: 9.48 (1H, d, J = 7.5 Hz), 7.92-7.88 (2H, m), 7.43 (1H,
d,J=7.7Hz),7.36 (1H, dd,J=7.7,7.7 Hz), 7.18 (1H, dd, /= 8.7, 2.6 Hz), 6.92 (1H, d, J=2.6
Hz), 6.75 (1H, d, J= 8.7 Hz), 5.99 (2H, s), 5.29 (1H, d, /= 17.4 Hz), 4.85 (1H, ddd, J=7.5, 7.5,
7.5 Hz),4.76 (1H, d, J=13.8 Hz), 4.257 (1H, d, /= 13.8 Hz), 4.252 (1H, d, /= 17.4 Hz), 3.81
(3H, s), 3.77 (3H, s), 3.60-3.48 (1H, m), 3.54 (6H, s), 3.10 (1H, dd, J = 13.8, 4.8 Hz), 3.00-2.94
(2H, m), 2.40 (1H, dd, J=13.8, 9.2 Hz), 1.94-1.76 (2H, m), 1.60 (9H, s), 0.90 (3H, dd, J=7.5,

7.5 Hz). This was employed for the next step without further purification.

(6R*,1”R*)-4-[[[1”-[|4°’-Amino-3""’-(tert-butoxycarbonyl)|phenyl]propyl]Jamino]carbonyl]
-6-[(5””-chloro-2""’-methoxy)benzyl]-1-(2°,4’,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
[(6R*,1°R*)-33b] and (6R*,1”5*)-4-[[[17-[[4’”-Amino-3""-(tert-
butoxycarbonyl)|phenyl]propyl]amino]carbonyl]-6-[(5”°”’-chloro-2””’-methoxy)benzyl]-1-
(2°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione [(6R*,1°5%)-33b]

Diazepane (6R*,1’R*)-33b and (6R*,1°S*)-33b were prepared from 23a and 29b in a similar
manner to (6R*,1°R*)-33a and (6R*,1°5*)-33a.

It was impossible to separate into (6R*,1°R*)-33b and (6R*,1°5*)-33b by silica gel column
chromatography. Rf = 0.27 (developed by hexane / ethyl acetate = 1 / 2). The mixture was

employed for the next step.
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(6R*,1” R*)-4-[[[17’-[4°’-(tert-Butoxycarbonyl)phenyl]propyl]amino]carbonyl]-6-[(5>-
chloro-2""”’-methoxy)benzyl]-1-(2°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
[(6R*,1°’R*)-33c] and (6R*,1”°S*)-4-[[[1”-[4*"-(tert-
Butoxycarbonyl)phenyl]propyl]amino]carbonyl]-6-[(5”’-chloro-2"’”’-methoxy)benzyl]-1-
(2’,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione [(6R*,1°S5%)-33¢]

(6R*,1’R¥)-33¢: '"H NMR (DMSO-d6) &: 9.52 (1H, d, J = 7.6 Hz), 7.95 (2H, d, J = 8.6 Hz),
7.33 (2H, d,J=8.6 Hz), 7.19 (1H, dd, J = 8.6, 2.5 Hz), 6.93 (1H, d, /= 2.5 Hz), 6.75 (1H, d, J
=8.6 Hz), 6.08 (2H, s), 5.31 (1H, d, /= 17.8 Hz), 4.84 (1H, ddd, /= 7.6, 7.6, 7.6 Hz), 4.78 (1H,
d,J=13.7Hz), 4.34 (1H, d, J=13.7 Hz), 4.20 (1H, d, /= 17.8 Hz), 3.85 (3H, s), 3.77 (3H, s),
3.71 (6H, s), 3.50-3.49 (1H, m), 3.11 (1H, dd, J = 13.7, 4.6 Hz), 3.07-2.98 (2H, m), 2.41 (1H,
dd, J=13.7,9.2 Hz), 1.90-1.77 (2H, m), 1.58 (9H, s), 0.90 (3H, dd, J = 7.4, 7.4 Hz). This was
employed for the next step without further purification.

(6R*,1’S*)-33¢: 'H NMR (DMSO0-d6) &: 9.51 (1H, d, J = 7.6 Hz), 7.96 (2H, d, J = 7.7 Hz),
731 (2H,d,J=7.7Hz), 7.19 (1H, dd, J = 8.6, 2.5 Hz), 6.94 (1H, d, /= 2.5 Hz), 6.76 (1H, d, J
=8.6 Hz), 6.01 (2H, s), 5.29 (1H, d, J=17.3 Hz), 4.86 (1H, ddd, /= 7.6, 7.6, 7.6 Hz), 4.81 (1H,
d,J=13.7Hz),4.25 (1H, d, J=17.3 Hz), 4.22 (1H, d, J= 13.7 Hz), 3.83 (3H, s), 3.78 (3H, s),
3.54 (6H, s), 3.59-3.50 (1H, m), 3.11 (1H, dd, J = 14.0, 4.8 Hz), 3.03-2.92 (2H, m), 2.42 (1H, dd,
J=14.0 Hz, 8.9 Hz), 1.90-1.75 (2H, m), 1.60 (9H, s), 0.90 (2H, dd, J = 7.4, 7.4 Hz). This was

employed for the next step without further purification.

(6R*,1”R*)-4-[[[1”-[[3°”’-Amino-4"-(tert-butoxycarbonyl)|phenyl]propyl]amino]carbonyl]
-6-[(5”’-chloro-2""’-methoxy)benzyl]-1-(2°,4’,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione

[(6R*,1’R*)-33d] and (6R*,1”S*)-4-[[[1”-[[3*”’-Amino-4"-(tert-
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butoxycarbonyl)|phenyl]propyl]amino]carbonyl]-6-[(5”°”’-chloro-2"”’-methoxy)benzyl]-1-
(2’,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione [(6R*,1°5%)-33d]

(6R*,1’R*)-33d: Rf =0.42 (developed by hexane / ethyl acetate = 1 / 2). This was employed
for the next step without further purification.

(6R*,1°5%)-33d: Rf = 0.29 (hexane / ethyl acetate = 1 / 2). This was employed for the next

step without further purification.

(6R*,1’R*)-4-[[[1°’-(3”-Carboxylphenyl)propyl]amino]carbonyl]-6-[(5”’-chloro-2""’-
methoxy)benzyl]-1,4-diazepan-2,5-dione [(6R*,1’ R*)-25a]

1.0 M hydrogen chloride solution in acetic acid (1.5 mL) was added to (6R*,1”R*)-33a (115
mg), and the mixture was stirred at room temperature for 24 hours. Then, the mixture was
concentrated in vacuo, and the residue was purified by silica gel column chromatography
(hexane / ethyl acetate / methanol =3 / 3 / 1) to give (6R*,1’R¥)-25a (19.0 mg, 25.5%). 'H
NMR (DMSO-d6) 6: 13.01(1H, br), 9.48 (1H, d, J=7.3 Hz), 7.86 (1H, s), 7.82 (1H, d, J= 7.7
Hz), 7.67 (1H, d, J=3.5 Hz), 7.55 (1H, d, J= 7.7 Hz), 7.46 (1H, dd, J= 7.7, 7.7 Hz), 7.33 (1H,
d,J=2.6 Hz), 7.27 (1H, dd, /= 8.8, 2.6 Hz), 7.00 (1H, d, J = 8.8 Hz), 4.79-4.69 (2H, m), 4.49
(1H,d,J=17.2 Hz), 3.91-3.81 (1H, m), 3.79 (3H, s), 3.16 (1H, dd, J= 12.6, 12.6 Hz),
3.05-2.96 (2H, m), 2.67 (1H, dd, J = 14.3, 9.3 Hz), 1.89-1.74 (2H, m), 0.84 (3H, dd, /=7.3, 7.3
Hz); MS (ESI): 488 (M+H)"; HRMS (FAB): calcd for C,,H,,CIN3NaOg" 510.1402 (M+Na)',

found 510.1388.

(6R*,1’R*)-4-[[[1’-[(4’-Amino-3”-carboxyl)phenyl]propyl]amino]carbonyl]-6-[(5°”-chloro
-2>”-methoxy)benzyl]-1,4-diazepan-2,5-dione [(6R*,1’R*)-25b]

Diazepane (6R*,1’R*)-25b was prepared from (6R*,1”R*)-33b in a similar manner to
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(6R*,1’R*)-25a."H NMR (DMSO-d6) 8: 9.33 (1H, d, J= 7.7 Hz), 7.68 (1H, d, J = 3.2 Hz), 7.60
(1H, d, J=2.4 Hz), 7.33 (1H, d, J= 2.8 Hz), 7.27 (1H, dd, J = 8.9, 2.8 Hz), 7.17 (1H, dd, J =
8.5,2.4 Hz), 7.00 (1H, d, J= 8.5 Hz), 6.71 (1H, d, J= 8.9 Hz), 4.76 (1H, d, J = 17.0 Hz),
4.54-4.45 (2H, m), 3.90-3.80 (1H, m), 3.78 (3H, s), 3.14 (1H, dd, J = 12.7, 12.7 Hz), 3.06-2.89
(2H, m), 2.65 (1H, dd, J= 14.2, 9.3 Hz), 1.82-1.64 (2H, m), 0.80 (3H, dd, J = 7.3, 7.3 Hz);

HRMS (FAB): calcd for Ca4H,,CIN,NaO;" 525.1511 (M+Na)", found 525.1482.

(6R*,1’R*)-4-[[[1’-(4”-Carboxylphenyl)propyl]amino]carbonyl]-6-[(5’-chloro-2""’-
methoxy)benzyl]-1,4-diazepan-2,5-dione [(6R*,1’R*)-25¢]

'H NMR (DMSO-d6) &: 13.05-12.95 (1H, br), 9.36 (1H, d, J = 7.3 Hz), 7.70-7.63 (2H, m),
731 (1H,d,J=2.7 Hz), 7.25 (1H, dd, J= 8.7, 2.7 Hz), 7.11-7.02 (2H, m), 6.99 (1H, d, J = 8.7
Hz), 6.48-6.42 (1H, m), 4.86 (1H, ddd, J=7.3,7.3, 7.3 Hz), 4.76 (1H, d, J= 17.4 Hz), 4.51 (1H,
d,J=17.4 Hz), 3.90-3.79 (1H, m), 3.78 (3H, s) 3.18-3.07 (1H, m), 3.04-2.90 (2H, m), 2.63-2.55
(1H, m), 1.90-1.78 (2H, m), 0.85 (3H, dd, J = 7.3, 7.3 Hz); MS (ESI): 488 (M+H)"; HRMS

(FAB): calced for Co4H,cCIN3NaOg" 510.1402 (M+Na)", found 510.1403.

(6R*,1’R*)-4-[[[1’-[(3”-Amino-4"-carboxyl)phenyl|propyl]amino]carbonyl]-6-[(5’*’-chloro-
2>”-methoxy)benzyl]-1,4-diazepan-2,5-dione [(6R*,1’R*)-25d]

'H NMR (DMSO-d6) 8: 9.39 (1H, d, J= 7.6 Hz), 7.65 (1H, d, J= 3.7 Hz), 7.61 (1H, d, J =
8.3 Hz), 7.30 (1H, d, /=2.6 Hz), 7.24 (1H, dd, /= 8.7, 2.6 Hz), 6.97 (1H, d, J= 8.7 Hz), 6.60
(1H, s), 6.40 (1H, d, /= 8.3 Hz), 5.72 (2H, 5), 4.73 (1H, d, /= 17.1 Hz), 4.54-4.45 (2H, m),
3.87-3.80 (1H, m), 3.76 (3H, s), 3.12 (1H, dd, J=12.6, 12.6 Hz), 3.00-2.91 (2H, m), 2.67-2.60
(1H, m), 1.77-1.49 (2H, m), 0.80 (3H, dd, 7.2, 7.2 Hz); MS (ESI): 503 (M+H)"; HRMS (FAB):

calcd for C,4H,,CIN,NaO;" 525.1511 (M+Na)+, found 525.1503.
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(6R*,1°S*)-4-[[[1’-(3”-Carboxylphenyl)propyl]amino]carbonyl]-6-[(5>”’-chloro-2°"-
methoxy)benzyl]-1,4-diazepan-2,5-dione [(6R*,1°5%)-25a]

'H NMR (DMSO-d6) &: 12.92 (1H, br), 9.45 (1H, d, J= 7.4 Hz), 7.86 (1H, s), 7.83 (1H, d, J
=7.6 Hz), 7.64 (1H, d, J=3.2 Hz), 7.56 (1H, d, J= 7.6 Hz), 7.47 (1H, dd, J= 7.6, 7.6 Hz), 7.33
(1H,d,J=2.4 Hz), 7.27 (1H, dd, J = 8.9, 2.4 Hz), 7.01 (1H, d, J = 8.9 Hz), 4.80-4.72 (2H, m),
4.52 (1H, d,J=17.2 Hz), 3.92-3.82 (1H, m), 3.79 (3H, s), 3.12 (1H, dd, ] = 12.7, 12.7 Hz),
3.03-2.94 (2H, m), 2.65 (1H, dd, J=14.2, 9.0 Hz), 1.87-1.71 (2H, m), 0.84 (3H, dd, J=7.2,7.2
Hz); MS (ESI): 488 (M+H)"; HRMS (FAB): calcd for Co,H,cCIN3NaOg" 510.1402 (M+Na)',

found 510.1422.

(6R*,1°S*)-4-[[[1’-[(4”-Amino-3"’-carboxyl)phenyl] propyl]amino]carbonyl]-6-[(5”-
chloro-2’"’-methoxy)benzyl]-1,4-diazepan-2,5-dione [(6R*,1°S*)-25b]

'H NMR (DMSO0-d6) 8: 9.31 (1H, d, J= 7.7 Hz), 7.65 (1H, d, J= 3.7 Hz), 7.59 (1H, d, J =
2.0Hz), 7.33 (1H, d, J=2.6 Hz), 7.27 (1H, dd, /= 8.7, 2.6 Hz), 7.18 (1H, dd, /= 8.5, 2.0 Hz),
7.00 (1H, d, J=8.5 Hz), 6.72 (1H, d,J=8.7 Hz), 4.77 (1H, d, J= 17.5 Hz), 4.55-4.48 (2H, m),
3.91-3.81 (1H, m), 3.79 (3H, s), 3.10 (1H, dd, J=12.7, 12.7 Hz), 3.02-2.92 (2H, m), 2.63 (1H,
dd, J=14.6, 8.9 Hz), 1.82-1.64 (2H, m), 0.79 (3H, dd, /= 7.3, 7.3 Hz); HRMS (FAB): calcd for

C,4H,,CINyNaOg" 525.1511 (M+Na)", found 525.1541

(6R*,1°S*)-4-[[[1’-(4’-Carboxylphenyl)propyl]amino]carbonyl]-6-[(5’*’-chloro-2""-
methoxy)benzyl]-1,4-diazepan-2,5-dione [(6R*,1°S*)-25¢]
'H NMR (DMSO-d6) &: 12.71 (1H, br), 9.43 (1H, d, J= 7.5 Hz), 7.88 (2H, d, J = 8.2 Hz),

7.63 (1H,d,J=3.6 Hz), 7.4 (2H, d, J=8.2 Hz), 7.31 (1H, d, J = 2.6 Hz), 7.24 (1H, dd, J = 8.9,
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2.6 Hz), 6.98 (1H, d, J = 8.9 Hz), 4.79-4.69 (2H, m), 4.50 (1H, d, J = 17.1 Hz), 3.90-3.80 (1H,
m), 3.76 (3H, 5), 3.11 (1H, dd, J = 13.0, 13.0 Hz), 3.00-2.91 (2H, m), 2.63 (1H, dd, J = 14.4, 9.0
Hz), 1.84-1.69 (2H, m), 0.81 (3H, dd, J = 7.3, 7.3 Hz); MS (ESI): 488 (M+H)'; HRMS (FAB):

caled for C,4H,CIN3NaO;" 510.1402 (M+Na)+, found 510.1420.

(6R*,1°S*)-4-[[[1’-[(3”-Amino-4"’-carboxyl)phenyl|propyl]amino]carbonyl]-6-[(5’”’-chloro-
2>”-methoxy)benzyl]-1,4-diazepan-2,5-dione [(6R*,1°S*)-25d]

'H NMR (DMSO0-d6) 8: 9.37 (1H, d, J= 7.7 Hz), 7.63 (1H, br), 7.62 (1H, d, J = 7.6 Hz),
7.30 (1H, d,J=2.6 Hz), 7.24 (1H, dd, J= 8.7, 2.6 Hz), 6.98 (1H, d, J = 8.7 Hz), 6.57 (1H, s),
6.39 (1H, d,J=7.6 Hz), 5.72 (2H, s), 4.76 (1H, d, J=17.0 Hz), 4.55-4.46 (2H, m), 3.90-3.81
(1H, m), 3.76 (3H, s), 3.10 (1H, dd, J=12.7, 12.7 Hz), 3.00-2.91 (2H, m), 2.65-2.55 (1H, m),
1.74-1.65 (2H, m), 0.79 (3H, dd, J = 7.2, 7.2 Hz); MS (ESI): 503 (M+H)"; HRMS (FAB): calcd

for Cp4H,;CINyNaOg" 525.1511 (M+Na)", found 525.1541.

N Zn(CN)Z N Cul N
- ‘ sz(dba)S, i | EtMgBr -~ |
dppf, Zn e
Br~ N7 COut-Bu TP - NC CO,t-Bu S Co,t-Bu
46 47 Et 35

dba: dibenzylideneacetone
dppf: diphenylphosphinoferrocene

1) DEAD, PPh; N
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«)2BCl vil 2) NH,NH, H,O
‘ HO 2NH3 Hy HoN =
. X COZt-BU COzt-BU

- ét 3) OH Et OH COH
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OH L OH _
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Scheme 11 Synthesis of (R)-37
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tert-Butyl S-cyanopyridine-3-carboxylate (47)

To a solution of 46 (500 mg) in dimethylacetamide (2.5 mL) were added zinc cyanide (136
mg), tris(dibenzylideneacetone)dipalladium(0) (35 mg), 1,1’°-bis(diphenylphosphino)ferrocene
(43 mg) and zinc powder (15 mg), and the mixture was stirred at 120 °C for 3.5 hours. Then, an
insoluble substance was removed by filtration while being washed with ethyl acetate, and the
filtrate was diluted with ethyl acetate. The solution was washed with brine, dried over
anhydrous sodium sulfate, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (hexane /ethyl acetate =3 / 1) to give 47 (295 mg, 74.5%). '"H NMR
(CDC13) 6:9.33 (1H, d, J= 1.8 Hz), 9.00 (1H, d, /= 2.2 Hz), 8.49 (1H, dd, /=2.2, 1.8 Hz),
1.62 (9H, s); MS (ESI): 149 (M-tert-Bu)". This was employed for the next step without further

purification.

tert-Butyl S-propionylpyridine-3-carboxylate (35)

To a suspension of cupper iodide (1.00 g) in tetrahydrofuran (18 mL) was added 0.86 M
solution of ethylmagnesium bromide in tetrahydrofuran (12.3 mL) at —20 °C, and the resulting
mixture was stirred under ice cooling for 30 minutes. Then, the mixture was cooled to —20 °C,
and a solution of 47 (900 mg) in tetrahydrofuran (9.0 mL) was added to the mixture. After
stirring at —20 °C for 30 minutes, saturated ammonium hydrogen chloride aqueous solution was
added to the reaction mixture, and the resulting mixture was stirred at room temperature for 1
hour. Then, the mixture was extracted with ethyl acetate. The organic layer was washed with
brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (hexane / ethyl acetate =3 / 1) to give 35 (550 mg,
53.0%). '"H NMR (CDCI3) 8: 9.30 (1H, d, J= 1.8 Hz), 9.28 (1H, d, J=2.2 Hz), 8.72 (1H, dd, J

=22, 1.8 Hz), 3.05 2H, q, J= 7.3 Hz), 1.63 (9H, s), 1.27 (3H, t, J = 7.3 Hz); MS (ESI): 180
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(M-tert-Bu)". This was employed for the next step without further purification.

tert-Butyl (S)-5-(1’-hydroxypropyl)pyridine-3-carboxylate [(S)-36]

To a solution of 35 (630 mg) in tetrahydrofuran (3.2 ml) was dropwisely added 60% solution
of (—)-B-chlorodiisopinocampheylborane in hexane (3.2 mL) at —20 °C, and the mixture was
stirred at —20 °C for 18 hours. Then, ether and water were added to the reaction mixture, and the
layers were separated. The organic layer was extracted with water and 1.0 M hydrochloric acid.
Then, the combined aqueous layer was neutralized by sodium hydrogen carbonate, and
extracted with ethyl acetate. The organic layer was washed with brine, dried over anhydrous
sodium sulfate, and concentrated in vacuo to give (5)-36 (440 mg, 69.3 %, 90%ee). The
enantiomeric excess was determined by HPLC on chiral stationary phase (analytical column:
CHIRALCEL AD-H of Daicel Chemical Industries, mobile phase: hexane / 2-propanol =9/ 1,
flow rate: 1.0 mL / min, minor peak: tg = 6.8 min, major peak: t = 9.0 min, peak area ratio:
major peak / minor peak = 95.0 / 5.0). MS (ESI): 182 (M-tert-Bu)". This was employed for the

next step without further purification.

tert-Butyl (R)-5-(1’-aminopropyl)pyridine-3-carboxylate D-tartrate [(R)-37]

To a solution of (5)-36 (490 mg) in tetrahydrofuran (10 mL) were added triphenylphosphine
(1.08 g), diethyl azodicarboxylate (650 uL) and phtalimide (460 mg) under cooling at 0 °C, and
the mixture was stirred at room temperature for 1 hour. The reaction mixture was concentrated
in vacuo, and 1.0 M sodium hydroxide aqueous solution and ethyl acetate were added to the
residue, and the layers were separated. The aqueous layer was extracted with ethyl acetate.
The organic layer was washed with brine, dried over anhydrous sodium sulfate, and

concentrated in vacuo. The residue was purified by silica gel column chromatography
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(chloroform / ethyl acetate = 6 / 1) to give a product (640 mg, 84.6%).

To a solution of the product (640 mg) in acetonitrile (3.2 mL) was added hydrazine
monohydrate (420 pL) at 60 °C, then the mixture was stirred at that temperature for 4 hours.
Then, water was added to the mixture, and the resulting mixture was extracted with ethyl acetate.
The organic layer was washed with brine, dried over anhydrous sodium sulfate, and
concentrated in vacuo.

The residue was diluted with ethyl acetate (3.7 mL), and 1.0 M solution of D-tartaric acid in
ethanol (1.56 mL) was added to the solution. Then, the precipitate was collected by filtration
while being washed with ethanol to give (R)-37 (330 mg, 50.9%, 98.0% ee). The enantiomeric
excess was determined by HPLC on chiral stationary phase (analytical column: CHIRALCEL
AD-H of Daicel Chemical Industries; mobile phase: hexane / 2-propanol / diethylamine =95/ 5
/0.05, flow rate: 1.0 mL / min, major peak: tg = 16.1 min, minor peak: tg = 18.6 min, peak area
ratio: major peak / minor peak = 99.0 / 1.0). "H NMR (DMSO-d6) &: 8.99 (1H, d, J= 2.0 Hz),
8.81 (1H, d, J=2.0 Hz), 8.33 (1H, dd, /= 2.0, 2.0 Hz), 7.75-6.95 (3H, br), 4.18 (1H, dd, /= 6.4,
6.4 Hz), 3.86 (2H, s), 1.95-1.71 (2H, m), 1.57 (9H, s), 0.78 (3H, dd, J = 7.4, 7.4 Hz); MS (ESI):
237 (M+H)"; [0]’»—14.5 (¢ = 0.1, methanol); melting point: 147-149 °C. This was employed

for the next step without further purification.

tert-Butyl (S)-5-(1’-hydroxypropyl)furan-2-carboxylic acid [(S)-39]
(1S,2R)-2-(dibutylamino)-1-phenylpropan-1-ol (81.0 mg) was diluted with a mixture of
hexane (5.0 mL) and toluene (5.0 mL). Aldehyde 38 (1.00 g) was added to the solution and
the resulting mixture was stirred at room temperature for 30 minutes. Then, 1.0 M solution of
diethylzinc in hexane (11.3 mL) was added to the mixture under ice cooling, and the resulting

mixture was stirred at that temperature for 16 hours. Then, saturated ammonium chloride
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aqueous solution was added to the reaction mixture, the resulting mixture was stirred at room
temperature for 20 minutes, and 1.0 M hydrochloric acid was added. The resulting mixture was
extracted with ethyl acetate. The organic layer was dried over anhydrous sodium sulfate, and
concentrated in vacuo to give (S)-39 (1.53 g, quantitative, 87.0% ee). The enantiomeric excess
was determined by HPLC on chiral stationery phase (analytical column: CHIRALPAK AD-H of
Daicel Chemical Industries, mobile phase: hexane / 2-propanol = 98 / 2, flow rate: 1.0 mL / min,
minor peak: tg = 18.8 min, major peak: t = 19.9 min, peak area ration: major peak / minor peak
=93.5/6.5). 'HNMR (CDCl;) 8: 6.98 (1H, d, J= 3.4 Hz), 6.30 (1H, d, J= 3.4 Hz), 4.65 (1H,
br), 1.99-1.80 (2H, m), 1.55 (9H, s), 0.96 (3H, dd, J=7.4, 7.4 Hz). This was employed for the

next step without further purification.

tert-Butyl (R)-5-(1’-aminopropyl)furan-2-carboxylate D-tartrate [(R)-40]

Ester (R)-40 (97% ee) was prepared from (5)-39 in a similar manner to (R)-37. The
enantiomeric excess was determined by HPLC on chiral stationary phase in the same analytical
condition to that in (S)-39 (minor peak: tg = 11.5 min, major peak: tg = 12.8 min, peak area
ratio: major peak / minor peak = 98.5 / 1.5). '"H NMR (DMSO-d6) &: 8.25-7.30 (3H, br), 7.16
(1H, d, J=3.5Hz), 6.59 (1H, d, /= 3.5 Hz), 4.15 (1H, dd, /= 6.8, 6.8 Hz), 3.95 (2H, s),
1.89-1.70 (2H, m), 1.51 (9H, s), 0.85 (3H, dd, J = 7.3, 7.3 Hz); MS (ESI): 226 (M+H)"; [a]*’p
—14.1 (¢ = 0.1, methanol); melting point: 142-144 °C. This was employed for the next step

without further purification.
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Scheme 12 Syntheses of (R)-51a and (R)-51b

tert-Butyl S5-propionylfuran-3-carboxylate (49a)

To a solution of 48a (1.12 g) in nitromethane (10 mL) were added indium (III)
trifluoromethylsulfonate*” (56 mg), lithium perchlorate (1.06 g) and propionic anhydride (1.28
mL), and the mixture was stirred at 50 °C for 3 hours. Then, water was added to the reaction
mixture, and the layers were separated, and the aqueous layer was extracted with ethyl acetate.
The organic layer was washed with brine, dried over anhydrous sodium sulfate, and
concentrated in vacuo.

To a solution of the residue (1.10 g) in methylene chloride (22 mL) was added
N,N'-diisopropyl-O-tert-butylisourea (8.0 mL), and the mixture was stirred at reflux for 3 hours.
Precipitates were filtered out while being washed with diethyl ether, and the filtrate was
concentrated in vacuo. The residue was purified by silica gel column chromatography (hexane
/ ethyl acetate =5/ 1). Then, hexane was added to the product, and the precipitates were

collected by filtration while being washed with diethyl ether to give 49a (0.71 g, 31.7%). 'H

107



NMR (CDCly) 8: 8.02 (1H, s), 7.39 (1H, s), 2.85 (2H, q, J= 7.3 Hz), 1.56 (9H, s), 1.21 (3H, t, J
= 7.3 Hz); MS (ESI): 225 (M+H)". This was employed for the next step without further

purification.

tert-Butyl S-propionylthiophene-3-carboxylate (49b)
Ester 49b was prepared from 48b in a similar manner to 49a. 'H NMR (CDCl;) &: 8.23
(1H, s), 8.01 (1H, s), 2.95 (2H, q, J = 7.3 Hz), 1.57 (9H, s), 1.24 (3H, t, J = 7.3 Hz); MS (ESI):

241 (M+H)'". This was employed for the next step without further purification.

tert-Butyl (S)-5-(1’-hydroxypropyl)furan-3-carboxylate [(5)-50a]

Ester (S)-50a (91.0% ee) was prepared from 49a in a similar manner to (S5)-36. The
enantiomeric excess was determined by HPLC on chiral stationary phase in the same analytical
condition to that in (S)-39 (major peak: tg = 25.9 min, minor peak: tg = 28.0 min, peak area
ratio: major peak / minor peak = 95.5 / 4.5). '"H NMR (CDCls) &: 7.86 (1H, s), 6.53 (1H, s),
4.63-4.55 (1H, m), 4.11-4.02 (1H, m), 1.75-1.71 (1H, m), 1.71-1.67 (1H, m), 1.54 (9H, s),

1.00-0.93 (3H, m). This was employed for the next step without further purification.

tert-Butyl ($)-5-(1’-hydroxypropyl)thiophene-3-carboxylate [(S)-50b]

Ester (S)-50b (77.0% ee) was prepared from 49b in a similar manner to (S)-36. The
enantiomeric excess was determined by HPLC on chiral stationary phase in the same analytical
condition to that in (S)-39 (minor peak: tg = 10.6 min, major peak: t = 11.4 min, peak area
ratio: major peak / minor peak = 88.5 / 11.5). '"H NMR (CDCl;) &: 7.86 (1H, d, J= 0.8 Hz), 6.53
(1H, d, J= 0.8 Hz), 4.59 (1H, ddd, /= 6.3, 6.3, 6.3 Hz), 4.10-4.03 (1H, m), 1.96-1.78 (2H, m),

1.56 (9H, s), 0.96 (1H, dd, J = 7.3, 7.3 Hz). This was employed for the next step without further

108



purification.
tert-Butyl (R)-5-(1’-aminopropyl)furan-3-carboxylate D-tartrate [(R)-51a]

Ester (R)-51a was prepared from (S)-50a in a similar manner to (R)-37. '"H NMR
(DMSO-db) 6: 8.28 (1H, s), 6.65 (1H, s),4.12 (1H, dd, J= 6.3, 6.3 Hz), 3.91 (2H, s), 1.89-1.72
(2H, m), 1.50 (9H, s), 0.82 (3H, dd, J = 7.4, 7.4 Hz); MS (ESI): 209 (M-NH,)". This was

employed for the next step without further purification.

tert-Butyl (R)-5-(1’-aminopropyl)thiophene-3-carboxylate D-tartrate [(R)-51b]

Ester (R)-51b (93.0% ee) was prepared from (S)-50b in a similar manner to (R)-37. The
enantiomeric excess was determined by HPLC on chiral stationary phase in the same analytical
condition to that in (S)-39 (major peak: tg = 13.7 min, minor peak: tg = 14.6 min, peak area
ratio: major peak / minor peak = 96.5 / 3.5). '"H NMR (DMSO-d6) &: 8.17 (1H, s), 7.41 (1H, s),
4.35(1H, dd, J=17.8, 7.8 Hz), 3.93 (2H, s), 1.92-1.70 (2H, m), 1.51 (9H, s), 0.84 (3H, dd, J =
7.3, 7.3 Hz); MS (ESI): 225 (M+H)". This was employed for the next step without further

purification.
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Scheme 13 Synthesis of (R)-56

Methyl (38,2’ R)-2-[2’-|(tert-butoxycarbonyl)amino]butanamido]-3-hydroxypropanoate
(33)

To a solution of 52 (5.00 g) in methylene chloride (100 mL) were added L-serine methyl
ester hydrochloride (5.7 g), 1-hydroxybenzotriazole (5.0 g), N,N-diisopropylethylamine (6.4
mL) and 1-[3’-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (7.1 g), and the
mixture was stirred at room temperature for 3 hours. The reaction mixture was diluted with
ethyl acetate. Then, the mixture was successively washed with water, saturated potassium
hydrogen sulfate aqueous solution, saturated sodium hydrogen carbonate aqueous solution and
brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. Then, the residue was
purified by silica gel column chromatography (hexane / ethyl acetate =4/ 6 to 3/ 7) to give 53

(5.27 g, 70.4%). "HNMR (CDCly) &: 7.00 (1H, d, J= 7.3 Hz), 5.01 (1H, d, J = 6.5 Hz),
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4.71-4.58 (1H, m), 4.08-3.98 (2H, m), 3.99-3.90 (1H, m), 3.79 (3H, s), 2.86-2.77 (1H, m),
1.97-1.83 (1H, m), 1.75-1.63 (1H, m), 1.45 (9H, s), 0.99 (3H, dd, J = 7.5, 7.5 Hz); MS (ES):

327 (M+Na)". This was employed for the next step without further purification.

Methyl (R)-2-[1’-| (tert-butoxycarbonyl)amino]|propyl]oxazole-4-carboxylate [(R)-54]

To a solution of 53 (2.46 g) in methylene chloride (50 mL) cooled at —20 °C was dropwisely
added N,N- diethylaminosulfur trifluoride®® (1.17 mL), and the mixture was stirred at that
temperature for 1 hour. Then, bromotrichloromethane (2.8 mL) and
1,8-diazabicyclo[5.4.0]undec-7-ene (4.2 mL) were added to the mixture. After stirring at 0 °C
for 6 hours, saturated sodium hydrogen carbonate aqueous solution was added to the mixture,
and the resulting mixture was extracted with ethyl acetate. The organic layer was washed with
brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. Then, the residue was
purified by silica gel column chromatography (hexane / ethyl acetate =8 / 2 to 7/ 3) to give
(R)-54 (1.00 g, 43.5%). "H NMR (CDCl;) &: 8.18 (1H, s), 5.28-5.15 (1H, m), 4.97-4.79 (1H, m),
3.91 (3H, s), 2.04-1.76 (2H, m), 1.45 (9H, s), 0.93 (3H, dd, J=7.5, 7.5 Hz). This was

employed for the next step without further purification.

2,2,2-Trichloroethyl (R)-2-[1’-[ (tert-butoxycarbonyl)amino]propyl]oxazole-4-carboxylate
[(R)-55]

To a solution of (R)-54 (670 mg) in methanol (10 mL) was added 4.0 M sodium hydroxide
aqueous solution (1.18 mL), and the mixture was stirred at room temperature for 3 hours.
Methanol was distilled off in vacuo, and the residue was diluted with water, and the resulted
solution was washed with ethyl acetate. The aqueous layer was acidified with 6.0 M

hydrochloric acid to pH 4, and the resulting mixture was extracted with ethyl acetate. The
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organic layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated in
vacuo.

To a solution of the residue (520 mg) in methylene chloride (10 mL) were added
1-[(3’-dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (440 mg),
4-dimethylaminopyridine (23 mg) and 2,2,2-trichloroethanol (280 pL), and the mixture was
stirred at room temperature for 2.5 hours. The reaction mixture was concentrated in vacuo.

The residue was diluted with ethyl acetate. Then, the solution was successively washed with
water, saturated potassium hydrogen sulfate aqueous solution, saturated sodium hydrogen
carbonate aqueous solution and brine, dried over anhydrous sodium sulfate, and concentrated in
vacuo. Then, the residue was purified by silica gel column chromatography (hexane / ethyl
acetate =6/ 1to 3/ 1) to (R)-55 (0.46 g, 48.6%). '"H NMR (CDCl;) &: 8.28 (1H, s), 5.26-5.16
(1H, m), 5.03-4.86(3H, m), 2.04-1.92 (1H, m), 1.01-1.80 (1H, m), 1.43 (9H, s), 0.95 (6H, dd, J
=17.5,7.5 Hz); MS (ESI): 424 (M+Na)". This was employed for the next step without further

purification.

2,2,2-Trichloroethyl (R)-2-(1’-Aminopropyl)oxazole-4-carboxylate hydrochloride [(R)-56]
4.0 M Hydrogen chloride solution in ethyl acetate (5.0 mL) was added to (R)-55 (750 mg),
and the mixture stirred at room temperature for 2 hours. Then, the reaction mixture was
concentrated in vacuo to give (R)-56 (510 mg, 80.8%). '"H NMR (CDCl;) 8: 9.50 - 9.37 (2H, m),
8.39 (1H, s), 4.97-4.89 (2H, m), 4.84-4.75 (1H, m), 2.37-2.28 (2H, m), 1.11 3H, dd, J=17.5, 7.5

Hz); MS (ESI): 301 (M+H)". This was employed for the next step without further purification.
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Scheme 14 Synthesis of (R)-43

Ethyl (R)-2-[1’-[(tert-butoxycarbonyl)amino]propyl]thiazole-4-carboxylate [(R)-42]

To a solution of 41 (2.82 g) in dimethoxyethane (60 mL) cooled at 0 °C were added
potassium hydrogen carbonate (10.3 g) and ethyl bromopyruvate (4.9 mL), and the mixture was
stirred at that temperature for 30 minutes. Then, the mixture was warmed to room temperature.
After stirring at room temperature for 18 hours, the reaction mixture was concentrated in vacuo.
The residue was diluted with chloroform, and the solution was successively washed with water
and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo.

To a solution of the residue in dimethoxyethane (60 mL) cooled at 0 °C were added
trifluoroacetic anhydride (3.6 mL) and pyridine (4.7 mL), and the mixture was stirred at that
temperature for 1 hour. Then, the reaction mixture was concentrated in vacuo, and the residue
was diluted with ethyl acetate. Then, the solution was successively washed with saturated
potassium hydrogen sulfate aqueous solution, saturated sodium hydrogen carbonate aqueous
solution and brine, dried over anhydrous sodium sulfate, then concentrated in vacuo. Then, the
residue was purified by silica gel column chromatography (hexane / ethyl acetate =9 /1 to 17/

3) to give (R)-42 (4.25 g, quantitative). '"H NMR (CDCls) &: 8.08 (1H, s), 5.16-5.16 (1H, m),
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5.00-4.88 (1H, m), 4.42 (2H, q, J = 7.3 Hz), 2.21-2.08 (1H, m), 1.93-1.79 (1H, m), 1.45 (9H, s),
1.40 (3H, t, J= 7.3 Hz), 0.98 (3H, dd, J = 7.3, 7.3 Hz); MS (ESI): 337 (M+Na)". This was

employed for the next step without further purification.

2,2,2-Trichloroethyl (R)-2-[1’-[ (tert-butoxycarbonyl)amino]propyl|thiazole-4-carboxylate
[(R)-57]

Ester (R)-57 was prepared from (R)-42 in a similar manner to (R)-55. '"H NMR (DMSO-d6)
6: 8.23 (1H, ), 5.29-5.14 (1H, m), 5.02-4.91 (1H, m), 4.19-4.09 (2H, m), 2.25-2.08 (1H, m),
1.95-1.79 (1H, m), 1.45 (9H, s), 1.00 (3H, dd, J = 7.3, 7.3 Hz); MS (ESI): 439 (M+Na)". This

was employed for the next step without further purification

2,2,2-Trichloroethyl (R)-2-(1’-Aminopropyl)thiazole-4-carboxylate hydrochloride [(R)-43]
Ester (R)-43 was prepared from (R)-57 in a similar manner to (R)-56. 'H NMR (CDCl5) &:

9.43-9.30 (3H, m), 8.37 (1H, s), 5.00-4.93 (3H, m), 2.42-2.27 (2H, m), 1.10 (3H, dd, J=7.3,7.3

Hz); MS (ESI): 316 (M+H)"; [0.]* +4.7 (¢ = 0.1, methanol); melting point: 166-168 °C. This

was employed for the next step without further purification.
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Scheme 15 Syntheses of 34a and 34b

(6R,1”R)-4-[[[1’-|5°’-(tert-Butoxycarbonyl)pyridine-3°”-yl]propyl]amino]carbonyl]-6-
[(5””-chloro-2””-methoxy)benzyl]-1-(2°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
(58a)

To a solution of (R)-23b (500 mg) in N,N-dimethylformamide (2.5 mL) were added (R)-37
(313 mg), triethylamine (113 pL) and 4-dimethylaminopyridine (99.0 mg) under ice cooling,
and the mixture was stirred at that temperature for 20 hours. Then, water and ethyl acetate were
added to the reaction mixture, and the layers were separated. Then, the organic layer was
washed with brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (hexane / ethyl acetate=1/1to 1/
2) to give 58a (518 mg, 88.2%). '"H NMR (CDCl;) &: 9.57 (1H, d,J= 7.2 Hz), 9.04 (1H, d, J =
2.0 Hz), 8.69 (1H, d, J=2.0 Hz), 8.14 (1H, dd, /= 2.0, 2.0 Hz), 7.18 (1H, dd, /= 8.9, 2.8 Hz),

6.90 (1H, d, J=2.8 Hz), 6.75 (1H, d, J= 8.9 Hz), 6.08 (2H, s), 5.25 (1H, d, J = 17.0 Hz), 4.86
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(1H,ddd,J=7.2,7.2,72 Hz),4.75 (1H, d, J= 13.8 Hz), 4.35 (1H, d, J = 13.8 Hz), 4.22 (1H, d,
J=17.0 Hz), 3.84 (3H, s,), 3.78 (3H, s), 3.71 (6H, s), 3.58-3.49 (1H, m), 3.13 (1H, dd, J=13.8,
4.5 Hz), 3.06-2.99 (2H, m), 2.39 (1H, dd, J=13.8, 9.5 Hz), 1.93-1.81 (2H, m), 1.61 (9H, s),
0.95 (3H, dd, J = 7.3, 7.3 Hz); MS (ESI): 725 (M+H)". This was employed for the next step

without further purification.

(6R,1”R)-4-[[[17-[5’’-(tert-Butoxycarbonyl)furan-2"’-yl]propyl]amino]carbonyl]-6-[ (57’-
chloro-2""”-methoxy)benzyl]-1-(2’,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione (58b)
Diazepane 58b was prepared from (R)-23b and (R)-40 in a similar manner to 58a. tR in
HPLC = 5.4 min (analytical column: YMC-Pack Pro C18; mobile phase: gradient solvent
system of acetonitrile / water / trifluoroacetic acid =5/ 95/ 0.1 (solvent A)- acetonitrile /
trifluoroacetic acid = 100 / 0.09 (solvent B); gradient condition: solvent A / solvent B=100/0
to 10/ 90 (0-3.5 min), 10/ 90 to 2 / 98 (3.5-4.0 min), 2/98 (4.0-4.9 min), 2/ 98 to 100/ 0
(4.9-6.3 min); flow rate: 1.0 mL / min); MS (ESI): 715 (M+H)". This was employed for the next

step without further purification.

(6R,1’R)-4-[[|1’-(5”-Carboxylpyridine-3”-yl)propyl]amino]carbonyl]-6-[(5>”’-chloro-2°"-
methoxy)benzyl]-1,4-diazepan-2,5-dione (34a)

1.0 M hydrogen chloride solution in acetic acid (5.0 mL) was added to 58a (516 mg), and the
resulting mixture was stirred at room temperature for 14 hours. Then, the mixture was
concentrated in vacuo, and the residue was purified by silica gel column chromatography (ethyl
acetate / acetic acid =20/ 1, then ethyl acetate / acetic acid / methanol =20/ 1/ 2) to give 34a
(118 mg, 33.9%). 'H NMR (DMSO-d6) &: 9.48 (1H, d, J=7.1 Hz), 8.93 (1H, d, J= 1.8 Hz),

8.73-8.69 (1H, m), 8.19-8.15 (1H, m), 7.67 (1H, d, J = 3.8 Hz), 7.34 (1H, d, /= 2.7 Hz), 7.27
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(1H, dd, J=8.7,2.7 Hz), 7.01 (1H, d, J = 8.7 Hz), 4.79 (1H, ddd, J=7.1, 7.1, 7.1 Hz), 4.69 (1H,
d,J=17.1 Hz), 449 (1H, d, 7= 17.1 Hz), 3.92-3.80 (1H, m), 3.79 (3H, s), 3.17 (1H, dd, J =
12.9, 12.9 Hz), 3.07-2.97 (2H, m), 2.78-2.65 (1H, m), 1.95-1.78 (2H, m), 0.87 (3H, dd, J=7.3,
7.3 Hz); MS (ESI): 489 (M+H)"; HRMS (FAB): calcd for C»3H,sCINgNaOg" 511.1355 (M+Na)",

found 511.134; [0]*°»—32.6 (¢ = 0.1, methanol).

(6R,1’R)-4-[[[1’-(5”-Carboxylfuran-2”’-yl)propyl]amino]carbonyl]-6-[(5’*’-chloro-2°"-
methoxy)benzyl]-1,4-diazepan-2,5-dione (34b)

Diazepane 34b was prepared from 58b in a similar manner to 34a. "H NMR (DMSO-d6) &:
9.35(1H, d, J=7.1 Hz), 7.69-7.60 (1H, m), 7.30 (1H, s), 7.24 (1H, d, J=8.7 Hz), 7.11 (1H, d, J
=3.4Hz), 697 (1H,d, J=8.7Hz), 6.46 (1H, d, /= 3.4 Hz), 4.85 (1H, ddd, /= 7.1, 7.1, 7.1 Hz),
4.74 (1H, d, J=17.3 Hz), 4.50 (1H, d, /= 17.3 Hz), 3.89-3.78 (1H, m), 3.76 (3H, s), 3.17-2.88
(3H, m), 2.65-2.57 (1H, m), 1.89-1.77 (2H, m), 0.84 (3H, dd, J= 7.3, 7.3 Hz); MS (ESI): 478
(M+H)"; HRMS (FAB): calcd for C»,H,4CIN;NaO," 500.1195 (M+Na)", found 500.1194; [a]*%

—47.4 (c = 0.1, methanol).
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Scheme 16 Syntheses of 34¢ and 34d

(6R,1”R)-4-[[[17-]4°"’-(tert-Butoxycarbonyl)furan-2"’-yl|propyl]amino]carbonyl]-6-[ (57”-
chloro-2""”-methoxy)benzyl]-1-(2°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione (58c)
Diazepane 58¢ was prepared from (R)-23b and (R)-51a in a similar manner to 58a."H NMR
(CDCL) 8: 9.36 (1H, d, J=7.3 Hz), 7.83 (1H, d, J= 0.8 Hz), 7.18 (1H, dd, /= 8.5, 2.4 Hz),
6.89 (1H, d, J =2.4 Hz), 6.75 (1H, d, J = 8.5 Hz), 6.49 (1H, d, /= 0.8 Hz), 6.07 (2H, s), 5.33
(1H,d,J=17.5Hz),4.94 (1H, ddd, /= 7.3, 7.3, 7.3 Hz), 4.78 (1H, d, /= 13.8 Hz), 4.32 (1H, d,
J=13.8 Hz),4.24 (1H, d, J=17.5 Hz), 3.83 (3H, s), 3.77 (3H, s), 3.70 (6H, s), 3.58-3.47 (1H,
m), 3.10 (1H, dd, J=13.8, 4.5 Hz), 3.05-2.99 (2H, m), 2.37 (1H, dd, /= 13.8, 9.5 Hz),
1.96-1.78 (2H, m), 1.53 (9H, s), 0.91 (3H, dd, J = 7.3, 7.3 Hz); MS (ESI): 715 (M+H)". This

was employed for the next step without further purification.

(6R,1”R)-4-[[[17-]4°"’-(tert-Butoxycarbonyl)thiophene-2>-yl]propyl]amino]carbonyl]-6-

[(5””-chloro-2””-methoxy)benzyl]-1-(2°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
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(58d)

'HNMR (CDCl5) 8: 9.41 (1H, d, J = 8.1 Hz), 7.87 (1H, d, J= 1.2 Hz), 7.31 (1H, d, J= 1.2
Hz), 7.18 (1H, dd, J=8.5, 2.8 Hz), 6.89 (1H, d, /= 2.8 Hz), 6.75 (1H, d, /= 8.5 Hz), 6.07 (2H,
s), 5.32 (1H, d, J=17.0 Hz), 5.13-5.03 (1H, m), 4.77 (1H, d, /= 13.8 Hz), 4.33 (1H, d, /= 13.8
Hz),4.24 (1H, d, J=17.0 Hz), 3.84 (3H, s), 3.77 (3H, s), 3.70 (6H, s), 3.59-3.47 (1H, m), 3.10
(1H, dd, J=14.2,4.5 Hz), 3.05-2.98 (2H, m), 2.37 (1H, dd, J = 14.2, 9.5 Hz), 1.97-1.87 (2H, m),
1.55 (9H, s), 0.96 (3H, dd, J = 7.5, 7.5 Hz); MS (ESI): 730 (M+H)". This was employed for the

next step without further purification.

(6R,1’R)-4-[[[1’-(4”-Carboxylfuran-2”’-yl)propyl|amino]carbonyl]-6-[ (5’-chloro-2""’-
methoxy)benzyl]-1,4-diazepan-2,5-dione (34c)

To a biphasic mixture of 58¢ (176 mg) in methylene chloride (3.5 mL) and water (0.4 mL)
were added 2,3-dichloro-5,6-dicyano-p-benzoquinone (109 mg), and the resulting mixture was
stirred at room temperature for 24 hours. Then, water and chloroform were added to the reaction
mixture, and the layers were separated. Then, the organic layer was washed with brine, dried
over anhydrous sodium sulfate, and concentrated in vacuo. The residue was purified by silica
gel column chromatography (hexane / ethyl acetate = 1 / 2) to give a product (113 mg, 84.9%).
'HNMR (CDCls) 8: 9.38 (1H, d, /= 7.3 Hz), 7.84 (1H, s), 7.21 (1H, dd, /= 8.9, 2.4 Hz), 7.10
(1H, d, J=2.4 Hz), 6.80 (1H, d, J = 8.9 Hz), 6.50 (1H, s), 5.84-5.76 (1H, m), 5.39 (1H, d, J =
17.5 Hz), 4.93 (1H, ddd, J= 7.3, 7.3, 7.3 Hz), 4.12 (1H, d, /= 17.5 Hz), 3.83 (3H, s), 3.74-3.64
(1H, m), 3.36-3.25 (2H, m), 3.19 (1H, dd, J = 14.2, 4.9 Hz), 2.58 (1H, dd, J = 14.2, 8.7 Hz),
1.96-1.86 (2H, s), 1.53 (9H, s), 0.94 (3H, dd, J= 7.5, 7.5 Hz). This was employed for the next
step without further purification.

1.0 M hydrogen chloride solution in acetic acid (1.1 mL) was added to the
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above-mentioned product (106 mg), the mixture was stirred at room temperature for 4 hours.
Then, the reaction mixture was concentrated in vacuo. The residue was dissolved in ethyl
acetate, and hexane was added to the solution (ethyl acetate / hexane = 1/ 1), then the
precipitate was collected by filtration while being washed with diethyl ether to give 34¢ (78.0
mg, 82.1%). "H NMR (DMSO-d6) &: 12.71-12.59 (1H, br), 9.36 (1H, d, J= 7.1 Hz), 8.20 (1H,
s), 7.69 (1H, d, J=3.9 Hz), 7.33 (1H, d, J=2.6 Hz), 7.27 (1H, dd, /= 8.8, 2.6 Hz), 7.01 (1H, d,
J=8.8 Hz), 6.54 (1H, s), 4.85 (1H, ddd, /= 7.1, 7.1, 7.1 Hz), 4.78 (1H, d, J=17.1 Hz), 4.52
(1H, d,J=17.1 Hz), 3.91-3.81 (1H, m), 3.79 (3H, s) 3.15 (1H, dd, J=12.5, 12.5 Hz), 3.07-2.92
(2H, m), 2.68-2.57 (1H, m), 1.89-1.75 (2H, m), 0.86 (3H, dd, J= 7.3, 7.3 Hz); MS (ESI): 478
(M+H)"; HRMS (FAB): calcd for C»,H,4CIN;NaO," 500.1195 (M+Na)", found 500.1190; [a]*%

-92.3 (¢ = 0.1, methanol).

(6R,1’R)-4-[[[(R)-1’-(4’-Carboxylthiophene-2"’-yl)propyl]amino]carbonyl]-(R)-6-[(5""’-
chloro-2’”-methoxy)benzyl]-1,4-diazepan-2,5-dione (34d)

Diazepane 34d was prepared from 58d in a similar manner to 34c. 'H NMR (DMSO-d6) :
12.80-12.65 (1H, br), 9.42 (1H, d, J=7.1 Hz), 8.09 (1H, s), 7.69 (1H, d, /= 3.5 Hz), 7.33 (1H,
d,J=2.6 Hz), 7.30-7.24 (2H, m), 7.01 (1H, d, J = 8.8 Hz), 4.97 (1H, ddd, /= 7.1, 7.1, 7.1 Hz),
4.77 (1H, d,J=17.1 Hz), 4.53 (1H, d, J=17.1 Hz), 3.93-3.84 (1H, m), 3.79 (3H, s) 3.15 (1H,
dd, J=12.5,12.5 Hz), 3.07-2.94 (2H, m), 2.68-2.58 (1H, m), 1.94-1.85 (2H, m), 0.89 (3H, dd, J
=7.3, 7.3 Hz); MS (ESI): 494 (M+H)"; HRMS (FAB): calcd for C,H,,CIN3NaOgS" 516.0967

(M+Na)", found 516.0092; [a]*°p—74.3 (c = 0.1, methanol).
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Scheme 17 Synthesis of 34e

(R)-6-[(5”-Chloro-2”-methoxy)benzyl]-4-[(2’-chlorophenoxy)carbonyl]-1,4-diazepan-2,5-
dione [(R)-59b]

Anisole (2.3 mL) and trifluoroacetic acid (10 mL) were added to (R)-23b (1.29 g), and the
mixture was stirred at room temperature for 2 hours. Then, the mixture was concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane / ethyl acetate
=1/1to 1/99). The solid was tritulated with diethyl ether, and collected by filtration while
being washed with diethyl ether to give (R)-59b (595 mg, 65.1%). '"H NMR (CDCls) &: 7.91
(1H, d, J=4.5 Hz), 7.63-7.60 (1H, m), 7.45-7.41 (2H, m), 7.39-7.32 (2H, m), 7.28 (1H, dd, J =
2.6,8.9 Hz), 7.03 (1H, d, /= 8.9 Hz), 4.83 (1H, d, J=17.5 Hz), 4.50 (1H, d, J= 17.5 Hz),
3.89-3.83 (1H, m), 3.81 (3H, s), 3.30-3.22 (1H, m), 3.13-2.96 (2H, m), 2.63 (1H, dd, /= 8.9,
14.2 Hz); MS (ESI): 438 (M+H)". This was employed for the next step without further

purification.

(6R,1’R)-6-[(5>’-Chloro-2"-methoxy)benzyl]-4-[[[1’-[4”-[(2"”,2"",2"-

trichloroethoxy)calbonyl]oxazole-2"’-yl|propyl]amino]carbonyl]-1,4-diazepan-2,5-dione
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(58e)

To a solution of (R)-59b (189 mg) in N,N-dimethylformamide (430 pL), were added (R)-56
(109 mg) and 4-dimethylaminopyridine (53 mg) under ice cooling, and the mixture was stirred
at that temperature for 15 hours. Then, water was added to the reaction mixture, and the
resulting mixture was extracted with ethyl acetate. Then, the organic layer was successively
washed with saturated potassium hydrogen sulfate aqueous solution, saturated sodium hydrogen
carbonate aqueous solution and brine, dried over anhydrous sodium sulfate, and concentrated in
vacuo. The residue was purified by preparative TLC (developed by chloroform / ethyl acetate
/ methanol =10/10/ 1) to give 58e (97.0 mg, 36.8%). tR in HPLC = 4.1 min (analytical
column: YMC-Pack Pro C18; mobile phase: gradient solvent system of acetonitrile / water /
trifluoroacetic acid =5 /95 /0.1 (solvent A)- acetonitrile / trifluoroacetic acid = 100 / 0.09
(solvent B); gradient condition: solvent A / solvent B =100 /0 to 10 / 90 (0-3.5 min), 10/ 90 to
2/ 98 (3.5-4.0 min), 2 / 98 (4.0-4.9 min); flow rate: 1.0 mL/min). MS (ESI): 611 (M+H)"; [a]*p

—63.8 (c = 0.1, methanol). This was employed for the next step without further purification.

(6R,1’R)-4-[[[1°-(4-Carboxyloxazole-2”-yl)propyl]amino]carbonyl]-6-[(5’”’-chloro-2°"-
methoxy)benzyl]-1,4-diazepan-2,5-dione (34e)

To a solution of 58e (97.0 mg) in acetic acid (2.0 mL) was added zinc (200 mg), and the
mixture was stirred at room temperature for 3 hours. Then, insoluble materials removed by
filtration while being washed with ethyl acetate, and the filtrate was concentrated in vacuo.

The residue was purified by preparative TLC (developed by chloroform / ethyl acetate /
methanol / acetic acid=5/5/1/0.1) to give 34e (7.0 mg, 9.2%). 'H NMR (CDCl;) : 9.53
(1H,d,J=6.9Hz),7.69 (1H, s), 7.34 (1H, s), 7.27 (1H, d, J= 8.5 Hz), 7.01 (1H, d, /= 8.5 Hz),

4.99-4.92 (1H, m), 4.76 (1H, d, J = 17.0 Hz), 4.56 (1H, d, J = 17.0 Hz), 3.92-3.84 (1H, m), 3.79
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(3H, s), 3.50-3.36 (1H, m), 3.25-3.10 (1H, m), 3.04-2.92 (2H, m), 2.69-2.60 (1H, m), 1.99-1.80
(2H, m), 0.90-0.81 (3H, m); MS (ESI): 479 (M+H)"; HRMS (FAB): calcd for C,;H,;CIN4NaO;"

501.1147 (M+Na)", found 501.1133; [a]*’p —52.8 (c = 0.1, methanol)..

cl TMB cl TMB

ey é ! !5 -

(R)-23b
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Scheme 18 Synthesis of 34f

(6R,1”R)-6-[(5”’-Chloro-2"""-methoxy)benzyl]-4-[[[1”-[4°"-[(27,27*,27”-
trichloroethoxy)calbonyl]thiazole-2-yl|propyl]amino]carbonyl]-1-(2°,4°,6’-
trimethoxybenzyl)-1,4-diazepan-2,5-dione (58f)

Diazepane 59f was prepared from (R)-23b and (R)-43 in a similar manner to 58a. '"H NMR
(CDCly) 8: 9.68 (1H, d, J=17.3 Hz), 8.23 (1H, s), 7.19 (1H, dd, J = 8.9 Hz, 2.8 Hz), 6.92 (1H, d,
J=2.8 Hz), 6.76 (1H, d, /= 8.9 Hz), 6.07 (2H, s), 5.28 (1H, d, J=17.5 Hz), 5.27-5.19 (1H, m),
5.01-4.95 (2H, m), 4.78 (1H, d, J = 13.8 Hz), 4.34 (1H, d, J=13.8 Hz), 4.29 (1H, d, J=17.5
Hz), 3.84 (3H, s), 3.78 (3H, s), 3.71 (6H, s), 3.61-3.51 (1H, m), 3.12 (1H, dd, /= 13.6, 4.7 Hz),
3.07-3.02 (2H, m), 2.42 (1H, dd, J=13.6, 9.1 Hz), 2.28-2.16 (2H, m), 1.01 (3H, dd, J=7.5, 7.5

Hz); MS (ESI): 807 (M+H)". This was employed for the next step without further purification.
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(6R,1’R)-4-[[[1’-(4-Carboxylthiazole-2”-yl)propyl]amino]carbonyl]6-[(5°’-chloro-2>-
methoxy)benzyl]-1,4-diazepan-2,5-dione (34f)

1.0 M hydrogen chloride solution in acetic acid (2.0 mL) and anisole (89 pL) were added to
58f (46.0 mg), and the resulting mixture was stirred at room temperature for 40 hours. Then, the
mixture was concentrated in vacuo, and the residue was purified by silica gel column
chromatography (chloroform / ethyl acetate / methanol = 15 / 15/ 1) to give a product. 'H NMR
(CDCl,) 8:9.70 (1H, d, J= 7.3 Hz), 8.23 (1H, s), 7.22 (1H, dd, /=8.9, 2.4 Hz), 7.13 (1H, d, J =
2.4 Hz), 6.81 (1H, d, J=8.9 Hz), 5.72-5.69 (1H, m), 5.35 (1H, d, J=17.5 Hz), 5.23 (1H, ddd, J
=7.3,7.3,73 Hz),4.99 (2H, s), 4.15 (1H, d, /= 17.5 Hz), 3.84 (3H, s), 3.76-3.67 (1H, m),
3.38-3.31 (2H, m), 3.21 (1H, dd, J=13.8, 5.7 Hz), 2.63 (1H, dd, /= 13.8, 8.5 Hz), 2.28-2.16
(2H, m), 1.04 (3H, dd, J = 7.3, 7.3 Hz). This was employed for the next step without further
purification.

To a solution of the above-mentioned product (42.0 mg) in acetic acid (800 pL), was added
zinc (80 mg), and the mixture was stirred at room temperature for 25 hours. Then, insoluble
materials were removed by filtration while being washed with ethyl acetate, and the filtrate was
concentrated in vacuo. The residue was purified by preparative TLC (developed by
chloroform / ethyl acetate / methanol = 10/ 10 / 1) to give 34f (14.0 mg, 49.6%). '"H NMR
(CDCL) 8:9.59 (1H, d, J=6.9 Hz), 7.71 (1H, s), 7.40-7.31 (1H, m), 7.28 (1H, dd, J=2.4, 8.5
Hz), 7.01 (1H, d, J= 8.5 Hz), 5.19-5.04 (1H, m), 4.80-4.67 (1H, m), 4.67-4.50 (1H, m),
3.94-3.84 (1H, m), 3.80 (3H, s), 3.48-3.37 (1H, m), 3.23-3.15 (1H, m), 3.03-2.95 (2H, m),
2.74-2.62 (1H, m), 2.08-1.91 (2H, m), 0.94-0.89 (3H, m); MS (ESI): 495 (M+H)"; HRMS
(FAB): calcd for C,H,3CIN,NaOS* 517.0919 (M+Na)", found 517.0928; [a]*’p—45.8 (¢ =0.1,

methanol),
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(R)-2-[1’-[6”-[(5°’-Chloro-2’"’-methoxy)benzyl]-3°,7’-dioxo-1’,4’-diazepan]carboxamido]b
utanoic acid (45)

To a solution of 23b (3.00 g) in N,N-dimethylformamide (75 mL) were added zert-butyl
(R)-2-aminobutanoate (700 mg) and triethylamine (450 pL) under ice cooling, and the mixture
was stirred at that temperature for 3 hours. Then, water was added to the reaction mixture, and
the resulting mixture was extracted with a mixture of hexane and ethyl acetate (1 / 1). Then, the
organic layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane / ethyl acetate
=1/1to 1/99)to give a product (1.20 g, 38.1%). '"H NMR (CDCl) &: 9.50 (0.5H, d, J=17.1
Hz), 9.47 (0.5H, d, /= 7.1 Hz), 7.19-7.13 (1H, m, M18), 6.91 (0.5H, d, /= 2.5 Hz), 6.88 (0.5H,
d, J=2.5Hz), 6.74 (0.5H, d, /= 8.6 Hz), 6.73 (0.5H, d, /= 8.6 Hz), 5.35 (0.5H, d, /= 17.3 Hz),
5.30(0.5H,d,J=17.3 Hz),4.77 (1H, dd, J= 13.7, 7.6 Hz), 4.44-4.35 (1H, m), 4.35-4.25 (1H,
m), 3.69 (1.5H, s), 3.68 (1.5H, s), 3.58-3.45 (1H, m), 3.18-3.08 (1H, m, M09), 3.05-2.94 (2H, m,
MO08), 2.44-2.32 (1H, m, M07), 1.94-1.82 (1H, m, M06), 1.82-1.70 (1H, m), 1.51-1.41 (9H, m),
0.92 (3H, dd, J= 7.4, 7.4 Hz). This was employed for the next step without further purification.

To a solution of the above-mentioned product (1.20 g) in methylene chloride (15 mL)
cooled at 0 °C was added trifluoroacetic acid (15 mL), and the mixture was stirred at room
temperature for 7.5 hours. Then, the reaction mixture was concentrated in vacuo, and the
residue was purified with Florisil (chloroform / methanol =5/ 1) to give a reddish brown
product. The product was diluted with ethyl acetate. Then, the solution was washed with water,
and extracted with saturated sodium hydrogen carbonate aqueous solution. The sodium
hydrogen carbonate aqueous layer was acidified with hydrochloric acid to pH 4, and the
resulting mixture was extracted with ethyl acetate. The organic layer was washed with brine,

dried over anhydrous sodium sulfate, and concentrated in vacuo to give 45 (638 mg, 58.0%). 'H
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NMR (CDCly) &: 13.15-12.59 (1H, m), 9.40 (0.5H, d, J=7.1 Hz), 9.36 (0.5H, d, /= 7.1 Hz),
7.70-7.62 (1H, m), 7.32-7.29 (1H, m), 7.24 (1H, dd, J= 8.9, 2.8 Hz), 6.98 (1H, d, /= 8.9 Hz),
4.78 (0.5H,d, J=17.3 Hz),4.77 (0.5H, d, J=17.3 Hz), 4.51 (1H, d, J = 17.3 Hz), 4.27-4.16
(1H, m), 3.91-3.81 (1H, m), 3.77 (3H, s), 3.16-3.05 (1H, m), 3.05-2.90 (2H, m), 2.68-2.57 (1H,
m), 1.85-1.63 (2H, m), 0.87-0.78 (3H, m). "H NMR spectrum of 45 was assigned as mixture of
two diastereomers. If each signal of correspond protons was separated, the number of proton
was assigned as 0.5. NMR spectra of following diastereomers were assigned in the same manner.

MS (ESI): 412 (M+H)". This was employed for the next step without further purification.

(2R,6”R)-2-[1°-[6”-[(5°’-Chloro-2""-methoxy)benzyl]-3’,7’-dioxo-1",4’-
diazepan]carboxamido]butanoic acid [(R)-45]

Acid (R)-45 was prepared from (R)-23b in a similar manner to 45. '"H NMR (DMSO-d6) &:
13.13-12.81 (1H, m), 9.40 (1H, d, J= 7.3 Hz), 7.75-7.69 (1H, m), 7.35 (1H, d, /= 2.4 Hz), 7.28
(1H, dd, /=8.9,2.4 Hz), 7.01 (1H, d, J= 8.9 Hz), 4.81 (1H, d, /= 17.5 Hz), 4.55 (1H, d, J =
17.5 Hz), 4.28-4.21 (1H, m), 3.95-3.84 (1H, m), 3.80 (3H, s), 3.14 (1H, dd, /= 12.8, 12.8 Hz),
3.06-2.93 (2H, m), 2.69-2.59 (1H, m), 1.87-1.68 (2H, m), 0.87 (1H, dd, J= 7.3, 7.3 Hz); MS

(ESI): 412 (M+H)". This was employed for the next step without further purification.

(1”R)-4-[[[[1”’-[(3>”-Carboxylphenyl)amino]-1""-0x0]2’-butyl]amino]carbonyl]-6-
[(5””-Chloro-2””-methoxy)benzyl]-1,4-diazepan-2,5-dione (44a)

To a solution of 45 (50.2 mg) in methylene chloride (3.0 mL) were added tret-butyl
2-aminobenzoate (47.1 mg), triethylamine (250 uL) and 25% solution of n-propyl phosphoric
acid anhydride in ethyl acetate (370 uL), and the mixture was stirred at room temperature for 7

hours. The reaction mixture was concentrated in vacuo, and ethyl acetate was added to the
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residue. The resulted solution was successively washed with water, saturated potassium
hydrogen sulfate aqueous solution, brine, saturated sodium hydrogen carbonate aqueous
solution and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The solid
was tritulated with a mixture of diethyl ether and hexane (1 / 1), and collected by filtration while
being washed with the solution.

1 M hydrogen chloride solution in acetic acid (3.0 mL) was added to the above-mentioned
solid, and the mixture was stirred at room temperature for 3 hours. The reaction mixture was
concentrated in vacuo, and ethyl acetate was added to the residue. An insoluble substance was
filtered out while being washed with ethyl acetate, and the filtrate was concentrated in vacuo.
The residue was dissolved in ethyl acetate, and hexane was added to the solution (ethyl acetate /
hexane = 1/ 1), then the precipitates were collected by filtration while being washed with
diethyl ether to give 44a (52.3 mg, 80.8%). 'H NMR (DMSO-d6) &: 13.10-12.47 (1H, br), 10.35
(0.5H, s), 10.33 (0.5H, s), 9.48 (0.5H, d, /= 7.2 Hz), 9.43 (0.5H, d, /= 7.3 Hz), 8.22-8.20 (1H,
m), 7.78 (1H, d, J=7.9 Hz), 7.65 (1H, s), 7.61 (1H, d, J= 7.9 Hz), 7.41 (1H, dd,J=7.9, 7.9
Hz), 7.31 (1H, s), 7.24 (0.5H, d, 8.8Hz), 7.23 (0.5H, d, J = 8.8 Hz), 6.98 (1H, d, /= 8.8 Hz),
4.78 (0.5H, d, J=17.2 Hz),4.77 (0.5H, d, J=17.2 Hz), 4.51 (1H, d, /= 17.2 Hz), 4.49-4.39
(1H, m), 3.90-3.81 (1H, m), 3.77 (3H, s), 3.18-3.07 (1H, m), 3.05-2.91 (2H, m), 2.69-2.60 (1H,
m), 1.89-1.67 (2H, m), 0.92-0.80 (3H, m); MS (ESI): 531 (M+H)"; HRMS (FAB): calcd for

C,sH,,CINyNaO;" 553.1460 (M+Na)", found 553.1480.

(1”R)-4-[[[[1”’-[(4>”-Carboxylphenyl)amino]-1"’-0x0]2’-butyl|]amino]carbonyl]-6-[(5°”-
chloro-2"""’-methoxy)benzyl]-1,4-diazepan-2,5-dione (44b)
Diazepane 44b was prepared in a similar manner to 44a. "H NMR (DMSO-d6) 3:

12.88-12.35 (1H, br), 10.47 (0.5H, s), 10.45 (0.5H, s), 9.47 (0.5H, d, J= 7.2 Hz), 9.43 (0.5H, d,
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J=7.3Hz),7.87 (2H, d,.J = 8.6 Hz), 7.68 (2H, d, J = 8.6 Hz), 7.70-7.64 (1H, m), 7.31 (1H, s),
7.248 (0.5H, d, J = 8.8 Hz), 7.242 (0.5H, d, J = 8.8 Hz), 6.98 (1H, d, J = 8.8 Hz), 4.77 (1H, d, J
=17.1 Hz), 451 (1H, d,.J = 17.1 Hz), 4.48-4.40 (1H, m), 3.92-3.81 (1H, m), 3.77 (3H, s),
3.18-3.08 (1H, m), 3.05-2.92 (2H, m), 2.65-2.59 (1H, m), 1.85-1.65 (2H, m), 0.90-0.85 (3H, m):
MS (ESI): 531 (M+H)"; HRMS (FAB): calcd for C,sH,,CIN;NaO;" 553.1460 (M+Na)", found

553.1442.

(1”R)-4-[[[[1’-[(3°”’-Aminophenyl)amino]-1"-0x0]2’-butyl]amino] carbonyl]-6-[(5”’-
chloro-2"""’-methoxy)benzyl]-1,4-diazepan-2,5-dione (44c)

'H NMR (DMSO-d6) 8: 9.83 (0.5H, s), 9.81 (0.5H, s), 9.45 (0.5H, d, J= 7.4 Hz), 9.41
(0.5H,d,J=7.4 Hz), 7.65 (1H, d, J=2.9 Hz), 7.316 (0.5H, s), 7.311 (0.5H, s), 7.24 (0.5H, d, J
=8.8 Hz), 7.23 (0.5H, d, /= 8.8 Hz), 6.98 (1H, d, J = 8.8 Hz), 6.91-6.87 (2H, m), 6.64 (0.5H, d,
J=17.8Hz), 6.23 (0.5H, d, J= 7.8 Hz), 5.02 (2H, s), 4.78 (0.5H, d, /= 17.1 Hz), 4.77 (0.5H, d,
J=17.1 Hz), 4.50 (1H, d, J=17.1 Hz), 4.45-4.37 (1H, m), 3.92-3.81 (1H, m), 3.77 (3H, s),
3.19-3.08 (1H, m), 3.07-2.91 (2H, m), 2.68-2.60 (1H, m), 1.82-1.65 (2H, m), 0.89-0.82 (3H, m);
MS (ESI): 502 (M+H)"; HRMS (FAB): calcd for C,4H,3CINsNaOs™ 524.1671 (M+Na) ", found

524.1632.

(1”R)-4-[[[[1”’-[(4>”-Aminophenyl)amino]-1"-0x0]2’-butyl]amino] carbonyl]-6-[(5”’-
chloro-2”"”-methoxy)benzyl]-1,4-diazepan-2,5-dione (44d)

'H NMR (DMSO-d6) 8: 9.72 (0.5H, s), 9.70 (0.5H, s), 9.43 (0.5H, d, J = 7.4 Hz), 9.39
(0.5H, d, J=7.5Hz), 7.65 (1H, d, J= 3.2 Hz), 7.31 (0.5H, s), 7.30 (0.5H, s), 7.24 (0.5H, d, J =
8.9 Hz), 7.23 (0.5H, d, J=8.9 Hz), 7.17 (2H, d, J= 8.6 Hz), 6.98 (1H, d, J = 8.9 Hz), 6.48 (1H,

d, J=8.6 Hz), 6.46 (1H, d, J = 8.6 Hz), 4.847 (1H, s), 4.842 (1H, s), 4.79 (0.5H, d, J=17.1 Hz),
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4.77 (0.5H, d, J=17.1 Hz), 4.50 (1H, d, J=17.1 Hz), 4.39-4.32 (1H, m), 3.91-3.81 (1H, m),
3.77 (3H, s), 3.18-3.07 (1H, m), 3.03-2.92 (2H, m), 2.68-2.60 (1H, m), 1.80-1.62 (2H, m),
0.89-0.81 (3H, m); MS (ESI): 502 (M+H)"; HRMS (FAB): calcd for C,4,H,sCINsNaOs"

524.1671 (M+Na)', found 524.1688.

(1”R)-4-[[[[1”-[[(4°”-Amino-3’-carboxyl)phenyl]amino]-1"-0x0]2’-
butyl]amino]carbonyl]-6-[(5””’-Chloro-2""’-methoxy)benzyl]-1,4-diazepan-2,5-dione (44e)
'H NMR (DMSO-d6) 8: 9.92 (0.5H, s), 9.89 (0.5H, s), 9.45 (0.5H, d, J = 7.4 Hz), 9.40

(0.5H, d, J= 7.4 Hz), 7.95-7.92 (1H, m), 7.66 (0.5H, s), 7.61 (0.5H, s), 7.427 (0.5H, d, J=8.7
Hz), 7.421 (0.5H, d, /= 8.7 Hz), 7.31 (1H, s), 7.24 (0.5H, d, /= 8.8 Hz), 7.23 (0.5H, d, /= 8.8
Hz), 6.98 (1H, d, /= 8.8 Hz), 6.71 (1H, d, /= 8.7 Hz), 4.78 (0.5H, d, J=17.1 Hz), 4.77 (0.5H,
d,/J=17.1 Hz), 4.50 (1H, d, J=17.1 Hz), 4.39-4.32 (1H, m), 3.91-3.79 (1H, m), 3.77 (3H, s),
3.17-3.07 (1H, m), 3.03-2.92 (2H, m), 2.68-2.60 (1H, m), 1.83-1.65 (2H, m), 0.89-0.81 (3H, m);
MS (ESI): 546 (M+H)"; HRMS (FAB): calcd for C,sH,sCINsNaO;" 568.1569 (M+Na)", found

568.1561.

(1”7 R)-4-[[[[1”’-[[(5’-Amino-3°”-carboxyl)phenyl]amino]-1"-0x0]2’-
butyl]amino]carbonyl]-6-[(5”°”’-Chloro-2"""’-methoxy)benzyl]-1,4-diazepan-2,5-dione (44f)

'H NMR (DMSO-d6) 8: 12.73-11.90 (1H, br), 10.10 (0.5H, s), 10.00 (0.5H, s), 9.46 (0.5H,
d,J=7.3Hz),9.42 (0.5H, d, J= 7.4 Hz), 7.65 (1H, d, J= 3.2 Hz), 7.32-7.22 (3H, m), 7.10
(0.5H, s), 7.09 (0.5H, s), 6.99 (0.5H, s), 6.97 (0.5H, s), 6.87 (0.5H, s), 6.86 (0.5H, s), 5.32 (2H,
br), 4.78 (1H, d, J=17.1 Hz), 4.50 (1H, d, J=17.1 Hz), 4.42-4.38 (1H, m), 3.90-3.82 (1H, m),
3.77 (3H, s), 3.17-3.07 (1H, m), 3.04-2.93 (2H, m), 2.67-2.62 (1H, m), 1.85-1.60 (2H, m),

0.88-0.81 (3H, m); MS (ESI): 546 (M+H)"; HRMS (FAB): calcd for CysH,3CINsNaO;"
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568.1569 (M+Na)", found 568.1544.

(1”R)-4-[[[[1”-[(5>”-Carboxyl-1"’ H-pyrrol-3°”-yl)amino]-1"’-0x0]2’-
butyl]amino]carbonyl]-6-[(5””’-chloro-2”"”’-methoxy)benzyl]-1,4-diazepan-2,5-dione (44g)
'H NMR (DMSO-d6) &: 12.30-12.10 (1H, br), 11.46 (1H, s), 10.10 (0.5H, s), 10.07 (0.5H,
s), 9.44 (0.5H, d, J= 7.4 Hz), 9.39 (0.5H, d, J=7.4 Hz), 7.659 (0.5H, s), 7.651 (0.5H, s), 7.315
(0.5H, s), 7.310 (0.5H, s), 7.24 (0.5H, d, J = 8.9 Hz), 7.23 (0.5H, d, /= 8.9 Hz), 7.15 (1H, s),
6.98 (1H, d, J = 8.9 Hz), 6.64-6.58 (1H, m), 4.78 (0.5H, d, J=17.1 Hz), 4.76 (0.5H, d, J=17.1
Hz), 4.50 (1H, d, J=17.1 Hz) 4.37-4.29 (1H, m), 3.91-3.80 (1H, m), 3.77 (3H, s), 3.12 (0.5H,
dd, J=13.2,13.2 Hz), 3.11 (0.5H, dd, J = 12.8, 12.8 Hz), 3.03-2.92 (2H, m), 2.66-2.51 (1H, m),
1.80-1.62 (2H, m), 0.86-0.80 (3H, m); MS (ESI): 520 (M+H)"; HRMS (FAB): calcd for

Cy3H36CINsNaO;" 542.1413 (M+Na)', found 542.1384.

(1”R)-6-[(5”’-Chloro-2"-methoxy)benzyl]-4-[[[[1”-[(2”” H-tetrazol-5>-yl)amino]-1"’-
0x0]2’-butyl]amino]carbonyl]--1,4-diazepan-2,5-dione (44h)

To a solution of 45 (52.1 mg) in methylene chloride (3.0 mL) were added
5-amino-1H-tetrazole monohydrate (130 mg), triethylamine (1.3 mL) and 25% solution of
n-propyl phosphoric acid anhydride in acetate (1.9 mL), and the mixture was stirred at room
temperature for 7 days. The reaction mixture was concentrated in vacuo, and the residue was
diluted with ethyl acetate. The solution was washed with water, and extracted with saturated
sodium hydrogen carbonate aqueous solution. Then, the aqueous solution was acidified with
6.0 M hydrochloric acid to pH 4, and the resulting mixture was extracted with ethyl acetate.
The organic layer was washed with brine, dried over anhydrous sodium sulfate, and

concentrated in vacuo. The residue was dissolved in ethyl acetate, and hexane was added to
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the solution (ethyl acetate / hexane =4/ 1), then the precipitate was collected by filtration while
being washed with diethyl ether to give 44h (11.7 mg, 19.3%). '"H NMR (DMSO-d6) &: 15.90
(1H, br), 12.10 (1H, br), 9.52-9.47 (1H, m), 7.70-7.64 (1H, m), 7.31 (1H, s), 7.249 (0.5H, d, J =
8.8 Hz), 7.243 (0.5H, d, J=8.8 Hz), 6.98 (1H, d, /= 8.8 Hz), 4.75 (1H, d, J=17.2 Hz),
4.56-4.46 (1H, m), 4.52 (1H, d, J=17.2 Hz), 3.94-3.84 (1H, m), 3.77 (3H, s), 3.18-2.90 (3H, m),
2.68-2.58 (1H, m), 1.89-1.63 (2H, m), 0.90-0.75 (3H, m); MS (ESI): 479 (M+H)"; HRMS

(FAB): caled for C9Hp;CINgNaOs™ 501.1372 (M+Na)', found 501.1397.

(6R,1”R)-6-[(5’-Chloro-2"""’-methoxy)benzyl]-4-[[[[1”°-[ (2> H-tetrazol-5’”-yl)amino]-
1’-0x0]2’-butyl]amino]carbonyl]|--1,4-diazepan-2,5-dione [(6R,1’R)-44h]

Diazepane (6R,1°R)-44h was prepared from (R)-45 in a similar manner to 44h. "H NMR
(CDCl3) 8:9.46 (1H, d, J=17.7 Hz), 7.74-7.68 (1H, m), 7.34 (1H, s), 7.27 (1H, d, J = 8.5 Hz),
7.01 (1H, d, J=8.5 Hz), 4.80 (1H, d, /= 17.5 Hz), 4.57-4.45 (2H, m), 3.93-3.85 (1H, m), 3.80
(3H, s), 3.20-3.09 (1H, m, J = 14.2 Hz), 3.06-2.91 (2H, m), 2.69-2.60 (1H, m), 1.87-1.66 (2H, m,
J=17.3Hz), 0.89 (3H, dd, J = 7.3, 7.3 Hz); MS (ESI): 479 (M+H)"; HRMS (FAB): calcd for

C1oH,3CINgNaOs™ 501.1372 (M+Na)", found 501.1379; [0.]*°p—45.0 (c = 0.1, MeOH).

(S)-tert-Butyl 3-(1’-hydroxypropyl)benzoate [(S)-27a]

To a solution of 26a (3.00 g) in methylene chloride (30 mL) were added (S)-(+)-mandelic
acid (1.10 g), 1.01 M solution of diethylzinc in hexane (44 mL) and titanium tetraisopropoxide
(6.0 mL) at 0 °C, and the mixture was stirred at room temperature for 16 hours. Then, 1.0 M
hydrochloric acid was slowly added to the reaction mixture at 0 °C, and the precipitate was
removed by filtration. The filtrate was extracted with ethyl acetate. The organic layer was

successively washed with saturated sodium hydrogen carbonate aqueous solution, water,
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saturated potassium hydrogen sulfate aqueous solution and brine, dried over anhydrous sodium
sulfate, and concentrated in vacuo to give (5)-27a (3.20 g, 93.0%, 70.0% ee). The enantiomeric
excess was determined by HPLC on chiral stationary phase (analytical column: CHIRALCEL
AD-H of Daicel Chemical Industries; mobile phase: hexane / ethanol = 8/2, flow rate: 1.0 mL /
min, minor peak: tg = 6.4 min, major peak: tg = 7.0 min, peak area ratio: major peak / minor
peak = 85.0/ 15.0). 'H NMR (CDCls) &: 8.08 (1H, s), 8.03 (1H, d, J=7.7 Hz), 7.62 (1H, d, J =
7.7 Hz), 7.47 (1H, dd, J= 7.7, 7.7 Hz), 4.73-4.69 (1H, m), 1.90-1.75 (2H, m), 1.29-1.27 (9H, m),
0.94 (3H, dd, J=17.5, 7.5 Hz); [0]*°»—30.7 (¢ = 0.1, methanol). This was employed for the

next step without further purification.

(R)-tert-Butyl 3-(1’-aminopropyl)benzoate L-tartrate [(R)-29a]

To a solution of (5)-27a (3.20 g) in tetrahydrofuran (80 mL) were added phthalimide (3.30
g), triphenylphosphine (5.80 g) and diethyl azodicarboxylate (3.5 mL) at 0 °C, and the mixture
was stirred at room temperature for 2 hours. The mixture was concentrated in vacuo, and the
residue was purified by silica gel column chromatography (hexane / ethyl acetate =5/ 1) to
give a product (3.20 g, 64.6%). '"HNMR (CDCl;) &: 8.11 (1H, s), 7.89 (1H, d, J= 7.5 Hz),
7.77-7.85 (2H, m), 7.76-7.62 (3H, m), 7.38 (1H, dd, /= 7.5, 7.5 Hz), 5.30 (1H, dd, /= 9.7, 6.6
Hz), 2.66-2.50 (1H, m), 2.42-2.28 (1H, m), 1.59 (9H, s), 0.98 (3H, dd, J= 7.4, 7.4 Hz). This
was employed for the next step without further purification.

To a solution of the above-mentioned product (3.20 g) in methanol (25 mL) was added
hydrazine monohydrate (1.6 mL), and the mixture was stirred under heating at reflux for 2 hours.
The precipitate was filtered out while being washed with methanol, and the filtrate was
concentrated in vacuo. The residue was diluted with ethyl acetate, and the solution was

successively washed with water and brine. The organic layer was dried over anhydrous sodium
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sulfate, and concentrated in vacuo.

The residue (2.00 g) was diluted with methanol (10 mL), and L-tartaric acid (1.30 g) was
added to the solution, and the mixture was concentrated in vacuo. The residue was
recrystallized from ethyl acetate / ethanol (2 / 1) to give (R)-29a (1.20 g, 35.5%, 98.0% ee).

The enantiomeric excess was determined by HPLC on chiral stationary phase in the same
analytical condition to that in (R)-38 (major peak: t = 7.3 min, minor peak: tg = 8.4 min, peak
area ratio: major peak / minor peak = 99.0 / 1.0). '"H NMR (DMSO-d6) &: 8.05 (1H, s), 8.01 (1H,
d,J=17.7Hz),7.65 (1H, d,J=7.7 Hz), 7.57 (1H, dd, J= 7.7, 7.7 Hz), 4.38 (2H, s), 4.26 (1H,
dd, J=9.1, 6.0 Hz), 2.12-1.92 (2H, m), 1.61 (9H, s), 0.90 (3H, dd, J= 7.3, 7.3 Hz); MS (ESI):
219 (M-NH,)"; [a]*’p+5.4 (¢ = 0.1, methanol); melting point: 146-147 °C. This was employed

for the next step without further purification.

(S)-tert-Butyl 3-(1’-aminopropyl)benzoate D-tartrate [(S)-29a]

To a solution of 26a (2.90 g) in methylene chloride (30 mL) were added
(R)~(+)-phenyllactic acid®" (1.00 g), titanium tetraisopropoxide (5.8 mL) and 1.01 M solution of
diethylzinc in hexane (42 mL) at 0 °C, and the mixture was stirred at room temperature for 16
hours. 1.0 M hydrochloric acid aqueous solution was added to the reaction mixture at 0 °C, and
the precipitate was filtered out while being washed with methylene chloride. The filtrate was
extracted with ethyl acetate. The organic layer was successively washed with saturated
sodium hydrogen carbonate aqueous solution, water, saturated potassium hydrogen sulfate
aqueous solution and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo.

Then, (S)-29 (520 mg, 9.6%, 98.0% ee) was prepared from the above-mentioned product
(3.10 g) in a similar manner to (R)-29. The enantiomeric excess was determined by HPLC on

chiral stationary phase in the same analytical condition to that in (R)-38 (minor peak: t = 7.4
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min, major peak: tg = 8.4 min, peak area ratio: major peak / minor peak = 99.0 / 1.0). (S)-26
showed a "H NMR spectrum identical to (R)-29. MS (ESI): 219 (M-NH,)". This was employed

for the next step without further purification.

(6R,1”R)-4-[[[17-]3””’-(tert-Butoxycarbonyl)phenyl|propyl]amino]carbonyl]-6-[(5”-
chloro-2""”’-methoxy)benzyl]-1-(2°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
[(6R,1’R)-33a]

(68,17 R)-4-[[[1”°-|3°”~(tert-Butoxycarbonyl)phenyl]|propyl]amino]carbonyl]-6-[ (57-
chloro-2""”-methoxy)benzyl]-1-(2’,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
[(6S,1°R)-33a]

To a solution of 23a (1.30 g) in N,N-dimethyl formamide (13 mL) were added (R)-29a (820
mg, 98.0% ee) and triethylamine (0.30 mL) under ice cooling, and the resulting mixture was
stirred under ice-cooling for 1 hour. Then, the reaction mixture was diluted with ethyl acetate,
and the mixture was successively washed with saturated potassium hydrogen sulfate aqueous
solution, water and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo.

The residue was purified by silica gel column chromatography (hexane / ethyl acetate=1/1 to
2/ 3) to give (6R,1°R)-33a (300 mg, 20.0%) and (6S,1°R)-33a (400 mg, 26.7%). '"H NMR
spectra of (6R,1°R)-33a and (65,1’ R)-33a were identical with those of (6R*,1°’R*)-33a and
(6R*,1°5%)-33a, respectively. These were employed for the next step without further

purification.

(6S,1”85)-4-[[[17-]3°”-(tert-Butoxycarbonyl)phenyl]propyl]amino]carbonyl]-6-[(5”°”-

chloro-2""”’-methoxy)benzyl]-1-(2°’,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione

[(6S,1°S)-33a]
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(6R,17S)-4-[[[17°-|3>”~(tert-Butoxycarbonyl)phenyl]|propyl]amino]carbonyl]-6-[(57"-
chloro-2"""-methoxy)benzyl]-1-(2°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
[(6R,1°S)-33a]

Diazepanes (6S,1°5)-33a and (6R,1°S)-33a were prepared from 23a and (S)-29a (98% ee) in
a similar manner to (6R,1°R)-33a and (6S,1°R)-33a. '"H NMR spectra of (6S,1°S)-33a and
(6R,1°S)-33a were identical with those of (6R*,1’R*)-33a and (6R*,1°S*)-33a, respectively.

These were employed for the next step without further purification.

(6R,1’R)-4-[[[1’-(3”-Carboxylphenyl)propyl]amino]carbonyl]-6-[(5’"’-chloro-2""’-
methoxy)benzyl]-1,4-diazepan-2,5-dione [(6R,1’R)-25a]

A mixture of (6R,1’R)-33a (415 mg) and 1.0 M hydrogen chloride solution in acetic acid
(4.0 mL) was stirred at room temperature for 24 hours. Then, the reaction mixture was
concentrated in vacuo. The residue was purified by Florisil (tetrahydrofuran) and silica gel
column chromatography (chloroform / ethyl acetate / methanol / acetic acid =8 /8 / 1/ 0.08) to
give (6R,1’R)-25a (131 mg, 46.9%). Diazepane (6R,1°R)-25a showed a 'H NMR spectrum
identical to (6R*,1’R*)-25a. MS (ESI): 488 (M+H)"; HRMS (FAB): calcd for C,4H,CIN;NaO,"

510.1402 (M+Na)", found 510.1393; [a]*’p—60.7 (¢ = 0.1, methanol).

(6S,1°S)-4-[[[1’-(3”-Carboxylphenyl)propyl]amino]carbonyl]-6-[(5>”-chloro-2""-
methoxy)benzyl]-1,4-diazepan-2,5-dione [(6S,1°S)-25a]

Diazepane (6S,1°S)-25a was prepared in a similar manner to (6R,1°R)-25a, and showed a
'H NMR spectrum identical to (6R*,1°R*)-25a. MS (ESI): 488 (M+H)"; HRMS (FAB): calcd

for Co4H,6CIN;NaO;g™ 510.1402 (M+Na)", found 510.1421; [a]ZOD +70.5 (c = 0.1, methanol),
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(6S,1’R)-4-[[[1’-(3”-Carboxylphenyl)propyl]amino]carbonyl]-6-[(5’*’-chloro-2°"-
methoxy)benzyl]-1,4-diazepan-2,5-dione [(6S,1’ R)-25a]

Diazepane (6S,1°R)-25a showed a '"H NMR spectrum identical to (6R*,1°5%)-25a. MS
(ESI): 488 (M+H)"; HRMS (FAB): calcd for C,4H,CIN;NaOg" 510.1402 (M+Na)", found

510.1408; [a]*p +40.6 (c = 0.1, methanol).

(6R,1°S)-4-[[[1’-(3”-Carboxylphenyl)propyl]amino]carbonyl]-6-[(5’*’-chloro-2°"-
methoxy)benzyl]-1,4-diazepan-2,5-dione [(6R,1°S)-25a]

Diazepane (6R,1°S)-25a showed a 'H NMR spectrum identical to (6R*,1°5%*)-25a. MS
(ESI): 488 (M+H)"; HRMS (FAB): calcd for C,4H,cCIN;NaO," 510.1402 (M+Na)", found

510.1426; [a]**p—40.2 (c = 0.1, methanol).

(6R,1”R)-4-[[[17-]3’’-(tert-Butoxycarbonyl)phenyl|propyl]amino]carbonyl]-6-[(5””-
chloro-2""”-methoxy)benzyl]-1-(2°’,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
[(6R,1’R)-33a]

To a solution of (R)-23b (90.0 mg) in N,N-dimethylformamide (300 puL) was added
4-dimethylaminopyridine (18.0 mg) at 0 °C, and the mixture was stirred at 0 °C for 30 minutes.
Then, (R)-29a (59.0 mg) and triethylamine (50 uL) were added to the mixture, and the resulting
mixture was stirred at 0 °C for 8 hours. Then, the reaction mixture was diluted with ethyl acetate.
The resulting mixture was successively washed with saturated potassium hydrogen sulfate
aqueous solution, water and brine, dried over anhydrous sodium sulfate, and concentrated in
vacuo. The residue was purified by silica gel column chromatography (hexane / ethyl acetate
=1/1to1/2)to give (6R,1’R)-33a. A "H NMR spectrum of (6R,1’R)-33a was identical with

that of (6R*,1°R*)-33a.
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Scheme 19 Synthesis of (R)-29d

tert-Butyl (S)-4-(1’-hydroxypropyl)-2-nitrobenzoate [(S)-60]

Ester (S)-60 (91.0% ee) was prepared from 32d in a similar manner to (5)-36. The
enantiomeric excess was determined by HPLC on chiral stationary phase in the same analytical
condition to that in (S)-36 (major peak: tg = 7.6 min, minor peak: tg = 8.5 min, peak area ratio:
major peak / minor peak = 95.5/4.5). "H NMR (CDCl;) &: 7.81 (1H, s), 7.71 (1H, d, J= 7.9
Hz), 7.6 (1H, d, J= 7.9 Hz), 4.79-4.70 (1H, m), 1.85-1.75 (2H, m), 1.56 (9H, s), 1.00-0.90 (3H,
m); [a]*’p—13.8 (¢ = 0.1, methanol). This was employed for the next step without further

purification.

tert-Butyl (1’R)-4-(1’-aminopropyl)-2-nitrobenzoate hydrochloride [(R)-61]
To a solution of (5)-60 (109 g) in tetrahydrofuran (436 mL) were added triethylamine (108
mL) and methanesulfonyl chloride (36 mL) under ice cooling, and the mixture was stirred for

15 minutes. Then, water was added to the reaction mixture, and the resulting mixture was
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extracted with ethyl acetate. The organic layer was washed with brine, dried over anhydrous
sodium sulfate, and concentrated in vacuo.

To a solution of the residue (137 g) in N,N-dimethylformamide (685 mL) was added
sodium azide (16.3 g) under ice cooling, and the mixture was stirred at room temperature for 1
hour. Then, water was added to the reaction mixture, and the resulting mixture was extracted
with ethyl acetate. The organic layer was washed with brine, dried over anhydrous sodium
sulfate, and concentrated in vacuo.

To a solution of the residue (139 g) in tetrahydrofuran (1.4 L) were added water (70 mL)
and triphenylphosphine (119 g) under ice cooling, and the mixture was stirred at 50 °C for 20
hours. Then, the reaction mixture was concentrated in vacuo, and toluene and 0.5 M
hydrochloric acid were added to the residue, and the layers were separated. Hexane was added
to the organic layer, and the resulted organic solution was extracted with 0.5 M hydrochloric
acid. The aqueous layer was basified with sodium hydroxide aqueous solution to pH 10, and
the resulted aqueous solution was extracted with ethyl acetate. The organic layer was washed
with brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The residue was
diluted with ethyl acetate, and 4.0 M hydrogen chloride solution in ethyl acetate (110 mL) was
added to the solution, and the precipitate was collected by filtration while being washed with
ethyl acetate. The solid was recrystallized from N,N-dimethylformamide / ethyl acetate (1 / 10)
to give (R)-61 (45.8 g, 42.2%). "H NMR (DMSO-d6) &: 8.66 (3H, br), 8.22 (1H, s), 7.96-7.89
(2H, m), 4.38 (1H, dd, /= 8.9, 5.8 Hz), 2.04-1.93 (1H, m), 1.92-1.80 (1H, m), 1.50 (9H, s), 0.77
(3H, dd, J= 7.4, 7.4 Hz); MS (ESI): 281 (M+H)". This was employed for the next step without

further purification.

tert-Butyl (1’R)-2-amino-4-(1’-aminopropyl)benzoate D-tartrate [(R)-29d]

138



To a solution of (R)-61 (4.66 g) in ethanol (150 mL) was added 10% palladium on carbon
(1.0 g), and the mixture was stirred under hydrogen atmosphere at room temperature for 8 hours.
The catalyst was filtered out through Celite while being washed with ethyl acetate, and the
filtrate was concentrated in vacuo. Then, 1.0 M solution of D-tartaric acid in ethanol (16.6
mL) was added to the residue, and the suspension was stirred at reflux until dissolving. Next,
ethyl acetate was added to the clear solution, the resulting mixture was cooled to room
temperature, and the crystals were collected by filtration while being washed with ethanol to
give (R)-29d (5.42 g, 75.7%, 95.0% ee). The enantiomeric excess was determined by HPLC on
chiral stationary phase (analytical column: CHIRALCEL AD-H of Daicel Chemical Industries,
mobile phase: hexane / ethanol / diethylamine =95/ 5/ 0.05, flow: 1.0 mL/min, minor peak: tg
= 19.4 min, major peak: ty = 21.0 min, peak area ratio: major peak / minor peak = 97.5/2.5). 'H
NMR (CDCly) 6: 7.67 (1H, d, J= 8.2 Hz), 6.73 (1H, d, J= 1.4 Hz), 6.67 (2H, s), 6.58 (1H, dd, J
=8.2, 1.4 Hz), 3.96-3.89 (1H, m), 3.85 (2H, s), 1.92-1.64 (2H, m), 1.52 (9H, s), 0.76 (3H, dd, J
=17.4,7.4 Hz); MS (ESI): 234 (M-NH,)". This was employed for the next step without further

purification.
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Scheme 20 Syntheses of (6R,1°R)-25d and (6R,1°S)-25d

(6R,1”R)-4-[[[17-[[3°”’-Amino-4""’~(tert-butoxycarbonyl)|phenyl|propyl]amino]carbonyl]-
6-[(5””-chloro-2””-methoxy)benzyl]-1-(2’,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
[(6R,1°R)-33d]
(6R,17S)-4-[[[1”°-[[3°’-Amino-4"-(fert-butoxycarbonyl)|phenyl]|propyl]amino]carbonyl]-
6-[(5””-chloro-2””-methoxy)benzyl]-1-(2°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
[(6R,1°S)-33d]

To a solution of (R)-23b (564 mg) in N,N-dimethylformamide (50 mL) were added (R)-29d

(366 mg, 95.0% ee), 4-dimethylaminopyridine (111 mg) and triethylamine (254 mL), and the
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mixture was stirred at room temperature for 3 days. Then, saturated potassium hydrogen sulfate
aqueous solution and water were added to the reaction mixture, and the resulting mixture was
extracted with ethyl acetate. The organic layer was washed with brine, dried over anhydrous
sodium sulfate, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (hexane / ethyl acetate =1/ 1 to 1 /99) to give (6R,1’R)-33d (485 mg, 71.3%)
and (6R,17°5)-33d (13.0 mg, 1.9%). Diazepane (6R,1°R)-33d and (6R,1°S)-33d showed '"H NMR
spectra identical to (6R*,1’R*)-33d and (6R*,1°5*)-33d, respectively. These were employed

for the next step without further purification.

(65,175)-4-[[[1”-][[3”’-Amino-4"-(tert-butoxycarbonyl)|phenyl] propyl]amino]carbonyl|-
6-[(5””-chloro-2"”-methoxy)benzyl]-1-(2°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
[(6S,1°S)-33d]
(68,17 R)-4-[[[1”’-[[3°’-Amino-4"~(tert-butoxycarbonyl)|phenyl]|propyljamino]carbonyl]-
6-[(5””-chloro-2””-methoxy)benzyl]-1-(2’°,4°,6’-trimethoxybenzyl)-1,4-diazepan-2,5-dione
[(6S,1°R)-33d]

Diazepanes (65,1°5)-33d and (6S,1’R)-33d were prepared from (S)-23b and (R)-29d
(95.0% ee) in a similar manner to (6R,1°R)-33d and (6R,1°S)-33d. "H NMR spectra of (6S,1°5)-
33d and (65,1’ R)-33d were identical with those of (6R*,1°R*)-33d and (6R*,1°5*)-33d,

respectively. These were employed for the next step without further purification.

(6R,1’R)-4-[[|1’-[(3’-Amino-4"’-carboxyl)phenyl]|propyl]amino]carbonyl]-6-[(5>”’-chloro-
2>”-methoxy)benzyl]-1,4-diazepan-2,5-dione [(6R,1’R)-25d]
1.0 M hydrogen chloride solution in acetic acid (10 mL) was added to (6R,1°R)-33d (484

mg), and the mixture was stirred at room temperature for 14 hours. Then, the reaction mixture
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was concentrated in vacuo. The residue was purified by silica gel column chromatography
(chloroform / ethyl acetate / methanol / acetic acid=7.5/7.5/1/0.1). The product was
dissolved in ethyl acetate, and hexane was added to the solution (ethyl acetate / hexane =1/ 1),
then the precipitate was collected by filtration while being washed with diethyl ether to give
(6R,1’R)-25d (166 mg, 50.4%). Diazepane (6R,1°R)-25d showed a '"H NMR spectrum
identical to (6R*,1’R*)-25d. MS (ESI): 503 (M+H)"; HRMS (FAB): calcd for C,,H,;CIN,NaO"

525.1511 (M+Na)", found 525.1485; [a]*’—16.0 (¢ = 0.1, methanol).

(6R,1°S)-4-[[[1’-[(3”’-Amino-4"-carboxyl)phenyl]propyl]amino]carbonyl]-6-[(5’’-chloro-
2>”-methoxy)benzyl]-1,4-diazepan-2,5-dione [(6S,1°S)-25d]

Diazepane (6S,1°S5)-25d was prepared in a similar manner to (6R,1’R)-25d, and showed a
'H NMR spectrum identical to (6R*,1°R*)-25d. MS (ESI): 503 (M+H)"; HRMS (FAB): calcd

for C,4H,7CINyNaOg" 525.1511 (M+Na)", found 525.1530; [a]*°p +25.1 (¢ = 0.1, methanol).

(6S,1’R)-4-[[[1’-[(3”’-Amino-4"-carboxyl)phenyl]propyl]amino]carbonyl]-6-[(5’-chloro-
2>”-methoxy)benzyl]-1,4-diazepan-2,5-dione [(6S,1’R)-25d]

Diazepane (6S,1°R)-25d showed a '"H NMR spectum identical to (6R*,1°S*)-25d. MS
(ESI): 503 (M+H)"; HRMS (FAB): calcd for C,,H,;CINyNaO," 525.1511 (M+Na)", found

525.1520; [a]*p +49.1 (c = 0.1, methanol)

(6R,1°S)-4-[[[1’-[(3”’-Amino-4"-carboxyl)phenyl]propyl]amino]carbonyl]-6-[(5’’-chloro-
2>”-methoxy)benzyl]-1,4-diazepan-2,5-dione [(6R,1°S)-25d]
Diazepane (6R,1°S)-25d showed a '"H NMR spectrum identical to (6R*,1°5%)-25d. MS

(ESI): 503 (M+H)"; HRMS (FAB): calcd for C,4H,;CINyNaOg" 525.1511 (M+Na)’, found
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525.1489; [a]**p—42.3 (c = 0.1, methanol).

Preparation of single crystal of (R)-29a
Ester (R)-29a (10 mg) was dissolved in a mixture of methanol (0.5 mL) and water (0.2 mL),
and the solution was allowed to stand at room temperature for 16 hours. The precipitates were

collected by filtration to give the crystal of (R)-29a.

Preparation of single crystal of (6R*,1°S*)-33a

Diazepane (6R*,1°5*)-33a (8 mg) was dissolved in a mixture of 2-propanol (0.6 mL),
methanol (0.6 mL) and water (0.12 mL), and the solution was allowed to stand at room
temperature for 24 hours. The precipitates were collected by filtration to give the crystal of

(6R*,1°S*)-33a.
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