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EIVERAREI S (osteoarthritis, OA) %, BAEIO A ZIER & Lz T BB RED—>T
HY., ENTKT00 T A, BKHZAGDET3000 H AL EOEBENTFET D EEbs, EfEio
JAEIERE LA LE LTiX, U v~F (rheumatoid arthritis, RA) 23—#HTH 25725, OA
BEHIT RA BERITH AR 10 5 & EEMICE <, Akt 0T & HITH R 5 BEROH
MR FIAEIL TS (Table 1)

ABEEOIRFIEE LTE, 1) RIESWRAEZIMZ D0REA 2) ERS THLHET L e gD
BAETERNNFET 200D, H EFTHRERIETH V| WAMZRIGIFRIEN W E WD OREBLRT
Ho, Y

Table 1. Epidemiological survey of OA and RA patients

Osteoarthritis epidemiology

Country 2002 2007 2012
United States 13.2 14.4 15.5
Europe 14.5 15.2 15.8
Japan 6.6 6.9 7.2
OA total prevalent cases 34.3 36.5 38.6
RA total prevalent cases 2.8 3.1 3.4

*Number (in millions) of diagnosed total prevalent cases of OA

OA /L, BEiRETY via &L LU TREET DB DBIEINDS Z & TRIEL., 2 OE O
FREH, e T Am g aZ =y TV DI T Doy kAR DAL
EHZENMHENTVS (Figure 1) . 2 OA BFHEIKTIZHV T, BEMERT 7 ) 5 Ok
Wrir, T7bb, ZJAZIUER 3737 7= 374 T 7V B rngirEnizE i (NITEGE
DIk ) SMEIIL CTWD 2 &b, ZOnE R 5557 OA OEERTFLEZEX LN TE N

(Figure 2) ' ZOEGHBT 7V AF—EThHDHZ LB bnEARy, Y Lok, 7270 ) —8
BREAI B SRR L LTRSS D L) itz

77U J1F—8 & LTI, aggrecanase-1, aggrecanase-2 D DDV 7 ¥ A T OFENR LD
LW 7T 7Y =8 KO v v AT LRk 2 & L7k R, %% D KO ~ 7 ZAD R
RE DRSO BT Z L e, BIfE aggrecanase-2 DNE DO LM KD X —47 v b ThHDH EH
ZbhTng, ©

M3E  1Cso: 50% inhibitory concentration; CYP: cytochrome P450; PK: pharmacokinetics; Ms: microsome; Cspi,: plasma
concentration 5 min. after administration; t,,: =J8]; AUC: MM PRI, CL: 7 U 7 7 A; Vdss: sy fiZefd; MRT: -
Y B2 REfE]; BA: bioavailability



Figure 1. Structure of cartilage and aggrecan
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Figure 2. Aggrecanase cleavage site of aggrecan core peptide

7 y“ U jJ N2 T4 hF—EOEREMI

Aggrecanase

NITEGEGIW i = OAREBEEIRP MR D bhb

ZO XS RILF, 2001 4 Dupont #H12 & > THRFID aggrecanase PLEH] 1 "5k Snr-, 7
113, & Fe X% AFE% Zn binding group & L CHFOE T 71 7 & LTI A I 11, aggrecanase-2
WZXF L ICso =17 nM & N = L EEE 2RI b &M ThH - 7= (Figure 3)

bt Re X3 AT, Mokt 2 W GRED - DiE 1 e BRI CX 5 —T0, ZOFEHE
LT 2% OEWH, BE, BOBINHEOK S CEEFEOHAN LT L 2RER SN
Tx7=, Y HFE 1 OREUKE, HHTE RERVLOD, 2, 3 Lo 7mdEE RSt AR
IEEMDOREPHRNTED | RPRIEA—H—NZ 5 LY AT 257 LTWDHZ LN 0
Nz, °



Figure 3. Precedented aggrecanase inhibitors
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£ Me Me
1 (DuPont, 2001) —> 2 (Wyeth, 2007) 3 (Wyeth, 2008)
Agg-21C,, = 0.017 uM > Agg-2IC, = 1.1 uM Agg-2 IC,, = 0.35 uyM

LbED &5 725 a ) ke Fa X3 AmAULEY T O aggrecanase FLEHIAIR 2 B #9IC
AR A BAR LT, U — MEBWARIRIC S0 N7 I IV TA4 75 U =2 THE+ T &
MEEWM DT o HEAT ) —= 2 T E T, EEE R TILEWIG o2 oiz, £ T,
DuPont #LFERIE 7 v ZRULAEHTO U — RAIMICHEIEZ8) 0 B2, 7 /BE7T 7L —Fh
. SEZERT VLA AR = AR TS ALEIZ W TCART =T 0 IZEATALEM O
BRa %R L7~ (Figure4) , '°

Figure 4. Library synthesis for lead generation

Tnrual R oor 73 8 73— or
ANE=praly R h TAXEANTGA R Rb
HN  me Ra s RE
Ra—Cl O:e<Rc' Rb—X 028<RC'
OH = OH

BEICKRST 2 BHEAROTH T, 5212 ICso=0.084 uM & 472 aggrecanase-2 PHLETEMEAFE
DIV, WERRFIR b E X, ZokEmE ) — MMEGmE L TRIRT A2 & L (F—5FH
—fii) . 'V 2D SaltoNTH S N OLREERIICIT o oG R, AR T 2 R, v ok
7 a R B EOMSHRT X0 IEMER EASRES DTt il S— ~ D2 A FH RIS TV (Figure 5) |
5q %, aggrecanase-2 [HEVEMED KIEIZSGE LI (kA a RN Z LIS LT, BERDB LI

ALEW B MRIZIE. MMP-14 Z D FEJEHN A Z v 7'a 77 — B4 2 IRPEDO K anH3 B L,



BRI IE A R SN b OO0, 0% SBEEREE. RPEMHEERY 7o T e T I @
BEAT S L CRIEA L, BRERTH D T OFRICE-T- (F=E ) | 2

Figure 5. Discovery of lead compound Sa and optimization pathway

O O F z =
2 2H
CIS_N ¢ 5% N7\
/ I S-N X N-S-N  Me

5a 5q 7b
Agg2  0.084 uM 0.0029 uM 0.0084 uM
MMP-14  0.19 yM 0.017 uM >10 uM
MMP-1 4.1 yM 1.0 uM >10 uM
TACE  >10pM 3.8 uM >10 uM

Plb, Tb Ziho L LiomistE, mERAY aggrecanase-2 FLEFIAIHICHTZYD . AEEHEH O 7
WM EROBAN, T L TCZIUTHEIFT LW I A N —OBENLE L Iz GB—35E =),
FT. AR EEEOR TH L LB 7 a7 IV BEEHICOWVWTIE, BLFOE, J72bbh,
1) AF L l=wn BinbENINDL T 2=y n T a R ARV B2 D 2RI
2) MEEEFEDODIRNE AT OB ENKIHE, 3) Curtius #58, MIKGMEZRET, 7 /1R
E’%’\&%é‘ 4) HFRENZ L > THIMERD, LW D 7T e > Tt A Ei L 7 (Scheme
D .

Scheme 1. Synthetic strategy of phenylcyclopropaneamino acid portion
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—7J7. aggrecanase-2 BIRMEFBUIAR TR 72 —BRMEERBICOWVWTIL, FERITHEERZ, 2 TW
BAUEUG 2t TR A~E S . S W ) BRIED b & G AciET 2 i L7= (Scheme 2) . — A7 /L&
7y a—)V &8 BT % pyrazolo[1,5-alpyridine & % VM3 imidazo[1,2-a]pyridine &KL, 2
NOOEHIEZ R IZ L TERIRT I Va5 2 & THJEEM Tb 552309 2 iR EHRER
DEBATI LT (GF 55 )

Scheme 2. Synthetic strategy of heterotricyclic portion

X, Y,W=CorN
P = Boc or Cbhz
n=1lor2

W B DR ~OEHIL, 7 /B — b eraaAVR=LA VT F—h Zan
X )=V EERESES 2L THLILD PIRIRICEB B 2 T TG S8, BR#EZITO &
WO BRI HIEIC KV T 2 2 LA TE L, KRB, BRBEEIIEICENL, £ < OFERBENF
ET DR T CTHEBLDANFE=NT LT fEEOHETER TE HMD TH R FIETHDL Z LR
bnotz GB=8FH—H) , 2B, BREMHTH D Tb i, HREHOERII OV TEW TEK (14
THE) EARWIE (0.5%) & \Wo e BmiyZe B Z fx TWehy, TR R O R KIE 722 TR
ENEOE EIZRE L, KB E KRG TE 2 EANRARIEZERISEL N TER

S A A

(36 =35 _H) .
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BFE—® Aggrecanase [RETEME & BIRMOUGE
B U — NMeEwoR|R

Bt kSMbeEMmER W7 v X LAY Y —= 27T, aggrecanase-2 (LL T Table H Tl
Agg-2 L) EEEZ R LEYN AT ol 2 e, REaT7 X7 F FEEZE#RL
DD T BET VT L— MINT T A IZEATACEMOE R Z LG LT, BE IR SFHEE
DHT, 4a, 4b, dh L Vo727 IV BEN D-7 2=V T T =0 AARYT I RER, 4-7 a8
BT = = AR SN BEAMO AT 1070 4 — 2 — DI EEMAGRD HA7- 2 & 525 (Table 2)
_m%mA%®%$%L%ﬁﬁbf;Dﬁﬁﬁ%@%%hbtoﬁ@@ﬁ%&4h%ﬁ%%ﬁ’

B OEMiEER LI 2 A, ATFNAVEEZEA L 4 [TIEEOTERNEO bD —T7,
r:f7m/\/ﬁ%ﬂ%b\f7:%/v77ﬁ/®:/72L;l—~‘/a vEEFEN LT 4f 12, {E“‘riﬁirbxaa
W, 'O 22T A OERAMESR LI E 2 A, 4o, 4q. 4s [IEHEO T LT B
B, T EOERIZH L TEEOEAWNZ UL, RAERICARHED & OB A HH X R )
WrL7- (Table3) .

Table 2. Agg-2 inhibitory activity of N-substituted phenylalanine derivatives

0L r
cl S-N
HO
o

% inhibition| Agg-2
at 10 pM | ICso (uM)

Compound | Enantiomer R

4a R H 32

a ..%9 f%
4b R Me 8.0 “ O O S:Ng\/.?/N

4c S Me -0.12

4i

4d R ~ 46
de R /Tj 22 a—{ ) CD%%Q;EQ
p |0 | w Ho—_ <>
4g k| 7.3 IwaozouM

4h R /\/’Q 1.6




Table 3. Substitution effect on N atom of the sulfonamide

Cl

S-N
HO—
)

Agg-2 Agg-2
Compound R 1Cso (uM) Compound R 1Cso (LM)
FN
4 AN 0.20 4p P, 0.32
[¢]
o
_N
4K /\/p 031 4q e 0.073
o [¢]
% =N
4] /\/N\( 0.22 4r /\/N{ 0.23
(@] O/ OMe
_N
4m NN 0.21 4s SN ’§‘> 0.071
© =N
S "
4n N0 0.18 4t AN 0.17
} 1S
~ ]
40 /\/’\Q\OMe 0.078
[¢]
—J7, BHREPKFIZT Ho7 I B OMIELE S KES L7z 5a 12, 40, 4q. 4s E[FRIED
aggrecanase-2 [HEIEMENFEO H 7z (Table 4) .
Table 4. Profile of lead compound 5a
O\/S3 Q\//O
c:| —H/ CIS—N
HO Ho—sv""
o O
S5a ent-5a
IC,, = 0.084 uM IC;,=0.21 pM
it PR
(FRAEER)
Compound Mw feiZs i AR 4 Vet
M Human S9 Rat S9
(cmv'sec*10°®) (uM) 10 min 60 min 10 min 60 min
5a 427.92 25 18 = 104% 108% 94% 97%




Sa 1E. 4o SITHASTED 100 < b/ASWICHBEDb LT 10° F—2— L) B
aggrecanase-2 PHEIEMEZ R L, FAN U —FREOLOI L B2 5, Baswk, w3
BEMEE WS T-WHERIE S b TR REEZ R Lz, 295 LEALRIZMZ 5a &2 08Bk TH
% ent-5a [ZIFMHEZENTRD v, b T D et OE W TEER EIC2722R3 5 2 L ARIB I NTT20,
KeEWMzE ) —FERBEL, HEbEAZ— 52L& LT,

FH U — MEEMD b DRl

S5a OIREILEITOICEE L, THRDIC, AR T I FOBHICET L, ALKk
DFERTHRUBUVBREEM LI ZA, AT =0T FHulThHD 5b b nen bigtm b
NHER S22, ZOMNET 47 = ZEE L, R~ B B2 1o JONE RIE K 2 6 Rk
L7z (8c, 5d) . fEH, T EHATH S Sb 23 b8V aggrecanase-2 FHETE A R9 2 &30
Molz, 22T, N7 HAO7 ma iz Bk LB oMU EROER AT LA, SfD X
INIRE VBRSO EWIZ S 5a & [FIEOIEMENRD bt/ (Figure 6)

Figure 6. SAR of biaryl portion

Q. Oy
S-N
HO
o)
5a

IC,, = 0.084 uM

| Cl
_ ) m{'w“
s cl s s N s NN
L W a ly W U

5b 5¢ 5d 5e 5f
0.060 M 0.094 uM >1.0 uyM 0.10 uM 0.080pM

C

ZOEICLTHLNTESD & SEDANLKRLT I REEFIHL, Sl &fHinTr 7 ra U b
DAESG A FhE LT, FER, 7 u7u v E7 =1 E geminal (LIZ VAR CERIZH L b T v
ABLEIZ A T NVEEEZE AN LT2bEY. £ LT vicinal (22 VARV EEE 2 ABLEIC A FL % E
ALTAEAIC, HEREER EARD b, P T 5k 12, ICso = 7.4 oM & 10° A —%—
aggrecanase-2 PLETE AR S - (Figure7) . 'V



Figure 7. SAR of cyclopropaneamino acid portion

* Sb analogues

0.0 0.9 9,94
—S-N_ Me —S-N, —S-N,
HO HO HO—f Y
o O Me O Me
5b 5g 5h 5i*
IC,,=0.060 uM 0.010 pM 0.021 pM 0.12 uM
* racemate
* 5f analogues
=N
cl w
\
{“ 9, Oy Q.0
—S-N_ Me —S-N,
HO HO
o) O Me
5f 5j 5k
IC,, = 0.080 M 0.032 uM 0.0074 M

Figure 8. Discovery of tricyclic heterocycles as biaryl portion

N 5k
, 0.0074 uM

\N ~ ~
o~ veo— ) me—CH
)

51 S5m S5n
> 1.0 uM 0.017 uM 0.019 uM

(7]

CI\Q “ B

N\ N-_s N )~-S s s

| N, \ \ \
NI/)i L/ Y Y Y4

N
H

Iz
Iz

50 Sp 5q Sr Ss
0.023 uM 0.029 uM 0.0029 pM 0.0083 pM 0.010 uM



N TR 72 BLETEVE 2 3 SK O A LR = VD& & 1T -7- & 25 (Bl-n) . F4 7 = L8
4 ATFNIZEN LT S DNEMEE R Z T 2 b o7c (Figure8) . @HET U —/LERO
M~OEHEILEANIL, BRELO HAZERIE LT BB, £DZ L BRETHEESER L
TRl S22, ZOMGREZRRGET X< BT U — /L 24806 L7z ZBRME R So-s DA A
Tolc. MRk, PREBVIEHEORIEPHER I, TTH 5q 12, ICsp=2.9nM & ik THE S
N7z aggrecanase [LEAIOH T (ICso=17nM) . ”  fi 907172 aggrecanase-2 FLHIEEA
s bz,

T TINOAEMOREMEZHRT X, Zn A v 7 v 7 7 —EBHEHOMEICB T LIE
LIT@ERMEOHEE L L THWDL LD matrix metalloproteinase-1  ( MMP-1) matrix
metalloproteinase-14 (MMP-14) | tumor necrosis factor-a-converting enzyme (TACE) 7% 3#{R L
T BEEEOWEZT o7, fEHR. 5q IR SN 5 —lDLawIt TACE 12 LTe#t% <3
—J7 T, MMP-1, MMP-14 ~O@ERENAR 4 ThHDH Z & nbro7- (Figure 9) , BERAFA
DBFIZ BV TRIWERANTIBEN 2R B BER L, B U X7 &Z 26N 2 800,
KR A b > T IR BLAM OB T L £ RE LTz,

Figure 9. Selectivity against other zinc metalloproteinases

5k
0 Pn
<R Agg2  0.0074 M
j MMP-14  0.0034 pM
HO S MMP-1 0.18 uM
¢ TACE 4.0 pM
=N =N =N
C'{N S Meo{,\\l } Me{\:'\\l .
51 Sm Sn
Agg-2 > 1.0 uM 0.017 uM 0.019 uM
MMP-14 0.0013 uM 0.0012 uM
MMP-1 0.033 uM <03 uM
TACE 1.6 pM >10 uM
F
CIC c—( cl
\ N—_s \ =S s s s
N
\NM N~ N s N s N s
H H H
50 Sp 5q Sr Ss
Agg-2 0.023 uM 0.029 uM 0.0029 pM 0.0083 M 0.010 uM
MMP-14 0.10 uM 0.10 uM 0.017 pM 0.0080 M 0.025 uM
MMP-1 1.5 uyM 1.3 uM 1.0 uyM 0.23 pM 1.3 uM
TACE > 10 pM >10 pM 3.8 uM 1.1 pM 1.9 uM
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B 7o aRr T 2 BERE. BEIERMEICBE L it Roa 3 AR
T NNERLTEY, 204 DFAREEEZEN LD,

ZPCET % R
ER@@&%%E%LTEﬁéAﬁ

BB AT T~ BAFEPTIL. EMHICHET A ALK T I R, v 7aerua XU B RHcESE LIE
D, ERICALER LT S REBICOWTIE, AL 77 3 REZALKRLT I R4 ﬁ%&bf%m 16

D KGR I RIE A A AT D 2 & TR EOSR D Z o7, SO IEHIIE TR T35 b D0 5q
L [A5E D aggrecanase-2 EIRNMEZ R 6a 2 U 7 7 Lo 2k E LTHW, HEROEY A X0
AT BT ONEOELZITH 2 & TEDOEBIIOWTHRE2{T>7- (Figure 10) ,

Figure 10. SAR of tricyclic amine portion

5q
Q\S:'(—)H Agg-2 0.0029 pM
3 MMP-14  0.017 pM
Ho MMP-1 1.0 pM
O Me TACE 3.8 uM

c—( N 7 um
N j— /

/
6a 6b 6¢c 6d 6e
Agg-2 0.066 uM 0.11 pM 0.039 uM 0.060 pM 0.021 uM
MMP-14 0.28 uM 23 M 0.42 yM 0.61 uM 0.27 uyM
MMP-1 3.7 uM >10 pM >10 pM >10 pM >10 uM
TACE >10 uM >10 pM >10 uyM >10 uM >10 uM
. N N Ny N Me N MeO N
N\ N\ \ \ N\
\@NhN— /@NHN— \@J—\N \@NhN— \@NhN—
_/ F / _/ / /
6f 6g 6h 6i 6j
Agg-2 0.020 pM 0.10 uM 0.25 uM 0.32 uyM 033 uM
MMP-14 1.1 pM 0.24 uyM 4.9 uM 0.90 pM 4.3 uM
MMP-1 >10 uM >10 uM >10 uM >10 uM >10 uM
TACE >10 pM >10 pM >10 uM >10 uM >10 uM
H
Fa A F /NN F N
6k 6l 6m
Agg-2 0.017 pM 0.0086 uM 0.038 pM
MMP-14 2.1 uM 0.14 uM 0.098 pM
MMP-1 >10 pM 4.2 uM 2.3 uM
TACE 6.3 uM >10 pM >10 pM
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6c—e 7% 6a &[S0l EOfEM % xd—J7, aggrecanase-2 BIRIMEDLFE TR ST, 5l &
THWNES 72 1,2,3,4-tetrahydrobenzo[4,5]imidazo[ 1,2-a]pyrazine EE/ S S5 6d &,
KI5 BB DEHILN ROV THF 21T o7z (6f—)) , Mk, 7wz 7 A m I8 LTz
of (2, {EVED M b & AT RBRIEOUEDN MRS S vz, € 2 THE 6f O ZBRIEEHRRITOL
Bz T\, AR U — XOH The O aggrecanase-2 FLETEM: (ICso = 17 nM) &34 0% (> 120 %)
T 6k (6e D7 AT Fu ) ZEHTZEICHKII LT,

BZRIZ, ZOLHICLTCREENZ 6f, 6k Z W T 7 a7 a8 BiE#ILO Rk % Ll
L7z, —#HOLEWMOF T, 7 a7 a Ui EO7 = =)V geminal (12 A FVHEEZE A LTk
&% Ta, Tb 73, aggrecanase-2 FHEIGMED M L& 73 &2, MMP-1, MMP-14, TACE &\ »
ZRE Zn A2 v 7n 7 7 —BIZH LTI 10 uM &0 ) EREICB W CHIREEEZ RS9, E
5Ll o aggrecanase-2 @A RT 2 L 3o 7 (Figure 11)

Figure 11. Substitution effects on cyclopropane ring

N

F N F
7 =
\>_
O\\ /pH N / O\\ ’/OH
N N-S-N Me A N-S-N  Me

/
HO HO
O Me O Me
7a 7b
Agg-2 0.014 pM 0.0084 uM
MMP-14 >10 uM >10 uM
MMP-1 >10 uM >10 uM
TACE >10 uM >10 uM

b Ta, Tb OFREKEZFILS LT, 77 A4 =271 —7I2 LV aggrecanase-2 DOi&E G #H
BB SN RIRVEYGE ORI VT & 72 MMP-14 ORI S AR TH o722 &b,
WS R ND Ry R TETFAEERT D 2 LT, T DR B BLEEE, BRI
DA =R NZANTEREFFo 12,

RyX o 7T AnblE, v7ar7raxrig E7 o=V vicinal iLD 2 F/LVH & aggrecanase-2
EOMICEREN M AERITRD ben—70 T, 7= = VA HOIHITIEEMER 7 v N OIFE
DRI NT-, AT IVIIISNARZRIZ X > T vicinal (iR B UBROEERZMEIT 2 & FHEIND
72, ZOBBEMEEICLs CBlEEZENT-ary T+ A= a VBN, Ry b= R
DO HEAERH 2 8858 L 7 K5 aggrecanase-2 FHETEMEA M B L7 b 0 & HEEL 7z (Figure 12-1)

FIARETNND BHEEEA I X —VERFFEHEICMMP-14 D7 v U 2259 (Figure 12-2)
v a a2 MEEHICIER 7 = =T T = 198 OFIERR D bivz (Figure 12-3) , A
R WTITEREF — W VR = VEBRFE OFENIE, BB BN TUIAF NI B RO
BCFEDRIK & 72> T MMP-14 OJEMEDEES L7245 F. aggrecanase-2 B2 KigEIZ W) - L7 & H#E
BT LHTELNTED, Uk, Thb OIEMR L LEBIMEOUEN, X BEHFHRICE > THRDTY
— XTI TE D5 Z EnbhroT,

12



Figure 12. Docking model of compound 7b

)

2
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(&)

N . s y "g_
A
Phe198; |

BRI fiige ik OFRAKEPE & LT, LERH SN7ALEM D aggrecanase FIRMEIZ DUV TR IZFEA
WZRETZ T o T2, gk, 7b 75 MMP-3, MMP-9, MMP-13 & o 72 &AL mV Zn A & |
Ta 7T —RIZH LT HIRIERE R 2 R 2 E b o7- (Table 5)

Table 5. Aggrecanase selectivity of Sk and 7b

OH ! _)—Cl oH N F
Me O Me O
S5k 7b
ICso (uM)
Aggrecanase MMP
Compound TACE
1 2 1 3 9 13 14

Sk 0.0040 0.0074 | 0.18 0.068 0.058 0.0034 0.0039| 4.0
7b 0.023 0.0084 | >10 9.6 >10 >10 >10 >10

14



KA I FMEDOFRIE L 72 % 6 FiIHD CYP IZxf LT b HEEM A /R S 77, aggrecanase U7
D TEWMEEMTH 5 Z &R s vl (Table 6)

Table 6. CYP inhibitory activity of 7b

Pre-
| cyp3a4T) | CYP2c9 CYP2D6 CYP1A2 CYP2A6 | CYP2C19
incubation|
) [>50 uM (13%)[>50 UM (44%)| >50 UM (7%) | >50 WM (6%) | >50 UM (6%) |>50 UM (10%)
) [>50 uM (28%)|>50 UM (37%)| >50 LM (8%) | >50 WM (9%) | >50 UM (0%) |>50 UM (30%)

Conditions for reaction: 0.5-50 uM test compounds and CYP-specific substrates, 1 mg protein human liver Ms/mL, 3.3 mM MgCl,,

1.3 mM NADP’, 3.3 mM glucose-6-phosphate and 0.45 unit/mL glucose-6-phosphate dehydrogenase were used.
10 min of incubation in 100 mM potassium phosphate buffer (pH 7.4) at 37° C.

The activities of each isoform were measured by CYP-specific substrate reaction probes.

Test compounds and the substrates were dissolved in DMSO so that the final concentration of the solvent

in the incubation mixture was <1%.

Competitive inhibition of human CYP (3A4, 2C9, 2D6, 1A2, 2A6, 2C19) isoforms.

These activities were determined without or with various concentrations of test compounds.

Time dependent inactivation of human CYP (3A4, 2C9, 2D6, 1A2, 2A6, 2C19) activities.

Human microsomes were preincubated at 37° C for 60 min for inactivation of CYP activities with various

pre-incubation(-):
pre-incubation(+):

concentrations of test compound in the presence of an NADPH-generating system.

F7- PK sBROAEE, Th 13, A B2 CEWmPRER (AUC) | FiFtk (CL) 277~ L (Table
7). Ty MEORIPEC BT BN R ORI EAHER Sz 2 25 (Figure 13) | Bi&H)
AL E BRI L ORI B o b a i Lz, P

STAET A RN T 27U - —BHERTH S Agg-523 OEKRRBMAL #%ELTHY . 20 i
N7 7Y B —PHEES L EVRIRG A RS Th 12, 29 LIS, B LUWA TR
R L LT CHEEEZ NS,

Table 7. PK parameter of 7b after intravenous administration (1 mg/kg)

Csmin ~ t2as-15min)  tijop AUCq jnr CLtot Vdss MRT

(uM) (h) (h) (uM-h) (L/Wkg) (L/kg) (h)
Rat 28.9 0.20 4.1 40.8 0.061 0.2 4.1
Dog 32.0 0.50 5.8 37.3 0.059 0.14 2.3

Administered at 1 mg/0.5 mL/kg in a solution of solutol:ethanol:H,O = 4:1:5.
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Figure 13. PK parameter of 7b in rat after oral administration (10 mg/kg)

@
tmax Cmax t1/2(Tmaxf24h) AUCOfinf BA MRT
b (M) (h) (uM-h) (%) (h)
1.5 54.1 4.0 421.2 103.3 5.9
Administered at 10 mg/5 mL/kg in a solution of solutol:ethanol:H,O = 4:1:5.
(2)
100.00
s 10 mg/kg (p.o.
\E_Z} 10.00 . gke (po)
2
S .
o 1 mg/kg (i.v.)
& 1.00 ‘.
=
9
0.10 T T T T T T
0 4 8 12 16 20 24

Time (h)

HH ALEM OB

U— MEAEWAIRIZ & 720 . Scheme 3 D EFHIZHE > TRARBWMIIERART X /& -Bu =271
AW TEH Loz EfE L7, 'Y 37bbH. 4-(4-chlorophenyl)benzenesulfonyl chloride (=
LD ANF = fbD%, EENICEOND 9 2T 522 T vF1{kl (4a, 5a, ent-5a
WZOWTidstepb #EL) | REICHIRELZTTO Z L THI~LFHE LT (Scheme 3) .

—FHV—F{LEW 5a OT F a7 AR onTiE, (LEWw 10 2 HEWE L L THWL,
5-bromothiophene-2-sulfonyl chloride (2 & 5 A /L7x =14k, Suzuki coupling = H\ /- EH#L~7 = =
NWIEDBANZRE T, FRIST VA VKD RZLT S T & T Sb—d (28 /= (Scheme 4)
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Scheme 3. Syntheses of 4a—t, 5a and ent-5a
O..OH Q[ ,R3
H,N R . CIS—N R pe CIS—N R
2 W , RS
tBuo— < T t-BuO~g\R2 - Ho~g\R
o) o 5
quant.
R! R2
8a Bn H 9a
8b H Bn 9b 4a-t
8c Bn Me 9¢ ent-5a
8d (S)-CH(Ph)CH, 9d 5a
8e (R)-CH(Ph)CH, 9e
Compound . R , Compound Rl . .
(Yield) R R R (Yield)
4a 41 l/\
B H H (S)-CH(Ph)CH, N ©
(79%) " (60%) i \g)
4m
4 Bn H Me .. | (5)-CH(Ph)CH, N
(82%) (73%) T
4¢ 4n m
H B M (S)-CH(Ph)CH, A~ N0
(82%) " ¢ (78%) )Y
4d do (S)-CH(Ph)CH @
(70%) Bn H Y (52%) z e T ove
4e 4p =N
-CH(Ph)CH
(59%) Bn H AO (52%) (S)-CH(Ph)CH, ND
4f 4q FN OMe
B H (S)-CH(Ph)CH, 2~
(95%) n A@ (38%) i o
FN
4g 4r P
Ba | w " |-cuenen, |~ ﬁ
(39%) ! A/© (56%) o7 ~OMe
4 =
4h Bn H NQ > | (9)-cHPhCH, NN{w)
(52%) { (85%) .
4i 4t =N
B | M » (S)-CH(PR)CH, | ~_te)y
Gs%) | ) g (79%) CN
4 Q entSa | o cH(Ph)CcH H
-CH(Ph)CH - 2
(70py | OCHEICH: |~ ©7%)
O
4k S5a
-CH(Ph)CH (R)-CH(Ph)CH, H
oaney | (SFCHPRICH: Nt} o9

“Reagents and conditions: (a) 4-(4-Cl-Ph)PhSO,Cl, pyridine, CHCls; (b) R*X, K,COs, DMF, 60 °C; (c) 4 N

HCl in EtOAc
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Scheme 4. Syntheses of Sb—o

Br
S A LH
HN, R | SN

MeO

10 11

3
nHCl HN R

A Cc
R'0—/ >
O Rl hz

8e (R, R% R*=H, R* = 1-Bu, n = 0)

8f (R', R2=H, R*= Me, R* = #-Bu, n = 0)

8g (R'=Me, R2, R3= H, R* = -Bu, n = 0)

8h (R!, R3*=H, R?= Mg, R* = Et, n= 1), (racemate)

Compound A Rl 2 | &
(Yield) '
Cl
Se =N
«L < |H |H |H
(91%) 5
=N
5t C'&N . g lu lu
(88%) )
5 Cl
& s H |H [Me
(71%) 5
5h Cl
s |Me|H |H
(87%) >
i cl
1
s |H [Me|H
(35%) 5
; =N
i e, H | H |Me
(85%) -

R
S O\/O
| )—S-N
b / ’
— HO
o
5b (R = 4-Cl), Y = 50%
5¢ (R =3-Cl), Y = 42%
5d (R = 2-Cl), Y = 45%
Q, O
Ar—S-N R’
Ho—/ ¥
O R'R’
S5e-o
Compound Ar R 2 | &
(Yield)
=N
5k a{N . ve lu | w
(91%) -
=N
st e Me |H | H
(83%) -
=N
S5m Meo{,wV s Me l B | B
(41%) -
=N
sn | vl Me |H | H
(34%) -
>0 C'@N\ S IMe|H |H
(57%) \NM

“Reagents and conditions: (a) 5-bromothiophene-2-sulfonyl chloride, pyridine, CHCl;; (b) (i) ArB(OH),,
Pd(PPh3)4, 2 M Na,CO;, DME, 90 °C; (ii) 4 N NaOH, ethanol, 90 °C; (c) (i) ArSO,CI, pyridine, CHCls; (ii)

4 N HCl in EtOAc or 4 N NaOH, ethanol, 90 °C
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F77. Se—0 12O\ TIX 8e—h ZJFELE L THW, XnT A7V — LA )LKR=)Lr7al) RtDh v
TV, WR#EERC, B~z D e85 Scheme 4 FCHW ST U —L ALk
=nZ7nr Y R (Scheme 4, stepc) [T\ TiX, Scheme 5 O HFIEITHE > TEKEIT ST,

Scheme 5. Syntheses of arylsulfonyl chlorides

Cl
Br S a S O\\ //O
\E/) - | )—s-ci
12a 13
Y =40%
Br_-s b A~S, 0,0 14a (Ar = 4-Cl-1-pyrazolyl, R =H), Y = 53%
I/) ’ | )—s-ci 14b (Ar = 4-Cl-1-pyrazolyl, R = Me), Y = 68%
R R 14¢ (Ar = 4-MeO-1-pyrazolyl, R =H), Y =53%
14d (Ar = 4-Me-1-pyrazolyl, R=H), Y =13%
12a (R=H)
12b (R = Me)
Cl
~N
Brzn S c AN S
\E/) — | )—s-ci
15 16
Y =66%

N N
Cl

Cl ol

17 18 19
Y =56% Y =85%

; Cl\QN | S, OH g CI\QN | s 0,0
N T e TR
N~ o N—~7
20 21
Y =28% Y =79%

“Reagents and conditions: (a) (i) i-PrMgCl, THF, —40 °C; (ii) 4-chloroiodobenzene, NiCl,, 50 °C; (iii) Ac,0,
¢c-H,S04, EtOAc, 0 °C—r.t.; (iv) DMF, SOCI,, 50 °C; (b) 4-substituted pyrazole, Cu,O, salicyl aldoxime,
Cs,CO;, DMF, 150 °C; (ii)) Ac,O, ¢-H,SOs, EtOAc, 0 °C-r.t.; (iii) DMF, SOCl,, 90 °C; (c) (i)
2,5-dichloropyridine, Pd(dppf)Cl,-CH,Cl,, THF, 50 °C; (ii) CISOsH, r.t.; (d) (i) 2-amino-4-chloropyridine,
DME; (ii) ethanol, 80 °C; (e) (i) NBS, CH;CN; (ii) CaCOs, H,O, CH3CN, 100 °C; (f) (i) ethyl thioglycolate,
NaOtz-Bu, ethanol, 100 °C; (ii) 4 N NaOH, 100 °C; (g) (i) Cu,0, quinoline, 200 °C; (ii) CISO;H, 80 °C
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S5¢ FEORMICHIEL 725 13 I L TE, 12a %7 Y = — LiRIRICE W%, = v 7 Vil
IRy TV TEATHZETET Y — /UEEEHBE L, AVR Uk, 7 e n{ba R CTHBY
ANEFHE LT ORI T Y =V BREAETHET Y — LAk = v 7 1 U K 14a-d (2B LTI,
12a 50 0NE 12b 12RF L, Mt ., @y sy —1 ) RS ES LT, WEOH Yy S Y LS
MEITL, BLMUHETZ o u A VR= VR B AT S Z L THIMIZE N -, FiV T, K
MEY D UBRIZRST-ET YU — L2 kR= L7 1) R16 125V TIE, 158 2735 27 Ll T 2,5-
vraunvbv VOl oI, B e n AVER= U E1TH T E TR A~FHE L
o X, ZEMEZRBEANLEF=L70) RTHDH 21OV TE, MU Zua7® b 17 2 H¥EY
BELTHW, 7700ty P Eofalckn 18, 7 uib & gl & TONKSiE % 7%
T19, FA 7V aLb— M DOMEAEERT20 ~EFHE L, HEIHRE, 770 XLKR=bE1T
9 ZETHIY~NELS Z LTI LT,

ZOMZBREERRE ANV BF=VEHE LTET D 5p—s IOV TE, ERROREMENEL, *t
JET D ANK= T v ) RRGRTERNP-TZ b, HiIlRFA 7 2 A k=7 ul) K& H
WTRILIR YT 2 REA 2#%E% . Scheme 6 (TR HIEIC L o CEBMERREA~ L L LT,

Scheme 6. Syntheses of compound Sp—s

cl
Q@
N c—{
cl S O\\/,OH N S O\\//OH \ BSS S C2\/S)H
| )—SN  )—SN N _|_p—sN
O.N / a O.N b N
2 t-BUO — 2 t-BuO - HO
O Me O Me O Me
22 23 5p
Y =50% Y =40%
Br X
S O\\//OH S O\\//OH X S O\\//OH
| /SN . NO, | /SN b | /SN
N
t-BuO ' t-BuO ' H HO
O Me O Me O Me
24 25a (X = 4-Cl), Y = 54% 5q (X =6-Cl), Y =22%
25b (X = 4-F), Y =78% 5r (X =6-F), Y =57%
25¢ (X = 5-F), Y =83% 5s (X = 7-F), Y = 12%

“Reagents and conditions: (a) 5-chloro-2-trimethylstannylpyridine, PACIBn(PPhs),, toluene, 120 °C; (b) (i)
P(OEt);, mesitylene, 150 °C; (ii) 4 N HCI in EtOAc (c¢) 2-(4-halo-2-nitrophenyl or 5-halo-2-nitro-
phenyl)-4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolane, PdCl,(dppf)-CH,Cl,, 2 M Na,CO3;, DME, 100 °C
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472 b, Scheme 4 D HIEITHEST 22, 24 A L. Pd il T, KIEFRE D v 7Y 2
X7, NVZFARATZ 74 VT LU 2 RESEL 2 L THRBOBEAIB Y,
2 1 Bu EEBUR#ET ST, HMTHD Sp-s BELND Z ENbhotz, AL, %<
DEBIENGFIET 2 H, BHAOREE DOHREHBIETE L ERERINEICENTHIETHY , Zn A ¥
o7 —PHER LGS L L, S SRR ~ORAREEcx s, P

REB, ARICE > TR SN FEELER Y 7 0 7 07 2 VBEBRT I VbR 5
SERMEBROGHIZOWTIEE “EICBWT, AT 7 2 FEULAY 6a—m = LT Ta-b DAL
ICOWTIEE ZEICBW T, TNENEEHICHET D,
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FETE FIHREROSEERT
B ZE 7 TarT S BOSHK

9 ) 7 aggrecanase PLEIEEDIR CTH D L EW Y 7 v 7 a0 7 2 ) BOAKREBRGT 51257
D, Scheme 7 IZRTEHRA N T T V=% NRE LIz, TRbL, AF Ly, varflnd, Zif
BRIFEENOFEIND 7 ==y a7 UANVER VRV T AT IV E G, SERFEE O/ S
T AT VORI MK S R, Curtius B50712 X D ERIR OB A, MAKSHEEZE T, &I
TR AL 7 IO AE R 2 W TR b, TR b BT NENC L - T, RHoFGRMERE
BEoEWHI 770 ThHD,

Scheme 7. Synthetic strategy for cyclopropaneamino acid core portion

(@]
(Me), SARERAY 72
MeO A
D ——
MeO
(@]
(Me),
Curtius fizfi7
. \V4
o 5yt HO
o ()
U Ty ReiiEx
i Re# | Wifr# BN & 5
HN Me
MeO
(@]

B, RO 7 2= 7 aFa Ny P NR U AF LT AT L& FEE L GRER L, /N
WRIOKEET N U LAEEHSETEE A BHDON—T T ZAT /L (£)-27 BIE 82% TH B AL,
Curtius #5(7, MAKDHEZFRT, FEIKOR Y 77 I 7l (£)-28 BILEK 66% THOLND = Likb
MoTm, WFENENT, R FEET I D—o2ThE 72X FAT I 2 AWTHRFZBEL
o3, FEEmDPFONRNoT, T, LV VT y RRT7T IV ThHTAInA RROT I V%
AWz iE R, BAHOHEBIK (18, 2R) K (H)-28 NFX =T VI, D7 > F R —FK (1R, 2S) 1k (—)-28
Nra=vo g LTRIFBRIGETELILD Z L3 bh-> 72 (Scheme 8)
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Scheme 8. Syntheses of 8e and 8d

(i) DPPA, t-BuOH
Et;N, toluene

o
H . .
4 N NaOH HO 80°C Boc—N Optical resolution
methanol MeO (i) 4 N NaOH HO 2-propanol
e} THF, methanol e}
90 °C

(+)-26 (+)-27 (£)-28
Y =82% Y =66%
Boc-N Boc-N (i) (BuO),CHNMe HN HN
> 2 2 2
/ or \v toluene, 100 °C or \V
HO Ho_§ “ > t-BuO t- BUO_\
o o @ (i) p-TSOH-H,0 el o @
methanol
(+)-28 (—)-28 8e 8d
(18, 2R) & (1R, 25) 1& (1S, 2R) 1& (1R, 28) &
Run Amine Result
1 (R )-(+)-o.-methylbenzylamine i em AT H A
2 (—)-quinine it a AT
3 (—)-cinchonidine (1R, 25) 1K, 82% ee. Y =45%
4 (—)-brucine il b BT
5 (+)-quinidine (1S, 2R) 15, 95% ee. Y =39%
6 (+)-cinchonine i e AT H

*(+)-28, (—)-28 OHMERIFELE 1L, ZHENOBEFFESEEIZ LV RE

FNWT, 77 a XU RICATFAVEEAT 26EWIZ O TRIERO TSR A EhE L7z, 1980
EICRADNRE LI HiEE N TY 7 a7 a s Oh LR VIET 2T )L (4)-30 & &k, 1 Sk
BRI 22K 53 E, Curtius #5067, MAKGREZIT S T2/ER, BB CH 5 cis-beta A F/LAF L2 29
IBULER 50% CRAD T & Ry 77 2 /B (£)-32 BEBNT, =D v & N7 RS b
e L FRRD@mMWEIRTHEIT L, 99% ee &9 @AM D H U (+)-32 23, —[ElD 45 ?;M/ﬁ@
BIE 40% THOLND Z ERbooTz, (+)-32 OffixtiiE iz DWW TliE, Figure 14 1233 X 912,
¥ = UV 33 OELES X AR AR ERATIC K D IRBICREI LTz, B, Zo kit L THEbNT
BT, @ OmH#E, REEREELRTALR= M, AL 77 2 MeodbEdhfEETH 5 8g
IR R ELS Z &N TE7 (Scheme9)

— 5 2 EIERRINC, frans-beta A TFNVAT L 34 AHEWEE L THWER Y 2 7 B
TAT IV (£)-37 IZOWTUE, P AT ARG FRIZ I T D SERBRIRIEE O RE . RO KiE
PR F3FR H 7z (Scheme 10)
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Scheme 9. Synthesis of 8g

(i) (MeS),, SO,CI,, toluene, —10 °C (o)
— (ii) styrene, —40 °C MeO—/,/,
Me > y
(iii) dimethyl malonate, NaOt-Bu, DME MeO
(iv) (MeO),S0O,, 1,4-dioxane, 50 °C oM
(v) NaOMe, methanol, 70 °C €
29 (£)-30
0 (i) DPPA, t-BuOH, Et;N H
4 N NaOH, methanol HO—/{ toluene, 80 °C Boc-N
MeO (ii) 4 N NaOH HO‘N
O Me THF, methanol, 90 °C O Me
(#)-31 (£)-32

Y =50% from 29

(i) (t-BuO),CHNMe,

quinidine, AcOEt toluene, 100 °C HZN’»,,
() p 50,0, metanl +Buo—f
O Me
(+)-32 8g
(1S, 2R, 3R) & Y = 84%

99% ee, Y =40%

Figure 14. ORTEP diagram of 33 (quinidine salt of (+)-32)
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Scheme 10. Synthesis of 8h

(i) (MeS),, SO,CI,, toluene, —10 °C (0]
Me _ (i) styrene, —40 °C Et0—4
(iii) diethyl malonate, NaOt-Bu, DME EtO v
(iv) (Me0),S0,, 1,4-dioxane, 50 °C o M
(v) NaOMe, methanol, 70 °C €
34 (£)-35
O (i) DPPA, t-BUOH, Et;N H
4 N NaOH, methanol HO_{ toluene, 80 °C Boc—N,

v

O Me O Me

(£)-36 (£)-37
Y =11% from 34

HCl H,N

4 N HCl in EtOAc f
gie

O Me

v

8h
Y =100%

BEOT, ()28 DANR UM AFNEATALL, 2R ERAIEE G LT (2)-38 ~ & Z4H
#. 7 I MTORFDE LM L, ZOEMEC OV TRAET 72, R, bRV rT 4
Ta BN TH, IEHE 28%, HFHE 91% ee & JeD VIR UEAITORE R & bl U CULER,
WM & IR TS5 2 Lavba 0 (Table 8) | ARMALAMDOIFENENEL LT, =V
AW NAR BT OSEIOR S BER TV LW ) FERICE -7,

Table 8. Optical resolution of (+)-38

HN
MeO
I (+)-38
Run Condition Result

1 (18)-(+)-10-camphorsulfonic acid. methanol 7% I

2 (18)-(+)-10-camphorsulfonic acid. ethanol 7t I

3 (18)-(+)-10-camphorsulfonic acid. 2-propanol 7t I

4 (S)-(+)-mandelic acid. ethanol i gm AT T

5 (S)-(+)-mandelic acid. 2-propanol il dn AT
6 (—)-diacetone-2-ketogluconic acid. ethanol e b g

7 (—)-diacetone-2-ketogluconic acid. 2-propanol b em AT A

8 (—)-D-tartaric acid. ethanol b em AT A

9 (—)-D-tartaric acid. 2-propanol i e AT H AT
10 (—)-dibenzoyl-L-tartaric acid. methanol 70% ee. Y = 16%
11 (—)-dibenzoyl-L-tartaric acid. ethanol 71% ee. Y = 30%
12 (—)-di-p -toluoyl-L-tartaric acid. methanol 91% ee. Y = 28%

* (4)-38 OHERBLE 1T, (+)-32 D OiBE L LIAbB W & e % i35 2 & CIRIE
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W T, AGRIEOPUIMEZ WEET << BEHRANY = DR D ATF 12 39, 42 Z50EHT,
HIEMEY 7 u a7 2 i (H-40, (H)-43 DA E E Lo, fER, 2- A F VIR, 2,3-VAF
JAERNFTIOEEITXT L TH, mWICR &P A HHT&  (Scheme 11, Scheme 12) | &
7 a7 N ERROAFNVEOFEICEDL LT, BHOFEMENF =V E LTI IIGLN
% Z Enbhot- (Figure 15, Figure 16)

Scheme 11. Syntheses of (+)-40

Me B —H M
oc—h, ~ Me quinidine, ACOEt
—_— p X »
—_— 4
— HOWt j
% O
39 (+)-40 (t)-40

Y =50% from 39 97% ee, Y =37%

Figure 15. ORTEP diagram of compound 41 (quinidine salt of (+)-40)

Boc-N Me

MeO
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Scheme 12. Synthesis of (+)-43

H
Me Boc-N  Me quinidine, acetone
—> ,C ?\ »
— >
oo T oY
O Me
42 (+)-43

(+)-43
100% ee, Y = 36%

Y =38% from 42

Figure 16. ORTEP diagram of compound 44 (quinidine salt of (+)-43)

H
Boc —I\L Me

— . xR EZAI T EFETLL LT, Charette 7 /L —7 06, FEE T =171
FaRr T R BT AT VORI R F A R EN R FE S (Scheme 13) ., 2 B CHE AT
LoATKE L, i e RF ALV U T ROFEF, = Faffigo 2513 — Ry~

VEUMNLHRRENS I UREAY FEERESESZ LT, SRR 7 a T a R RIS L
Tl/\éo

27



Scheme 13. Charette’s catalytic asymmetric cyclopropanation

SR,

Phl=0, M.S.

N
Na,COj z ON H,N
CuSbF, Ph Ph Z= Zn, 1 N HCl 2
N » .
O,N" "CO,Me MeO ~ MeO
styrene, benzene o 2-propanol o
Y =79%, dr=93:7,ee =91% Y =89%

I T, TOXDRISH, aggrecanase [HETEMEDIRN A FIVEWL Y 7 0 7 a N UARGRUIC S
Wi AT RE T d> D W32 < | A Charette 7 /L — 77238 2004 2 HFE L7=7 & K 1-amino-
2-phenylcyclopropanecarboxylic acid methyl ester D& i: % 5412 (Scheme 14) . 2 (1R*, 25*,
35%*)-1-amino-3-methyl-2-phenylcyclopropanecarboxylic acid methyl ester (+)-38 D& IZ- D\ T
WRaT 2 i LTz,

fid, Charette D TliX, 7 7 u N Afb, = buRoEEo “BREA&R T, B 65%
ERIFRIVETH LN TVWDODIZX L, ATFNAVERT 7 a7 a NV FIEAS A RIORE T
X, o7 mTaosAb, B bICERD S0%RE LT L, 2, = e ol 10 48
DOHRZMELT D, YUV NTN I TLIa~ NTT77 4 —IC LD RNALETHLE, K&
BRRICEE L, @t e bR I (Table9) . —F, Fx BN L= HEE, fdabic
Ko THEDEWHRRIEK, R&EBIMIRONDEMNRFETHY B2 7 LBAOY 7k
RNCHEI LTV 2 &b MR ARF G RROBEIE, RIS & & L,

Scheme 14. Charette’s Rh-catalyzed cyclopropanation

() Rhy(OPiv),, styrene H,N
PhI(OAC), H,N
ON"CcoMe > MeO +
(i) Zn, 1 N HCI, 2-propanol o MeO
O
Y =65% Y =35%
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Table 9. Synthesis of (+)-38 via Rh-catalyzed cyclopropanation

Rh-catalyzed cyclopropanation

ON
Rh,(OPiv), (0.5 mol%) /
o,N"">co,Me > MeO
PhI(OAc), (1.1 eq) O Me
45 (+)-46
Run Condition Yield
1 [cis-B-methylstyrene (3.0 eq), CHCI3 (6v/w), r.t., 5h 20%
2 |cis-B-methylstyrene (3.0 eq), H20 (6v/w), r.t., 2h 34%
3 |cis-B-methylstyrene (3.0eq). r.t.., S5h 35%
4 |cis-B-methylstyrene (5.0eq), r.t., 16h 52%
Reduction of nitro group
ON, Reduction N,
MeO MeO
O Me O Me
(£)-46 (+)-38
Run Condition Yield
I [Na2S204 (5.0eq). EtsN(7.0eq). THF:H20=1:1(10v/w), rt., 2h decomp.
2 |Hz (I atm), Pd-C (0.1 eq), methanol(5v/w), r.t.., 12h No reaction
3 |Zn (10eq). 2-propanol:2 N HCI=2:1 (8 v/w), r.t., 12h decomp.
4 |Zn (10eq). 2-propanol:2 NHCI=1:1 20 v/w), r.t., 12h 58%

5 CERMEBROGRK

Pyrazolo[1,5-a]pyridine 88(X. Scheme 15 Z/RT X2, TI )V V= EE~A T NT 7V
YT H—E VA RSIC Lo TARTE D ZERMLA TN S, ¥ 22T, ZOFERND
R S 41, aggrecanase BIRMELLEEIC A H7e —BRMEEFIR 51 25T D ICBE L, HHEERHBE H 5
UOAR%E. B LIRS T-BHRELZERND IR DUBRE AR TS, CWHORNTTU—%

NELT,
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Scheme 15. Synthetic strategy toward novel tricyclic heterocycle 51

Ph n
N N |Ph N P HFABE NN
_ - e —
@ Ui OEt s e S oEt x
=
O OEt o

- OEt
5

H OTHP
Me — (i) CHsNO,, ACO'NH,*
) ¢ 100 °C
F / N+/NH2 038 > - >
| K,COs, DMF (i) LAH, THF
= Me Me
47 48
Y=13%
OTHP i) Boc,O, THF OH
F s N/N\ 0] 2 , F/ N/N\
S = NH, (i) 1 N HCI, 1,4-dioxane = NHBoc
49 50
Y =71% Y =25%

(i) CBr,, PPh,, CH,CI,
(i) NaH, DMF

v

FZ NS
= NH

(iii) 4 N HCl in 1,4-dioxane

51
Y =67%
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HRWEE LT, 73/ B V=0 A2RF— 4777 2R RISV I Va2 HT 57
BAARAT L a—LEEE P LA SED T LT, o0 RRIMILKIED Cl 2= b 2B
E1ZFf> pyrazolo[1,5-a]pyridine 48 ~L &=, ZDLEMITXHIL, = b A X U ZHNWTT
JAFNa=y NEEANLT%, LAH 2HWT=hrkke “HEGZRRICRTT S22 LT, =
BRMEERBRMRICVNE R RF L=y NRETHE ST 49 2157-, TDk, Ri#, DiREEZITO Z &
TH0 ~LiEx KBEOEH, 5 FNERIEZRT, REICRy 7 E20WT52 LT, ByE L
7281 2455 Z L12EEh L7 (Scheme 16) .

fe T, RIS imidazo[1,2-a]pyridine A9 5 —ERMAAEFEER 58, 69 IZOWTHRMKEL R
L7z, ETIHROICHFRRBEAR L, BIRT I VHEZHBET L VWI AN T T UV—AKRICERIT
VA, BGHICHWSEHRIL L LT AT VEEIR L, FE o sE LT L—varay
b= XA EIRIRAE T2 M L8, e —R &38R >Tns (Scheme 17)

Scheme 17. Synthetic strategy toward other novel tricyclic heterocycles

R,M—H
: 0 > Chelation-controlled reduction N OH

pu)
/N
2
N
(@)
m o
m
v
pu)
/N
2
Yﬁ
O
m

Br

R=Cl / — N—/
P St
NHP

R=F 7 — N
/ - N—
~N NHP ~ NH
P = Boc or Chz 69

FT. BRT IVENRERY U572 88 EERTAHICHIZY, e LT/ ratF YR
IV AT NS, EEIR L, T /U VU3 LA SEL LT, VEFALT AT VER
FIZH 7 % imidazo[1,2-a]pyridine 54 ~ & 25 L7, Z DL EMITHT L AKIR T —% &0 DIBAL-H
EEASE-MER, PTHEBVEEMEORWERIGIHT 22T LORNELTIN, GO T
LT b K% NaBHy TR 25 2 & T RZADOT L2 — /UK S5 BRZIRTH LD Z L vbhs
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ot Ta—Ld THP £#., LAH B A T 56 (28X, 72 NMb, &, Ry 7 bEIcEsS
N5 5712kt L. THP oRifri#, 7 aEib, BRILEZITV., KEZICHRELZITO 2 LT, BT
HDH BT I 88 ICHEETHZ LTk L7z (Scheme 18) .

Scheme 18. Synthesis of novel tricyclic heterocycle 58

D
7 N
NH .
0 (i) DIBAL-H . N OH
toluene, THF, 78 °C i
> S~ N /
ethanol 100°C OEt (ii) NaBH,, methanol OEt
o}
52 55
4% Y =94%
(i) dihydropyran (i) DPPA, DBU, THF
In(OTf)3, CHCI,, 80 °C  Cl y _N OTHP (i) PPh,, H,0, 60 °C O~ N OTHP
(i) LAH, Et,0, 0 °C =N % (iii) Boc,0, DMAP =N 7
OH NHBoc
56 57
Y =69% Y =59%

(i) AcOH, H,0, 100 °C
(if) CBr,, PPhg, CH,CI,
(iii) NaH, DMSO, 90 °C
(iv) 4 N HCl in 1,4-dioxane

58
Y =18%

B, Fx tREOa LS T A XY — B EYT AT L ERINICE LT S Scheme 19
D XD RGN, EERESLTWD, P

Scheme 19. Regioselective reduction reported by Eckhardt

Bre _N o) Br—__N O
e _ _ o] -
\N( p DIBAL-H, THF, -70°C \N( / R = CH,CCMe
, OMe > ' H
- _on R o CH,CHCMe,
) Y = 79_95% S CH,(2-CI-CH,)
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—J7, BAFEMEAH Tb O R, “BRMEEFRR 69 2 5K T 512572 0 | 2-amino-4-fluoropyridine
61 MRS LTCRETH o7, ZOEMEERFH THY . 61 123 DIFE > THHRF %
Bt D Z & &7 o 7z, il 2-chloro-4-fluoropyridine 59 % AV, ZEFALIG & Fl 2 Mt L 7=
FOTIVEELTRUXAT I REFIHL, NIV, hEmnT ontrR—20 Y 7
YRERWDZETO0 BELIL, MKRSRERT, BIOE Liz 61 28 B, 60%LL EOIETE
CEDZ ENbho7= (Scheme 20)

Scheme 20. Synthesis of 2-amino-4-fluoropyridine 61

FCN PhCONH,, NaOt-Bu A /N
Pd(OAc),, DME, 120 °C F N 4 N NaOH, EtOH, 60 °C F N
— > — Ph > —
Cl N NH
(C-Hex)zP% P(t-Bu), H_<o ’
<="Me
59 60 61
Y =80% Y =83%

D% 59 ZJRELE L7 61 5 A, Novartis (eq. 1) & GSK (eq. 2) D7 /v—7 M BFHR W
THE S 723, ISR 30%LL T & Fox OFFIEIZHEZRAIZ RS & DO Th > 7= (Scheme
21) . 30),31)

Scheme 21. Synthesis of 61 reported by other groups

allyINH,, NaOt-Bu BF;-OEt,
N\ Pd(dppf)Cl,, dppf 10% Pd-C
—/ (pp)zpp‘F/\N e N\
_ > _ > — (eq. 1)
o —
- toluene, 120 °C H_/_ EtOH NH,
25% 23%
59 ’ ° 61
benzophenone imine,
VRN Cs,CO;, Pd,(dba), < “\ 2 N HCl =/
— > _ Ph > _ (eq.2)
cl xantphos, THF, 60 °C N=< NH,
Ph 30%, 2 steps
59 61
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Z DX HIZ LTz 2-amino-4-fluoropyridine 61 % HFJFRF & LT, 5l &\ T, —BRIEERR

69 ~DEH A i L7~ (Scheme 22) .

Scheme 22. Synthesis of novel tricyclic heterocycle 69

Dess—Martin
N OTHP periodinane
— "N — "~ p >
. —_ ~__N CH,CI,
NH, OH
61 62
Y =48%, S steps
) H, (4 atm), 10% Pd-C
OTHP OTHP (i) Hy
F /N/ Ph,P=CHCO,Et F /N/ ethanol
N > N >
= H toluene, 120 °C = Pz OEt (i) 4 N NaOH, methanol
(0] (0]
63 64
Y =24% Y =86%
Fo s/ /N/ OTHP DPPA, Et;N, BnOH P /N/ OTHP (i) 1 N HCl, 1,4-dioxane ‘
> H >
~N o4  toluene, 110°C ~N N=Cbz (i) CBr,, PPh,, CH,Cl,, 0°C
(0]
65 66
Y = 44% Y =62%

NaH, DMF
R ——

F V /N/ zr
~_N N—Cbz

67
Y =66%

14 steps, AR 0.5%

Foo~N

H, (4 atm), 10% Pd-C

68
Y =28%

—/

34
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Y =90%
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61 75 Scheme 18 D HIEICHES T 62 & hkt%. Dess—Martin B2{b, ARG, KEWRM, 0
KOGMEZEATH Z & T, FRUATH D VR FE 65 ~LE -, K\ T, Curtius #5107, Bifi#E, 7
Na— DT aEFHA~OER, HTNERILEZFEm L, RRICHRELITH Z & T, BN 69 %15
HT LTI LTz, 69 D7 mu T F 7 70 (2B L T, 62 DDV IZS56 #2252 & THAK
iR L7 (Scheme23) , 2O X2IZL T, 7 /Y V2 HEME I CHIRERRZHD 2 &
WZHE L7 b DD, ARJEZ, 2TEEN 14 27 7 BIEEN 0.5%& . KEAKIZH 2 5 565K
ETIE o Tz, B, BAIREMTPRIATH D 69 2B L Tk, ERAMRARESEN R X TH
D, AT v THOANAE B TRE R Z 3 Lz, fRICOWTEL, 2ok, H =8BV TEH
HIZHRET Do

Scheme 23. Synthesis of compound 70

N  OTHP N
ad N\ N Cl s~ . Cl s~
— —_— N4 -~ <N~
NH, OH
53 56 70

Y = 0.5%, 14 steps
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FEE BAREMOEK
F—fi BRI I B DB R

Ly, A7 Y rul ReEihdD, SEIERAVE= R E 8g ITEH S, ALdk=1y
L T RSB OMEZRATD, HHERIREM e 52 5D THEBO AT 7 2 REULAMITE L
Mole, £ T, MFDT I & ANK= AL LR EHBEL 725, © ) — D7 I U EKES
52 ETAMYM~OFHELE R LT,

FP CEETIVEZ AR, YT — R, JunTX ) — L EKIGESE, B5h
TRy 7 e a7 I VB AT I 8g AEHSETN, By 7Y U TIROARKITRD &
Nighol, 22T, TIVEBANDODHA IV TEANELZ, 8 OLHRIKTI ~LFFE L =8RI%ET
IV 58 AEHSEMER. By TV IREITT L2 LR bMNY | RERICHR#ELZTTO Z & TH
B TH 5 6a 2155 2 LIk Lic, P B, HETROIED 2% L K0 Th 55, FEIX
fEdblic X202 THY | MOSBERIZEEZREITT 52 L 2R L T 5 (Scheme 24)

Scheme 24. Synthesis of 6a

O
CISO,NCO, N-methylmorpholine O//< Qy
2-chloroethanol |\/N—§—N¢
; O .
CH,CN, 50 °C t-BuO
O Me
8g 71
Y =83%

N
- HO
N-methylmorpholine, 1,4-dioxane O Me
100 °C
ii) 4 N HCl in 1,4-dioxane 6a
Y= 220/0

ZoEOIT, T ERELEA— MLV BRE LEALT 7 2 FEULEMREbND Z L 25b
InoT-tm, 51, 69, 70, 72 b D \VTEEE =BT I 2 73-757) % 58 b 0 IV, 6a T
1/ Cd % 6b—m ~L - (Scheme 25) . 7235 T2 IZHOWTIE, 76 D N-TAF 4L L2o
BOBRIGIZE D ERT D TT 2R T VB ILT 5 L THKEIT>72 (Scheme 26)
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Scheme 25. Synthesis of 6b—m

A i) 71, N-methylmorpholine S N N—S—N
a— | 1,4-dioxane, 100 °C N/ “
s” N NH . , > HO
__/ ii) 4 N HCl in 1,4-dioxane
O Me
72 6b
Y =75%

1,4-dioxane, 100 °C

Cl N\ o ,OH
cl A i) 71, N-methylmorpholine N N—\S/—N,
C j : NH

N " : ) > HO
___/ ii) 4 N HCl in 1,4-dioxane
O Me
73 6¢
Y =20%

N
N\

. . R 7\ Q9

N i) 71, N-methylmorpholine N N—S—N

Sty ~

1,4-dioxane, 100 °C

N ii) 4 N HCI in 1,4-dioxane HO
O Me

pzd
pd
I
v

74a (R = 8-Cl) 6d (R = 8-Cl), Y = 38%
74b (R = 8-F) 6f (R=8-F),Y=67%
74c (R = 7-F) 6g (R =7-F), Y =62%
74d (R = 8-CN) 6h (R =8-CN), Y = 41%
74e (R = 8-Me) 6i (R=38-Me), Y =63%
74f (R = 8-OMe) 6j (R=8-OMe), Y =79%

v

R~ N i) 71, N-methylmorpholine x N\/{DN—S—N
\C 1,4-dioxane, 100 °C “
NH
ii) 4 N HCI in 1,4-dioxane HO
O Me

70 (R = Cl) 6e (R =Cl), Y=59%
69 (R=F) 6k (R=F), Y = 65%

v

N
F 2N\ 0. o4
Nz N”N\ i) 71, N-methylmorpholine P N-S—=N
— 1,4-dioxane, 100 °C 5
. NH

ii) 4 N HCI in 1,4-dioxane HO
O Me
51 6l
Y =49%
H
= N
H O
= N i) 71, N-methylmorpholine / N(—)\\S//—H
1,4-dioxane, 100 °C -
/ NH >
ii) 4 N HCl in 1,4-dioxane HO
O Me
75 6m
Y =18%
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Scheme 26. Synthesis of 72

0 Qp
_S.

(@] NBoc
\/

0
N\ NaH, DMF BH, THF, THF A\
oL I y-cos v ol . o]
N N NH

S (i) TFA, CHCI, s~ N NH go°C sT N )
(iii) K,COg, THF
methanol
76 77 72

Y =80% Y =6.3%

BT, 6a lZxF LA E 7 aggrecanase iR EA 7~ Ta O EZTT> 72, Scheme 9 D5
Wt > TILAY (H)-43 2 T8 ICEW L%, /7 aua ANK=L A Y TF—h, Zaux4 ) —L
ERIGSEDHZET, AVT7 7 I FMERBEMEATH D 79 ICEHE, Tdb LD v 7V 7 WifkiE%
BT, B THH Ta ~LFHEE LT (Scheme 27) .

Scheme 27. Synthesis of 7a

(i) (t-Bu0),CHNMe, HN  Me CISO,NCO
toluene, 100 °C A N-methylmorpholine
> t-BuO >
(i) p-TsOH-H,0, methanol O Me 2-chloroethanol
CH4CN, 50 °C
(+)-43 78
Y =82%

O N
F
N
O//< n H \@ 9 H
|\/N—§—I\L Me N N—ﬁ—N// Me
o 7/ 74b SBPAVA
t-BuO HO
O Me N-methylmorpholine © Me
1,4-dioxane, 100 °C
79 ii) 4N HCl in 1,4-dioxane Ta
Y =92% Y=41%

o8 BAZEMAH O I A L

ek, BRI Tb AR5 T % 69 OAEIZIE 14 TRAZEL, AIEY 0.5%& KEDH 7L
HEAR I FEHICARARETH - 7= (Scheme 28) .
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Scheme 28. Initial synthetic route toward compound 69

E N
N\ F N e
S R S & ¢ OT
_ - 5 <~__N 74 NH _ N Nc, :\Me
NH, HO

14 steps O Me

LTI T EETETREDS N, FERMAKOE, BRT I UHERICKHE L2 TORHAE
A=y bZEAL, RIS ENY DURMABE T D LW O Fi RO b & (Scheme 29) |
ZOTRURIZEF LI,

Scheme 29. Revised synthetic strategy toward compound 69

0 F N
0T ey R L = ey
N OMe N7/ ~ =, \Nﬂz}w

69

ETHRDIZ, 2-amino-4-fluoropyridine 61 (Zxf L, 3-7 B E-2-FF VXU Z U DHIVRUFED A
FIVT AT NV EREA SE TSR, imidazo[1,2-a]pyridine B2 H 9 5 V= 27 L 80 BFHNT, A
fbamiE, EXY DURBERICKNERRFE L=y FERTALTWLOAR LT, BLRIZELN
LHOF =D L, RIS ENT VLT v a—v b ) — IS EDE N T vl ) —
ThY., MEHEOHBIIAS TH D EMREINT, £ T, 80 ® DIBAL ETHEIZHELND 81 124
L. BREAET, REED DPPA Z{EH I E/ER, THREBY | [OSHEREWT VL7 ra—L
DIHNT VY RIEEFTEBRIN, b —FHDOTIVH ) — VERNBLEERE O F F Tk - 7= BEARR 72 A
827, —ITRTHELNDZERbholz, 82 B LT H L, EANY D UBROMABRKIGIHELHIC
EITL B CHLT7TI BV V61 OBATATREVIEITHIMTHD 69 2155 Z &
\ZaEh L7z (Scheme 30) .
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Scheme 30. Revised synthesis of compound 69

0o O O

MeO
OMe N o N OH
VAN Br P77 p DIBAL-H, CH,Cl,, 0°C "~ F p
> N > N
— 2 OMe X
NH, ethanol, 100 °C OMe OH
0
61 80 81
Y =39% Y =76%
N N

\4

DPPA, DBU, THF ~ F~ /" p s PPh,, THF, H,0, 60 °C
> N O-P(OPh),
o)

82 69
Y =70% Y =70%
4 steps

IR 15%

79 [CEALTIX, BV T o4 —F —THEATRER L — P R BEICHEEFE A TH Y . B IETHEIRIC
BOEND LIRS 7269 L Dh v T ERRT, BSEM T OFERNRERIEZEREED
Z LM T&7= (Scheme 31)

Scheme 31. Synthesis of 7b

) O
O//< nm H
|\/N—§—N¢ \\Me
O “ N N
t-BuO F e / o OH
O Me N N-S-N  Me
” HO
N-methylmorpholine O Me
1,4-dioxane, 100 °C
> 7b
ii) 4 N HCl in 1,4-dioxane 0.0084 uM (Agg-2)
>10 uM (MMP-14)
>10 uM (MMP-1)
69 Y =76% > 10 pM (TACE)
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2\
TN R

FEHIIAMZEC IO TLL T OMFFERER 21572,

1)

2)

3)

4)

S)

6)

e Fuxv A A LAY T aggrecanase FLEHI U — MbA#AIR 2 Bz, BET7 s
ZEM LT X BAULEME R ZIT > TofER. ICso = 0.084 uM @ aggrecanase-2 [HEIE M
L, O FEPKI 400 s < BEEIEME, B, EHREME L W TR S &b
T ERERILAY Sa & AT Z L ICRI L (F—F8 1)

U— MbaWTohH % 5a 726 aggrecanase-2 [HETEME DM 2 B AR 21T\, 1Cso =
0.0029 uM & | ZivE THA SN CRIRO aggrecanase-2 [EIG M2 R ILEW 5q & H
H U7z, E72, Briz/eaf i & U CHIA L7z aggrecanase B D% B T, ALK =LK,
vruTaR U EOEBE SN LR, aggrecanase-2 [ZxF L, ICso=0.0084 uM &\ 9
Baf 2 ERMEZ R L3S, MMP-1, MMP-14, TACE 22 U®, [ Zn A Zu7uas
7 —RIZx L R SERE RSN E 2~ Th & L 2 L Cpksh Lz, Tb X, HEOEE & 72
% CYP IZxt L CHHEIE AR &7, BRA ORISR SN2 &b, REN72RETS
e LCRBIREND Z o7 (BB—FE _H) .

SRV BEENEME A R T 7 - —BIHER G AR T D12 H 720 | FHEER L E
raTansReT I BOGKICERY A, v u R BT L2 Lo T2 2R BN D
TR BRERICES . F =V 2 WIS EN Ko ORI 90%% -0 BV E 5
L. PLRAMEOEWEREEZ AT Sioksh L (B =8 —H) .

BAF7aiEME L BT IR M 2 RS, BT 77V =B IE LAY A AT 512H72 0 |
BOIRT X LR TG ERD DR SN 5 ZBRIEERIRO AT M, HREMEERLZ A4
HEFRLERETHAELE LTREEA L, 2 FARIBICEVERRT I 25 2 L TR
ThHOIFBERBOGHICHRE L (B _=H ) .

ANT 7 I FRULEM 2GR T 2ICHIZ0 . 7 X A ZIEEPRIRICHEE L, IR I %
Ny TV 7SEDHZET, ZLOERENIAFT D0, EHO ALK = AEE T2 28R
IR CE DN LA R 2 LB Lz GE=8E 1) .

BAFEMEAE Tb WA T2 ZBRMET I VO A MIZ OV T TR E 21TV, JERICH R TR

L. DEEN A UE U2 EA e G RIEREEIC ST 5 2 & T, MMeEW o REMG % 5%
Bz (B9 8 .
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Ei e

ARGZMED DIZHTY | MRS 2 DTS, BEHEL Y £ Lo, RERRFRZFEFREIE
B R SLE IR O K VG L BT,

AWIE e T DR 2 5 A TFSWE L, AARTIEZEERASHERREIIET  FH
Mi— PR, EEREUTEET A RER RIFTRICEHONZLET,

ARWFFEZBATT DITHIZD | RIGRRNODEIFRE, W20 £ L, A ZEERASE
EIF SO AIIGERT Bl PR, RMEEORSERT gl BIPTR. £ L ORAZIE
RIFTRIZFEA TR LE

ARWFFEDOBATICER L, BRI R DWW, MBS 2THE £ Uiz, AR ZERRASHTER
WENTEETEEMRIERT |PIERE 7 v—7 U =& — jilExd AHEE. ZiWeEl AFEA. b
ferFe MHEAE. Rz HHEA. REE ER. MK MHEA. iwm MEa. 4
FEN WHEA, A% FER. A WA, BEIEZR MR, MEEE A, Al
PRI BRER. RAEHE OHER. FRHK FERICE#H W LET,

AWFFEDOZATICER L, PR 2 £l L TV 72 & £ L, BRI ZEEMRASHEIRR AT
FERTAEMAIGERT AR TEE  BIFTR., A2 RIMPEA R DHSEA. SRR HFEA,
YRR 2 FEh L T el & E L, REERMEREITZERT  miEi  BlpTR. BA=IL 27—
TV =S — RKA WHIER. HES X BRSSO 0 WSS E F U R ERR
WHIERT. REFE  WFSEE. e M OEEOHT OME 2 i L CTIHE £ Lo, RAESMITZEAT
mGCEL BFZER. KBIEKR WIZEE. 2RO QNIAMITRIZHI HTHE £ L7z a T 2 IR < K
BLET,
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EERDER

In A 2urusrr7r—PERET vEA

bt MHAHLZ MMP-1 (th-MMP-1) | MMP-3 (th-MMP-3) | MMP-9 (rh-MMP-9) . MMP-13
(th-MMP-13) | TACE (rh-TACE) ¥ R&D systems L DAL, & MEAEZ MMP-14
(rh-MMP-14) K OF aggrecanase (rh-aggrecanase-1, rh-aggrecanase-2) |3, % #1Z 41 Calbiochem,
ImmunoDiagnostics £ ¥ i A L7, MMP-1, MMP-14 7 v & A %, 10 pM ot R E
MOCACc-Lys-Pro-Leu-Gly-Leu-A2pr(Dnp)-Ala-Arg-NH, (PEPTIDE INSTITUTE) & 20 ng/mL @
th-MMP-1. & 7= 1% th-MMP-14 % #&fE#% (100 mM Tris-HCI1, pH 7.5, 150 mM NaCl, 10 mM CacCl,,
0.05% Brij-35) 2Nz, {bEWIHRMNE OBFFLEFREZHET 5 & THEM L7, —F MMP-3
7 v A 1340 ng/mL @ rth-MMP-3 & 10 uM Ot HE MOCAc-Arg-Pro-Lys-Pro-Val-Glu-Nva-
Trp-Arg-Lys(Dnp)-NH, (PEPTIDE INSTITUTE) . MMP-9 7 v % 4 ng/mL @ th-MMP-9
& 10 uM @ ok £ B MOCAc-Pro-Leu-Gly-Leu-A2pr(Dnp)-Ala-Arg-NH, ( PEPTIDE
INSTITUTE) . MMP-13 7 v &A1 1% 40 ng/mL ® rh-MMP-13 & 5 uM Ot E 7-MCA-Pro-
CHA-Gly-NVal-His-Ala-DPA (Enzyme Systems Products) . TACE 7 v &1 1% 80 ng/mL ®
th-TACE & 10 uM DOzt 5E MCA-Pro-Leu-Ala-Gln-Ala-Val-Dpa-Arg-Ser-Ser-Ser-Arg-NH,
(Calbiochem) ZZnZH M, {LEHOREERK T (100 mM Tris-HCI, pH 7.5, 150 mM NaCl,
10 mM CaCl,, 0.05% Brij-35) (2351F D FEIGM 2 ME L7z, F7- aggrecanase 7 A (2D T
%, 120 uM O HE Abz-Thr-Glu-Gly-Glu-Ala-Arg-Gly-Ser-Val-Ile-Dap(Dnp)-Lys-Lys-NH,
(AnaSpec) (ZxfL 1 ug/mL @ rh-aggrecanase-1 %7213 rh-aggrecanase-2 % &z (50 mM
Tris-HCI1, pH 7.5, 100 mM NaCl, 10 mM CaCl,) \Zhix. {b&EWRME OREEEZHEST 5 2
ETCEE L, BEMKNE, & Zn A u a7 7 —E% 25 °C TrillEE%, 37 °C THREZ M
HZ TRt L, EUIMNICHE D #EEOEMZ (hex = 325 nm, Aem= 405 nm) BMG FLUOstar
fluorescence plate reader (2 & 0 #EF%. 1CsofE% EXCEL IZ &k > THRH LT,

In vivo PK 7 v &A1

InvivoPK 7 vEA1X, SDZ v b (n=2) 20, (LEWEEFE (v.) gW0ERO (po.) H
Al 5-4% , REFIICZ oM REZREST 5 2 & TE L7z, 1 mgkg © iv. &5%1%, 0.50, 1,
2. 4. 8, 24 h, 10 mg/kg @ p.o. #5#%I%. 0.08, 0.17. 0.25. 0.50, 1. 2. 4. 8. 24 hD# A
JVUTCRIML, & TV E S SriiiE L i (10000 rpm) TR EEA T O(LEWIRE
Z LC-MS/MS THIE L, s 8= b A MEIC K - THEIT 21T 72,
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K% 7T L DOIER

Protein Data Bank £ Y AFTX % aggrecanase-2 (PDB code 2RJQ) . MMP-14 (PDB code
1BQQ) . ZNZNOIEREA ALK L, A/B=/b 7 LT S1” pocket ICA D | H /LR U ER
DZODERFFH, BRI L TAA T o T — FOfREEHRREZ L5912, T 2~v==27
JVTCHEE LT, 72, D TET V727 UE—1 3 i, Insight II/Discover software

(Accelrys, Inc.) ZfHH L7z,

77V T —EHEER DGR

Al (Mp) JIE IR, WA FlS ) 25 % BUCHI B-545 il &8s 4 AV C % L7-, 'H-
B s (NMR) A2 kuid, JEOL INM-A300W, Bruker DPX300, Bruker ARX400, Varian
MERCURYplus-AS400 O WH iz HNTHIEL, 7 kT AFv T (TMS) % Nkt L L
To fE (ppm) IZX->THRFEY 7 b ek LT, HEoHT (MS) 1%, Agilent 1100 Series LC/MSD
Z 72 BSI¥EIC L 0 3 L=, 7£# 04113 Perkin—Elmer 2400 series I CHNS/O., FE )¢ B HI & 12
2T IE Rudolph Research Analytical AUTOPOL V spectrometer % ZiVZEAVHWTHEm L7-, &
VNI Z7 57 wv~ 777 4 —I% Merck 230—400 mesh silica gel 60, Preparative TLC (Z-D\»
Tl Merck Pre-coated TLC silica gel 60 Fasq 2 VT3 L 7=, HPLC 43#71% Shimadzu LC-10A
B A7 Lk L CHY, Shimadzu SPD-10A UV #HgR (254 nm) (2 & - CTHIE % 506 L 7=,

BEEZH LEWDEHK
Scheme 3. Syntheses of 4a—t, 5a and ent-5a

(R)-2-[4-(4-Chlorophenyl)benzenesulfonylamino]-3-phenylpropionic acid (4a)

8a (2.20 g, 10.0 mmol) & pyridine (1.6 mL, 20 mmol) ® CHCl; ##& (22 mL) Z%fL
4-(4-chlorophenyl)benzenesulfonyl chloride (3.10 g, 11.0 mmol) % 0 °C THlx ., =R T 12 FFfH
B U7e, RIS ZKKICEE, AHE %2 EtOAc THitH%, 0.5 N HCl KIEKR, 5% REEKFE T
MU T AKEHR, FAFRIEKDNAIZHE L, MgSOs THLEAIT o7z, WK% ARtE, VA A I8
T~ E3 5 2 & T (R)-2-[4-(4-chlorophenyl)benzenesulfonylamino]-3-phenylpropionic acid
t-butyl ester (9a) % EFE&EMIZIET, ZD 9a (47.0 mg, 0.100 mmol) % 4N HCI in EtOAc¢ (1 mL)
(IR L. IR T 12 RREBEHR . B2 TR E LD, RIEICA X 7 — v Lokokana, AT
TeERE AT 52 LT, EELAY (R)-2-[4-(4-chlorophenyl)benzenesulfonylamino]-3-phenyl-
propionic acid (4a) #fEffsTE L LTH7 (33 mg, I3 79%) .

Mp 135-138 °C; [a]%s —1.28 (¢ 0.39, methanol); "H NMR (400 MHz, CDCls) & 2.96 (dd, J =
13.8, 6.9 Hz, 1H), 3.11 (dd, J = 13.8, 5.0 Hz, 1H), 4.21-4.26 (m, 1H), 5.05 (d, J = 8.8 Hz, 1H),
7.03=7.10 (m, 2H), 7.19-7.24 (m, 3H), 7.45 (d, J = 8.8 Hz, 2H), 7.51 (d, J = 8.8 Hz, 2H), 7.56 (d, J
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= 8.6 Hz, 2H), 7.72 (d, J = 8.6 Hz, 2H); Anal. (C5;H;sCINO,S) caled C 60.65%, H 4.36%, N
3.37%; found C 60.44%, H 4.42%, N 3.32%.

(R)-2-{[4-(4-Chlorophenyl)benzenesulfony]methylamino}-3-phenylpropionic acid (4b)

9a (47.0 mg, 0.100 mmol) & Mel (7.50 uL, 0.120 mmol) @ DMF &% (1 mL) (Z%f L. KoCOs

(21.0 mg, 0.150 mmol) % =R{E THx., 60 °C T 1 B Uiz, MISIREKKICES, AiE%
n-hexane:EtOAc = 1:1 THitH# ., 0.5 N HCl /K¥EHR. 5% REEKFET N U 0 LK, fafniiiK
DNAIZHEE L, MgSOy THIRZIT > T2, oAl % Al LB 2 = FTREE L, BSonzr7
— MRS L AN HClin EtOAc (1 mL) ANz, iR T 12 REMBEHRE . MU 2 U+ T
FE LT, BREICAZ ) — /v EKKEMA, A Ui AZ AT 2 2 & T HEEY (R)-2-{[4-(4-
chlorophenyl)benzenesulfony Jmethylamino}-3-phenylpropionic acid (4b) % g & L CE 7=

(34.0 mg, IR 82%) .

Mp 179184 °C; [a]*p +41.33 (¢ 0.03, methanol); "H NMR (400 MHz, CDCls) 6 2.82-2.92 (m,
4H), 3.30 (dd, /= 14.2, 5.5 Hz, 1H), 5.02 (dd, J=10.2, 5.5 Hz, 1H), 7.11-7.17 (m, 2H), 7.21-7.27
(m, 3H), 7.44 (d, J = 8.6 Hz, 2H), 7.47-7.52 (m, 6H); Anal. (C,2H20CINO4S-0.5H,0) calcd C
60.20%, H 4.82%, N 3.19%; found C 60.37%, H 4.73%, N 3.42%.

(R)-2-{[4-(4-Chlorophenyl)benzenesulfony|cyclopropylmethylamino}-3-phenylpropionic
acid (4d)

Cyclopropylmethyl bromide %z Mel O D IZHVY, 9a % 4b A DOSUSFRMCAT T2 & T, 1%
LAY (R)-2-{[4-(4-chlorophenyl)benzenesulfony]cyclopropylmethylamino} -3-phenylpropionic
acid (4d) ZEEAFEEL L L THE (IR 70%) .

Mp 157-161 °C; [a]*b +33.75 (¢ 0.08, methanol); '"H NMR (400 MHz, CDCl3) 6 0.16-0.31 (m,
2H), 0.45-0.58 (m, 2H), 0.91-1.05 (m, 1H), 3.00 (dd, J = 14.5, 8.2 Hz, 1H), 3.17 (dd, J = 15.1, 6.7
Hz, 1H), 3.25 (dd, J = 15.1, 6.7 Hz, 1H), 3.41 (dd, J = 14.5, 6.8 Hz, 1H), 4.81 (dd, J = 8.2, 6.8 Hz,
1H), 7.09-7.13 (m, 2H), 7.14-7.20 (m, 3H), 7.44 (d, J = 8.6 Hz, 2H), 7.50 (d, J = 8.6 Hz, 4H), 7.63
(d, J= 8.2 Hz, 2H); Anal. (C,5H24CINO4S-0.25H,0) calcd C 63.28%, H 5.20%, N 2.95%; found C
63.23%, H 5.31%, N 2.92%.

(R)-2-{[4-(4-Chlorophenyl)benzenesulfonyl]cyclohexylmethylamino}-3-phenylpropionic
acid (4e)

Cyclohexylmethyl bromide Z Mel D D IZHVY, 9a & 4b SO ILSRMFITATZ & T, 1E
LAY (R)-2-{[4-(4-chlorophenyl)benzenesulfonyl]cyclohexylmethylamino }-3-phenylpropionic
acid (4e) ZHEAFEIL L L TR (IR 59%) .

Mp 144-148 °C; [a]*’b +37.19 (¢ 0.27, methanol); 'H NMR (400 MHz, CDCl3) 6 0.72—0.88 (m,
2H), 1.03-1.19 (m, 3H), 1.49-1.77 (m, 6H), 2.93 (dd, J = 14.3, 7.2 Hz, 1H), 3.09-3.16 (m, 2H),
3.34 (dd, J = 14.3, 7.2 Hz, 1H), 4.58 (t, J = 7.2 Hz, 1H), 7.06-7.11 (m, 2H), 7.14-7.20 (m, 3H),
7.44 (d, J=8.6 Hz, 2H), 7.51 (d, J= 8.6 Hz, 2H), 7.56 (d, J = 8.6 Hz, 2H), 7.76 (d, J = 8.6 Hz, 2H);
Anal. (Ca3H39CINO4S) caled C 65.68%, H 5.91%, N 2.74%; found C 65.73%, H 5.95%, N 2.72%.
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(R)-2-{Benzyl-[4-(4-chlorophenyl)benzenesulfonyl]amino}-3-phenylpropionic acid (4f)
Benzyl bromide % Mel D1t 0 IZHVY, 9a % 4b A O SUGSRMEIC A2 & T, EELAY
(R)-2-{benzyl-[4-(4-chlorophenyl)benzenesulfonyl]amino } -3-phenylpropionic acid (4f) % HEaE H

& LTHREE (IR 95%)

Mp 137-141 °C; [a]*p +17.14 (¢ 0.14, methanol); 'H NMR (400 MHz, CDCls) 6 2.96 (dd, J =
14.4, 7.3 Hz, 1H), 3.24 (dd, J = 14.4, 7.3 Hz, 1H), 4.26 (d, J = 15.4 Hz, 1H), 4.53 (d, J = 15.4 Hz,
1H), 4.63 (t, J = 7.3 Hz, 1H), 7.00-7.04 (m, 2H), 7.12-7.28 (m, 8H), 7.41 (d, J = 8.6 Hz, 2H), 7.49
(d, J = 8.6 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 7.77 (d, J = 8.4 Hz, 2H), 10.95 (br s, 1H); Anal.
(C28H24CINO4S-1.25H,0) caled C 63.63%, H 5.05%, N 2.65%; found C 63.54%, H 4.89%, N
2.92%.

(R)-2-[4-(4-Chlorophenyl)benzenesulfonyl-(2-phenethyl)amino]-3-phenylpropionic acid

(42)

2-Bromoethylbenzene % Mel Ot D IZHVY, 9a & 4b GO SR MICAH 32 & T, fZElL
“¥ (R)-2-[4-(4-chlorophenyl)benzenesulfonyl-(2-phenethyl)amino]-3-phenylpropionic acid (4g)
ARG E LTEL (R 39%) ,

Mp 64-69 °C; [a]*p +27.84 (¢ 0.37, methanol); 'H NMR (400 MHz, CDCls) 6 2.76-2.87 (m,
1H), 2.88-2.99 (m, 2H), 3.27-3.42 (m, 2H), 3.47-3.58 (m, 1H), 4.82 (t, /= 7.3 Hz, 1H), 7.08-7.34
(m, 10H), 7.42 (d, J = 7.8 Hz, 2H), 7.45-7.56 (m, 4H), 7.69 (d, J = 7.8 Hz, 2H), 9.44 (br s, 1H);
Anal. (Cy9H6CINO4S) caled C 66.98%, H 5.04%, N 2.69%; found C 66.73%, H 5.24%, N 2.81%.

(R)-2-{4-(4-Chlorophenyl)benzenesulfonyl-[2-(2-oxopyrrolidin-1-yl)ethyl]amino}-3-phenyl-
propionic acid (4h)

1-(2-Bromoethyl)pyrrolidin-2-one % Mel O D IZHVY, 9a & 4b B KD S FRMITA T2 &
T, EELAY (R)-2-{4-(4-chlorophenyl)benzenesulfonyl-[2-(2-oxopyrrolidin-1-yl)ethyl]amino} -
3-phenylpropionic acid (4h) Z MEiEM & L TR (IR 52%) .

Mp 102-107 °C; [a]*’p +16.73 (¢ 0.11, methanol); "H NMR (400 MHz, DMSO-ds) 6 1.82-1.95
(m, 2H), 2.18 (t, J = 8.1 Hz, 2H), 2.96 (dd, J = 14.5, 8.7 Hz, 1H), 3.22-3.41 (m, 7H), 4.67 (dd, J =
8.7, 6.4 Hz, 1H), 7.15-7.29 (m, 5H), 7.57 (d, J = 8.7 Hz, 2H), 7.73-7.84 (m, 6H); Anal.
(C27H27CIN205S-0.75H,0) caled C 59.99%, H 5.31%, N 5.18%; found C 59.91%, H 5.19%, N
5.25%.
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(S)-2-{|4-(4-Chlorophenyl)benzenesulfony|methylamino}-3-phenylpropionic acid (4¢)

4a GAIEICTHES T 8b 725 9b ZAHL L., 51 &V T 9b % 4b RO SUSHRIITAT T2 & T, %
LAY (S)-2-{[4-(4-chlorophenyl)benzenesulfony]methylamino}-3-phenylpropionic acid (4¢) %
BEEEM & LR (IR 82%) .

Mp 183-188 °C; [a]*’b —35.56 (¢ 0.09, methanol); 'H NMR (400 MHz, CDCl3) 6 2.80-2.93 (m,
4H), 3.24-3.35 (m, 1H), 4.93-5.06 (m, 1H), 7.11-7.17 (m, 2H), 7.22-7.27 (m, 3H), 7.44 (d, J = 8.6
Hz, 2H), 7.47-7.53 (m, 6H); Anal. (C2H,9CINO4S-0.75H,0) caled C 59.59%, H 4.89%, N 3.16%;
found C 59.70%, H 4.69%, N 3.22%.

(R)-2-{[4-(4-Chlorophenyl)benzenesulfonyl]-|2-(2-oxopyrrolidin-1-yl)ethyl]Jamino}-2-
methyl-3-phenylpropionic acid (4i)

4a BRIEICTES T 8c 7B 9e AR L., 51&HKEV T 9¢ % 4h GRDRUSFRMHFITAT+Z & T, 15
b & # (R)-2-{[4-(4-chlorophenyl)benzenesulfonyl]-[2-(2-oxopyrrolidin-1-yl)ethyl]Jamino} -2-
methyl-3-phenylpropionic acid (4i) % #EfEM & LT (IE 35%) .

Mp 124-129 °C; [0]*’p —11.54 (¢ 0.26, methanol); '"H NMR (400 MHz, DMSO-dj) d 1.40 (s, 3H),
1.77-1.87 (m, 2H), 2.04-2.14 (m, 2H), 2.98-3.38 (m, 8H), 7.22-7.30 (m, 5H), 7.58 (d, J = 8.6 Hz,
2H), 7.80 (d, J = 8.6 Hz, 2H), 7.92 (d, J = 8.6 Hz, 2H), 8.06 (d, J = 8.6 Hz, 2H), 12.91 (br s, 1H);
Anal. (Cy3H29CIN,0O5S-0.5H,0) caled C 61.14%, H 5.50%, N 5.09%; found C 61.10%, H 5.41%, N
5.12%.

(1R,2S)-1-{|4-(4-Chlorophenyl)benzenesulfonyl]-[2-(2-oxopyrrolidin-1-yl)ethyl]amino}-2-
phenylcyclopropanecarboxylic acid (4j)

4a SRIEICTIES T8d 205 9d Z &AL L. 5l &\ T 9d & 4h GO USRI Z & T, AR
HibEEa® (1R,25)-1-{[4-(4-chlorophenyl)benzenesulfonyl]-[2-(2-oxopyrrolidin-1-yl)ethyl]amino} -
2-phenylcyclopropanecarboxylic acid (4j) # A5G & LTEZ U= 77%) .

Mp 170-174 °C; [a]*’b —53.50 (¢ 0.40, methanol); "H NMR (400 MHz, DMSO-ds) 6 1.79-2.01
(m, 3H), 2.11-2.35 (m, 3H), 2.96-3.09 (m, 1H), 3.23-3.83 (m, 6H), 7.17-7.34 (m, 5H), 7.57 (d, J =
82 Hz, 2H), 7.78 (d, J = 82 Hz, 2H), 7.85-7.98 (m, 4H), 12.26 (br s, 1H); Anal.
(C23H27CIN,0O5S:0.5H,0) caled C 61.36%, H 5.15%, N 5.11%; found C 61.50%, H 5.10%, N
5.20%.

(1R,2S)-1-{|4-(4-Chlorophenyl)benzenesulfonyl]-[2-(2,5-dioxopyrrolidin-1-yl)ethyl]amino}-
2-phenylcyclopropanecarboxylic acid (4k)

1-(2-Bromoethyl)pyrrolidine-2,5-dione % 1-(2-bromoethyl)pyrrolidin-2-one i 0V (ZHVY, 9d
# 4j AROBISEMATT 2 & T, EEEEY (1R,2S)-1-{[4-(4-chlorophenyl)benzenesulfonyl]-
[2-(2,5-dioxopyrrolidin-1-yl)ethyl]Jamino} -2-phenylcyclopropanecarboxylic acid (4Kk) % HE ¢k i
& LTHE (IR 64%) .

Mp 208-211 °C; [0] —29.77 (c 0.17, methanol); "H NMR (400 MHz, DMSO-dy) 6 1.84—1.94
(m, 1H), 2.22-2.35 (m, 1H), 2.60-2.70 (m, 4H), 3.10-3.21 (m, 1H), 3.53-3.76 (m, 3H), 3.87-4.01
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(m, 1H), 7.17-7.39 (m, 5H), 7.57 (d, J = 8.6 Hz, 2H), 7.77 (d, J = 8.6 Hz, 2H), 7.81-7.93 (m, 4H),
12.29 (br s, 1H); Anal. (CosHasCIN2OgS) caled C 60.81%, H 4.56%, N 5.07%; found C 60.67%, H
4.67%, N 5.05%.

(1R,2S)-1-{|4-(4-Chlorophenyl)benzenesulfonyl]-[2-(2-0xo0xazolidin-3-yl)ethyl]amino}-2-
phenylcyclopropanecarboxylic acid (41)

3-(2-Bromoethyl)oxazolidin-2-one % 1-(2-bromoethyl)pyrrolidin-2-one @KV IZHvy, 9d %
4j BROBIGEMIICAZ & T, EELAY (1R,2S)-1-{[4-(4-chlorophenyl)benzenesulfonyl]-[2-
(2-oxooxazolidin-3-yl)ethyl]amino}-2-phenylcyclopropanecarboxylic acid (41) % fEfEsh & LT
iz (IR 60%)

Mp 227-231 °C; [a]*p —28.90 (¢ 0.20, methanol); "H NMR (400 MHz, DMSO-ds) 6 1.76-1.89
(m, 1H), 2.16-2.36 (m, 1H), 2.95-3.13 (m, 1H), 3.43-3.90 (m, 6H), 4.16-4.34 (m, 2H), 7.17-7.31
(m, 5H), 7.57 (d, J = 8.6 Hz, 2H), 7.78 (d, J = 8.8 Hz, 2H), 7.84-7.98 (m, 4H), 12.30 (br s, 1H);
Anal. (Cp7H,5CIN,O6S-0.25H,0) caled C 59.45%, H 4.71%, N 5.14%; found C 59.49%, H 4.75%,
N 5.19%.

(1R,25)-1-{|4-(4-Chlorophenyl)benzenesulfonyl]-[2-(2-oxopiperidin-1-yl)ethyl]amino}-2-
phenylcyclopropanecarboxylic acid (4m)

1-(2-Bromoethyl)piperidin-2-one % 1-(2-bromoethyl)pyrrolidin-2-one @KV IZHY, 9d % 4
AR ORISEMEICA T LT, EELAEY (1R,2S)-1-{[4-(4-chlorophenyl)benzenesulfonyl]-[2-
(2-oxopiperidin-1-yl)ethyl]Jamino}-2-phenylcyclopropanecarboxylic acid (4m) Z GRS & LT
iz (IR 73%) .

Mp 133-138 °C; [a]*p —47.78 (¢ 0.18, methanol); '"H NMR (400 MHz, DMSO-ds) 6 1.62—1.80
(m, 4H), 1.80-1.93 (m, 1H), 2.13-2.36 (m, 3H), 2.92-3.05 (m, 1H), 3.35-3.44 (m, 2H), 3.52-3.68
(m, 3H), 3.68-3.82 (m, 1H), 7.16-7.37 (m, 5H), 7.57 (d, J = 8.8 Hz, 2H), 7.77 (d, J = 8.8 Hz, 2H),
7.85-7.95 (m, 4H), 12.21 (br s, 1H); Anal. (C,9H,9CIN,05S-0.25H,0) calcd C 62.47%, H 5.33%, N
5.02%; found C 62.54%, H 5.41%, N 4.98%.

(1R,25)-1-{|4-(4-Chlorophenyl)benzenesulfonyl]-[2-(2-0x0-[1,3]oxazinan-3-yl)ethyl]amino}-
2-phenylcyclopropanecarboxylic acid (4n)

3-(2-Bromoethyl)-[1,3]Joxazinan-2-one % 1-(2-bromoethyl)pyrrolidin-2-one O {0 (ZH v, 9d
4] ARORISRECA T 2L T FEEE® (1R,2S)-1-{[4-(4-chlorophenyl)benzene-
sulfonyl]-[2-(2-0x0-[ 1,3]Joxazinan-3-yl)ethyl]amino} -2-phenylcyclopropanecarboxylic acid (4n) %
@G & LR (IR 78%) .

Mp 140-144 °C; [a]*’p —45.29 (¢ 0.17, methanol); "H NMR (400 MHz, DMSO-d;) 6 1.81-2.04
(m, 3H), 2.24-2.35 (m, 1H), 2.92-3.05 (m, 1H), 3.38-3.47 (m, 2H), 3.52-3.71 (m, 3H), 3.74-3.91
(m, 1H), 4.13-4.24 (m, 2H), 7.16-7.35 (m, 5H), 7.57 (d, J = 8.6 Hz, 2H), 7.77 (d, J = 8.6 Hz, 2H),
7.84-7.98 (m, 4H), 12.21 (s, 1H); Anal. (CysH27CIN,0O4S-0.25H,0) caled C 60.10%, H 4.95%, N
5.01%; found C 60.04%, H 4.98%, N 5.02%.
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(1R,2S)-1-{|4-(4-Chlorophenyl)benzenesulfonyl]-[2-(3-methoxy-2-0x0-2H-pyridin-1-yl)-
ethyl]amino}-2-phenylcyclopropanecarboxylic acid (40)

1-(2-Bromoethyl)-3-methoxy-1H-pyridin-2-one % 1-(2-bromoethyl)pyrrolidin-2-one ®fXiH> v (T
M, 9d % 4] B SUOSFRIITAT 2 & T A (1R,2S)-1-{[4-(4-chlorophenyl)benzene-
sulfonyl]-[2-(3-methoxy-2-0x0-2 H-pyridin-1-yl)ethyl|Jamino } -2-phenylcyclopropanecarboxylic
acid (40) ZRHEAKMEE LTHL (I 52%) .

Mp 130-135 °C; [a]*p —19.38 (¢ 0.16, methanol); "H NMR (400 MHz, DMSO-d;) 6 1.75-1.87
(m, 1H), 2.17-2.33 (m, 2H), 3.58-3.67 (m, 3H), 3.70-3.83 (m, 1H), 3.90-4.03 (m, 1H), 4.12-4.24
(m, 1H), 4.35-4.52 (m, 1H), 6.22 (t, J= 6.6 Hz, 1H), 6.83 (d, J = 6.6 Hz, 1H), 7.11-7.26 (m, 6H),
7.57 (d, J = 8.6 Hz, 2H), 7.78 (d, J = 8.6 Hz, 2H), 7.84-8.00 (m, 4H), 12.20 (s, 1H); Anal.
(C30H27CIN206S-0.75H,0) caled C 60.81%, H 4.85%, N 4.73%; found C 60.74%, H 4.82%, N
4.67%.

HCI salt of (1R,2S)-1-{[4-(4-chlorophenyl)benzenesulfonyl]-[2-(1-imidazolyl)ethyl]amino}-
2-phenylcyclopropanecarboxylic acid (4p)

1-(2-Bromoethyl)-1H-imidazole % 1-(2-bromoethyl)pyrrolidin-2-one OV IZHVY, 9d % 4j
B OIS GMEIAT L, fidh{b % n-hexane Z AW THIT 9 Z & T, EE/LAY HCI salt of
(1R,2S5)-1-{[4-(4-chlorophenyl)benzenesulfonyl]-[2-(1-imidazolyl)ethyl]amino } -2-phenylcyclo-
propanecarboxylic acid (4p) # MEfafhi & L CTHEL (FE 52%) .

Mp 167-172 °C; [a]*p —60.53 (¢ 0.19, methanol); "H NMR (400 MHz, DMSO-ds) 6 1.62-1.83
(m, 1H), 2.16-2.37 (m, 1H), 2.75-3.04 (m, 1H), 3.04-3.25 (m, 1H), 3.37-3.73 (m, 2H), 3.93-4.12
(m, 1H), 7.09-7.41 (m, 6H), 7.57 (d, J = 8.6 Hz, 2H), 7.78 (d, J = 8.6 Hz, 2H), 7.84-8.02 (m, 4H),
8.40-8.61 (m, 2H); Anal. (Cy7H24CIN;O4S-HCI-1.25H,0) caled C 55.82%, H 4.77%, N 7.23%;
found C 55.71%, H 4.81%, N 7.15%.

HCI salt of (1R,2S)-1-{|4-(4-chlorophenyl)benzenesulfonyl]-[2-(4-methoxycarbonyl-
imidazol-1-yl)ethyl]amino}-2-phenylcyclopropanecarboxylic acid (4q)

1-(2-Bromoethyl)-1H-imidazole-4-carboxylic acid methyl ester Z 1-(2-bromoethyl)pyrrolidin-2-
one DO VIZTH, 9d % 4 A EOSISSERMIZAT L, #idb{b % n-hexane & W TIT9 Z & T, 1%
AL &% HCl salt of (1R,2S)-1-{[4-(4-chlorophenyl)benzenesulfonyl]-[2-(4-methoxycarbonyl-
imidazol-1-yl)ethyl]amino}-2-phenylcyclopropanecarboxylic acid (4q) % #EafESh & L CTE7- (L
R 38%) .

Mp 232-236 °C; [a]*p —58.42 (¢ 0.38, methanol); "H NMR (400 MHz, DMSO-d;) 6 1.68-1.81
(m, 1H), 2.12-2.28 (m, 2H), 3.76 (s, 3H), 3.80—4.60 (m, 4H), 7.10-7.31 (m, 5H), 7.57 (d, J = 8.6
Hz, 2H), 7.77 (d, J = 8.6 Hz, 2H), 7.84-8.00 (m, 4H), 8.27 (s, 1H), 8.47 (s, 1H), 12.33 (br s, 1H);
Anal. (Cy9H26CIN3O6S-HCI) caled C 56.50%, H 4.41%, N 6.82%; found C 56.35%, H 4.50%, N
6.76%.
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HCI salt of (1R,2S)-1-{|4-(4-chlorophenyl)benzenesulfonyl]-[2-(5-methoxycarbonyl-
imidazol-1-yl)ethyl]amino}-2-phenylcyclopropanecarboxylic acid (4r)

3-(2-Bromoethyl)-3 H-imidazole-4-carboxylic acid methyl ester % 1-(2-bromoethyl)pyrrolidin-2-
one DO VIZH, 9d % 4 A ELO SIS L, #idbfb % n-hexane & W TIT 9 Z & T, 1%
AL &% HCl salt of (1R,2S)-1-{[4-(4-chlorophenyl)benzenesulfonyl]-[2-(5-methoxycarbonyl-
imidazol-1-yl)ethyl]amino}-2-phenylcyclopropanecarboxylic acid (4r) ZMEAFER L& L THE7- (X
T 56%) .

Mp 91-96 °C; [a]*’p —41.37 (¢ 0.51, methanol); 'H NMR (400 MHz, DMSO-ds) d 1.73-1.90 (m,
1H), 2.16-2.28 (m, 1H), 2.37-2.51 (m, 1H), 3.77-3.97 (m, 1H), 3.88 (s, 3H), 4.10-4.26 (m, 1H),
4.69-4.90 (m, 2H), 7.09-7.30 (m, 5H), 7.57 (d, J = 8.3 Hz, 2H), 7.77 (d, J = 8.3 Hz, 2H), 7.83-7.95
(m, 4H), 8.19 (s, 1H), 8.82 (s, 1H), 12.33 (s, 1H); Anal. (C,9HsCIN3O6S-HCI1-0.25H,0) caled C
56.09%, H 4.46%, N 6.77%; found C 55.82%, H 4.55%, N 6.81%.

HCI salt of (1R,2S)-1-{|4-(4-chlorophenyl)benzenesulfonyl]-[2-(7-purinyl)ethyl]amino}-2-
phenylcyclopropanecarboxylic acid (4s)

7-(2-Bromoethyl)-7H-purine % 1-(2-bromoethyl)pyrrolidin-2-one ™ 1> D IZH VY, 9d % 4j 51k
OIS G L, fidh{b % n-hexane % W THITH Z & T, #EELA Y HCI salt of
(1R,2S5)-1-{[4-(4-chlorophenyl)benzenesulfonyl]-[2-(7-purinyl)ethylJamino}-2-phenylcyclo-
propanecarboxylic acid (4s) % MG & L TR (IR 85%) .

Mp 182-188 °C; [a]*’p —55.71 (c 0.07, THF); '"H NMR (400 MHz, DMSO-ds) ¢ 1.58-1.75 (m,
1H), 1.83-1.99 (m, 1H), 2.09-2.25 (m, 1H), 3.79-3.98 (m, 1H), 4.14-4.30 (m, 1H), 4.56—4.97 (m,
2H), 6.96-7.03 (m, 2H), 7.12-7.31 (m, 3H), 7.57 (d, J = 8.6 Hz, 2H), 7.76 (d, J = 8.6 Hz, 2H),
7.81-7.95 (m, 4H), 8.81 (s, 1H), 8.98 (s, 1H), 9.33 (s, 1H), 12.32 (br s, 1H); Anal.
(C9H24CIN504S-HCI1-0.25n-hexane) caled C 57.95%, H 4.54%, N 11.08%; found C 57.69%, H
4.28%, N 11.34%.

HCI salt of (1R,2S)-1-{|4-(4-chlorophenyl)benzenesulfonyl]-[2-(9-purinyl)ethyl]amino}-2-
phenylcyclopropanecarboxylic acid (4t)

9-(2-Bromoethyl)-9H-purine % 1-(2-bromoethyl)pyrrolidin-2-one @& D IZH VY, 9d % 4j Ak
OIS G L, fidh{b % n-hexane % W THITH Z & T, #EELA Y HCI salt of
(1R,2S5)-1-{[4-(4-chlorophenyl)benzenesulfonyl]-[2-(9-purinyl)ethylJamino}-2-phenylcyclo-
propanecarboxylic acid (4t) # fEafhfh & LB (K 79%) .

Mp 188-191 °C; [a]*’p —65.00 (c 0.16, THF); '"H NMR (400 MHz, DMSO-ds) 6 1.70-1.86 (m,
1H), 2.16-2.30 (m, 1H), 2.41-2.59 (m, 1H), 3.91-4.10 (m, 1H), 4.12-4.27 (m, 1H), 4.54-4.89 (m,
2H), 7.11-7.34 (m, 5H), 7.57 (d, J = 8.6 Hz, 2H), 7.76 (d, J = 8.6 Hz, 2H), 7.82-7.96 (m, 4H), 8.68
(s, 1H), 9.02 (s, 1H), 9.14 (s, 1H); Anal. (C,9H24CINsO4S-HCI-0.25H,0) calcd C 56.63%, H 4.18%,
N 11.39%; found C 56.82%, H 4.17%, N 11.21%.
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(1R,2S)-1-[4-(4-Chlorophenyl)benzenesulfonyl]amino-2-phenylcyclopropanecarboxylic acid
(ent-5a)

9d Z ikt & L THIV 4a B Rk & RIBRD UGS TR#E AT 5 2 & TUAEEMEY (1R,29)-1-
[4-(4-chlorophenyl)benzenesulfonyl]amino-2-phenylcyclopropanecarboxylic acid (ent-5a) % M4
fidh & LT (IR 97%) .

Mp 178-181 °C; [a]*’p —57.14 (¢ 0.21, methanol); "H NMR (300 MHz, DMSO-dy) 6 1.45-1.55
(m, 1H), 1.87-1.98 (m, 1H), 2.56-2.71 (m, 1H), 7.12-7.25 (m, 5H), 7.57 (d, J = 8.6 Hz, 2H), 7.77
(d, J = 8.6 Hz, 2H), 7.83-7.92 (m, 4H), 8.89 (br s, 1H), 12.15 (br s, 1H); Anal.
(C22H3CINO4S-0.5H,0) caled C 60.48%, H 4.38%, N 3.21%; found C 60.49%, H 4.36%, N 3.28%.

(1S,2R)-1-[4-(4-Chlorophenyl)benzenesulfonyl]amino-2-phenylcyclopropanecarboxylic acid
(52)

4a GAIEICHES T 8e 726 9e Bk L. T LM ZFEHT, 4a G E RIERD SUS S TR
R#EEZITH 2 LT, EEAEY (15,2R)-1-[4-(4-chlorophenyl)benzenesulfonyl]amino-2-phenyl-
cyclopropanecarboxylic acid (5a) % fEfafhsh & L THEZ (IR 99%) .

Mp 175-180 °C; [a]*p +50.00 (¢ 0.08, methanol); "H NMR (300 MHz, DMSO-dy) 6 1.42-1.58
(m, 1H), 1.82-1.98 (m, 1H), 2.52-2.71 (m, 1H), 7.08-7.26 (m, 5H), 7.57 (d, J = 8.7 Hz, 2H), 7.78
(d, J= 8.7 Hz, 2H), 7.83-7.92 (m, 4H), 8.81 (s, 1H), 12.15 (s, 1H); Anal. (C22H3CINO4S-0.75H,0)
caled C 59.86%, H 4.45%, N 3.17%; found C 60.15%, H 4.33%, N 3.31%.

Scheme 4.  Syntheses of Sb—o

(1S,2R)-1-(5-Bromothiophene-2-sulfonylamino)-2-phenylcyclopropanecarboxylic acid
methyl ester (11)

(18,2R)-1-Amino-2-phenylcyclopropanecarboxylic acid methyl ester (10) . 5-bromothiophene-
2-sulfonyl chloride Z =N ZH MV, 4a Gk L RO R TRANVB =ACLRISE 21T 5 T & T, 7
& At & ¥ (1S,2R)-1-(5-bromothiophene-2-sulfonylamino)-2-phenylcyclopropanecarboxylic  acid
methyl ester (11) ZRFHEIRY & L TEEIZHET,

'H NMR (300 MHz, DMSO-ds) 6 1.66 (dd, J = 9.0, 5.9 Hz, 1H), 2.09 (dd, J = 9.0, 5.9 Hz, 1H),
2.82 (t,J=9.0 Hz, 1H), 3.08 (s, 3H), 7.15-7.30 (m, 5H), 7.33 (d, J = 4.1 Hz, 1H), 7.40 (d, J = 4.1
Hz, 1H), 9.41 (br s, 1H).

(1S,2R)-1-[5-(4-Chlorophenyl)thiophene-2-sulfonylamino]-2-phenylcyclopropanecarboxylic
acid (5b)

11 (200 mg, 0.480 mmol) & 4-chlorophenylboronic acid (110 mg, 0.710 mmol) @ 2 M Na,CO;
KR 1,2-dimethoxyethane = 1: 2 (15 mL) (2%} L, 7 /L 2 ZRFHS T . PA(PPhs)s (16.0 mg, 0.0140
mmol) ZZ., 90 °C T 3 RFflffE#: Lz, RIGRZIKKIZIEE . AHE Z2 EtOAc THiHi#Z, 0.5 N
HCl KEHE. 5% RIEKSET b U 0 LK, SO MK DNEIZHEA L. MgSO4 THIME 21T o 7,
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WA & Atk WAL TEEL, YU BTSNV T L7 a~ N7 T 7 ¢ — (n-hexane:EtOAc =

4:1) ZHNTIZ NV— FREWOEZIT o1, BON/Sb AF NV AT WK E T2 ) —/Li4N

NaOH K& = 1:1 (S5mL) (&=, 90 °C T 3 R 21T o 7ot OISR 2 BE NG

L. INHCIK®E#EZ KRG T pH=3fHEE TMA 7z, £AUCEKEZARTHZ LT, HEEELEY

(18,2R)-1-[5- (4-chlorophenyl)thiophene-2-sulfonylamino]-2-phenylcyclopropanecarboxylic acid
(5b) A #EAFEM S LT (105 mg, =R 50%) .

Mp 192-196 °C; [a]*p +81.50 (¢ 0.20, methanol); "H NMR (300 MHz, DMSO-ds) 6 1.62 (dd, J
= 9.2, 5.7 Hz, 1H), 2.03 (dd, J = 9.2, 5.7 Hz, 1H), 2.76 (t, J = 9.2 Hz, 1H), 7.15-7.30 (m, 5H),
7.43-7.52 (m, 2H), 7.57 (d, J = 3.8 Hz, 1H), 7.61-7.71 (m, 2H), 7.80-7.84 (m, 1H), 9.21 (s, 1H),
12.20 (br s, 1H); Anal. (Cy0H;6CINO4S,) caled C 55.36%, H 3.72%, N 3.23%; found C 55.18%, H
3.81%, N 3.19%.

(1S,2R)-1-[5-(3-Chlorophenyl)thiophene-2-sulfonylamino]-2-phenylcyclopropanecarboxylic
acid (5¢)

3-Chlorophenylboronic acid % 4-chlorophenylboronic acid Dt v IZHV, 11 % 5b 5 DK
SR 2 & T LAY (1S,2R)-1-[5-(3-chlorophenyl)thiophene-2-sulfonylamino]-2-
phenylcyclopropanecarboxylic acid (5¢) # #Efafkih & L THEE (=K 42%) .

Mp 222-225 °C; [a]*p +70.40 (¢ 0.25, methanol); "H NMR (300 MHz, DMSO-ds) 6 1.62 (dd, J
=9.2,5.7 Hz, 1H), 2.03 (dd, J = 9.2, 5.7 Hz, 1H), 2.76 (t, J = 9.2 Hz, 1H), 7.15-7.30 (m, 5H),
7.43-7.52 (m, 2H), 7.57 (d, J = 3.8 Hz, 1H), 7.61-7.71 (m, 2H), 7.80-7.84 (m, 1H), 9.21 (s, 1H),
12.20 (br s, 1H); Anal. (C20H6CINO4S,-0.25H,0) caled C 54.79%, H 3.79%, N 3.19%; found C
54.95%, H 4.02%, N 3.05%.

(1S,2R)-1-[5-(2-Chlorophenyl)thiophene-2-sulfonylamino]-2-phenylcyclopropanecarboxylic
acid (5d)

2-Chlorophenylboronic acid % 4-chlorophenylboronic acid ®fti> W 2V, 11 % 5b & [FIEED
FOGSRMEICAT 42 & ©, EELAY (1S,2R)-1-[5-(2-chlorophenyl)thiophene-2-sulfonylamino]-2-
phenylcyclopropanecarboxylic acid (5d) # #EAfEe & L THEZ (=K 45%) .

Mp 80-85 °C; [a]*’b +50.50 (¢ 0.40, methanol); 'H NMR (300 MHz, DMSO-ds) 6 1.59 (dd, J =
9.2, 5.5 Hz, 1H), 2.04 (dd, J = 9.2, 5.5 Hz, 1H), 2.76 (t, J = 9.2 Hz, 1H), 7.10-7.32 (m, 5H),
7.41-7.51 (m, 3H), 7.55-7.68 (m, 2H), 7.68-7.76 (m, 1H), 9.21 (s, 1H), 12.22 (br s, 1H); Anal.
(C20H16CINO4S,:0.25H,0) caled C 54.79%, H 3.79%, N 3.19%; found C 54.70%, H 3.84%, N
3.21%.
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(1S,2R)-1-[5-(5-Chloropyridin-2-yl)thiophene-2-sulfonylamino]-2-phenylcyclopropane-
carboxylic acid (5e)

5-(5-Chloropyridin-2-yl)thiophene-2-sulfonyl chloride (16) % 4-(4-chlorophenyl)benzene-
sulfonyl chloride DXV AV, 8e & Sa Gk & RO SUSKMFITAT T2 & T, HEbEY (1S,
2R)-1-[5-(5-chloropyridin-2-yl)thiophene-2-sulfonylamino]-2-phenylcyclopropanecarboxylic  acid

(5e) ZMEMHEMS & LTHEE (R 9I1%) .

Mp 107-111 °C; [a]*b +90.00 (¢ 0.22, methanol); "H NMR (300 MHz, DMSO-dy) 6 1.51-1.71
(m, 1H), 1.95-2.08 (m, 1H), 2.60-2.79 (m, 1H), 7.12-7.28 (m, 5H), 7.58 (d, J = 3.8 Hz, 1H), 7.85
(d, J=3.8 Hz, 1H), 8.01-8.12 (m, 2H), 8.64 (dd, J = 2.3, 0.8 Hz, 1H), 9.19 (br s, 1H), 12.14 (br s,
1H); Anal. (C;9H;5CIN204S,) caled C 52.47%, H 3.48%, N 6.44%; found C 52.37%, H 3.58%, N
6.36%.

(1S,2R)-1-[5-(4-Chloropyrazol-1-yl)thiophene-2-sulfonylamino]-2-phenylcyclopropane-
carboxylic acid (5f)

5-(4-Chloropyrazol-1-yl)thiophene-2-sulfonyl chloride (14a) % 4-(4-chlorophenyl)benzene-
sulfonyl chloride DV IZH, 8e % Sa Bhk L [FIERDSUSRMFITAT T Z & T, HEILEYD
(1S,2R)-1-[5-(4-chloropyrazol-1-yl)thiophene-2-sulfonylamino]-2-phenylcyclopropanecarboxylic
acid (5f) ZHEEAKE S L THL (IR 88%) .

Mp 197-203 °C; [0]*’p +100.56 (c 0.18, methanol); 'H NMR (400 MHz, DMSO-d;) 6 0.99 (dd, J
=9.2,5.7Hz, 1H), 1.38 (dd, J=9.2, 5.7 Hz, 1H), 2.10 (t,J = 9.2 Hz, 1H), 6.50-6.66 (m, SH), 6.72
(d, J=4.2 Hz, 1H), 6.86 (d, /= 4.2 Hz, 1H), 7.29 (s, 1H), 8.24 (s, 1H), 8.56 (br s, 1H), 11.55 (br s,
1H); Anal. (C;7H14CIN304S,) caled C 48.17%, H 3.33%, N 9.91%; found C 48.13%, H 3.44%, N
9.90%.

(1S,2R)-1-[5-(2-Chlorophenyl)thiophene-2-sulfonylamino]-2-methyl-2-phenylcyclopropane-
carboxylic acid (5g)

8e. 5-(5-chloropyridin-2-yl)thiophene-2-sulfonyl chloride (16) ®fXi> v 1z, (1S,2R)-1-amino-2-
methyl-2-phenyl-cyclopropanecarboxylic acid tert-butyl ester (8f) . 5-(4-chlorophenyl)thiophene-2-
sulfonyl chloride (13) ZZhZh >, Se Bk & FROFUSKRMFITAT T2 & T, HFELEY
(1S,2R)-1-[5-(2-chlorophenyl)thiophene-2-sulfonylamino]-2-methyl-2-phenylcyclopropane-
carboxylic acid (5g) Z LM & L TR IR T1%)

Mp 107-111 °C; [a]*p +59.09 (¢ 0.11, methanol); "H NMR (400 MHz, DMSO-d;) ¢ 1.38-1.43
(m, 1H), 1.40 (s, 3H), 2.10 (d, J = 5.3 Hz, 1H), 7.11-7.27 (m, 5H), 7.49-7.59 (m, 4H), 7.75 (d, J =
9.2 Hz, 2H), 9.20 (br s, 1H), 12.12 (br s, 1H); Anal. (C,;H;3CINO4S2) caled C 56.31%, H 4.05%, N
3.13%; found C 56.18%, H 4.15%, N 3.14%.
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(1S,2R,3R)-1-[5-(4-Chlorophenyl)thiophene-2-sulfonylamino]-2-methyl-3-phenylcyclo-
propanecarboxylic acid (Sh)

8t oo viz, (15,2R,3R)-1-amino-2-methyl-3-phenylcyclopropanecarboxylic acid tert-butyl-
ester (8g) % FA\ . 5g Ak & FRED USSR 4 2 & <, LAY (1S,2R,3R)-1-[5-(4-chloro-
phenyl)thiophene-2-sulfonylamino]-2-methyl-3-phenylcyclopropanecarboxylic acid (Sh) % M4
pa & LCHER (IR 87%) o

Mp 163-169 °C; [0]*°p +99.06 (¢ 0.34, methanol); "H NMR (300 MHz, DMSO-ds) 6 1.25 (d, J =
6.8 Hz, 3H), 1.89-2.04 (m, 1H), 2.76 (d, J = 10.2 Hz, 1H), 7.10-7.30 (m, 5H), 7.46—7.59 (m, 4H),
7.74 (d, J = 8.7 Hz, 2H), 9.04 (br s, 1H), 12.31 (br s, 1H); Anal. (C5H;3CINO4S,) calcd C 56.31%,
H 4.05%, N 3.13%; found C 56.03%, H 4.12%, N 3.13%.

(1R*,2R*,3S5%)-1-[5-(4-Chlorophenyl)thiophene-2-sulfonylamino]-2-methyl-3-phenylcyclo-
propanecarboxylic acid (5i)

8f v iz, HCI salt of (1R*,2R* 35%)-1-amino-2-methyl-3-phenylcyclopropanecarboxylic
acid ethyl ester (8h) &M\, 5g GRDOEM T, ANFB=/ALKIS%E I L%, Sb AEkizB W
THWET T UMK GFEOIFECE D Z & TUEEEEY (1R*,2R*,35*)-1-[5-(4-chlorophenyl)-
thiophene-2-sulfonylamino]-2-methyl-3-phenylcyclopropanecarboxylic acid (5i) % @ fEg, & LT
iz (IR 35%) .

Mp 92-95 °C; 'H NMR (300 MHz, DMSO-dy) & 1.19 (d, J = 6.0 Hz, 3H), 2.15-2.29 (m, 1H),
2.57 (d, J= 8.3 Hz, 1H), 7.12-7.30 (m, 5H), 7.51 (d, J = 8.7 Hz, 2H), 7.55 (d, J= 4.1 Hz, 1H), 7.60
(d, J = 4.1 Hz, 1H), 7.74 (d, J = 8.7 Hz, 2H), 8.88 (br s, 1H), 12.19 (br s, 1H); Anal.
(C21H;3CINO4S;) caled C 56.31%, H 4.05%, N 3.13%; found C 56.12%, H 4.08%, N 3.20%.

(1S,2R)-1-[5-(4-Chloropyrazol-1-yl)thiophene-2-sulfonylamino]-2-methyl-2-phenylcyclo-
propanecarboxylic acid (5j)

5-(4-Chloropyrazol-1-yl)thiophene-2-sulfonyl chloride (14a) % 5-(4-chlorophenyl)thiophene-2-
sulfonyl chloride (13) DbV IZHW, 8f & 5g Ak & FERDRISFRIFITAT Z & ¢, kS
Y < & % (1S,2R)-1-[5-(4-chloropyrazol-1-yl)thiophene-2-sulfonylamino]-2-methyl-2-phenylcyclo-
propanecarboxylic acid (5j) # gl & LCTH7 (I 85%) .

Mp 110-114 °C; [0]*’p +81.96 (¢ 0.51, methanol); '"H NMR (300 MHz, DMSO-dj) d 1.40 (s, 3H),
1.42 (d, J=5.7 Hz, 1H), 2.09 (d, /= 5.7 Hz, 1H), 7.11-7.28 (m, 5H), 7.35 (d, J = 4.1 Hz, 1H), 7.49
(d, J = 4.1 Hz, 1H), 7.94 (s, 1H), 8.88 (s, 1H), 9.20 (br s, 1H), 12.07 (br s, 1H); Anal.
(CisH16CIN304S,:0.25H,0) caled C 48.87%, H 3.76%, N 9.50%; found C 48.87%, H 3.88%, N
9.49%.
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(1S,2R,3R)-1-[5-(4-Chloropyrazol-1-yl)thiophene-2-sulfonylamino]-2-methyl-3-phenylcyclo-
propanecarboxylic acid (5k)

5-(4-Chloropyrazol-1-yl)thiophene-2-sulfonyl chloride (14a) % 5-(4-chlorophenyl)thiophene-2-
sulfonyl chloride (13) Oftb v IZHVY, 8g & Sh Ak & RO RISEMHFIAH 2 & ¢, EEbs
Y (1S,2R,3R)-1-[5-(4-chloropyrazol-1-yl)thiophene-2-sulfonylamino]-2-methyl-3-phenylcyclo-
propanecarboxylic acid (5k) # fEfafhi & L CHEL (IFE9I1%) .

Mp 118-123 °C; [a]*p +101.36 (c 0.44, methanol); '"H NMR (300 MHz, DMSO-dy) 6 1.28 (d, J
= 6.4 Hz, 3H), 1.94-2.09 (m, 1H), 2.80 (d, J=10.5 Hz, 1H), 7.14-7.24 (m, 3H), 7.28 (t, J = 7.0 Hz,
2H), 7.36 (d, J = 4.1 Hz, 1H), 7.52 (d, J = 4.1 Hz, 1H), 7.94 (s, 1H), 8.89 (s, 1H), 9.09 (br s, 1H),
12.33 (br s, 1H); Anal. (Ci3H6CIN304S,) calcd C 49.37%, H 3.68%, N 9.60%; found C 49.75%, H
3.85%, N 9.60%.

(1S,2R,3R)-1-[5-(4-Chloropyrazol-1-yl)-4-methylthiophene-2-sulfonylamino]-2-methyl-3-
phenylcyclopropanecarboxylic acid (51)

5-(4-Chloropyrazol-1-yl)-4-methylthiophene-2-sulfonyl chloride (14b) % 5-(4-chloropyrazol-1-
yl)thiophene-2-sulfonyl chloride (14a) DOtV IZHVY, 8g % Sk Gk & FIERD SRS 3 2
LT, EEEY (1S,2R,3R)-1-[5-(4-chloropyrazol-1-yl)-4-methylthiophene-2-sulfonylamino]-2-
methyl-3-phenylcyclopropanecarboxylic acid (51) % #Eafldh & L CTHE7- (IR 83%) .

Mp 177-181 °C; [a]*’p +104.74 (c 0.19, methanol); '"H NMR (400 MHz, DMSO-dy) 6 1.27 (d, J
— 6.8 Hz, 3H), 1.97 (dq, J = 10.4, 6.8 Hz, 1H), 2.25 (s, 3H), 2.79 (d, J = 10.4 Hz, 1H), 7.16-7.22 (m,
3H), 7.24-7.29 (m, 2H), 7.43 (s, 1H), 7.94 (d, J = 0.7 Hz, 1H), 8.53 (d, J = 0.5 Hz, 1H), 9.08 (brs,
1H), 12.35 (br s, 1H); Anal. (C1oH;sCIN304S,-0.5H,0) caled C 49.51%, H 4.15%, N 9.11%; found
C 49.49%, H 4.26%, N 9.14%.

(1S,2R,3R)-1-[5-(4-Methoxypyrazol-1-yl)thiophene-2-sulfonylamino]-2-methyl-3-phenyl-
cyclopropanecarboxylic acid (S5m)

5-(4-Methoxypyrazol-1-yl)thiophene-2-sulfonyl chloride (14¢) % 5-(4-chloropyrazol-1-yl)-
thiophene-2-sulfonyl chloride (14a) DbV IZHV, 8g % Sk Ak & RO SUSSMICAT 42 &
T, EEAY (1S,2R,3R)-1-[5-(4-methoxypyrazol-1-yl)thiophene-2-sulfonylamino]-2-methyl-3-
phenylcyclopropanecarboxylic acid (Sm) % #EafkEg & L TE- (K 41%) .

Mp 84-88 °C; [0]*’p +79.23 (¢ 0.13, methanol); "H NMR (300 MHz, methanol-d,) ¢ 1.38 (d, J =
6.8 Hz, 3H), 2.15-2.25 (m, 1H), 2.93 (d, J = 10.5 Hz, 1H), 3.81 (s, 3H), 7.05 (d, J = 4.1 Hz, 1H),
7.20-7.24 (m, 5H), 7.47-7.49 (m, 2H), 7.97 (d, J = 0.8 Hz, 1H); Anal. (C;9H9N305S,-0.5H,0)
caled C 51.57%, H 4.56%, N 9.50%; found C 51.67%, H 4.66%, N 9.53%.
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(1S,2R,3R)-2-Methyl-1-[5-(4-methylpyrazol-1-yl)thiophene-2-sulfonylamino]-3-phenylcyclo-
propanecarboxylic acid (5n)

5-(4-Methylpyrazol-1-yl)thiophene-2-sulfonyl chloride (14d) % 5-(4-chloropyrazol-1-yl)-
thiophene-2-sulfonyl chloride (14a) DbV IZHV, 8g % Sk Ak & RO SUSSMICAT42 &
<., EEALEY (1S,2R,3R)-2-methyl-1-[5-(4-methylpyrazol-1-yl)thiophene-2-sulfonylamino]-3-
phenylcyclopropanecarboxylic acid (5n) % #EAfEG & L THEZ (R 34%) .

Mp 202-206 °C; [a]*’p +100.00 (¢ 0.14, methanol); "H NMR (400 MHz, methanol-d,) d 1.37 (d,
J=6.5Hz, 3H), 2.14 (s, 3H), 2.16-2.24 (m, 1H), 2.94 (d, /= 10.2 Hz, 1H), 7.08 (d, /= 4.2 Hz, 1H),
7.16-7.30 (m, SH), 7.48 (dd, J = 42, 0.9 Hz, 1H), 7.51 (s, 1H), 7.99 (br s, 1H); Anal.
(C19H19N304S,-0.5H,0) caled C 53.50%, H 4.73%, N 9.85%:; found C 53.85%, H 4.72%, N 9.86%.

(1S,2R,3R)-1-(6-Chlorothieno[3',2':4,5]imidazo[1,2-a]pyridine-2-sulfonylamino)-2-methyl-
3-phenylcyclopropanecarboxylic acid (50)

6-Chlorothieno[3’,2":4,5]imidazo[ 1,2-a]pyridine-2-sulfonyl chloride (21) % 5-(4-chloropyrazol-
1-yl)thiophene-2-sulfonyl chloride (14a) DOftiH W IZHVY, 8g % 5k & Ak & [FERD SRS
Z&7T, EEIEEY (1S,2R,3R)-1-(6-chlorothieno[3’,2":4,5]imidazo[ 1,2-a]pyridine-2-sulfonyl-
amino)-2-methyl-3-phenylcyclopropanecarboxylic acid (50) % #Efaftdh & L CE7- (MK 57%)

Mp 243-248 °C; [0]*°p +52.67 (¢ 0.21, methanol); "H NMR (400 MHz, DMSO-d5) 6 1.26 (d, J =
6.6 Hz, 3H), 2.00 (dq, J = 10.3, 6.5 Hz, 1H), 2.80 (d, /= 10.1 Hz, 1H), 7.12-7.30 (m, 5H), 7.81 (s,
1H), 7.89 (s, 1H), 9.02 (d, J = 7.5 Hz, 1H), 9.15 (br s, 1H), 12.22 (br s, 1H); Anal.
(C20H16CIN304S,-H,0) caled C 50.05%, H 3.78%, N 8.75%; found C 50.20%, H 3.59%, N 8.66%.

Scheme 5.  Syntheses of arylsulfonyl chlorides

5-(4-Chlorophenyl)thiophene-2-sulfonyl chloride (13)

12a (22.0 g, 0.130 mol) @ THF ik (65 mL) % —40 °C i2@mEIL, 2.0 M i-PrMgCl @ THF
Wik (72 mL) % 10 532 F T o< Vil F L7z, —40 °C T 30 &2 1T - 2% =ik ¥ TH-
L. BNk amkE 7 VI U FHA T Fe— h~&# L7, 4-Chloroiodobenzene (25.0
g,0.110 mol) . NiCl, (960 mg, 7.40 mmol) @ THF ¥k (100 mL) % 50 °C IZAHE L. JEDif
T — MR 40 M T R L2tk B 1 IER 50 °C TR 21T o 72, BUSIRZ KKIC
HEE. AHE 4 EtOAc THlit# . 0.5 N HClK¥E KR, 5% KEEKFET MU 7 LKEEKR, fafniif
KONEIZHEE L, MgSOs THLEA T o 7o, WIRAZ Ak, WA BT FTHE L, Rkl
n-hexane:EtOAc = 2:1 Wz, £ UTCBREARNEDZ LT A N AWKV I RV, it TAKE
WETRME LA X ) —vEINx 5 Z & TAKT 2 EAEEE AT LTz, ZO[FEE% AcO (10 mL)
® EtOAc i (70 mL) (ZiEfiE L. 0 °C £ CTmAI%. BAiiE (3.86 mL, 72.0 mmol) @ EtOAc
IR (14 mL) 2o <V LT L7, IR C 12 Refi ik L 72 % RS % 0 °CIZm A L .4 N NaOH
KW (54mL) 2z 252 & THEL ZEARKMEZ A LT, MidzBET 50°C TSt £
D% SOCIl, (100 mL) (Z8&# S 7%, DMF (6 mL) %12 T 50 °C |ZC 2 Fefi#iE#R L 7=, SOCl,
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I TR 5%, 3% NaHCO; KR AN A . A% % EtOAc (2 THlE L 72, 3% NaHCO; K
R, K, SN B KONEIZ e L, NaSO4 & W CHAME LT, Wtk &2 Aidth, WRIEEE BT T8
F L. #EiEIC diisopropyl ether Mz 5 Z & CAUMEE AT 252 & T, EEIELEHTH D
5-(4-chlorophenyl)thiophene-2-sulfonyl chloride (13) Z#@EAR & LTHEZ (12 g, IXHE 40%) .

'H-NMR (300 MHz, CDCl3) 6 7.29 (d, J = 4.0 Hz, 1H), 7.44 (d, J = 8.1 Hz, 2H), 7.57 (d, J = 8.1
Hz, 2H), 7.84 (d, J = 4.0 Hz, 1H); Anal. (C;iHsCl,0,S,) calcd C 40.97%, H 2.06%, N 0%; found C
40.65%, H 2.38%, N 0.05%.

5-(4-Chloropyrazol-1-yl)thiophene-2-sulfonyl chloride (14a)
7 v = GRS | 4-chloropyrazole (99.0 g, 0.971 mol) | 12a (237 g, 1.45 mol) . salicylaldoxime
(27.0 g,0.194 mol) # L T Cs,CO;3 (632 g, 1.94 mol) @ N,N-dimethylacetamide ¥ (690 mL)
1Zxt L CupO (7.20 g, 0.0486 mol) %Mz, 150 °C T 12 KEMEL L 7=, ROSIRE K 2K L HO
U LT-1% A B8 % n-hexane:EtOAc=2:1 [ZTHItH L, 28% 7 E=7/K:K =1:2, /K, fi
AR ONEIZBEE L. MgSO4 & W TR ZAT o 7o, Holfl &2 A, Wiz = T EL,
PR IZ n-hexane:EtOAc = 10:1 2z . £ CT-AREWAE T U A7 VAL > THRY BRvWe, A
T TIRAER ., RIEICA Y 2 — v EINZ, B UTZERE AT, EtOAc (800 mL) . AcO (93
mL) OREAEEICHERRSE, km T, &g 38 mL, 0.721 mol) & EtOAc (400 mL) i
Bz, i T — b 2EEHNT TP o< DT Lc, ZHRE=IR TR LS 2 &L TERT 5%
EOfE A AR L, BRIRELEEE T 12 B 70 °C (2 TR, SOCL, (830 mL) (24 <+, DMF
(2.4 mL) #hntg 8 WEfE] 90 °C I TMEA L7z, SOCI, #J8E F# % L., n-hexane:EtOAc = 2:1 %
MATFERECDREMZE TV BT NVABICE > TRV BRE, AREFERM L2, R
n-hexane:CHCIl; = 1:1 iz, Bonicfmzr T 52 LT, EEELaMTH D 5-(4-
chloropyrazol-1-yl)thiophene-2-sulfonyl chloride (14a) % | #HEA[E AR & L CTH57= (147 g, I 53%) .
'H NMR (400 MHz, CDCly) 6 7.00 (d, J = 4.4 Hz, 1H), 7.68 (s, 1H), 7.77 (d, J = 4.4 Hz, 1H),
7.92 (s, 1H). Anal. (C7H4CILN,0,S;) caled C 29.69%, H 1.42%, N 9.89%; found C 29.71%, H
1.35%, N 9.88%.

5-(4-Chloropyrazol-1-yl)-4-methylthiophene-2-sulfonyl chloride (14b)

3-Methyl-2-bromothiophene (12b) % 2-bromothiophene (12a) OtV IZHV, 14a &k & [F]
ORISR 42 & <, EELEY 5-(4-chloropyrazol-1-yl)-4-methylthiophene-2-sulfonyl
chloride (14b) ZtaaEfkL L T2 (IR 68%) |

'H NMR (400 MHz, CDCl3) 6 2.40 (s, 3H), 7.62 (s, 1H), 7.70 (s, 1H), 7.82 (s, 1H).

5-(4-Methoxypyrazol-1-yl)thiophene-2-sulfonyl chloride (14¢)

4-Methoxypyrazole % 4-chloropyrazole D fti U IZHVY, 14a Gk & FERO USRI 2 &
T, EELA Y 5-(4-methoxypyrazol-1-yl)thiophene-2-sulfonyl chloride (14¢) Z¥EFEAFEAE L
THR7 (IR 53%)

'H NMR (400 MHz, CDCls) & 3.83 (s, 3H), 6.87 (d, J = 4.4 Hz, 1H), 7.48 (s, 1H), 7.51 (s, 1H),
7.74 (d, J = 4.4 Hz, 1H).
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5-(4-Methylpyrazol-1-yl)thiophene-2-sulfonyl chloride (14d)

4-Methylpyrazole % 4-chloropyrazole ™%V IZHVY, 14a H Rk & RO SRS 2 &
T, LAY 5-(4-methylpyrazol-1-yl)thiophene-2-sulfonyl chloride (14d) Z AR AL LT
iz (IR 13%) .

'H NMR (300 MHz, DMSO-dy) 6 2.07 (s, 3H), 6.95 (d, J = 3.8 Hz, 1H), 6.99 (d, J = 3.8 Hz, 1H),
7.49 (s, 1H), 8.14 (s, 1H).

5-(5-Chloropyridin-2-yl)thiophene-2-sulfonyl chloride (16)
7L = FRBHACT  thienylzine bromide @ 0.5 M THF &% (20 mL) (2%} L 4-chloroiodobenzene
(1.20 g, 8.33 mmol) . PdCly(dppf):CH,Cl, (340 mg, 0.420 mmol) %z, 50 °C T 2 WRef]nEL
L7z, BOSIRGIRZHIE Nfite, A%/ — V&2, ACTEANEMEET A4 FABICLVEREL
7. Az MR, 0°CICT7 rmr 2R Uik (8 mL) A&, =R T 12 B Lz, RS
ZIOKAKIZH T, AHkE % EtOAc THiHH L7c#%., MgSO4 &2 W THIIREZ 1T o 7o, HolEH 2 Aii%
WIS L, FREIC n-hexane Nz, AEUT-EEZ AT 5 2 &L TEHEEIMAH TH D
5-(5-chloropyridin-2-yl)thiophene-2-sulfonyl chloride (16) % B afE (& & L T (1.1 g, I 66%)
'H NMR (300 MHz, CDCls) 6 7.13 (t, J = 4.4 Hz, 1H), 7.42 (d, J = 4.4 Hz, 1H), 7.54-7.64 (m,
2H), 7.64-7.70 (m, 1H), 8.51-8.54 (m, 1H).

7-Chloro-2-dichloromethylimidazo[1,2-a]pyridine (18)
2-Amino-4-chloropyridine (8.00 g, 62.3 mmol) @ 1,2-dimethoxyethane % (80 mL) (ZxfL
T, 17 (15.1 g, 93.4 mmol) @ 1,2-dimethoxyethane ¥ (20 mL) % 0°C Ti§ F L. 12 K=
RCHE L, AUCAAEREKEZABICIVERL, ZoEKEZ=F 7 —/L (60 mL) [Z8M#E S
7z, 80°C T4 KRS S ET, MOSK T, WEAZBIETHEL, 0°C T NaHCO; Kin
ez, AEL 7 v eV LTI L7z, Na,SO4 THEEE Z %, e REL. A
R PRTE TIRME L2tk BBV TN =T L ENx iz, AU E AT 52 LIC KDz
&% o D T-chloro-2-dichloromethylimidazo[1,2-a]pyridine (18) % ¥ ik & L CHE=
(8.22 g, UL 56%) .
'H NMR (400 MHz, DMSO-d;) 6 7.06 (dd, J = 7.3, 2.2 Hz, 1H), 7.58 (s, 1H), 7.78 (d, J = 2.2 Hz,
1H), 8.18 (s, 1H), 8.59 (d, J= 7.3 Hz, 1H).

3-Bromo-7-chloroimidazo[1,2-a]pyridine-2-carbaldehyde (19)

18 (8.22 g,349 mmol) ®7 & =k Uik (80 mL) (Z%f L T, N-bromosuccinimide (8.06
g, 453 mmol) ZEIRTHIML ., 4 KT L7z, CaCO; (104 g, 104 mmol) &7k (40 mL) %
BOSHRIZM %, 100 °C 12T 4 Wi, 0 °C l2m A L Cfafn NaHCO; KSR & Nz 7=, Ai%E
7R/ AT L, NapSOs & W TRz iR 2 RE L, AIRERITE FRfE L7-, 7
N—RIBEWE ) DTNV T AT~ 757 4— (CHCL:EtOAc = 25:1) ZHWTHRET 5
Z & CHEEEILAE® TH D 3-bromo-7-chloroimidazo[1,2-a]pyridine-2-carbaldehyde (19) %k
R & LTSz (7.69 g, IR 85%)
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'"H NMR (400 MHz, CDCls) § 7.04 (dd, J = 7.4, 2.1 Hz, 1H), 7.71 (dd, J = 2.1, 0.9 Hz, 1H), 8.16
(dd, J=7.4,0.9 Hz, 1H), 10.18 (s, 1H).

6-Chlorothieno|[3',2':4,5]imidazo[1,2-a]pyridine-2-carboxylic acid (20)

NaO#-Bu (3.77 g, 39.2 mmol) O= % / — Lk (40 mL) (Z%f L T, ethyl thioglycolate (4.3 mL,
39.2 mmol) ZEEIRTIHRIL, 0.5 KB LI, ZORINKRIZK L, 19 (4.85 g, 18.7 mmol) @
T2 )= (70 mL) Z %, 100 °C T 2 RFfE###E% . 4 N NaOH /K (10 mL) #1x T,
T 1 I 100 °C IS THIEN A fikfE L 7= SOSR 2 S|IRICIm A% it 2= T E L. KT 2N
HCl K2 TR S 7%, SESWC=Z ) — Vv a2z Tz, £ LTt E AT 25 2
& T, LS CTd D 6-chlorothieno[3’,2":4,5]imidazo[ 1,2-a]pyridine-2-carboxylic acid (20) %
W AR e LTE7 (1.33 g, I3 28%) .

'H NMR (400 MHz, DMSO-d5) 6 7.13 (dd, J = 7.3, 2.2 Hz, 1H), 7.88 (dd, J= 2.2, 0.7 Hz, 1H),
7.95 (s, 1H), 8.97 (dd, /=7.3, 0.7 Hz, 1H), 13.43 (br s, 1H).

6-Chlorothieno|[3',2':4,5]imidazo[1,2-a]pyridine-2-sulfonyl chloride (21)

TN FEHAT, 20 (411 mg, 1.63 mmol) & Cu,O (23 mg, 0.16 mmol) O F / U ¥R (4.1
mL) %, 200°C T 1 BB #%, MSHESEICHHEIL, 7 v— NREWME S VB FNTT BT
n~ h7 77— (n-hexane:EtOAc = 5:1) (2 TS % Z & T 6-chlorothieno[3’,2":4,5]imidazo-
[1,2-alpyridine B EEK YL LTHEE (241 mg, IR 71%) . ZOEEKICKH LY oo 2K

(0.5mL, 7.5 mmol) #h01x. 80 °C T 5 KEf#E#E L7, S|IRITHAIL . RN & K AKIZIN 2 72,
EUCTBEEZATT H5Z & CTEBEEAY TH D 6-chlorothieno[3',2":4,5]imidazo[1,2-a]-
pyridine-2-sulfonyl chloride (21) Z ¥k s LTH7Z (279 mg, UK 79%) .

'H NMR (300 MHz, CDCl5) 6 7.00 (dd, J = 7.2, 2.2 Hz, 1H), 7.78 (d, J = 2.2 Hz, 1H), 8.13 (d, J

= 7.2 Hz, 1H), 8.18 (s, 1H).

Scheme 6.  Syntheses of compound Sp—s

(1S,2R,3R)-1-(5-Chloro-4-nitrothiophene-2-sulfonylamino)-2-methyl-3-phenylcyclo-
propanecarboxylic acid tert-butyl ester (22)

8e. 4-(4-chlorophenyl)benzenesulfonyl chloride ™k v (2, 8g. 5-chloro-4-nitrothiophene-
2-sulfonyl chloride ZZZH MY, 9e Bk & FAERD USSR Z & T R-ELEY (1S,2R,
3R)-1-(5-chloro-4-nitrothiophene-2-sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid
tert-butyl ester (22) ZFHARFEIK L L TR (IR 50%)

'H NMR (400 MHz, CDCl3) 6 1.00 (s, 9H), 1.45 (d, J = 6.8 Hz, 3H), 2.40 (dq, J = 10.8, 6.8 Hz,
1H), 3.09 (d, J=10.8 Hz, 1H), 6.03 (br s, 1H), 7.16-7.34 (m, 5H), 8.03 (s, 1H).

59



(1S,2R,3R)-1-[5-(5-Chloropyridin-2-yl)-4-nitrothiophene-2-sulfonylamino]-2-methyl-3-
phenylcyclopropanecarboxylic acid tert-butyl ester (23)

7L R T, 22 (352 mg, 0.745 mmol) | 5-chloro-2-trimethylstannylpyridine (300 mg, 0.745
mmol) @ hL=EHE (7.0 mL) (2% L PACIBn(PPh;3), (56 mg, 0.075 mmol) #Jix. 120 °C
T 12 BEEDINEA U7, BOSIR G Z T TR, 7 v— NIREME L U W TN T hou~ hT
7 7 4 — (n-hexane:EtOAc = 8:1) 1T LR L, HEEELSY (1S2R,3R)-1-[5-(5-chloro-
pyridin-2-yl)-4-nitrothiophene-2-sulfonylamino]-2-methyl-3-phenylcyclopropanecarboxylic acid
tert-butyl ester (23) Z MY & L TH (206 mg, UK 50%) .

'H NMR (400 MHz, CDCls) ¢ 1.01 (s, 9H), 1.46 (d, J = 6.6 Hz, 3H), 2.41 (dq, J = 10.6, 6.6 Hz,
1H), 3.09 (d, /= 10.6 Hz, 1H), 6.05 (br s, 1H), 7.19-7.32 (m, 5H), 7.77-7.78 (m, 2H), 8.08 (s, 1H),
8.60-8.61 (m, 1H).

(1S,2R,3R)-1-(7-Chlorothieno[3',2':3,4]pyrazolo[1,5-a]pyridine-2-sulfonylamino)-2-methyl-
3-phenylcyclopropanecarboxylic acid (Sp)

T UEHA T, 23 (200 mg, 0.364 mmol) D AT F L EiE (4.0 mL) 1IZxf L P(OEt); (362
mg, 2.18 mmol) Z Nz, 150 °C T 8 RFME L 7o, BUSIRGHK 2 IE T iRfatk. 7 /v— NIEGW
% preparative TLC (n-hexane:EtOAc =2:1) IZ TR L, 5p @ -7 F )L AT L 2B G &
LCHE7= (22.6 mg, ILHE 12%) . ZOfbA#% 4 N HClin 1,4-dioxane (0.5 mL) (ZIAfiEL, =
IR C 12 FESEFPRIE TIEM L, FRIEICA X ) — L ERKREMATEON D EimE AT 52 &
T, LAY (1S,2R,3R)-1-(7-chlorothieno[3',2":3,4]pyrazolo[ 1,5-a]pyridine-2-sulfonylamino)-
2-methyl-3-phenylcyclopropanecarboxylic acid (5p) % ¥ 5 fafkdh & L CTH37= (8.2 mg, UL 40%)

Mp 220-226 °C; [a]*’p +82.50 (¢ 0.20, methanol); "H NMR (400 MHz, CDCls) 6 1.46 (d, J = 6.6
Hz, 3H), 1.82-1.87 (m, 1H), 3.09 (d, /= 10.1 Hz, 1H), 6.31 (br s, 1H), 7.14-7.23 (m, 6H), 7.56 (d,
J=9.7Hz, 1H), 7.76 (s, 1H), 8.58 (s, 1H); Anal. (C20H;6CIN304S,-0.5H,0) calcd C 51.00%, H
3.64%, N 8.92%; found C 51.12%, H 3.83%, N 8.95%.

(1S,2R,3R)-1-(5-Bromothiophene-2-sulfonylamino)-2-methyl-3-phenylcyclopropane-
carboxylic acid tert-butyl ester (24)

10 DDV IT 8g vy, 11 G E ARD SURSIEICAT4 2 & T EEEY (15,2R,3R)-1-
(5-bromothiophene-2-sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid tert-butyl
ester (24) Z MGG & L CHEL (I0FE 69%)

'H NMR (400 MHz, DMSO-dy) 6 1.00 (s, 9H), 1.32 (d, J = 6.7 Hz, 3H), 2.00-2.09 (m, 1H), 2.81
(d, J=10.4 Hz, 1H), 7.18-7.24 (m, 3H), 7.26-7.30 (m, 2H), 7.31 (d, J = 3.9 Hz, 1H), 7.40 (d, J =
3.9 Hz, 1H), 9.12 (br s, 1H).
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(1S,2R,3R)-1-[5-(4-Chloro-2-nitrophenyl)thiophene-2-sulfonylamino]-2-methyl-3-phenyl-
cyclopropanecarboxylic acid tert-butyl ester (25a)

ToIUEHER T, 24 (5.57 g, 11.8 mmol) & 2-(4-chloro-2-nitrophenyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (3.68 g, 13.0 mmol) ® 2 M Na,CO; /K iZ:1,2-dimethoxyethane = 1:2 (70 mL)
(2% L, PdCly(dppf)-CH,Cl, (963 mg, 1.18 mmol) %%, 100 °C T 12 KR L=, MIGIK
ZOKKICTHEE, A8 % EtOAc THitH#, 0.5 N HCl KIEWK, 5% REEKFET YU 7 LOKEEHK.
IR K DNEIZ P L, MgSO4 THZIEAIT o 70, HlEAZ Aildtk, W2 T TEEL, v
NFNTT T a~ 7T 74— (n-hexane:EtOAc =5:1) #HW\WTZ v— RREWEERT 5 =
LT, EEALEY (15,2R,3R)-1-[5-(4-chloro-2-nitrophenyl)thiophene-2-sulfonylamino]-2-methyl-
3-phenylcyclopropanecarboxylic acid tert-butyl ester (25a) B talE{k & L& (3.52 g, I
54%) .

'H NMR (400 MHz, DMSO-d) 6 1.02 (s, 9H), 1.31 (d, J = 7.0 Hz, 3H), 1.96-2.05 (m, 1H), 2.83
(d, J=10.7 Hz, 1H), 7.17-7.24 (m, 4H), 7.25-7.31 (m, 2H), 7.57 (d, J = 3.9 Hz, 1H), 7.69 (d, J =
8.6 Hz, 1H), 7.87 (dd, J = 8.6, 2.3 Hz, 1H), 8.23 (d, J = 2.3 Hz, 1H), 9.14 (br s, 1H).

(1S,2R,3R)-1-[5-(4-Fluoro-2-nitrophenyl)thiophene-2-sulfonylamino|-2-methyl-3-phenyl-
cyclopropanecarboxylic acid tert-butyl ester (25b)

2-(4-Chloro-2-nitrophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane @ fX > ¥ |2 2-(4-fluoro-2-
nitrophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane % i\ >, 25a Ak & [AEED SOGSAECAHd 2
LT, EELEY (18,2R,3R)-1-[5-(4-fluoro-2-nitrophenyl)thiophene-2-sulfonylamino]-2-methyl-
3-phenylcyclopropanecarboxylic acid fert-butyl ester (25b) Z#EEEAE L TR (IR 78%) .

'"H NMR (400 MHz, DMSO-d;) 6 1.03 (s, 9H), 1.31 (d, J = 6.7 Hz, 3H), 1.95-2.02 (m, 1H), 2.82
(d, J=11.6 Hz, 1H), 7.16-7.24 (m, 4H), 7.25-7.32 (m, 2H), 7.51-7.57 (m, 1H), 7.66-7.75 (m, 2H),
8.08 (dd, J=8.2, 2.4 Hz, 1H), 9.12 (br s, 1H).

(1S,2R,3R)-1-[5-(5-Fluoro-2-nitrophenyl)thiophene-2-sulfonylamino]-2-methyl-3-phenyl-
cyclopropanecarboxylic acid tert-butyl ester (25¢)

2-(4-Chloro-2-nitrophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane @ fX > v {2 2-(5-fluoro-2-
nitrophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane % i\ , 25a Ak & [AEED SOG4 2
LT, EELEY (18,2R,3R)-1-[5-(5-fluoro-2-nitrophenyl)thiophene-2-sulfonylamino]-2-methyl-
3-phenylcyclopropanecarboxylic acid tert-butyl ester (25¢) Z#EEEAE L TR (IR 83%) .

'"H NMR (400 MHz, DMSO-d;) & 1.04 (s, 9H), 1.31 (d, J = 6.7 Hz, 3H), 1.95-2.01 (m, 1H), 2.82
(d, J=10.4 Hz, 1H), 7.16-7.32 (m, 6H), 7.53—7.62 (m, 3H), 8.14 (dd, J = 8.8, 4.9 Hz, 1H), 9.13 (br
s, 1H).
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(1S,2R,3R)-1-(6-Chloro-4H-thieno[3,2-b]indole-2-sulfonylamino)-2-methyl-3-phenyl-
cyclopropanecarboxylic acid (5q)

23 DD VI 25a Z IV Sp ARk & [FER DSOS R 2 & THARELEY (1S,2R,3R)-1-(6-
chloro-4H-thieno[3,2-b]indole-2-sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid

(5q) #¥HEAFMmE LTHZ U 22%) .

Mp 136-140 °C; [0]*°p +118.18 (¢ 0.33, THF); 'H NMR (300 MHz, DMSO-ds) 6 1.26 (d, J= 6.4
Hz, 3H), 1.98 (dq, J=10.4, 6.6 Hz, 1H), 2.78 (d, /= 10.5 Hz, 1H), 7.10-7.30 (m, 6H), 7.59 (s, 1H),
7.68 (s, 1H), 7.92 (d, J = 8.3 Hz, 1H), 9.02 (s, 1H), 11.72 (s, 1H), 12.23 (s, 1H); Anal
(C21H7CIN204S,) caled C 54.72%, H 3.72%, N 6.08%; found C 54.63%, H 3.80%, N 6.16%.

(1S,2R,3R)-1-(6-Fluoro-4H-thieno[3,2-b]indole-2-sulfonylamino)-2-methyl-3-phenylcyclo-
propanecarboxylic acid (5r)

23 DRV IT 25b Z W Sp Bk & FAER DSOS SRAHTAT 3 2 & TUHEEREY (1S,2R,3R)-1-(6-
fluoro-4H-thieno|[3,2-b]indole-2-sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid

(5r) ZPEAAEME LTHERZ (IR 57%)

Mp 229-233 °C; [a]*’p +130.80 (¢ 0.10, methanol); '"H NMR (400 MHz, DMSO-dy) 6 1.25 (d, J
= 6.7 Hz, 3H), 1.97 (dd, J = 10.2, 6.7 Hz, 1H), 2.77 (d, J = 10.2 Hz, 1H), 6.96-7.03 (m, 1H),
7.14-7.21 (m, 3H), 7.22-7.28 (m, 2H), 7.30-7.35 (m, 1H), 7.65 (s, 1H), 7.88-7.93 (m, 1H), 8.97 (br
s, IH), 11.68 (br s, 1H), 12.22 (br s, 1H); Anal. (C,;H7FN,04S,) caled C 56.74%, H 3.85%, N
6.30%; found C 56.95%, H 4.09%, N 6.26%.

(1S,2R,3R)-1-(7-Fluoro-4H-thieno[3,2-b]indole-2-sulfonylamino)-2-methyl-3-phenylcyclo-
propanecarboxylic acid (5s)

23 DRV IZ 25¢ Z V. 5p Bk & FIER DSOS RT3 2 & TG (1S,2R,3R)-1-(7-
fluoro-4H-thieno|3,2-b]indole-2-sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid

(5s) ZEREARME LTHEE I 12%) .

Mp 129-131 °C; [0]*°p +124.6 (¢ 0.13, methanol); '"H NMR (400 MHz, DMSO-d5) 6 1.25 (d, J =
6.7 Hz, 3H), 1.97 (dq, J = 10.2, 6.7 Hz, 1H), 2.78 (d, J = 10.2 Hz, 1H), 7.11-7.22 (m, 4H),
7.22-7.29 (m, 2H), 7.49-7.56 (m, 1H), 7.65 (s, 1H), 7.71-7.78 (m, 1H), 9.01 (br s, 1H), 11.65 (brs,
1H), 12.22 (br s, 1H); Anal. (C;;H7FN,04S,:0.5H,0) calcd C 55.62%, H 4.00%, N 6.18%; found C
55.69%, H 4.06%, N 6.20%.
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EOEE - B o Su U T BOAR
Scheme 8.  Syntheses of (+)-28 and (—)-28

(1R*,2R*)-2-Phenylcyclopropane-1,1-dicarboxylic acid methyl ester ((x)-27)

(+)-26 (80.6 g, 344 mmol) ® A % / — Vi (400 mL) |=%f L. 4 N NaOH /A¥&i (86 mL)
I A, IR T 12 BB L7, SOSHRIC, n-hexane 0 2 AHERE & bRk Lizth, ki FEEMEIC
A ETEEREHR T L (pH<2) , O F F | FfEHE, 1 L7ZER%E AH L, n-hexane,
HKOKDNAIZYEET 2 2 &, EELAY (1R* 2R*)-2-phenylcyclopropane-1,1-dicarboxylic acid
methyl ester ((+)-27) ZKHEAREKLE LTHE (62.0g, IFE 82%) .

'H NMR (400 MHz, DMSO-dy) 6 1.65 (dd, J = 8.6, 5.2 Hz, 1H), 2.05 (dd, J = 8.6, 5.2 Hz, 1H),
3.05 (t, J = 8.6 Hz, 1H), 3.28 (s, 3H), 7.15 (d, J = 6.7 Hz, 2H), 7.19-7.32 (m, 3H), 13.05 (br s, 1H).

(1R*,25%)-1-tert-Butoxycarbonylamino-2-phenylcyclopropanecarboxylic acid ((x)-28)

(£)-27 (50.0 g, 227 mmol) @ Fv= g (100 mL) (Zxf L, ~BuOH (500 mL) . Et;N (50
mL, 359 mmol) . diphenylphosphoryl azide (63 mL, 292 mmol) % /1%, 80 °C T 12 FrRif#E# L
Too BUSRZKKIZIEE, AHJE2Z L o THiE, 0.5 NHCl KK, 5% REEKFEFT R D
DLIOKESHR, BRI DIEIZYeif L. MgSO4 THZIR AT o 72, HlEH % Atk W2 Lt T
EL, YV BTNV IT A a~ 87T 74— (n-hexane:EtOAc =8:1) M\ T2 /v— NEAEW%
a4 25 Z & T (1R*25%)-1-tert-butoxycarbonylamino-2-phenylcyclopropanecarboxylic acid
methyl ester ZEEEAMMKY & L THT (48g, INHET3%) ., ZDEWET FF b Ru7J R
% ) —)L =1:1 (480 mL) IC¥%fE L. 4 N NaOH /Ki&E#k (210 mL, 823 mmol) ZhNx 7-1%. 90 °C
T 1 R U 7o BONR 2 I8E TilfEtz. 0 °C I THEMEIZ 72 5 £ T 1 N HClL K i L (pH
<2) . BEBICAELDEKRZ AL, n-hexane, KAKDNEIZHEHT HZ & T, EEILEWY
(1R*,25%)-1-tert-butoxycarbonylamino-2-phenylcyclopropanecarboxylic acid ((+)-28) % H & [E A
ELTHERL (41l g IEE90%) ,

'H NMR (300 MHz, DMSO-ds) 6 1.34 (dd, J= 9.4, 5.3 Hz, 1H), 1.40 (s, 9H), 1.96 (dd, J = 8.3,
5.3 Hz, 1H), 2.67 (dd, J=9.4, 8.3 Hz, 1H), 7.06-7.35 (m, 5H), 7.67 (br s, 1H), 11.90 (br s, 1H).

(1S,2R)-1-tert-Butoxycarbonylamino-2-phenylcyclopropanecarboxylic acid ((+)-28)

(£)-28 (140 mg, 0.519 mmol) . F¥="> (168 mg, 0.519 mmol) % 2-7m/3/ —)L (2.8 mL)
IR S, 60 °C T— HIEff S W7, =R T 12 R & 1T o7, Mt LizFER%E AHL .
W 2-7 a8 ) — T T 5 Z LT, (18,2R)-1-tert-butoxycarbonylamino-2-phenylcyclopropane-
carboxylic acid OF =T U HEa AABEAKLE LTHZ (122 mg, IR 39%) . ZOEWIZ 10%
KHSO4 /kiaik & EtOAc iz, AHEZaH%,. 0.5 N HCl KiK., fafn sk OMEIZ Y L.
MgSOy THLEZAT o 7o, WA % Hits, WA E TR ET 2 2 & THELEY (1S2R)-1-
tert-butoxycarbonylamino-2-phenylcyclopropanecarboxylic acid ((+)-28) % H @K E L THE=

(56 mg, 95% ee, % 100%) .
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[a]*p +105.56 (c 0.36, methanol); 'H NMR (300 MHz, DMSO-d;) 6 1.34 (dd, J = 9.4, 5.3 Hz,
1H), 1.40 (s, 9H), 1.97 (dd, J = 8.3, 5.3 Hz, 1H), 2.68 (dd, J = 9.4, 8.3 Hz, 1H), 7.08-7.34 (m, 5H),
7.70 (br's, 1H), 11.94 (br s, 1H); MS (ESI) m/z 276 (M—H) .

(1R,2S)-1-tert-Butoxycarbonylamino-2-phenylcyclopropanecarboxylic acid ((—)-28)

F=UrofRboizvra=vrEzfv, (H)-28 Gkl FEORZSEIGMEI3 2 & ¢, 5
&% (1R,2S)-1-tert-butoxycarbonylamino-2-phenylcyclopropanecarboxylic acid ((—)-28) % H
EARE L THEZ (82% ee, UV 45%)

[0]*p —95.07 (¢ 0.56, methanol); "H NMR (300 MHz, DMSO-d5) 6 1.34 (dd, J= 9.4, 5.3 Hz, 1H),
1.40 (s, 9H), 1.97 (dd, J = 8.3, 5.3 Hz, 1H), 2.68 (dd, J = 9.4, 8.3 Hz, 1H), 7.08-7.37 (m, 5H), 7.70
(brs, 1H), 11.96 (br s, 1H); MS (ESI) m/z 276 (M—H) .

7R, WS SRR O YR X, I Z 212 DAICEL CHIRALCEL OJ-RH 150 mm % 4.6 mm i.d.
% 7= HPLC 434 (acetonitrile:pH 2.1 phosphate buffer = 30:70. flow rate = 1.0 ml/min, temp =
25°C. tx = 13.78 min for (+)-28. fx = 11.36 min for (—)-28) Ik 0 Wi L=,

(1S,2R)-1-Amino-2-phenylcyclopropanecarboxylic acid tert-butyl ester (8e)

(+)-28 (2.00 g, 7.22 mmol) ® kL= L ¥ (10 mL) % 100 °C 12 /1% L (-BuO),CHNMe, (7.3
g, 36.1 mmol) % 1 Fff]722 T T o < VT Uiz, SONRZIKKIZIEE , A% % n-hexane:EtOAc
=2:1 THEHBE . 5% PRIEKFRT F U U LOKEHR., B EHKONEIC e L, MgSO4 THZEZ1T -
Tz, HLMEAZ A%, WIEABIE TR ETHZ LT ()28 O -7 FNVTZAT VE T — REEY)
ELTHEE, 2ol o A X 7 =1 (10 mL) 12xf L, p-TsOH-HO (2.75 g, 14.4 mmol)
EINZ., SIRT 12 RERBREE ., KT, 7vh UMEIZ72 % £ T 4 N NaOH Kigig & Mz 7= (pH >
9) . EtOAc Z Nz AR Zhhitith, 7K, &K ONEIZ S L, MgSOs CRUEATT 70, ol
& Ak, WEABETHET D Z & THEESY (1S5,2R)-1-amino-2-phenylcyclopropane-
carboxylic acid fert-butyl ester (8e) Z FAHRY & L TH (1.21 g, I3 72%) .

'H NMR (400 MHz, CDCl3) & 1.03 (s, 9H), 1.40 (dd, J = 8.9, 4.9 Hz, 1H), 1.94 (dd, J = 8.2, 4.9
Hz, 1H), 2.63 (dd, J= 8.9, 8.2 Hz, 1H), 7.15-7.32 (m, 5H).

(1R,2S)-1-Amino-2-phenylcyclopropanecarboxylic acid tert-butyl ester (8d)

(1)-28 DDV IT(—)-28 Z W 8e ARk & [FERDUISKIMFIT T+ Z & T, HEILAEY (1R,2S)-
1-amino-2-phenylcyclopropanecarboxylic acid fert-butyl ester (8d) % FE kY & L TE7= (X
FTT70%) .

'H NMR (400 MHz, CDCl3) 6 1.03 (s, 9H), 1.40 (dd, J = 8.9, 4.9 Hz, 1H), 1.93 (dd, J= 8.2, 4.9
Hz, 1H), 2.63 (dd, /= 8.9, 8.2 Hz, 1H), 7.15-7.32 (m, 5H).

64



Scheme 9.  Synthesis of 8g

(2R*,3R*)-2-Methyl-3-phenylcyclopropane-1,1-dicarboxylic acid dimethyl ester ((z)-30)

29 ZFRHE LT, REO®E P ICito TAMEET 5 2 & T, LAY (2R* 3R*)-2-
methyl-3-phenylcyclopropane-1,1-dicarboxylic acid dimethyl ester ((£)-30) Z ¥ ARSI & LT
iz (I=E90%) .

'H NMR (300 MHz, CDCl3) ¢ 1.33 (d, J = 6.8 Hz, 3H), 2.08 (dq, J = 9.8, 6.8 Hz, 1H), 3.10 (d, J
=9.8 Hz, 1H), 3.63 (s, 3H), 3.78 (s, 3H), 7.12-7.39 (m, 5H).

(1R*,2R*,3R*)-2-Methyl-3-phenylcyclopropane-1,1-dicarboxylic acid methyl ester ((x)-31)

(£)-26 DD VIT (£)-30 ZH W, (£)-27 G L RBRORUS KM Z L T, HEEILEY
(1R*,2R* 3R*)-2-methyl-3-phenylcyclopropane-1,1-dicarboxylic acid methyl ester ((£)-31) % ¥
e LT (R 86%)

'H NMR (300 MHz, CDCl3) 6 1.47 (d, J = 6.8 Hz, 3H), 2.73 (dq, J = 10.2, 6.8 Hz, 1H), 3.44 (s,
3H), 3.58 (d, J=10.2 Hz, 1H), 7.15 (d, J = 6.4 Hz, 2H), 7.23-7.37 (m, 3H).

(1R*,25*,3S*)-1-tert-Butoxycarbonylamino-2-methyl-3-phenylcyclopropanecarboxylic acid
(®-32)

(#)-27 DB VIT (#)-31 ZH, ()28 SR L FBRORISRMEICAT 2 L T, HEILEY
(1R*,25*,35%)-1-tert-butoxycarbonylamino-2-methyl-3-phenylcyclopropanecarboxylic acid ((z)-
32) EHHGREIERE LTHER (IR 65%)

'H NMR (300 MHz, DMSO-dy) § 1.26 (d, J = 6.8 Hz, 3H), 1.40 (s, 9H), 1.72—1.85 (m, 1H), 2.60
(d, J=9.8 Hz, 1H), 7.13-7.36 (m, 5H), 7.62 (br s, 1H), 12.03 (br s, 1H); MS (ESI) m/z 290 (M-H) .

(1S,2R,3R)-1-tert-Butoxycarbonylamino-2-methyl-3-phenylcyclopropanecarboxylic acid
((H-32)

(+)-32 (10.0 g, 343 mmol) . ¥=T> (8.9 g, 27.4 mmol) % EtOAc (100 mL) [T <&,
60 °C T—HEfif S 7%, iR T 12 R 21T o 7o, M L7zFERZ AL, 1 EtOAc Tk
W35 Z & T, (18,2R,3R)-1-tert-butoxycarbonylamino-2-methyl-3-phenylcyclopropanecarboxylic
acid ¥ =T (33) #HEARMS L LTHEZ (7.53g, I3 40%) . ZO{EEMIT 10% KHSO,
KW & EtOAc Nz, AlE 2z, 0.5 N HCl Kk, &K ONRIZ L, MgSO4
TH B ZIT oo, WA Z SE%E., WEEAZBETHEET S & TEEILED (1S,2R3R)-
1-tert-butoxycarbonylamino-2-methyl-3-phenylcyclopropanecarboxylic acid ((+)-32) % (& {4 &
L CHE7Z (4.00 g, 99% ee, UL 100%) .

Mp 81-85 °C; [a]*’p +118.49 (¢ 0.33, methanol); "H NMR (400 MHz, DMSO-ds) d 1.26 (d, J =
6.6 Hz, 3H), 1.41 (s, 9H), 1.74-1.85 (m, 1H), 2.61 (d, J = 9.9 Hz, 1H), 7.14-7.21 (m, 1H),
7.22-7.30 (m, 4H), 7.62 (br s, 1H), 12.00 (br s, 1H); Anal. (C;¢H21NO4-0.15H,0) calcd C 65.35%,
H 7.30%, N 4.76%; found 65.55%, H 7.27%, N 4.68%.

65



7. (1)-32 DIEEMEIE, # T A2 DAICEL CHIRALCEL OJ-RH 150 mm x 4.6 mm i.d. %
V72 HPLC 734 (acetonitrile:pH 2.1 phosphate buffer = 30:70. flow rate = 1.0 ml/min, temp = 25 °C,
tg = 21.3 min for (+)-32, tr = 6.4 min for (-)-32) IZLVHEE LT,

(1S,2R,3R)-1-Amino-2-methyl-3-phenylcyclopropanecarboxylic acid tert-butyl ester (8g)

(+)-32 (14.2 g, 48.6 mmol) @ hx= ¥k (73 mL) % 100 °C (ZAnZEA L. (-BuO),CHNMe,

(29.7 g, 146 mmol) % 1 W] T T o< DT L7z, ROSIKZKKICHEE . AE %
n-hexane:EtOAc = 2:1 THiH#%.5% KEE/KFET b U 7 2K fafn B /K ONEIZ P L . MgSO04
THLRZAT o 70, WA %2 Ailte, WIEEZIE TR ETDH52ET ()32 O -7 F LT AT I)IVETR
ik & L2 (161 g, IR 95%) . Z oo A% 7 — KR (90 mL) 2%k L.
p-TsOH-H,O (17.6 g, 92.6 mmol) # iz, iR T 12 Rpf#EPg%, KGN, 7B VIEICR 5 %
T 4N NaOH Kigikxmz 7= (pH>9) , EtOAc ZMx AHfE 2., K, fafn&fEKoOEIC
Yeif L, MgSOs THIBEZAT o7, HIRFZ AR, WHAZBETHEET L2 L TEELEY
(18,2R,3R)-1-amino-2-methyl-3-phenylcyclopropanecarboxylic acid fert-butyl ester (8g) % i
Wk LCiH7- (9.85g, IR 86%) .

'H NMR (400 MHz, CDCl3) 6 1.15 (s, 9H), 1.33 (d, J = 6.8 Hz, 3H), 1.74—1.84 (m, 1H), 2.70 (d,
J=10.1 Hz, 1H), 7.13-7.22 (m, 3H), 7.22-7.29 (m, 2H).

Figure 14. Compound 33

Quinidine salt of (1S,2R,3R)-1-tert-Butoxycarbonylamino-2-methyl-3-phenylcyclopropane-
carboxylic acid (33)

(H)-32 GAUICER L F =2 2 AW T (9)-32 206503 5 2 & CTUAREG Y quinidine salt of
(18,2R,3R)-1-tert-butoxycarbonylamino-2-methyl-3-phenylcyclopropane carboxylic acid (33) % &
thftdh & L TR,

Mp 202-207 °C ; '"H NMR (300 MHz, DMSO-d;) 6 1.26 (d, J = 6.6 Hz, 3H), 1.32-1.53 (m, 12H),
1.63-1.84 (m, 2H), 1.84-1.99 (m, 1H), 2.11-2.28 (m, 1H), 2.52-2.78 (m, 4H), 2.92-3.16 (m, 2H),
3.89 (s, 3H), 5.03-5.14 (m, 2H), 5.31 (d, J = 6.6 Hz, 1H), 6.01-6.16 (m, 1H), 7.13-7.29 (m, 5H),
7.38 (dd, J =9.2, 2.6 Hz, 1H), 7.45 (d, J = 2.6 Hz, 1H), 7.50 (d, J = 4.8 Hz, 1H), 7.59 (br s, 1H),
7.92 (d, J=9.2 Hz, 1H), 8.68 (d, J= 4.4 Hz, 1H); Anal. (C36H45N30s) caled C 70.22%, H 7.37%, N
6.82%; found 70.03%, H 7.36%, N 6.69%.

728, 33 O X BREEENTICB T 2K RT A —H —([ZLLF D@ v

A. Crystal Data

Empirical Formula C36H45N304
Formula Weight 615.77
Crystal Color, Habit colorless, prism
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Crystal Dimensions
Crystal System
Lattice Type
Indexing Images
Detector Position
Pixel Size

Lattice Parameters

Space Group
Z value
Dcalc

Fooo
w(CuKa)

B. Intensity Measurements

Diffractometer

Radiation

Detector Aperture

Data Images

o oscillation Range (¥=50.0, ¢=15.0)
Exposure Rate

o oscillation Range (¥=50.0, ¢=105.0)
Exposure Rate

o oscillation Range (¥=50.0, ¢=180.0)
Exposure Rate

o oscillation Range (¥=50.0, ¢=285.0)
Exposure Rate

o oscillation Range (¥=0.0, 9=0.0)
Exposure Rate

Detector Position

Pixel Size

20max

No. of Reflections Measured

Corrections

0.20 x 0.20 x 0.20 mm

orthorhombic

Primitive

3 oscillations @ 210.0 seconds

127.40 mm

0.100 mm
a=10.9370(7) A
b=16.2281(12) A
c=18.4316(13) A
V =3271.4(4) A’
P2,2,2; (#19)

4

1.250 g/em’
1320.00

6.871 cm™

Rigaku RAXIS-RAPID

CuKa (L= 1.54187 A)

graphite monochromated
280 mm x 256 mm

39 exposures

50.0-230.0°

75.0 sec./°

50.0-230.0°

75.0 sec./°

50.0-230.0°

75.0 sec./°

50.0-230.0°

75.0 sec./°

50.0-230.0°
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75.0 sec./°

127.40 mm

0.100 mm

136.4°

Total: 14631

Lorentz-polarization

Absorption (trans. factors: 0.777-0.934)



C. Structure Solution and Refinement

Structure Solution

Refinement

Function Minimized

Least Squares Weights

20max cutoff

Anomalous Dispersion

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio
Residuals: R1 (I>2.005(I))
Residuals: R (All reflections)
Residuals: wR2 (All reflections)
Goodness of Fit Indicator

Flack Parameter (Friedel pairs = 5121)
Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

Direct Methods (SIR92)
Full-matrix least-squares on F*
>w(Fo? — Fc?)?

1/[0.0002F0” + 1.00000(Fo*)]/(4F0?)
136.4°

All non-hydrogen atoms

5909

452

13.07

0.0358

0.0551

0.0786

1.013

—0.00(16)

0.000

0.47 ¢ /A’

-0.39 ¢ /A’

Cambridge Crystallographic Data Centre (CCDC) deposit No. CCDC-841493

Scheme 10.  Synthesis of (£)-37

(2R*,35*)-2-Methyl-3-phenylcyclopropane-1,1-dicarboxylic acid diethyl ester ((x)-35)

29, vRrUBUATFALORDYIC, 34, vR VBT AEZNEIHN, (£)-30 G E Rk
DS Z & T, EE LAY (2R*,35*%)-2-methyl-3-phenylcyclopropane-1,1-dicarboxylic
acid diethyl ester ((£)-35) ZRHEAHKY & LTH (I 37%) .

'H NMR (400 MHz, CDCl3) 6 0.89 (t, J = 7.4 Hz, 3H), 1.25-1.32 (m, 6H), 2.50-2.60 (m, 1H),
3.04 (d, J=8.5 Hz, 1H), 3.81-3.90 (m, 2H), 4.20-4.35 (m, 2H), 7.18-7.29 (m, 5H).

(1R*,2R*,3S*)-1-tert-Butoxycarbonylamino-2-methyl-3-phenylcyclopropanecarboxylic acid
ethyl ester ((£)-37)

(£)-35 (1.41 g, 5.09 mmol) ® A % / — LiEHk (7mL) (2% L, 4 N NaOH /K& (1.78 mL, 7.13
mmol) ANz, =R T 48 FEEfEH: L7z, BUGIRIZ, n-hexane %M AHE % brE L2k, Jkin
TR 72 Dk TR T L7 (pH <2) . AJEZ EtOAc I X v flii L. /K. fafnaiEK
DNEIZBEH L7212, MgSOy4 THLRAAT o7, HoIRAIZ Ailie, WA RIE TR ET L2 & T,
(1R*,25* 3R*)-2-methyl-3-phenylcyclopropane-1,1-dicarboxylic acid ethyl ester ((+)-36) % 7 /L —
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FREEGME LTRIZ, Z0a®o b= iwiE (1.4 mL) 124 L, +-BuOH (14 mL) | EN (1.2
mL, 8.70 mmol) . diphenylphosphoryl azide (1.5 mL, 7.10 mmol) Z/llx, 80 °C T 12 Ref#E#:
Uiz BUOSHRZKAKICIES . A% hrx= o T, 0.5 N HCl KIEKR, 5% KEEKFET MY
U LKESHR, BN B K ONRICHEA L. MgSO4 CTHIMEZAT 70, Wiffl A Atk W2 RE T
MEL, YU WSN AT m~ 7T 74— (n-hexane:EtOAc =4:1) W\ T2 1— RIEEW
EREMT 5 2 L CEBELAEY (1R*2R*35%)-1-tert-butoxycarbonylamino-2-methyl-3-phenyl-
cyclopropane-carboxylic acid ethyl ester ((+)-37) Z ¥ itk & L T/ (510 mg, U3 31%),

'H NMR (400 MHz, CDCly) & 0.77-0.93 (m, 3H), 1.33 (d, J = 6.4 Hz, 3H), 1.49 (s, 9H),
2.37-2.49 (m, 2H), 3.75-3.88 (m, 2H), 5.13 (br s, 1H), 7.16-7.38 (m, SH).

HCI salt of (1R*,2R*,35%)-1-amino-2-methyl-3-phenylcyclopropanecarboxylic acid ethyl
ester (8h)

(£)-37 (510 mg, 1.60 mmol) 2 4 N HClin EtOAc (S5mL) #hix. =R T 12 FEEHE L,
W2 E TR ET 52 & T, EE{EAY HCI salt of (1R*,2R*,35%)-1-amino-2-methyl-3-
phenylcyclopropanecarboxylic acid ethyl ester (8h) # HEAER & L CEEMIIZHET,

'H NMR (400 MHz, DMSO-ds) 6 0.70 (t, J = 7.1 Hz, 3H), 1.43 (d, J = 6.4 Hz, 3H), 2.37-2.46 (m,
1H), 2.86 (d, J= 8.6 Hz, 1H), 3.80 (q, /= 7.1 Hz, 2H), 7.20-7.37 (m, 5H), 8.88 (br s, 3H).

Table 8.  Optical resolution of (+)-38

(1S,2R,3R)-1-Amino-2-methyl-3-phenylcyclopropanecarboxylic acid methyl ester ((+)-38)

(£)-38 (28.2mg, 0.138 mmol) DA %/ — /K (3.5mL) 1Tk L, (—)-di-p-toluoyl-L-tartaric
acid (53.1mg, 0.138 mmol) Zh1x., =R T 12 Bk Lo, ArH LR %2 A%, 2 ofbd
P2 10% KHSO4 KE#E & EtOAc Z A, AE z i, 0.5 N HCl KR, fafn itk oA
IZWe L, MgSO4 THLIREZAT o 70, Wikl Z Ailte, WA EE THET S 2 L TIEREIEY
(18,2R,3R)-1-amino-2-methyl-3-phenylcyclopropanecarboxylic acid methyl ester ((+)-38) %%
ik & L7 (7.89 mg, 91% ee, ULF 28%) .

'"H NMR (300 MHz, CDCl3) 6 1.29 (d, J = 6.8 Hz, 3H), 1.79-1.91 (m, 1H), 2.72 (d, J = 10.2 Hz,
1H), 3.52 (s, 3H), 7.10 (d, J = 7.9 Hz, 2H), 7.18=7.31 (m, 3H).

7ok, (1)-38 DIFHMIE L, 17 212 DAICEL CHIRALCEL OD-RH 150 mm % 4.6 mm i.d. %

72 HPLC 434 (acetonitrile:pH 6.9 phosphate buffer = 35:65, flow rate = 1.0 ml/min, temp =
25°C, tr = 6.5 min for (+)-38, fr = 7.2 min for (-)-38) (2L VRE L7=,
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Scheme 11.  Synthesis of (+)-40

(1R*,2S*)-1-tert-Butoxycarbonylamino-2-methyl-2-phenylcyclopropanecarboxylic acid
(()-40)

29 DD VT 39 Z AV, (£)-30, (£)-31 ZRRHE LT ()32 25 LI HIEICHES 2 & T, 12
LG (1R*,25%)-1-tert-butoxycarbonylamino-2-methyl-2-phenylcyclopropanecarboxylic acid

((£)-40) Z¥FEARBKE LTHEZ UIE 50%)

'H NMR (300 MHz, CDCl3) 6 1.16 (d, J = 5.5 Hz, 1H), 1.51 (s, 9H), 1.52 (s, 3H), 2.23-2.39 (m,
1H), 5.24 (br s, 1H), 7.12-7.36 (m, SH); MS (ESI) m/z 290 (M—H) .

(1S,2R)-1-tert-Butoxycarbonylamino-2-methyl-2-phenylcyclopropanecarboxylic acid
((H)-40)

(£)-32 DRV IZFH)-40 ZH . (1)-32 L FBROIEESRIFMEITHT Z LT, HEILEY
(18,2R)-1-tert-butoxycarbonylamino-2-methyl-2-phenylcyclopropanecarboxylic acid ((+)-40) % H
ERE L TH7Z (97% ee, IR 37%) .

Mp 123-128 °C; [a]*p +75.53 (¢ 0.38, methanol); 'H NMR (300 MHz, DMSO-dy)  1.08 (d, J =
4.9 Hz, 1H), 1.37-1.44 (m, 12H), 1.96-2.03 (m, 1H), 7.14 (t, J = 6.6 Hz, 1H), 7.18-7.34 (m, 4H),
7.57 (br s, 1H), 11.84 (br s, 1H); Anal. (C1cH2;NOy) calcd C 65.96%, H 7.27%, N 4.81%; found
66.07%, H 7.27%, N 4.69%.

A3, (H)-40 DML, 5 A1z DAICEL CHIRALCEL OJ-RH 150 mm x 4.6 mm i.d. % fi
V72 HPLC 7347 (acetonitrile:pH 2.1 phosphate buffer = 40:60. flow rate = 1.0 ml/min, temp = 25 °C,
fr = 8.8 min for (+)-40, fr = 5.5 min for (—)-40) (2 XV RE LT,

Figure 15. Compound 41

Quinidine salt of (1S,2R)-1-tert-Butoxycarbonylamino-2-methyl-2-phenylcyclopropane-
carboxylic acid (41)

()-40 GRUCERL  F =2 2 AN T (£)-40 20057 0E3 5 2 & TAREA Y quinidine salt of
(18,2R)-1-tert-butoxycarbonylamino-2-methyl-2-phenylcyclopropanecarboxylic acid (41) % ¢4
fa L7,

Mp 212-217 °C; 'H NMR (400 MHz, DMSO-dy) ¢ 1.03—1.11 (m, 1H), 1.36-1.52 (m, 15H),
1.66—-1.72 (m, 1H), 1.86-1.96 (m, 1H), 1.97-2.05 (m, 1H), 2.14-2.27 (m, 1H), 2.52-2.58 (m, 1H),
2.60-2.72 (m, 2H), 2.96-3.12 (m, 2H), 3.90 (s, 3H), 5.02-5.13 (m, 2H), 5.33 (d, J = 6.2 Hz, 1H),
5.71 (br s, 1H), 6.00-6.14 (m, 1H), 7.11 (t,J = 7.3 Hz, 1H), 7.22 (t,J= 7.3 Hz, 2H), 7.28 (d, /= 7.3
Hz, 2H), 7.38 (dd, J=9.3, 2.6 Hz, 1H), 7.44 (d, /= 2.6 Hz, 1H), 7.50 (d, J = 4.6 Hz, 1H), 7.52 (br s,
1H), 7.92 (d, J = 9.3 Hz, 1H), 8.68 (d, J = 4.6 Hz, 1H); Anal. (C3cH4sN3Og) calcd C 70.22%, H
7.37%, N 6.82%; found 70.09%, H 7.37%, N 6.75%.
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7B, 41 O X BEAEEITIC R T 5 BT/ NT A —F — XL T O#E Y,

A. Crystal Data

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type
Detector Position
Pixel Size

Lattice Parameters

Space Group
Z value
Dcalc

Fooo
pw(MoKa)

B. Intensity Measurements

Diffractometer

Radiation

Data Images

o oscillation Range
Exposure Rate

Detector Position

Pixel Size

20max

No. of Reflections Measured

Corrections

71

C36H45N306
615.77

colorless, prism
0.20 x 0.20 x 0.12 mm
orthorhombic
Primitive

150.09 mm

0.100 mm
a=10.1450(6) A
b=15.0058(10) A
c=21.2559(15) A
V =32359(4) A’
P2,212, (#19)

4

1.264 g/em’
1320.00

0.859 cm’!

Rigaku RAXIS-V

MoKa (A =0.71070 A)
graphite monochromated
90 exposures

—90.0-90.0°

15.0 sec./°

150.09 mm

0.100 mm

61.8°

Total: 27745

Unique: 8495 (Riy = 0.032)
Lorentz-polarization
Absorption (trans. factors: 0.362—0.990)



C. Structure Solution and Refinement

Structure Solution
Refinement

Function Minimized

Direct Methods
Full-matrix least-squares on F*
>w(Fo? — Fc?)?

Least Squares Weights 1/[0.0019F0” + 1.00000(F0?)]/(4F0%)
20 maxcutoff 61.8°

Anomalous Dispersion All non-hydrogen atoms
No. Observations (I>2.000(I)) 8046

No. Variables 451
Reflection/Parameter Ratio 17.84

Residuals: R1 (I>2.000(1)) 0.0451

Residuals: wR2 (I>2.000(1)) 0.1285

Goodness of Fit Indicator 0.997

Max Shift/Error in Final Cycle 0.000

Maximum peak in Final Diff. Map 0.56 ¢ /A’

Minimum peak in Final Diff. Map —0.58 ¢ /A’

Cambridge Crystallographic Data Centre (CCDC) deposit No. CCDC-841494

Scheme 12.  Synthesis of (+)-43

(1R*,25*,3S*)-1-tert-Butoxycarbonylamino-2,3-dimethyl-2-phenylcyclopropanecarboxylic
acid ((£)-43)

29 RO VIT 42 2V, (£)-30, ()-31 ZRFEHA LT (£)-32 G LI HIEICHEDY 2 & T, 1
AL & W T & 5 (1R*,25%,35*)-1-tert-butoxycarbonylamino-2,3-dimethyl-2-phenylcyclopropane-
carboxylic acid ((£)-43) ZRFAREKE L THZ (I 38%)

'H NMR (400 MHz, DMSO-dy) § 1.22 (d, J = 6.6 Hz, 3H), 1.32 (s, 3H), 1.42 (s, 9H), 1.45-1.54
(m, 1H), 7.10-7.18 (m, 1H), 7.19-7.29 (m, 4H), 7.49 (br s, 1H), 11.86 (br s, 1H); MS (ESI) m/z 304
(M-H)".

(1S,2R,3R)-1-tert-Butoxycarbonylamino-2,3-dimethyl-2-phenylcyclopropanecarboxylic acid
((H)-43)

(£)-32 DBV (F)-43 ZH, (H)-32 LFEBROEFSRIFMEICAT 2L T, FEEILEY
(18,2R,3R)-1-tert-butoxycarbonylamino-2,3-dimethyl-2-phenylcyclopropanecarboxylic acid ((+)-
43) ZHAMEAE LTEZ (100% ee, IR 36%) .

Mp 153-157 °C; [a]*’p +70.61 (c 0.33, methanol); 'H NMR (400 MHz, DMSO-dy) § 1.22 (d, J =
6.8 Hz, 3H), 1.32 (s, 3H), 1.42 (s, 9H), 1.45-1.55 (m, 1H), 7.10-7.18 (m, 1H), 7.18-7.28 (m, 4H),
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7.47 (br s, 1H), 11.83 (br s, 1H); Anal. (C17H23NOy) caled C 66.86%, H 7.59%, N 4.59%; found
66.96%, H 7.63%, N 4.42%.

7R, WG SRR O YR X 7 F 212 DAICEL CHIRALCEL OJ-RH 150 mm x 4.6 mm i.d.
% 72 HPLC 434 (acetonitrile:pH 2.1 phosphate buffer = 40:60. flow rate = 1.0 ml/min, temp =
40 °C. tx = 17.3 min for (+)-43. fx = 5.0 min for (-)-43) 1% 0 % L=,

Figure 16. Compound 44

Quinidine salt of (1S,2R,3R)-1-tert-Butoxycarbonylamino-2,3-dimethyl-2-phenylcyclo-
propanecarboxylic acid (44)

(H)-43 GRUCERL  F =2 2 AN T (£)-43 2003 2 2 & CTUHAREA Y quinidine salt of
(18,2R,3R)-1-tert-butoxycarbonylamino-2,3-dimethyl-2-phenylcyclopropanecarboxylic acid (44)
ARG E L TET,

Mp 236-238 °C ; '"H NMR (400 MHz, DMSO-ds) 6 1.08 (d, J = 5.1 Hz, 1H), 1.33-1.53 (m, 17H),
1.69 (s, 1H), 1.90 (dd, J = 13.1, 8.3 Hz, 1H), 2.00 (d, J = 4.2 Hz, 1H), 2.19 (q, J = 8.3 Hz, 1H),
2.44-2.74 (m, 3H), 2.95-3.07 (m, 2H), 3.90 (s, 3H), 5.02-5.12 (m, 2H), 5.28 (d, J = 6.8 Hz, 1H),
5.62 (brs, 1H), 6.04—6.14 (m, 1H), 7.10-7.16 (m, 1H), 7.20-7.30 (m, 4H), 7.38 (dd, /= 9.0, 2.9 Hz,
1H), 7.45 (d, J = 2.9 Hz, 1H), 7.49 (d, J = 4.4 Hz, 1H), 7.54 (br s, 1H), 7.92 (d, J = 9.0 Hz, 1H),
8.68 (d, J = 4.4 Hz, 1H); Anal. (C37H47N306'0.25H,0) calcd C 70.06%, H 7.55%, N 6.62%; found
70.16%, H 7.37%, N 6.79%.

¥, 44 O X MRS RIEITICB T DK FEANT A —F — XL T DO#E Y,

A. Crystal Data

Empirical Formula C37H47N304

Formula Weight 629.79

Crystal Color, Habit colorless, prism
Crystal Dimensions 0.12 x 0.08 x 0.06 mm
Crystal System orthorhombic

Lattice Type Primitive

Detector Position 150.07 mm

Pixel Size 0.100 mm

Lattice Parameters a=109133) A

b=16.445(7) A
c=18.847(5) A
V =3382.3(19) A®
Space Group P2,2,2, (#19)
Z value 4

73



Dcalc

Fooo
w(MoKa)

B. Intensity Measurements

Diffractometer

Radiation

Detector Aperture

Data Images

o oscillation Range
Exposure Rate

Detector Position

Pixel Size

20max

No. of Reflections Measured

Corrections

C. Structure Solution and Refinement

Structure Solution
Refinement
Function Minimized

Least Squares Weights

20max cutoff

Anomalous Dispersion

No. Observations (All reflections)

No. Variables

Reflection/Parameter Ratio

Residuals: R1 (I>2.005(I))

Residuals: R (All reflections)
Residuals: wR2 (All reflections)
Goodness of Fit Indicator

Flack Parameter (Friedel pairs = 3747)

1.237 g/em®
1352.00
0.837 cm™

Rigaku RAXIS-V
MoKa (A =0.71070 A)
graphite monochromated
0 mm x 0 mm

90 exposures
—90.0-90.0°

750.0 sec./°

150.07 mm

0.100 mm

61.7°

Total: 29802

Unique: 8470 (Riy = 0.033)

Friedel pairs: 3747

Lorentz-polarization

Absorption (trans. factors: 0.590-0.995)

Direct Methods

Full-matrix least-squares on F*

>w(Fo? — Fc?)?

w = 1/ [6*(F0®) + (0.0649-P)* + 0.4985-P ]
where P = (Max(Fo?,0) + 2Fc?)/3

61.7°

All non-hydrogen atoms
8470

416

20.36

0.0368

0.0389

0.1034

1.057

—0.2(5)



Max Shift/Error in Final Cycle 0.000
Maximum peak in Final Diff. Map 0.63 ¢ /A’
Minimum peak in Final Diff. Map -0.28 ¢ /A’

Cambridge Crystallographic Data Centre (CCDC) deposit No. CCDC-810738

Table 9.  Synthesis of (+)-38 via Rh-catalyzed cyclopropanation

(1R*,25*,3S*)-2-Methyl-1-nitro-3-phenylcyclopropanecarboxylic acid methyl ester ((+)-46)

cis-p-Methylstyrene (3.00 mL, 23.0 mmol) . Rhy(OPiv)s DIEEMITx L, =R T 45 (0.423 mL,
4.60 mmol) & PhI(OAc), Mz, TDE £ 16 BB L, KGR ZHEE FiEfEg, >V s
NAT T~ 7T 74— (n-hexane:EtOAc = 15:1) ZHW T 7 v— NRAMERERT L2 &
THEEEY (1R*,25*,35%)-2-methyl-1-nitro-3-phenylcyclopropanecarboxylic acid methyl ester

(£)-46) ZyE A & L THE (560 mg, IFE 52%)

'H NMR (300 MHz, CDCl3) § 1.41 (d, J = 6.9 Hz, 3H), 2.58 (dg, J= 11.3, 6.9 Hz, 1H), 3.65 (d, J

= 11.3 Hz, 1H), 3.74 (s, 3H), 7.17-7.38 (m, 5H).

(1R*,25*,3S*)-1-Amino-2-methyl-3-phenylcyclopropanecarboxylic acid methyl ester
((#)-38)

(+)-46 (560 mg, 2.38 mmol) % 2-7'm /X —/L:2 N HCI KK = 1:1 (12mL) (2L, i
R (1.56 g,23.8 mmol) % 0°C Mz, =i T 12 BB Lz, SOSHICRT L, KE T, ik
\272 5 FTA4NNaOH KR AT T L (pH=7) AL RNEnE T A4 FAEIC LV RE LI,
AR ETE TR Uiz, miEZ VTSNV E T A a~ 8757 ¢— (n-hexane:EtOAc = 1:1) (Z
TovKE®Is LT, EEAAY (1R*2S*35%)-1-amino-2-methyl-3-phenylcyclopropane-
carboxylic acid methyl ester ((£)-38) Z¥EAHMRY & L TH (282 mg, IR 58%)

'H NMR (300 MHz, CDCls) 6 1.29 (d, J = 6.8 Hz, 3H), 1.76-1.91 (m, 1H), 2.72 (d, J = 10.2 Hz,
1H), 3.52 (s, 3H), 7.09-7.12 (m, 2H), 7.16-7.33 (m, 3H).

BEEHECH SRMEERROEK
Scheme 16.  Synthesis of novel tricyclic heterocycle 51
6-Fluoro-2-(tetrahydropyran-2-yloxymethyl)pyrazolo[1,5-a]pyridine-3-carbaldehyde (48)
47" (50.0 g, 160 mmol) ® DMF ¥z (500 mL) (=%t L ., 4-(tetrahydropyran-2-yloxy)but-2-ynal
% (40.4 g, 240 mmol) K ' K,COs (28.8 g, 208 mmol) % 0°C THl %, %R T 12 BERHEHE L=,

FOSREEW 2 AKKITIEE . AHE 2 EtOAc (2 Thii#, 0.5 N HCI ki, fafn KON
# L. MgSO, CTHIRZAT 72, Wolifle Stk AlAEE TR L., 7 v— NREWE DD
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FNHT sy v~ k7T 74— (n-hexane:EtOAc =5:1) # W TR % = & T, EELLAY 6-
fluoro-2-(tetrahydropyran-2-yloxymethyl)pyrazolo[ 1,5-a]pyridine-3-carbaldehyde (48) % & [EH A
ELTHB (559, IE 13%) .

'H NMR (400 MHz, CDCl3) 6 1.50-1.90 (m, 6H), 3.56-3.64 (m, 1H), 3.87-3.95 (m, 1H), 4.83 (1,
J=33Hz, 1H), 491 (d, J=12.6 Hz, 1H), 5.18 (d, J = 12.6 Hz, 1H), 7.40~7.46 (m, 1H), 8.32 (ddd,
J=9.7,5.6,0.7 Hz, 1H), 8.46 (ddd, J= 3.7, 2.3, 0.7 Hz, 1H), 10.25 (s, 1H).

2-[6-Fluoro-2-(tetrahydropyran-2-yloxymethyl)pyrazolo[1,5-a]pyridin-3-yl]ethylamine (49)

48 (5.50 g, 19.8 mmol) & ammonium acetate (762 mg, 9.89 mmol) % CH3NO, (44 mL) (2
WS, 100 °C T 2 FEiR#E LIz, BUNREE Y & fafn NaHCO; KISsKICIEE . AREJE % EtOAc
W2 CHiH . 0.5 N HCL K&K, fafn /K DNRIZHER L, MgSOy TR AT o 7o, Hlifl 2 A
%, ARZEWETRME L, 2 Vv—RNEEWME VTN T 57 v~ 7T 7 ¢+ — (CHCl3:EtOAc
=10:1) ZHWTHERT 22T b To= bt L7 0 SEEHARKE L THE (4.55g, IX
FT72%) , BlEHNTZ DG %A THF (140 mL) (Z¥f# L, LiAlHg (2.69g, 70.8 mmol) @
THF (50 mL) 8 HICOKA T Tl 1%, IR T 4 KR Lo, BOSES Y % fafn Rochelle’s salt
KEEHRITIEE A % EtOAc (2 X » ThhiHH# | fafn /K THef L. MgSO4 & W THzME L 72,
WA 2 A, W EZRE T AT 52 LT, EELLAEW 2-[6-fluoro-2-(tetrahydro-
pyran-2-yloxymethyl)pyrazolo[1,5-a]pyridin-3-yl]ethylamine (49) % @iky & L THE7= (4.12
g, = 99%) .

'H NMR (400 MHz, CDCl;) § 1.47-1.90 (m, 6H), 2.87-3.00 (m, 4H), 3.52-3.64 (m, 1H),
3.89-4.00 (m, 1H), 4.66 (d, J = 11.7 Hz, 1H), 4.78 (t, J = 3.4 Hz, 1H), 4.96 (d, J = 11.7 Hz, 1H),
6.97-7.06 (m, 1H), 7.42-7.47 (m, 1H), 8.34 (ddd, /= 4.3, 2.2, 0.8 Hz, 1H).

3-(2-tert-Butoxycarbonylaminoethyl)-6-fluoro-2-hydroxymethyl-pyrazolo[1,5-a]pyridine
(50)

49 (4.12 g, 14.0 mmol) @ THF (60 mL) ##RIZ%F L, Boc,O (3.71 g, 17.0 mmol) % == TN
A TOFEFE 12 B Uiz, ROSIEEY & fafn NaHCO; KIsRIZIEE | EtOAc (& THIKIE 2 il
&, 0.5 N HCl /Kiaik, o K ONEIC e L, MgSOs THLR AT o 7o, WA Z A1tk
W2 WE T E L, 2 v— REEME YV BTSNV T A7 a~ 7T 7 ¢ — (n-hexane:EtOAc =
3:1) ZAVTHERL, 499 OR vy 7 iKEH57 (1.82 g WK 33%) ., 5l&ENT, 2oz
1,4-dioxane (36 mL) Z¥f# L, 1 N HCI Kk (18 mL) A =R T F L7, £DOF £ 2 K
R L7, KT, PHEIC2 2 £ T 1 NNaOH ki Z Mz (pH="7) . AHE% EtOAc |2 Tl
g, BRI RIEK THed L, MgSO4 (2L - Tzl U7e, Huffl 4 Ailbth, VB2 T TG L.
Bikua L VBTN AT Ay a~ N7 T 7 4 — (n-hexane:EtOAc = 1:1) ZHWTHRT 5 Z & T,
2 b & ¥ 3-(2-tert-butoxycarbonylaminoethyl)-6-fluoro-2-hydroxymethylpyrazolo[1,5-a]-
pyridine (50) ZEEajky & LTH- (1.07 g, IE 75%) .

'H NMR (400 MHz, CDCLy) 6 1.39 (s, 9H), 2.95 (t, J = 6.7 Hz, 2H), 3.29-3.39 (m, 2H), 4.84 (s,
2H), 4.97 (br s, 1H), 6.99—7.07 (m, 1H), 7.42 (dd, J = 9.5, 5.5 Hz, 1H), 8.30 (dd, J = 4.3, 2.1 Hz,
1H).
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7-Fluoro-1,2,3,4-tetrahydropyrido[3',4':3,4]pyrazolo[1,5-a]pyridine (51)
50 (1.07 g, 3.46 mmol) @ CH,Cl, (20 mL) ##&izxf LT, CBry (1.72 g, 5.19 mmol) . PPh;
(1.18 g, 4.50 mmol) #=HIR T, DO FF 0.5 KB L=, KSR % 3F1 NaHCO; /KiE
RIZHEE, EtOAc IZ THBE 2 i, fafnftfik CoevE L, MgSO4 & AW CHIGE AT o 72, HE
eHl 2 A, WIKZBIE TEEL, 2 V—RNREMES VDTNV T Loa~ NI T 74—
(n-hexane:EtOAc =4:1) Z AW THERT 5 Z &L T ST 5 7 v K E2157-(1.12 g, 1=K 87%) .
Wiz, Zofba%s DMF (22 mL) (ZfE L. 60% NaH (177 mg, 4.43 mmol) #=iE TNx 7=
%EOEE 12 FEE Lz, JOSEAWZ2AKICEE, EtOAc [Z CTHIEE 2 itk fafniik
T L. MgSOs Z W THIE AT o 7o, WA &2 Atk W2 ETREEL, 70— FREA
Wa ) T s va~ 757 40— (n-hexane:EtOAc = 6:1) THRTLHZ LT, xHnT 5
BAbR A AR E LT (0.673 g, IR 78%) . 5l &fkiE ., ZDfkEW% 1,4-dioxane (14 mL)
Wi S, 4 N HCl in 1,4-dioxane (14 mL) Z =R T 721 12 B U7, SOGK & R4
% . ffn NaHCOs KEHE THF L, EtOAc ([ THIEE ZfhM L7, fafnffik THEd L. MgSO,
ARAWTHBREZIT o7, WRAZ A%, BHELZBETNTEETL22L T, FELEYD
7-fluoro-1,2,3,4-tetrahydropyrido[3',4":3,4]pyrazolo[1,5-a]pyridine (51) Z #@EA L L CH7-
(437 mg, UL 99%) .
'H NMR (400 MHz, CDCly) & 2.76 (t, J = 5.8 Hz, 2H), 3.18 (t, J = 5.8 Hz, 2H), 4.14 (s, 2H),
6.97-7.04 (m, 1H), 7.32 (dd, J=9.7, 5.5 Hz, 1H), 8.31 (ddd, J=4.4, 2.2, 0.7 Hz, 1H).

Scheme 18.  Synthesis of novel tricyclic heterocycle 58

7-Chloroimidazo|[1,2-a]pyridine-2,3-dicarboxylic acid diethyl ester (54)

52 (1.00 g, 4.49 mmol) ®=% / —/¥EHk (10 mL) 2%} L 53 (1.15 g, 8.98 mmol) % =R T
A, 100 °C T 12 BfEffe#R L7, ROSKR Z iRffEtR. 7 v— NIREME L VW TNV T v~ b
75 7 ¢ — (n-hexane:EtOAc = 20:1) IZ Lk » T+ 2% = & THEELAEY T-chloroimidazo-
[1,2-a]pyridine-2,3-dicarboxylic acid diethyl ester (54) % HfaE & & L TH72 (982 mg, UK 74%)

'H NMR (400 MHz, CDCl3) & 1.40 (t, J = 7.2 Hz, 3H), 1.44 (t, J = 7.2 Hz, 3H), 4.43 (q, J = 6.5
Hz, 2H), 4.48 (q, /= 6.5 Hz, 2H), 7.08 (dd, J = 7.5, 2.2 Hz, 1H), 7.75 (dd, /= 2.2, 0.9 Hz, 1H), 9.21
(dd, J=17.5,0.9 Hz, 1H).

7-Chloro-2-hydroxymethylimidazo[1,2-a]pyridine-3-carboxylic acid ethyl ester (55)

54 (980 mg, 3.30 mmol) ® THF (10 mL) #&#&(Z%f L, DIBAL-H ® I M kL= %% (4.0 mL,
4.0 mmol) % —78°C THA., £DF F 2 FffffiE L7z, BUSIRG Y % #2F0 Rochelle’s salt /KEHE
WHEEAE % CHCL; CTHith# ., fafnffEKIc L v pEE L, MgSOs & VTR U7-, RZJgH %2
Ak, RikxE A%/ —v (8.2 mL) (2L, =R T NaBHy (62 mg, 1.63 mmol) %z T%*
DF F 2 FEEHEEE Uz, K THYEIZZ2 5 £ T4 N HSO4 KIER 2 MMz (pH="7) . Atk)E % CHCI;
2o Thitt#2 . fafn Bk THed L, MgSOs & VW CTHEER U7, HzlRAl Aubie, it 2 B+ T
% L., n-hexane:EtOAc = 1:1 ZIFMNRICAE L DEEEZ AHT 5 Z & T, LAY T-chloro-
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2-hydroxymethylimidazo[1,2-a]pyridine-3-carboxylic acid ethyl ester (55) % H@E KL L THE=
(786 mg, IV 94%) .
'"H NMR (300 MHz, CDCl3) & 1.45 (t, J = 7.2 Hz, 3H), 4.45 (q, J = 7.2 Hz, 2H), 5.05 (s, 2H),
7.03 (dd, J=7.5, 1.9 Hz, 1H), 7.69 (d, J = 1.9 Hz, 1H), 9.22 (d, J = 7.5 Hz, 1H); MS (ESI) m/z 255
(M+H)".

[7-Chloro-2-(tetrahydropyran-2-yloxymethyl)imidazo[1,2-a]pyridin-3-yljmethanol (56)

55 (786 mg, 3.09 mmol) & dihydropyrane (1.41 mL, 15.5 mmol) @ CHCL;#®#% (8.0 mL) (Z
%L, In(OTH); (84 mg, 0.15 mmol) %1% 80 °C T 12 BEMIHHE LT, RS & Wite. 71—
NEGWME ) BTN T 8 a~ 8757 4— (n-hexane:EtOAc =3:1) [T THR L, 37T 5
ThT7E Rt T =2 —T UREREAEKRE LCE (868 mg, IR 83%) ., ZofkAas
Et,O (9.0 mL) (Z¥f#f%. LiAlHy (97 mg, 2.56 mmol) @ Et,O (4.0 mL) %#¥&#&IZ 0 °C T F
L. ZOFFE 1R Lz, JKin T FOSIREWITx L 15% NaOH /K#sig (0.10 mL) | 7k (0.40
mL) Mz, ZUCEREME LT A FABICE - ThHRER, ARERIE FEKELZ, 71— K&
EME> Y v a~<w k75 7 4 — (CHClymethanol = 20:1) (2 CTHR L. EELASY
[7-chloro-2-(tetrahydropyran-2-yloxymethyl)imidazo[ 1,2-a]pyridin-3-ylJmethanol (56) % [5A[E (&
L LTHEE (632 me, IR 83%) .

'H NMR (400 MHz, DMSO-ds) & 1.40-1.76 (m, 6H), 3.44-3.54 (m, 1H), 3.78-3.87 (m, 1H),
4.56 (d,J=11.9 Hz, 1H), 4.71-4.74 (m, 1H), 4.74 (d, J= 11.9 Hz, 1H), 4.84 (d, J = 5.3 Hz, 2H),
5.21 (t,J=5.3 Hz, 1H), 7.04 (dd, J= 7.3, 2.2 Hz, 1H), 7.70 (dd, J = 2.2, 0.6 Hz, 1H), 8.41 (dd, J =
7.3,0.6 Hz, 1H).

3-tert-Butoxycarbonylaminomethyl-7-chloro-2-(tetrahydropyran-2-yloxymethyl)imidazo|[1,
2-a]pyridine (57)
56 (632 mg, 2.12 mmol) @ THF (6.3 mL) ##&IZ %t L. diphenylphosphoryl azide (762 mg, 2.77
mmol) & DBU (422 mg, 2.77 mmol) % 0°C Tz, =IEIZT 12 Kef###P L7=, SUSHRIC PPhy
(838 mg, 3.20 mmol) , 7k (1.1 mL) %Mz, 60 °C T4 Fefil#d#: L7=%. Boc,O (929 mg, 4.26
mmol) & DMAP (13 mg, 0.106 mmol) Z:BAN L, =i T 12 R L7, SISRA W % KIZTE
T HREE % CHCL (2 THH £ L A fin & 2 /K &2 F O CoEd L MgSOy THAR 21T - 7o, HuIEA i |
W2 WE T E L, 2 v—REEME )V WSV T A7 a~ 7T 7 ¢ — (n-hexane:EtOAc =
LD icX oL, EELAM TH D 3-tert-butoxycarbonylaminomethyl-7-chloro-2-(tetrahydro-
pyran-2-yloxymethyl)imidazo[1,2-a]pyridine (57) # AR & LTH7- (498 mg, I 59%) .
'H NMR (400 MHz, CDCl;) 6 1.44 (s, 9H), 1.51-1.89 (m, 6H), 3.52-3.61 (m, 1H), 3.85-3.94 (m,
1H), 4.65-4.73 (m, 3H), 4.73 (d, J = 12.4 Hz, 1H), 4.94 (d, J = 12.4 Hz, 1H), 5.17 (br s, 1H), 6.81
(dd, J=17.3,2.0 Hz, 1H), 7.55 (d, J = 2.0 Hz, 1H), 8.35 (d, /= 7.3 Hz, 1H).
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6-Chloro-2,3-dihydro-1H-pyrrolo[3',4":4,5]imidazo[1,2-a]pyridine (58)

57 (498 mg, 1.26 mmol) % AcOH:/K =1:1 (5.0 mL) |Z¥fE L, 1 KEf 100 °C THE%, 4N
NaOH /K¥siR &2 T /e 5 £ TR T (pH =7) o RISHRIZ n-hexane:EtOAc = 1:1 Z 8L, 4
ClzEfE % AT % 2 & THIGT 5 THP Flifrig R 2 B el & L TE7Z (282 mg, IR 72%).,
Z oA E CH,CL 12 L (2.8 mL) | CBry (360 mg, 1.09 mmol) . PPh; (286 mg, 1.09 mmol)
B TMA T, £OFFE 1R Lz, BUSKEZRWER., 7 Vv— NREWES VBTNV h
Lrua<w 757 ¢— (CHCI:EtOAc =2:1) 12 THRIL . xhod 2 7 a el akdEaiiniim e L
Tz (275 mg, I3 81%) . it > T DMSO (34 mL) (2 Z Db &M Z R L. 60% NaH (44 mg,
1.10 mmol) Z/Mx 7%, 10 43 90 °C (2 TMEA L 7=, RINREW 2 KOKIZHEE . AHE % EtOAC
(I CH R, faR AR 2 VTR L MgSO, THIMRAIT o 7o, HolEAlZ Ailte . W2+ T
BEL, 7 v— REAW% preparative TLC (CHCL3:EtOAc = 1:1) I X W KR4 2 = & THIGT 5
RILAZ BEER S L TH72 (54 mg, IR 25%) . Z D& #12 4 N HCl in 1,4-dioxane (1.0 mL)
ZNA ., IR T 12 BRI U 7o i 208 TR 2% L, 7512 THF (3.0 mL) & NaOtz-Bu (35 mg,
0.364 mmol) ZMZ=|ET 1 BRHHIE L7z, £ U RNEDERE L, ARERTE RS 2 &
<., EELAY 6-chloro-2,3-dihydro-1H-pyrrolo[3',4":4,5]imidazo-[1,2-a]pyridine (58) % {4
k& LTH7= (32mg, IR 90%) ,

'"H NMR (400 MHz, CDCl3) 6 4.21 (t, J = 2.6 Hz, 2H), 4.32 (t, J = 2.6 Hz, 2H), 6.81 (dd, J = 7.2,
2.1 Hz, 1H), 7.59 (dd, J = 2.1, 0.7 Hz, 1H), 7.77 (dd, J = 7.2, 0.7 Hz, 1H),

Scheme 20.  Synthesis of 2-amino-4-fluoropyridine 61

N-(4-Fluoropyridin-2-yl)benzamide (60)

59 (50.0 g, 380 mmol) . <> X7 I K (55.0 g, 456 mmol) = L T NaOz-Bu (51.0 g, 532 mmol)
@ DME E&# (600 mL) iZxf L, 703555 F Pd(OAc), (683 mg, 3.04 mmol) KT
(R)-1-[(Sy)-2-(dicyclohexylphosphino)ferrocenyl]ethyldi-zert-butylphosphine (1.70 g, 3.06 mmol)
ZMMA. 120 °C T 12 Bffffide Uiz, BUSKZKKITIEE | AHE 2 EtOAc |Z Thili#, ot
b7 B =0 DKEHR, S BHEKDNAICHEE L MgSO4 & W THZIEZ 1T o 7o, HMEAl A%
VR 2T TR 2 L, JRIEIC n-hexane:EtOAc = 1:1 2z, A U-[EEEZ AHT 5 2 & CHEEEL
A4 N-(4-fluoropyridin-2-yl)benzamide (60) ZizEaE RS L THE7- (65.7g, IUE 80%) .

'H NMR (300 MHz, CDCly) § 6.77-6.87 (m, 1H), 7.41-7.64 (m, 3H), 7.89-7.96 (m, 2H),
8.17-8.26 (m, 2H), 8.81 (br s, 1H).

2-Amino-4-fluoropyridine (61)

60 (62.0 g,289 mmol) ®=% / — /LK (210 mL) (ZxF L. 4 N NaOH /K (210 mL, 840
mmol) A1z, 60 °C T 12 REfE#fEEe L7z, FONKZKAKICHEE . AHiE 4 CHCL I THll#% ., fa
K %2 VT L, NapSOy CTHAMREA(T - 72, WAl % A, IWIEEBIE FTREEL, 70
— NEEWMAES Y AN hra~ 757 ¢ — (CHCly:methanol = 20:1) (2 X kgL, 4=
LA 2-amino-4-fluoropyridine (61) ZiRFEMAME K E L TH7Z (27.0g, IU3# 83%) .
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Mp 99-102 °C; 'H NMR (400 MHz, CDCly) ¢ 4.36-4.75 (br s, 2H), 6.18 (dd, J = 10.5, 2.2 Hz,
1H), 6.37-6.45 (m, 1H), 8.02 (dd, J = 8.9, 5.8 Hz, 1H); Anal. (CsHsFN>) caled C 53.57%, H 4.50%,
N 24.99%; found C 53.71%, H 4.47%, N 24.75%.

Scheme 22.  Synthesis of novel tricyclic heterocycle 69

[7-Fluoro-2-(tetrahydropyran-2-yloxymethyl)imidazo[1,2-a]pyridin-3-yljmethanol (62)

53 ofDVIT 61 MV, 54, 55 XM LT 56 G LIZTIEICHES Z & T, EE LAY
[7-fluoro-2-(tetrahydropyran-2-yloxymethyl)imidazo[ 1,2-a]pyridin-3-ylJmethanol (62) % &5 {4 &
RE L TR (R 48%) .

'H NMR (400 MHz, CDCl3) 6 1.42—1.90 (m, 6H), 2.82 (br s, 1H), 3.50-3.58 (m, 1H), 3.81-3.90
(m, 1H), 4.69 (t, J = 3.5 Hz, 1H), 4.76 (dd, J = 12.8, 2.2 Hz, 1H), 4.90 (dd, J = 12.8, 2.2 Hz, 1H),
4.92-4.95 (m, 1H), 5.00 (dd, J = 14.1, 3.5 Hz, 1H), 6.74 (ddd, /= 9.3, 5.5, 2.2 Hz, 1H), 7.20 (dd, J
=9.3,2.2 Hz, 1H), 8.17 (dd, J = 7.5, 5.5 Hz, 1H); MS (ESI) m/z 281 (M+H)".

7-Fluoro-2-(tetrahydropyran-2-yloxymethyl)imidazo[1,2-a]pyridine-3-carbaldehyde (63)

62 (2.07 g, 7.40 mmol) ® CHClL #&# (20 mL) (2%} L, Dess—Martin #3& (3.77 g, 8.90 mmol)
7z 0°C THIA IR T 1 RefElfitd: Uiz, ROSHE & 9 NaHCO; K21, A#JE 2 CHCl3 1IZ T
R, fafniEK 2 VD CToEE L NapSOy TR AT o 7o, Filpf & Ailbte, WA BE T £
L7 NV— RNEEWMET Y ATV T 570~ 757 4 — (n-hexane:EtOAc = 3:1) (2 XV R
L THEMEAL A W T-fluoro-2-(tetrahydropyran-2-yloxymethyl)imidazo[ 1,2-a]pyridine-3-
carbaldehyde (63) Z iR MAMEAKE L THZ (493 mg, IF 24%) ,

'"H NMR (300 MHz, CDCl3) 6 1.47—1.91 (m, 6H), 3.54-3.66 (m, 1H), 3.85-3.96 (m, 1H), 4.85 (1,
J=3.2Hz, 1H), 4.90 (d, J = 13.6 Hz, 1H), 5.20 (d, /= 13.6 Hz, 1H), 6.95 (ddd, J=8.7, 5.7, 2.6 Hz,
1H), 7.37 (dd, J = 8.7, 2.6 Hz, 1H), 9.60 (dd, J = 7.5, 5.7 Hz, 1H), 10.25 (s, 1H); MS (ESI) m/z 279
(M+H)".

(E)-3-[7-Fluoro-2-(tetrahydropyran-2-yloxymethyl)imidazo[1,2-a]pyridin-3-yl]acrylic acid
ethyl ester (64)

63 (493 mg, 1.80 mmol) ® hL= ¥k (7.5 mL) (2% L. ethyl (triphenylphosphoranylidene)-
acetate (940 mg, 2.70 mmol) Z=iE TM%, 120 °C T 12 Kef#E#E L=, BUGHK % ffn NaHCOs
KEHRITIEE | AREJE % EtOAc | CThitt#% . fafn &K 2 W Tleid L NaxSO4 TR Z 1T - 72,
HLIRA 2 A, WIKAZBE TREEL, 2= RNBEWME VDTN DT LA~ NI T T 4 —

(n-hexane:EtOAc = 5:1) (2L » THIT 5 Z & CEELAY (E)-3-[7-fluoro-2-(tetrahydropyran-
2-yloxy-methyl)imidazo[1,2-a]pyridin-3-yl]Jacrylic acid ethyl ester (64) % &k & L7
(540 mg, W 86%) .

'"H NMR (400 MHz, CDCl3) 6 1.35 (t, J = 7.1 Hz, 3H), 1.47-1.95 (m, 6H), 3.57-3.66 (m, 1H),
3.93-4.01 (m, 1H), 4.29 (q, J = 7.1 Hz, 2H), 4.76 (d, J = 12.4 Hz, 1H), 4.84 (t, J = 3.4 Hz, 1H), 5.02
(d, J=12.1 Hz, 1H), 6.45 (d, J = 16.1 Hz, 1H), 6.86 (ddd, J = 8.9, 5.3, 2.5 Hz, 1H), 7.30 (dd, J =
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8.9, 2.5 Hz, 1H), 7.98 (d, J = 16.1 Hz, 1H), 8.29 (dd, J = 7.5, 5.3 Hz, 1H); MS (ESI) m/z 349
(M+H)".

3-[7-Fluoro-2-(tetrahydropyran-2-yloxymethyl)imidazo[1,2-a]pyridin-3-yl]propionic acid
(65)

64 (472 mg, 1.36 mmol) O~ % /7 — )Lk (10 mL) (2% L=EE T 10% Pd-C (100 mg) Z N
Z. KFFHKT (4 atm) =R T 12 FFfHfHE L7, PA-C 2T 14 FABIC K> TREL, A
iRiate., A% /—/L (5mL) . 4 NNaOH K&k (SmL) ZINZ R T2 R Lz, Kkin
TEAMEIZ72 5 £ T I NHCLKEKZ A (pH<3) | AHE %L EtOAc |2 Thlithi#e, fafniifikz
MW THE#E L NapSOy THMEZAT - 72, WAl Z Silte ., WiE2EE T EL, BELEY
3-[7-fluoro-2- (tetrahydropyran-2-yloxymethyl)imidazo[1,2-a]pyridin-3-yl]propionic acid (65) %
HEBERE LTHRZ (195 mg, ULER 44%)

'H NMR (300 MHz, DMSO-d) d 1.35-1.74 (m, 6H), 2.51-2.58 (m, 2H), 3.20 (t, J = 7.5 Hz, 2H),
3.44-3.53 (m, 1H), 3.76-3.86 (m, 1H), 4.52 (d, /= 12.1 Hz, 1H), 4.69—4.76 (m, 2H), 6.97 (ddd, J =
10.2, 5.6, 2.6 Hz, 1H), 7.34 (dd, J = 10.2, 2.6 Hz, 1H), 8.47 (dd, J = 7.5, 5.6 Hz, 1H), 12.21 (br s,
1H).

{2-[7-Fluoro-2-(tetrahydropyran-2-yloxymethyl)imidazo[1,2-a]pyridin-3-yl]ethyl}carbamic-
acid benzyl ester (66)

65 (146 mg, 0.453 mmol) ® FL= K (2 mL) (Zxf L, =& T diphenylphosphoryl azide

(137 mg, 0.498 mmol) & Et;N (55 mg, 0.54 mmol) % /1% 110 °C (2T 1 KRB L 7=, o
LT3 —)1 (98 mg, 0.91 mmol) Z BN L, I 12 F¢fE] 110 °C 12 TR | UG E % fiafi NaHCO;
KEEHRIEE RS 2 EtOAc Thi#, fafn@iEK 2z W THes L NaxSOy THZR A 1T - 72, H
Al Ate, WA HIETEEL, ZVv—RNBEWES VTNV T L0~ NI T T 41—

(n-hexane:EtOAc = 1:1) 2 X W T 2% = & CTHEE S P {2-[7-fuoro-2-(tetrahydropyran-
2-yloxymethyl)imidazo[1,2-a]pyridin-3-yl]ethyl}carbamic acid benzyl ester (66) % 73k
L LTHEE (120 mg, U5 62%) .

'H NMR (300 MHz, CDCl3) 6 1.37-1.83 (m, 6H), 3.16-3.26 (m, 2H), 3.38-3.49 (m, 2H),
3.50-3.61 (m, 1H), 3.85-3.97 (m, 1H), 4.60 (d, J= 12.4 Hz, 1H), 4.75 (1, J = 3.8 Hz, 1H), 4.92 (d,J
=12.4 Hz, 1H), 5.07 (s, 2H), 5.50 (br s, 1H), 6.66 (ddd, J=9.2, 5.8, 2.1 Hz, 1H), 7.19 (dd, /= 9.2,
2.1 Hz, 1H), 7.29-7.39 (m, 5H), 8.03 (dd, J = 7.0, 5.8 Hz, 1H); MS (ESI) m/z 428 (M+H)".

[2-(2-Bromomethyl-7-fluoroimidazo[1,2-a]pyridin-3-yl)ethyl]carbamic acid benzyl ester
(67)
66 (120 mg, 0.280 mmol) #% 1,4-dioxane (2L (1.5mL) . 0°C T 1 N HCl K¥&#KE 2 A
(0.75 mL) =EICT 12 BefdEe L7z, ROGE Z2 faFn NaHCOs KisikICiE X, AHE 2 EtOAc
(ZTHIH B, SR AR 2 VT L. NapSO4 THIRZAT o7, FAIZ Hiatk. Wi 2 bt
T % L., preparative TLC (CHCl3:methanol = 9:1) (2 X - CTHE#$ 2% Z & T, %325 THP X
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i ORGE R 2 e ik & L CTi572 (70 mg, IR 73%) » Z0fba#% CHCL K (0.5 mL)
\Z¥af# L. PPhy (64 mg, 0.25 mmol) . CBry (102 mg, 0.306 mmol) % 0°C THix, TDOE % 1
RFRIRFE 21T o 7o, BUGIR &2 8N NaHCOs KISHRIZIEE . AR 2 CHCL; ([ Thlltif:, fafnati
K& HWTHEH L, NapSO4 THIBRA T o 7o, WAl 2 Aiate ., WA E TR E L, R
n-hexane:EtOAc = 1:1 Z M x TAULEEEZ AT 5 Z & T, HEILEY TH 5[2-(2-bromo-
methyl-7-fluoroimidazo-[1,2-a]pyridin-3-yl)ethyl]carbamic acid benzyl ester (67) % ¥ A (a[E A &
L &7 (75 mg, IR 90%) .

'H NMR (400 MHz, DMSO-dy) 6 3.15 (t, J = 6.5 Hz, 2H), 3.20-3.29 (m, 2H), 4.71 (s, 2H), 4.98
(s, 2H), 6.96-7.04 (m, 1H), 7.24-7.41 (m, 6H), 8.39-8.48 (m, 1H):; MS (ESI) m/z 406 (M+H)".

8-Fluoro-1,2,3,4-tetrahydropyrido([3',4':4,5]imidazo[1,2-a]pyridine-2-carboxylic acid
benzyl ester (68)

67 (75 mg, 0.18 mmol) ® DMF % (7.5 mL) (Z%f L. 0 °C T 60% NaH (8.6 mg, 0.22 mmol)
A, ST 12 R Lo, PO Z2 fafti b7 =0 LOKERICIEE . A % EtOAc
(ZTHIM R, SRR 2 IO THEE L. NaxSOy THIRAAT o7, HlEH % Ak, B4 T
T # % L. preparative TLC (CHCly:methanol = 9:1) 2 X W #9425 = & CTHEE{LLAWY
8-fluoro-1,2,3,4-tetrahydropyrido[3',4":4,5]imidazo[ 1,2-a]pyridine-2-carboxylic acid benzyl ester

(68) Z ARy & LTHE (16 mg, IR 28%) .

'H NMR (400 MHz, CDCl3) § 2.80-2.93 (m, 2H), 3.91-4.01 (m, 2H), 4.74-4.79 (m, 2H),

5.16-5.22 (m, 2H), 6.67-6.75 (m, 1H), 7.17-7.23 (m, 1H), 7.31-7.42 (m, 5H), 7.73-7.84 (m, 1 H).

8-Fluoro-1,2,3,4-tetrahydropyrido[3',4':4,5]imidazo[1,2-a]pyridine (69)

68 (7.0 mg, 0.022 mmol) ® =% /7 —/LIFEHR (0.2 mL) (Z%F L= T 10% Pd-C 2 mg) # .
KEFAKXT (4 atm) | |IBTI2HMEHE L, PA-CE2ET4 FABICE-TREL, AiR%E
A% . preparative TLC (CHCls:methanol = 4:1) (2 X W K32 = &<, EEILAY 8-fluoro-
1,2,3,4-tetrahydropyrido[3’,4":4,5]imidazo[ 1,2-a]pyridine (69) % ¥ (afkih & LT 7= (3.7 mg, X
£ 90%) .

Mp 161165 °C; "H NMR (400 MHz, DMSO-ds) 6 2.73 (t, J = 5.6 Hz, 2H), 3.05 (1, J = 5.6 Hz,
2H), 3.80 (br s, 2H), 6.89-6.97 (m, 1H), 7.27-7.34 (m, 1H), 8.26-8.32 (m, 1H): Anal.
(C10H10FN3:0.1H,0) caled C 62.23%, H 5.33%, N 21.77%; found C 62.43%, H 5.35%, N 21.45%.

Scheme 23.  Synthesis of novel tricyclic heterocycle 70

8-Chloro-1,2,3,4-tetrahydropyrido[3’,4':4,5]imidazo[1,2-a]pyridine (70)

62 DHOVIZ56 2 H\>.63-68 & #EH LT 69 %Ak LI HiLILiE-> TRISEFEmT 52 & T,
FEREAL &4 8-chloro-1,2,3,4-tetrahydropyrido[3',4":4,5]imidazo[1,2-a]pyridine (70) % ¥ Al (A
ELTHR (IR 0.5%) .

'H NMR (400 MHz, DMSO-ds) 6 2.91 (br s, 2H), 3.24 (br s, 2H), 4.01 (br s, 2H), 7.00 (dd, J =
7.3,2.0 Hz, 1H), 7.66 (d, /= 2.0 Hz, 1H), 8.34 (d, /= 7.3 Hz, 1H).
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BoEE—H HAREMEZILEMDERK
Scheme 24.  Synthesis of 6a

(1S,2R,3R)-2-Methyl-1-(2-oxooxazolidine-3-sulfonylamino)-3-phenylcyclopropane-
carboxylic acid tert-butyl ester (71)

snanA)VR=)bA VT % — bk (038mL,4.4mmol) 7% =k U /LEHK (5mL) \ZxF L,
0°CT2-7uumx¥4% /—L (032 mL, 4.8 mmol) ZMMx. ZOEFE 10 HMHEHEL-, ZOKE
iz, 8g (1.0 g, 4.0 mmol) \ N-AF/LE/LAHRY > (1.8 mL, 16 mmol) 7 & =k U /LK (10
mL) Z=R T 1 FRIEHRE%, 50 °C ICHIRE L CTHIC 1 R AT o 70, RS 2K KIZHE
S HJE % EtOAc | THit# ., 0.5 N HCl /K, fafn K ONEICBE L, MgSO4 THIRE AT
STz, WldHZ Ak, Witz E T EL, 2 v— RBREWME )V BTNV T hoa~ NI T 7
4 — (n-hexane:EtOAc = 4:1) ([ZCTHEMT 2 Z &L TEELEY (1S,2R,3R)-2-methyl-1-(2-0x0-
oxazolidine-3-sulfonylamino)-3-phenylcyclopropanecarboxylic acid tert-butyl ester (71) % H A&
K& LTHE72 (1.3 g IR 83%) ,

[0]*p +50.41 (c 0.39, methanol); '"H NMR (400 MHz, DMSO-d5) 6 1.01 (s, 9H), 1.34 (d, J = 6.8
Hz, 3H), 2.12 (dt, J = 10.6, 6.8 Hz, 1H), 3.01 (d, J = 10.6 Hz, 1H), 3.94-4.04 (m, 2H), 4.36 (t, J =
7.8 Hz, 2H), 7.10-7.37 (m, 5H), 9.36 (br s, 1H); Anal. (C;sH24N206S-0.5H,0) caled C 53.32%, H
6.21%, N 6.90%; found C 53.56%, H 6.06%, N 7.11%.

HCI salt of (1S,2R,3R)-1-(6-chloro-2,3-dihydro-1H-pyrrolo[3',4':4,5]imidazo[1,2-a]pyridine-
2-sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6a)

71 (35 mg, 0.088 mmol) ® 1,4-dioxane &% (0.35 mL) (Zxf L, N-A FLE/LA Y > (0.020 mL,
0.18 mmol) . 58 (17 mg, 0.088 mmol) #=E{E THNZ, 100 °C T 12 WfEfEHE L7, KSR %E 5%
IRIEAKFET U U LKERIZFEZSAEE % EtOAc (2T, K. Bafn&HE/KDNEIZHeyd L.,
MgSOy THIMEZAT o 1o, Wl A itk Wi 2 E T8 E L, 7 v— NIRGW % preparative TLC

(n-hexane:BtOAc = 1:1) IZTHRLL ., 6a O tert-7 F )V AT VR Z R E GRS & L TH7= (35
mg, E 80%) , Z DILAWIZ 4 N HCl in 1,4-dioxane (1.0 mL) %1% =G C 12 BER#E#RE .,
PO % JE T ifE L, EtOAc:methanol = 1:1 20 x4 Uk %Z AHd 5 2 & ¢, EELAY
HCl salt of (1S,2R,3R)-1-(6-chloro-2,3-dihydro-1H-pyrrolo[3’,4":4,5]imidazo[1,2-a]pyridine-2-
sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6a) % il s L CHE7- (9.4
mg, IR 28%) .

Mp 176-181 °C; [0]*°p +65.33 (¢ 0.15, methanol); "H NMR (400 MHz, DMSO-d;) 6 1.28 (d, J =
6.6 Hz, 3H), 2.03-2.13 (m, 1H), 2.89 (d, J = 10.1 Hz, 1H), 4.49-4.63 (m, 2H), 4.67-4.79 (m, 2H),
7.16-7.23 (m, 4H), 7.23-7.29 (m, 2H), 7.85 (d, J = 1.5 Hz, 1H), 8.55 (s, 1H), 8.61 (d, J = 7.3 Hz,
1H); Anal. (Cy0H9CIN4O4S-HCI-1.25methanol) caled C 48.76%, H 4.81%, N 10.70%; found C
48.79%, H 4.77%, N 10.45%.
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Scheme 25.  Synthesis of 6b—m

(1S,2R,3R)-1-(2-Chloro-5,6,7,8-tetrahydrothieno[3',2':4,5]pyrrolo[1,2-a] pyrazine-7-
sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6b)

58 ROV IZ T2 ZHV, 6a Ak & RO SUSSIFICATICAT L72#% . methanol:H,O = 1:1 705
Wb Eir ) Z & T, EEWLEY (1S2R3R)-1-(2-chloro-5,6,7,8-tetrahydrothieno[3',2":4,5]-
pyrrolo[1,2-a]pyrazine-7-sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6b) % 4
Biftan & LTI (IR 75%) .

Mp 95 °C; [a]*’p +65.88 (¢ 0.17, THF); "H NMR (300 MHz, DMSO-ds) 6 1.25 (d, J = 6.8 Hz,
3H), 2.02 (dq, J = 10.5, 6.8 Hz, 1H), 2.89 (d, /= 10.2 Hz, 1H), 3.63 (t, /= 5.5 Hz, 2H), 4.01 (t, J =
5.5 Hz, 2H), 4.41 (s, 2H), 6.20 (s, 1H), 7.10 (s, 1H), 7.15-7.28 (m, 6H), 8.57 (br s, 1H); Anal.
(C20H20CIN304S,) caled C 51.55%, H 4.33%, N 9.02%; found C 51.50%, H 4.63%, N 8.80%.

(1S,2R,3R)-1-(8-Chloro-1,2,3,4-tetrahydropyrazino[1,2-a]indole-2-sulfonylamino)-2-methyl-
3-phenylcyclopropanecarboxylic acid (6¢)

58 Dt v 12 8-chloro-1,2,3,4-tetrahydropyrazino[1,2-a]indole (73) ¥ # Fv . 6a &k & [l
B O BOGSECfF L =% . methanolH,O = 1:1 25 iR E2iT> 2 & T, HELEDY
(18,2R,3R)-1-(8-chloro-1,2,3,4-tetrahydropyrazino[ 1,2-a]indole-2-sulfonylamino)-2-methyl-3-
phenylcyclopropanecarboxylic acid (6¢) Z ¥k & LT (I 20%)

Mp 145 °C; [a]*°p +65.14 (¢ 0.21, THF); 'H NMR (400 MHz, DMSO-ds) J 1.25 (d, J = 6.6 Hz,
3H), 2.03 (dq, J=10.4, 6.8 Hz, 1H), 2.90 (d, /= 10.4 Hz, 1H), 3.70 (t, /= 5.4 Hz, 2H), 4.15 (t, J =
5.5 Hz, 2H), 4.54 (s, 2H), 6.32 (s, 1H), 7.11 (dd, J = 8.6, 2.2 Hz, 1H), 7.15-7.26 (m, 5H), 7.41 (d, J
= 8.6 Hz, 1H), 7.55 (d, J = 2.2 Hz, 1H), 8.59 (br s, 1H); Anal. (C,,H2,CIN304S-0.5H,0) calcd C
56.35%, H 4.94%, N 8.96%:; found C 56.05%, H 5.04%, N 8.86%.

HCl salt of (1S,2R,3R)-1-(8-chloro-1,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole-2-
sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6d)

58 DOfti v Iz 8-chloro-1,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole (74a) ¥9 %\ . 6a
Bk & FEED RS SAEIZAT L2 EtOAc:DMSO = 1:1 22 Oiffdb 247 9 2 & T, b5 4 HCI
salt of (15,2R,3R)-1-(8-chloro-1,2,3,4-tetrahydropyrazino[ 1,2-a]benzimidazole-2-sulfonylamino)-2-
methyl-3-phenylcyclopropanecarboxylic acid (6d) # fEfhdh & L TR (=R 38%) ,

Mp 188 °C; [a]*’p +76.31 (¢ 0.13, methanol); "H NMR (400 MHz, DMSO-ds) d 1.25 (d, J = 6.7
Hz, 3H), 2.04 (dq, J = 10.4, 6.7 Hz, 1H), 2.93 (d, J = 10.4 Hz, 1H), 3.77-3.85 (m, 2H), 4.27-4.34
(m, 2H), 4.70 (br s, 2H), 7.13-7.21 (m, 3H), 7.21-7.33 (m, 2H), 7.42 (dd, J = 8.8, 1.9 Hz, 1H), 7.71
(d, J = 8.8 Hz, 1H), 7.80 (d, J = 1.9 Hz, 1H), 8.83 (br s, 1H); Anal. (C;;H;;CIN4O4S-HCI-0.75
DMSO) caled C 48.60%, H 4.80%, N 10.07%; found C 48.43%, H 5.02%, N 10.18%.
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HCl salt of (1S,2R,3R)-1-(8-fluoro-1,2,3,4-tetrahydropyrazino|1,2-aJbenzimidazole-
2-sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6f)

58 OftbH v | 8-fluoro-1,2,3,4-tetrahydropyrazino[ 1,2-a]benzimidazole (74b) 9 % F\ . 6a
B FEE D BUSSKRMITAT LT . EtOAc 2 Biffsafb x24T 9 2 & T, 5% HCI salt of
(18,2R,3R)-1-(8-fluoro-1,2,3,4-tetrahydropyrazino[ 1,2-a]benzimidazole-2-sulfonylamino)-2-
methyl-3-phenylcyclopropanecarboxylic acid (6f) % MG & L THZ (I 67%) .

Mp 190-193 °C; [0]*°p +73.33 (¢ 0.18, methanol); '"H NMR (400 MHz, DMSO-dy) 6 1.27 (d, J =
6.8 Hz, 3H), 2.02-2.11 (m, 1H), 2.95 (d, J = 10.4 Hz, 1H), 3.82-3.89 (m, 2H), 4.37 (t, J = 5.2 Hz,
2H), 4.78 (s, 2H), 7.16-7.30 (m, 5H), 7.36 (td, J = 9.4, 2.4 Hz, 1H), 7.65 (dd, J = 9.2, 2.3 Hz, 1H),
7.81 (dd, J = 8.9, 4.5 Hz, 1H), 8.90 (s, 1H); Anal. (C,;H,;FN4O4S-HCI) calcd C 52.45%, H 4.61%,
N 11.65%; found C 52.21%, H 4.71%, N 11.58%.

HCl salt of (1S,2R,3R)-1-(7-fluoro-1,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole-2-
sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6g)

58 Ot v 12 7-fluoro-1,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole (74¢) **9 % vy, 6a
B E FIEE DSOS KA LT . EtOAc 2 Biffsafb x24T 9 2 & T, 854 HCI salt of
(18,2R,3R)-1-(7-fluoro-1,2,3,4-tetrahydropyrazino[ 1,2-a]benzimidazole-2-sulfonylamino)-2-
methyl-3-phenylcyclopropanecarboxylic acid (6g) % fMEfaikih & LT (=R 62%) .

Mp 170 °C; [a]*’p +68.89 (¢ 0.18, methanol); 'H NMR (400 MHz, DMSO-dy) 6 1.27 (d, J= 6.6
Hz, 3H), 2.02-2.11 (m, 1H), 2.95 (d, /= 10.4 Hz, 1H), 3.82-3.88 (m, 2H), 4.30—4.34 (m, 2H), 4.76
(s, 2H), 7.18-7.35 (m, 6H), 7.73 (dd, J = 8.8, 2.4 Hz, 1H), 7.79 (dd, J = 8.9, 4.5 Hz, 1H), 8.90 (s,
1H); Anal. (C,;H21FN4O4S-HCI-H,0) caled C 50.55%, H 4.85%, N 11.23%; found C 50.69%, H
5.22%, N 10.89%.

HCl salt of (1S,2R,3R)-1-(8-cyano-1,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole-2-
sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6h)

58 Dt v iz 1,2,3,4-tetrahydropyrazino[ 1,2-a]benzimidazole-8-carbonitrile (74d) 39 &,
6a Ak & RO USSR fT L=t EtOAc:methanol = 1:1 2> b s L AT S 2 & T, EElLA
¥ <& 5 HCI salt of (1S,2R,3R)-1-(8-cyano-1,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole-2-
sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6h) % #Efaffsh & L CE7- (%
41%) .

Mp 151 °C; [a]*’p +62.22 (¢ 0.18, methanol); 'H NMR (300 MHz, DMSO-ds) d 1.26 (d, J = 6.4
Hz, 3H), 2.05 (dq, J = 10.5, 6.8 Hz, 1H), 2.93 (d, J = 10.2 Hz, 1H), 3.79-3.86 (m, 2H), 4.30 (t, J =
5.3 Hz, 2H), 4.65 (s, 2H), 7.16-7.31 (m, 5H), 7.66 (dd, J = 8.5, 1.3 Hz, 1H), 7.75 (d, J = 8.3 Hz,
1H), 8.16 (d, J = 0.8 Hz, 1H), 8.78 (s, 1H); Anal. (Cy,H»;N504S-HCI-0.75methanol) calcd C
53.37%, H 4.92%, N 13.68%; found C 53.34%, H 4.63%, N 13.53%.
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(1S,2R,3R)-2-Methyl-1-(8-methyl-1,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole-2-
sulfonylamino)-3-phenylcyclopropanecarboxylic acid (6i)

58 »Oft v |2 8-methyl-1,2,3,4-tetrahydropyrazino[ 1,2-a]benzimidazole (74e) ** % Fv», 6a
B & [FAR D BUS RIS L7z, DMSO:H,O = 1:1 22biffdafbz175 2 & T, EHEbEY
(1S,2R,3R)-2-methyl-1-(8-methyl-1,2,3,4-tetrahydropyrazino[ 1,2-a]benzimidazole-2-sulfonyl-
amino)-3-phenylcyclopropanecarboxylic acid (6i) % Mk & LT (IE 63%) .

Mp 185-189 °C; [0]*’p +55.26 (¢ 0.19, methanol); "H NMR (400 MHz, DMSO-d;) 6 1.28 (d, J =
6.5 Hz, 3H), 2.02-2.12 (m, 1H), 2.49 (s, 3H), 2.95 (d, J = 10.4 Hz, 1H), 3.86 (t, J = 5.3 Hz, 2H),
4.34-4.39 (m, 2H), 4.80 (s, 2H), 7.16-7.37 (m, 6H), 7.61 (s, 1H), 7.70 (d, J = 8.1 Hz, 1H), 8.94 (s,
1H); Anal. (CyH24N404S-1.25DMSO) caled C 54.67%, H 5.90%, N 10.41%; found C 54.23%, H
6.03%, N 10.34%.

HCl salt of (1S,2R,3R)-1-(8-methoxy-1,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole-2-
sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6j))

58 Ot v (T 8-methoxy-1,2,3,4-tetrahydropyrazino[ 1,2-a]benzimidazole (74f) ¥ % fu . 6a
B E FIEE DSOS KA LT . EtOAc 2 Biffsafb x24T 9 2 & T, 854 HCI salt of
(18,2R,3R)-1-(8-methoxy-1,2,3,4-tetrahydropyrazino[ 1,2-a|benzimidazole-2-sulfonylamino)-2-
methyl-3-phenylcyclopropanecarboxylic acid (6j) % MGG & LTHZ R 79%) .

Mp 170 °C; [a]*’p +66.67 (¢ 0.18, methanol); "H NMR (400 MHz, DMSO-ds) 6 1.28 (d, J= 6.6
Hz, 3H), 2.02-2.11 (m, 1H), 2.95 (d, J = 9.9 Hz, 1H), 3.82-3.86 (m, 2H), 3.85 (s, 3H), 4.32-4.38
(m, 2H), 4.78 (s, 2H), 7.13 (d, J = 8.4 Hz, 1H), 7.17-7.22 (m, 3H), 7.24-7.31 (m, 3H), 7.68-7.73
(m, 1H), 8.91 (s, 1H); Anal. (C22H24N4O5S-HCI-H,0) caled C 51.71%, H 5.33%, N 10.96%; found
C 51.43%, H 5.50%, N 10.65%.

(1S,2R,3R)-1-(8-Chloro-1,2,3,4-tetrahydropyrido[3’,4':4,5]imidazo[1,2-a]pyridine-2-
sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6e)

58 DRHOVIZTO =, 6a & HK & RIEED KIS SMAITfT L72t% . methanol:H,O = 1:1 7 & 5 i
fbz4i795 Z & T, BEE{EY (152R,3R)-1-(8-chloro-1,2,3,4-tetrahydropyrido[3’,4":4,5]imidazo-
[1,2-a]pyridine-2-sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6e) 7% #& ik i
L LTH IR 59%) .

Mp 193-197 °C; [a]*’b +57.32 (¢ 0.41, methanol); "H NMR (400 MHz, DMSO-d;) 6 1.26 (d, J =
6.6 Hz, 3H), 2.02 (dq, J = 10.4, 6.6 Hz, 1H), 2.88 (d, J = 10.4 Hz, 1H), 2.96 (t, J = 5.4 Hz, 2H),
3.56-3.69 (m, 2H), 4.37 (s, 2H), 7.00 (dd, J = 7.3, 2.0 Hz, 1H), 7.16-7.28 (m, 5H), 7.68 (d, J = 2.2
Hz, 1H), 8.32 (d, J = 7.3 Hz, 1H), 8.42 (s, 1H), 12.37 (br s, 1H); Anal. (C;;H;;CIN4O4S) calcd C
54.72%, H 4.59%, N 12.15%; found C 54.40%, H 4.62%, N 12.22%.

86



(1S,2R,3R)-1-(8-Fluoro-1,2,3,4-tetrahydropyrido[3',4':4,5]imidazo[1,2-a]pyridine-2-
sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6k)

58 ROV IZ 69 & VN, 6a Ak & RO SUSSIFICAT L72#% . methanol:H,O = 1:1 2> 5 &
fbx475 2 & T, BELEY (1S,2R,3R)-1-(8-fluoro-1,2,3,4-tetrahydropyrido[3’,4':4,5]imidazo-
[1,2-a]pyridine-2-sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (6k) 7% (% i
L LTH (IR 65%) .

Mp 212-214 °C; [a]*b +58.53 (¢ 0.10, methanol); "H NMR (300 MHz, methanol-d,) § 1.36 (d, J
= 6.8 Hz, 3H), 2.21 (dq, J = 10.5, 6.8 Hz, 1H), 3.02-3.13 (m, 3H), 3.86 (t, J = 5.8 Hz, 2H),
4.62-4.67 (m, 2H), 7.14-7.28 (m, 4H), 7.47 (td, J=17.5, 2.4 Hz, 1H), 7.50-7.59 (m, 1H), 7.59-7.67
(m, 1H), 7.76 (dd, J = 8.1, 2.4 Hz, 1H), 8.70 (dd, J = 7.3, 5.1 Hz, 1H); Anal. (C,;H,FN40O4S) calcd
C 56.75%, H 4.76%, N 12.61%; found C 56.41%, H 4.82%, N 12.46%.

(1S,2R,3R)-1-(7-Fluoro-1,2,3,4-tetrahydropyrido[3',4':3,4]pyrazolo[1,5-a] pyridine-2-
sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (61)

58 DRV IZ 51 Z AV, 6a Ak & RO SUSSIFICAT L72% . methanol:H,O = 1:1 25 &
{bx179 2 & T, EEEEY (1S,2R,3R)-1-(7-fluoro-1,2,3,4-tetrahydropyrido[3',4":3,4]pyrazolo-
[1,5-a]pyridine-2-sulfonylamino)-2-methyl-3-phenylcyclopropanecarboxylic acid (61) 7% ¢ i
& LTHRE (IR 49%)

Mp 205-209 °C; [0]*°p +101.88 (c 0.16, THF); 'H NMR (400 MHz, DMSO-ds) 6 1.25 (d, J= 6.8
Hz, 3H), 2.03 (dq, /= 10.3, 6.7 Hz, 1H), 2.84 (t, /= 5.7 Hz, 2H), 2.90 (d, /= 10.4 Hz, 1H), 3.52 (q,
J=5.4Hz, 2H), 4.43 (s, 2H), 7.16-7.32 (m, 6H), 7.65 (dd, J = 9.8, 5.8 Hz, 1H), 8.43 (s, 1H), 8.89
(dd, J = 5.0, 2.1 Hz, 1H), 12.34 (br s, 1H); Anal. (Cy;H,1FN404S) caled C 56.75%, H 4.76%, N
12.61%; found C 56.74%, H 4.90%, N 12.41%.

(1S,2R,3R)-1-(7-Fluoro-1,2,3,4-tetrahydro-9H-pyrido[3,4-b]indole-2-sulfonylamino)-2-
methyl-3-phenylcyclopropanecarboxylic acid (6m)

58 Dt v 12 7-fluoro-1,2,3,4-tetrahydro-9H-pyrido[3,4-blindole (75) ¥ %\, 6a Ahk &
[ Ak D S S I L= . methanol:H,O = 1:1 2»bHiEfib 2475 2 & T, EEAAYD
(18,2R,3R)-1-(7-fluoro-1,2,3,4-tetrahydro-9 H-pyrido[3,4-b]indole-2-sulfonylamino)-2-methyl-3-
phenylcyclopropanecarboxylic acid (6m) % fEfAfEM & L TEZ (U 18%) .

Mp 150-152 °C; [a]*b +73.64 (¢ 0.22, methanol); "H NMR (400 MHz, DMSO-d;) 6 1.26 (d, J =
6.6 Hz, 3H), 1.98-2.08 (m, 1H), 2.72-2.78 (m, 2H), 2.89 (d, J = 10.4 Hz, 1H), 3.49 (t, /= 5.6 Hz,
2H), 4.35 (s, 2H), 6.79-6.84 (m, 1H), 7.10 (dd, J = 10.1, 2.2 Hz, 1H), 7.15-7.28 (m, 5H), 7.37 (dd,
J = 8.6, 5.5 Hz, 1H), 8.38 (br s, 1H), 10.96 (s, 1H), 12.37 (br s, 1H); Anal. (CyH2FN304S-
0.25H,0) caled C 58.98%, H 5.06%, N 9.38%; found C 58.76%, H 5.24%, N 9.21%.
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Scheme 26.  Synthesis of 72

2-Chloro-5,6,7,8-tetrahydrothieno[3',2:4,5]pyrrolo[1,2-a]pyrazine-5-one (77)

76 (800 mg, 3.48 mmol) ® DMF #5#% (8.0 mL) (Zxt L 60% NaH (153 mg, 3.83 mmol) % 0 °C
TMZ. ZDOFEF 15 Hil#R% . 3-tert-butoxycarbonyl-2,2-dioxo-[1,2,3]Joxathiazolidine ** (894 mg,
4.00 mmol) ZiBAL CHEIRT 12 R L7, KIS ZEE/T > T= 0 AKEIRICES
AHEE % EtOAc |2 THitH#Z., /K, fafn B /K DIEICHER L. MgSO,s THZIRAIT > 72, Holihlz A
W%, IEEEARE TR L, F8EIC CHCL; (14 mL) . TFA (4.0 mL) %01z C. =R T 2 K
B U7, OSSR Z )T FiEHE L. THF :methanol = 1:1 (54 mL) I FEfESH7-%. KoCO; (3.00
g, 21.7 mmol) Z A1 % =R T 12 FEffEEE Uiz, OS2 5% KHSO4 KIEHRICHEE | A8 %2 EtOACc
(THIE %, K, fEFEHKDIEIC S L, MgSOy CTHLAEIT - 70, HlEAKZ AL, A AR
#it%. n-hexane %M x CHEUZEKEZ AT 52 & T, EEILEY 2-chloro-5,6,7,8-tetrahydro-
thieno[3',2":4,5]pyrrolo[1,2-a]pyrazine-5-one (77) % MEtafbdin & LC472 (630 mg, U3 80%) .

Mp 209-213 °C; 'H NMR (300 MHz, DMSO-ds) 6 3.52-3.61 (m, 2H), 4.17 (t, J = 5.8 Hz, 2H),
6.85 (s, 1H), 7.20 (s, 1H), 7.90 (br s, 1H); MS (ESI) m/z 227 (M+H)".

2-Chloro-5,6,7,8-tetrahydrothieno[3’,2':4,5]|pyrrolo[1,2-a]pyrazine (72)

77 (630 mg, 2.78 mmol) @ THF {##% (6.3 mL) (ZxfL 1 M BH3THF (22.2 mL, 22.2 mmol)
Zi T L. 60°C T3 KRB L 72, K TROSIRICRIFNRIEKFE T N U U LAKEEIR A Z . A%
J& 7z EtOAc (& THhHi ., /K, B &K DNEIZBEE L, MgSO4 THZIRZAT o 1o, HlRAIZ Ailbik
R AWETEEL, Zv— NEEWMES ) WXV 57~ k757 ¢ — (CHCly:methanol =
10:1) T 52 & T, EEKEH 2-chloro-5,6,7,8-tetrahydrothieno[3',2":4,5]-
pyrrolo[1,2-a]pyrazine (72) Z HEREIAL L THZ (37 mg, IR 6.3%)

'"H-NMR (400 MHz, DMSO-dp) & 3.09 (t, J = 5.7 Hz, 2H), 3.80 (t, J = 5.7 Hz, 2H), 3.90 (d, J =
0.7 Hz, 2H), 5.99 (t, J = 0.7 Hz, 1H), 7.05 (s, 1H).

Scheme 27.  Synthesis of 7a

(1S,2R,3R)-1-Amino-2,3-dimethyl-2-phenylcyclopropanecarboxylic acid tert-butyl ester (78)

(+)-32 ROV IZ(H)-43 W, 8g Bk L RO ISR T2 & T, HEbEY
(18,2R,3R)-1-amino-2,3-dimethyl-2-phenylcyclopropanecarboxylic acid tert-butyl ester (78) %%
FEMRY & LT (I 82%) .

'H NMR (400 MHz, CDCl3) 6 1.12 (s, 9H), 1.33 (d, J= 6.2 Hz, 3H), 1.36-1.42 (m, 1H), 1.52 (s,
3H), 7.07-7.15 (m, 1H), 7.14-7.21 (m, 1H), 7.22-7.30 (m, 3H).
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(1S,2R,3R)-2,3-Dimethyl-1-(2-oxooxazolidine-3-sulfonylamino)-2-phenylcyclopropane-
carboxylic acid tert-butyl ester (79)

8g DB VIZT8 Z v, T1 AL RO SUSSRITAT 32 & T RS (1S,2R,3R)-2,3-
dimethyl-1-(2-oxooxazolidine-3-sulfonylamino)-2-phenylcyclopropanecarboxylic acid fert-butyl
ester (79) ZHMEAEE LTHL (IL#FE 92%)

[a]*p +28.33 (¢ 0.30, methanol); '"H NMR (400 MHz, CDCls) J 1.06 (s, 9H), 1.49 (d, J = 6.8 Hz,
3H), 1.54 (s, 3H), 2.23 (q, J = 6.8 Hz, 1H), 3.92-4.02 (m, 1H), 4.15-4.24 (m, 1H), 4.32-4.46 (m,
2H), 6.27 (br s, 1H), 7.10-7.17 (m, 2H), 7.19-7.33 (m, 3H); Anal. (C19H26N20¢S) calcd C 55.59%,
H 6.38%, N 6.82%; found C 55.63%, H 6.36%, N 6.82%.

(1S,2R,3R)-2,3-Dimethyl-1-(8-fluoro-1,2,3,4-tetrahydropyrazino[1,2-a]benzimidazole-2-
sulfonylamino)-2-phenylcyclopropanecarboxylic acid (7a)

58. 71 OV IZ 74b, 79 ZENZFLHY, 6a B EL &L FIERD IS 2 & ¢, FEE
¥ (1S,2R,3R)-2,3-dimethyl-1-(8-fluoro-1,2,3,4-tetrahydropyrazino[ 1,2-a]benzimidazole-2-sulfonyl-
amino)-2-phenylcyclopropanecarboxylic acid (7a)% A EAE L CTHEZ (R 41%) .

Mp 202-207 °C; [0]*°p +27.85 (¢ 0.53, methanol); '"H NMR (400 MHz, DMSO-dy) 6 1.35 (d, J =
6.8 Hz, 3H), 1.37 (s, 3H), 1.96 (q, J = 6.8 Hz, 1H), 3.73-3.86 (m, 2H), 4.22 (t, /= 5.3 Hz, 2H), 4.57
(d,J=16.8 Hz, 1H), 4.62 (d, /= 16.8 Hz, 1H), 7.08-7.19 (m, 4H), 7.22-7.29 (m, 2H), 7.40 (dd, J =
9.8, 2.3 Hz, 1H), 7.53 (dd, J = 8.8, 4.6 Hz, 1H), 8.80 (s, 1H), 12.37 (br s, 1H); Anal.
(CoH23FN4O4S) caled C 57.63%, H 5.06%, N 12.22%; found C 57.55%, H 5.14%, N 12.18%.

BEEE A BEREMOERNEK
Scheme 30. Revised synthesis of compound 69

7-Fluoro-3-methoxycarbonylmethylimidazo[1,2-a]pyridine-2-carboxylic acid methyl ester
(80)

3-Bromo-2-oxopentanedioic acid dimethyl ester (106 g, 422 mmol) = % / —/L¥E{K (350 mL)
IZEIRT 61 (34.7 g, 310 mmol) &A1z, 100 °C T2 KMV U 7=, KW . BOGHKE % S0 xR
KFEF Y U LKERIZES AT L ERE ARig, BKk=Z ) = T3 2 2 & CEES
%) 7-fluoro-3-methoxycarbonylmethylimidazo[1,2-a]pyridine-2-carboxylic acid methyl ester (80)
ik s LCEE 32.1g, IE39%) .

Mp 161-165 °C; 'H NMR (400 MHz, CDCls) ¢ 3.73 (s, 3H), 3.99 (s, 3H), 4.45 (s, 2H),
6.80—6.86 (m, 1H), 7.27-7.33 (m, 1H), 7.98-8.04 (m, 1H); Anal. (C;2H;1FN,O,) caled C 54.14%, H
4.16%, N 10.52%; found C 54.37%, H 4.37%, N 10.36%.
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2-(7-Fluoro-2-hydroxymethylimidazo[1,2-a]pyridin-3-yl)ethanol (81)

80 (31.0 g, 117 mmol) @ CH,Cl, #&##% (622 mL) (Zx L. 1 M DIBAL-H ® CH,Cl, %% (700
mL, 700 mmol) Z 0 °C LA F il F L. =D E £ 0.5 Brf#8He Lz, kb T SR #aFn Rochelle’s
salt K¥#R (134 mL) Z N =53 C 12 Bpf#Riz, A% 7 —/L (300 mL) . MgSO4 (34 g) %
BANL, HIZ 12 =R TR Lz, Nemat 74 FABIZ L > TRV BRE . AIREEE TR
fitk . CHCly Mz THr i+ 5 EEZ AT 52 & T, E-EIAEY 2-(7-fluoro-2-hydroxy-
methylimidazo[1,2-a]pyridin-3-yl)ethanol (81) Z KL L TH7 (18.7 g, XK 76%) .

'"H NMR (400 MHz, DMSO-ds) 6 3.11 (t, J = 6.4 Hz, 2H), 3.58-3.66 (m, 2H), 4.53 (d, J = 5.6 Hz,
2H), 4.80 (t, J = 5.6 Hz, 1H), 4.92 (t, J = 5.6 Hz, 1H), 6.86—-6.97 (m, 1H), 7.22-7.33 (m, 1H),
8.39-8.48 (m, 1H); MS (ESI) m/z 211 (M+H)".

Phosphoric acid 2-(2-azidomethyl-7-fluoroimidazo[1,2-a]pyridin-3-yl)ethyl ester diphenyl
ester (82)

Kin . 81 (18.7 g, 89.0 mmol) @ THF ¥ (190 mL) (Z DBU (32.0 mL, 215 mmol) .
diphenylphosphoryl azide (46.0 mL, 215 mmol) Zh1x, 0 °C T 1 Kpf#fe#R L7z, SOSHE &2 KK
\CEEAHEE 2 EtOAC ([ Thhii R, fafnatikz -V T L, MgSO4 CHIMRZAT o 7o, Al
A% WA RIE TR E L. 2 Vv— RREWE YV PV T A7 a~ k7 F 7 ¢ — (n-hexane:
EtOAc = 1:1) IZTH#®E T 52 & T, EEI S phosphoric acid 2-(2-azidomethyl-7-
fluoroimidazo[1,2-a]pyridin-3-yl)ethyl ester diphenyl ester (82) % Efajiik# & L 7= (29.1 g,
INER 70%) .

'"H NMR (400 MHz, CDCl3) 6 3.33 (1, J = 6.5 Hz, 2H), 4.36-4.50 (m, 4H), 6.59—6.66 (m, 1H),
7.07-7.22 (m, 6H), 7.24-7.37 (m, 5H), 7.92-7.99 (m, 1H); MS (ESI) m/z 468 (M+H)".

8-Fluoro-1,2,3,4-tetrahydropyrido[3',4':4,5]imidazo[1,2-a]pyridine (69)
82 (8.22 g, 17.6 mmol) @ THF:H,0 =10:1 %% (110 mL) (Z%f L PPhs (6.01 g, 22.9 mmol)
Mz, 4K 60 °C TMEA L7z, MG Z=RIZKE L, BocO (7.68 g, 35.2 mmol) . DMAP
(215 mg, 1.76 mmol) ZBAItk, =D FE F 12 KL U=, MG 2 K KICHE X Hi%E % EtOAc
(ZCHIH B BB KA -V THEA L. MgSOy CHIBRZAT o 70, WIRAl 4 Atk . W2 U+
TREL, ZV—RNREEWE VBTNV T A7~ 87T 7 ¢ — (n-hexane:EtOAc = 1:1) 12T
RS 5 2 & T OIS T ABRIbRZ AAaER E LTHE- (3.59 g, W 70%), Z 0fbA#% 4 N HCI
in 1,4-dioxane (40 mL) (ZhN1x . iR T 12 REMBEEEE . ROSHK 2 0+ TiEAME L. THF (40 mL) (<
B LTz, RO % 0 °CIlZmAI L, NaO#-Bu (1.18 g, 12.3 mmol) ZiiNT %52 & THEL S
RNEMEETA FABMICE>oTREL, PREZBETIREM T 22 LT, EELED
8-fluoro-1,2,3,4-tetrahydropyrido[3',4':4,5]imidazo[1,2-a]pyridine (69) % ¥ a[f{k & L T4 7=
(2.35 g, IR 100%) . 7235.69 1% PPhs |2 X 218250 CAEMRDBHER I N TE Y 51 &V T Boc,0,
4 N HCl in 1,4-dioxane & OJ&HIE, HL EFCHEFERORS S 2ZE LI-#ETH D,
'H NMR (400 MHz, DMSO-dy) & 2.73 (t, J = 5.6 Hz, 2H), 3.05 (t, J = 5.6 Hz, 2H), 3.80 (br s,
2H), 6.89—6.97 (m, 1H), 7.27-7.34 (m, 1H), 8.26-8.32 (m, 1H).
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Scheme 31.  Synthesis of 7b

(1S,2R,3R)-2,3-Dimethyl-1-(8-fluoro-1,2,3,4-tetrahydropyrido[3’,4':4,5]imidazo|[1,2-a]-
pyridine-2-sulfonylamino)-2-phenylcyclopropanecarboxylic acid (7b)

51 oV IZ 69 Z vy, Ta Gk L RO SUSSRICAT 32 & T RELEY (1S,2R,3R)-2,3-
dimethyl-1-(8-fluoro-1,2,3,4-tetrahydropyrido[3’,4":4,5]imidazo[ 1,2-a]pyridine-2-sulfonylamino)-2-
phenylcyclopropanecarboxylic acid (7b) % AL L TH (I 76%) .

Mp 189-193 °C; [0]*’p +41.29 (¢ 0.42, CHCl;); 'H NMR (400 MHz, DMSO-ds) 0 1.34 (d, J =
6.6 Hz, 3H), 1.35 (s, 3H), 1.92 (q, J = 6.8 Hz, 1H), 2.95 (t, J = 5.0 Hz, 2H), 3.56-3.69 (m, 2H), 4.33
(d, J=15.2 Hz, 1H), 4.40 (d, J = 15.2 Hz, 1H), 6.99 (td, J = 7.6, 2.6 Hz, 1H), 7.09—7.20 (m, 3H),
7.24-7.30 (m, 2H), 7.38 (dd, J = 10.1, 2.4 Hz, 1H), 8.35 (t, J = 6.5 Hz, 1H), 8.46 (br s, 1H), 12.21
(br s, 1H); Anal. (CyyH23FN40O4S-0.5H,0) caled C 56.52%, H 5.17%, N 11.98%; found C 56.38%,
H 5.31%, N 11.86%.

91



1)

2)

3)

4)

51 FH 3CHR

(a) Felson, D. T. Osteoarthritis of the knee. N. Engl. J. Med. 2006, 354, 841-848. (b) Lane, N.
E. Osteoarthritis of the hip. N. Engl. J. Med. 2007, 357, 1413—-1421.

Mankin, H. J.; Lippiello, L. Biochemical and metabolic abnormalities in articular cartilage from
osteo-arthritic human hips. J. Bone Joint Surg. 1970, 524, 424-434.

(a) Sandy, J. D.; Boynton, R. E.; Flannery, C. R. Analysis of the catabolism of aggrecan in
cartilage explants by quantitation of peptides from the three globular domains. J. Biol. Chem.
1991, 266, 8198-8205. (b) Lohamnder, L. S.; Neame, P. J.; Sandy, J. D. The structure of
aggrecan fragments in human synovial fluid. Evidence that aggrecanase mediates cartilage
degradation in inflammatory joint disease, joint injury, and osteoarthritis. Arthritis Rheum.
1993, 36, 1214-1222. (c) Lark, M. W.; Gordy, J. T.; Weidner, J. R.; Ayala, J.; Kimura, J. H.;
Williams, H. R.; Mumford, R. A.; Flannery, C. R.; Carlson, S. S. Cell-mediated catabolism of
aggrecan. Evidence that cleavage at the “aggrecanase” site (Glu373—Ala374) is a primary event
in proteolysis of the interglobular domain. J. Biol. Chem. 1995, 270, 2550-2556. (d) Arner, E.
C.; Hughes, C. E.; Decicco, C. P.; Caterson, B.; Tortorella, M. D. Cytokine-induced cartilage
proteoglycan degradation is mediated by aggrecanase. Osteoarthritis Cartilage 1998, 6,
214-228. (e) Van, M.; Joyce, B. J.; Van, L.; Peter, L. E. M.; Holthuysen, A. E. M.; Singer, 1. L.;
Bayne, E. K.; Van, D. B.; Wim, B. Kinetics of aggrecanase and metalloproteinase-induced
neoepitopes in various stages of cartilage destruction in murine arthritis. Arthritis Rheum. 1999,
42, 1128-1139. (f) Arner, E. C.; Pratta, M. A.; Trzaskos, J. M.; Decicco, C. P.; Tortorella, M.
D. Generation and characterization of aggrecanase. A soluble, cartilage-derived aggrecan-
degrading activity. J. Biol. Chem. 1999, 274, 6594—6601.

(a) Tortorella, M. D.; Burn, T. C.; Pratta, M. A.; Abbaszade, I.; Hollis, J. M.; Liu, R
Rosenfeld, S. A.; Copeland, R. A.; Decicco, C. P.; Wynn, R.; Rockwell, A.; Yang, F.; Duke, J.
L.; Solomon, K.; George, H.; Bruckner, R.; Nagase, H.; Itoh, Y.; Ellis, D. M.; Ross, H.;
Wiswall, B. H.; Murphy, K.; Hillman Jr., M. C.; Hollis, G. F.; Newton, R. C.; Magolda, R. L.;
Trzaskos, J. M.; Arner, E. C. Purification and cloning of aggrecanase-1: A member of the
ADAMTS family of proteins. Science 1999, 284, 1664—1666. (b) Abbaszade, 1.; Liu, R.-Q.;
Yang, F.; Rosenfeld, S. A.; Ross, O. H.; Link, J. R.; Ellis, D. M,; Tortorella, M. D.; Pratta, M.
A.; Hollis, J. M.; Wynn, R.; Duke, J. L.; George, H. J.; Hillman, M. C.; Murphy, K.; Wiswall,
B. H.; Copeland, R. A.; Decicco, C. P.; Bruckner, R.; Nagase, H.; Itoh, Y.; Newton, R. C.;
Magolda, R. L.; Trzaskos, J. M.; Burn, T. C. Cloning and characterization of ADAMTSI11, an
aggrecanase from the ADAMTS family. J. Biol. Chem. 1999, 274, 23443-23450.

92



S)

6)

7)

8)

9)

(a) Tortorella, M. D.; Malfait, F.; Barve, R. A.; Shich, H.-S.; Malfait, A.-M. A review of the
ADAMTS family, pharmaceutical targets of the future. Curr. Pharm. Des. 2009, 15,
2359-2374. (b) Alcaraz, M. J.; Megias, J.; Garcia-Arnandis, I.; Clérigues, V.; Guillén, M. L
New molecular targets for the treatment of osteoarthritis. Biochem. Pharmacol. 2010, 80,
13-21.

(a) Glasson, S. S.; Askew, R.; Sheppard, B.; Carito, B.; Blanchet, T.; Ma, H.-L.; Flannery, C.
R.; Peluso, D.; Kanki, K.; Yang, Z.; Majumdar, M. K.; Morris, E. A. Deletion of active
ADAMTSS prevents cartilage degradation in a murine model of osteoarthritis. Nature 2005,
434, 644-648. (b) Stanton, H.; Rogerson, F. M.; East, C. J.; Golub, S. B.; Lawlor, K. E.;
Meeker, C. T.; Little, C. B.; Last, K.; Farmer, P. J.; Campbell, I. K.; Fourie, A. M.; Fosang, A.
J. ADAMTSS is the major aggrecanase in mouse cartilage in vivo and in vitro. Nature 2005,
434, 648—652.

(a) Yao, W.; Wasserman, Z. R.; Chao, M.; Reddy, G.; Shi, E.; Liu, R.-Q.; Covington, M. B.;
Arner, E. C.; Pratta, M. A.; Tortorella, M.; Magolda, R. L.; Newton, R.; Qian, M.; Ribadeneira,
M. D.; Christ, D.; Wexler, R. R.; Decicco, C. P. Design and synthesis of a series of
(2R)-N*-hydroxy-2-(3-hydroxybenzyl)-N'-[(1S,2R)-2-hydroxy-2,3-dihydro- 1 H-inden-1-yl]buta
nediamide derivatives as potent, selective, and orally bioavailable aggrecanase inhibitors. J.
Med. Chem. 2001, 44, 3347-3350. (b) Tortorella, M. D.; Tomasselli, A. G.; Mathis, K. J.,
Schnute, M. E.; Woodard, S. S.; Munie, G.; Williams, J. M.; Caspers, N.; Wittwer, A. J.;
Malfait, A.-M.; Shieh, H.-S. Structural and inhibition analysis reveals the mechanism of
selectivity of a series of aggrecanase inhibitors. J. Biol. Chem. 2009, 284, 24185-24191.

Coussens, L. M.; Fingleton, B.; Matrisian, L. M. Matrix metalloproteinase inhibitors and
cancer: trials and tribulations. Science 2002, 295, 2387-2392.

(a) Liu, R.-Q.; Trzaskos, J. M. Aggrecanase: The family and its inhibitors. Curr. Med. Chem.
Anti-inflamm. Anti-Allergy Agents 2005, 4, 251-264. (b) Xiang, J. S.; Hu, Y.; Rush, T. S;
Thomason, J. R.; Ipek, M.; Sum, P.-E.; Abrous, L.; Sabatini, J. J.; Georgiadis, K.; Reifenberg,
E.; Majumdar, M.; Morris, E. A.; Tam, S. Synthesis and biological evaluation of
biphenylsulfonamide carboxylate aggrecanase-1 inhibitors. Bioorg. Med. Chem. Lett. 2006, 16,
311-316. (¢c) Sum, P.-E.; How, D. B.; Sabatini, J. J.; Xiang, J. S.; Ipec, M.; Feyfant, E.
Glutamate aggrecanase inhibitors. PCT Int. Appl. W0O2007008994, 2007. (d) Hopper, D. W_;
Vera, M. D.; How, D.; Sabatini, J.; Xiang, J. S.; Ipek, M.; Thomason, J.; Hu, Y.; Feyfant, E.;
Wang, Q.; Georgiadis, K. E.; Reifenberg, E.; Sheldon, R. T.; Keohan C. C.; Majumdar, M. K_;
Morris, E. A.; Skotnicki, J.; Sum, P.-E. Synthesis and biological evaluation of
((4-keto)phenoxy)methylbiphenyl-4-sulfonamides: A class of potent aggrecanase-1 inhibitors.
Bioorg. Med. Chem. Lett. 2009, 19, 2487-2491. (e) Bursavich, M. G.; Gilbert, A. M.;
Lombardi, S.; Georgiadis, K. E.; Reifenberg, E.; Flannery, C. R.; Morris, E. A. Synthesis and

93



10)

11)

12)

13)

14)

evaluation of aryl thioxothiazolidinone inhibitors of ADAMTS-5 (aggrecanase-2). Bioorg. Med.
Chem. Lett. 2007, 17, 1185-1188. (f) Gilbert, A. M.; Bursavich, M. G.; Lombardi, S.;
Georgiadis, K. E.; Reifenberg, E.; Flannery, C. R.; Morris, E. A. 5-((1H-Pyrazol-4-yl)
methylene)-2-thioxothiazolidin-4-one inhibitors of ADAMTS-5. Bioorg. Med. Chem. Lett.
2007, 17, 1189-1192. (g) Bursavich, M. G.; Gilbert, A. M.; Lombardi, S.; Georgiadis, K. E.;
Reifenberg, E.; Flannery, C. R.; Morris, E. A. 5'-Phenyl-3'H-spiro[indoline-3,2'-[1,3,4]
thiadiazol]-2-one inhibitors of ADAMTS-5 (aggrecanase-2). Bioorg. Med. Chem. Lett. 2007,
17, 5630-5633. (h) Gilbert, A. M.; Bursavich, M. G.; Lombardi, S.; Georgiadis, K. E.;
Reifenberg, E.; Flannery, C. R.; Morris, E. A. N-((8-Hydroxy-5-substituted-quinolin-7-yl)-
(phenyl)methyl)-2-phenyloxy/amino-acetamide inhibitors of ADAMTS-5 (aggrecanase-2).
Bioorg. Med. Chem. Lett. 2008, 18, 6454-6457. (i) Rienzo, F. D.; Saxena, P.; Filomia, F.;
Caselli, G.; Colace, F.; Stasi, L.; Giordani, A.; Menziani, M. C. Progress towards the
identification of new aggrecanase inhibitors. Curr. Med. Chem. 2009, 16, 2395-2415. (j)
Cappelli, A.; Nannicini, C.; Valenti, S.; Giuliani, G.; Anzini, M.; Mennuni, M.; Giordani, A.;
Caselli, G.; Stasi, L. P.; Makovec, F.; Giorgi, G.; Vomero, S. Design, synthesis, and
preliminary biological evaluation of pyrrolo[3,4-c]quinolin-1-one and oxoisoindoline
derivatives as aggrecanase inhibitors. ChemMedChem 2010, 5, 739—-748.

Shiozaki, M.; Maeda, K.; Miura, T.; Ogoshi, Y.; Haas, J.; Fryer, A. M.; Laird, E. R.; Littmann,
N. M.; Andrews, S. W.; Josey, J. A.; Mimura, T.; Shinozaki, Y.; Yoshiuchi, H.; Inaba, T. Novel
N-substituted 2-phenyl-1-sulfonylamino-cyclopropanecarboxylates as selective ADAMTS-5
(aggrecanase-2) inhibitors. Bioorg. Med. Chem. Lett. 2009, 19, 1575—-1580.

Shiozaki, M.; Imai, H.; Maeda, K.; Miura, T.; Yasue, K.; Suma, A.; Yokota, M.; Ogoshi, Y.;
Haas, J.; Fryer, A. M.; Laird, E. R.; Littmann, N. M.; Andrews, S. W.; Josey, J. A.; Mimura, T.;
Shinozaki, Y.; Yoshiuchi, H.; Inaba, T. Synthesis and SAR of 2-phenyl-1-sulfonylamino
cyclopropanecarboxylates as ADAMTS-5 (aggrecanase-2) inhibitors. Bioorg. Med. Chem.
Lett. 2009, 19, 6213-6217.

Shiozaki, M.; Maeda, K.; Miura, T.; Kotoku, M.; Yamasaki, T.; Matsuda, I.; Aoki, K.; Yasue,
K.; Imai, H.; Ubukata, M.; Suma, A.; Yokota, M.; Hotta, T.; Tanaka, M.; Hase, Y.; Haas, J.;
Fryer, A. M.; Laird, E. R.; Littmann, N. M.; Andrews, S. W.; Josey, J. A.; Mimura, T.;
Shinozaki, Y.; Yoshiuchi, H.; Inaba, T. Discovery of (1S,2S,3R)-2,3-dimethyl-2-phenyl-
1-sulfamidocyclopropanecarboxylates; Novel and highly selective aggrecanase inhibitors. J.
Med. Chem. 2011, 54, 2839-2863.

Ohishi, J. A new cyclopropanation method mediated by organosulfur compounds. Synthesis
1980, 9, 690-691.

(a) Natchus, M. G.; Bookland, R. G.; De, B.; Almstead, N. G.; Pikul, S.; Janusz, M. J;
Heitmeyer, S. A.; Hookfin, E. B.; Hsieh, L. C.; Dowty, M. E.; Dietsch, C. R.; Patel, V. S.;

94



Garver, S. M.; Gu, F.; Pokross, M. E.; Mieling, G. E.; Baker, T. R.; Foltz, D. J.; Peng, S. X;
Bornes, D. M.; Strojnowski, M. J.; Taiwo, Y. O. Development of new hydroxamate matrix
metalloproteinase inhibitors derived from functionalized 4-aminoprolines. J. Med. Chem. 2000,
43, 4948-4963. (b) Reiter, L. A.; Robinson, R. P.; McClure, K. F.; Jones, C. S.; Reese, M. R.;
Mitchell, P. G.; Otterness, 1. G.; Bliven, M. L.; Liras, J.; Cortina, S. R.; Donahue, K. M.; Eskra,
J. D.; Griffiths, R. J.; Lame, M. E.; Lopez-Anaya, A.; Martinelli, G. J.; McGahee, S. M.;
Yocum, S. A.; Lopresti-Morrow, L. L.; Tobiassen, L. M.; Vaughn-Bowser, M. L.
Pyran-containing sulfonamide hydroxamic acids: Potent MMP inhibitors that spare MMP-1.
Bioorg. Med. Chem. Lett. 2004, 14, 3389-3395. (¢) Nuti, E.; Casalini, F.; Avramova, S. L;
Santamaria, S.; Cercignani, G.; Marinelli, L.; La Pietra, V.; Novellino, E.; Orlandini, E.;
Nencetti, S.; Tuccinardi, T.; Martinelli, A.; Lim, N.-H.; Visse, R.; Nagase, H.; Rossello, A.
N-O-Isopropyl sulfonamido-based hydroxamates: Design, synthesis and biological evaluation
of selective matrix metalloproteinase-13 inhibitors as potential therapeutic agents for
osteoarthritis. J. Med. Chem. 2009, 52, 4757-4773.

15) Holmbeck, K.; Bianco, P.; Caterina, J.; Yamada, S.; Kromer, M.; Kuznetsov, S.; Mankani, M.;
Gehron Robey, P.; Poole, A.; Pidoux, I. MT1-MMP-deficient mice develop dwarfism,
osteopenia, arthritis, and connective tissue disease due to inadequate collagen turnover. Cel/
1999, 99, 81-92. (b) Peterson, J. T. The importance of estimating the therapeutic index in the

development of matrix metalloproteinase inhibitors. Cardiovasc. Res. 2006, 69, 677-687.

16) Winum, J.-Y.; Scozzafava, A.; Montero, J.-L.; Supuran, C. T. The sulfamide motif in the
design of enzyme inhibitors. Expert Opin. Ther. Pat. 2006, 16, 27-47.

17) Shieh, H. S.; Mathis, K. J.; Williams, J. M.; Hills, R. L.; Wiese, J. F.; Benson, T. E.; Kiefer, J.
R.; Marino, M. H.; Carroll, J. N.; Leone, J. W.; Malfait, A. M.; Arner, E. C.; Tortorella, M. D.;
Tomasselli, A. High resolution crystal structure of the catalytic domain of ADAMTS-5
(aggrecanase-2). J. Biol. Chem. 2008, 283, 1501-1507.

18) Fernandez-Catalan, C.; Bode, W.; Huber, R.; Turk, D.; Calvete, J. J.; Lichte, A.; Tschesche, H.;
Maskos, K. Crystal structure of the complex formed by the membrane type I-matrix
metalloproteinase with the tissue inhibitor of metalloproteinases-2, the soluble progelatinase A
receptor. EMBO J. 1998, 17, 5238-5248.

19) Rao, B. G. Recent developments in the design of specific matrix metalloptoteinase inhibitors
aided by structural and computational studies. Curr. Pharm. Des. 2005, 11, 295-322.

20) Hellio Le Graverand-Gastineau, M.-P. OA clinical trials: Current targets and trials for OA.
Choosing molecular targets: What have we learned and where we are headed ? Osteoarthritis
Cartilage 2009, 17, 1393-1401.

95



21) Kostyuk, A. S.; Knyaz'kov, K. A.; Ponomarev, S. V.; Lutsenko, I. F. 1,3-Dipolar cycloaddition
of diazomethane to organosilyl-, -germyl- and -stannyl-substituted alkoxyacetylenes. Zh.
Obshch. Khim. 1985, 55, 2088-2090.

22) Dow, R. L.; Chou, T. T.; Bechle, B. M.; Goddard, C.; Larson, E. R. Identification of tricyclic
analogs related to ellagic acid as potent/selective tyrosine protein kinase inhibitors. J. Med.
Chem. 1994, 37, 2224-2231.

23) Craig, P. N. In Comprehensive Medicinal Chemistry; Drayton, C. J., Ed.; Pergamon Press: New
York, 1991; Vol. 8. (b) Brown, E. G. In Ring Nitrogen and Key Biomolecules; Kluwer
Academic Press: Boston, 1998. (c) Negwar, M. In Organic-Chemical Drugs and Their
Synonyms: (An International Survey), 7th ed.; Akademie: Berlin, 1994. (d) Li, J.-J. In Name
Reactions in Heterocyclic Chemistry; John Wiley & Sons: Hoboken, 2005.

24) Moreau, B.; Charette, A. B. Expedient synthesis of cyclopropane a-amino acids by the catalytic
asymmetric cyclopropanation of alkenes using iodonium ylides derived from methyl
nitroacetate. J. Am. Chem. Soc. 2005, 127, 18014-18015.

25) Wurtz, R. P.; Charette, A. B. An expedient and practical method for the synthesis of a diverse
series of cyclopropane a-amino acids and amines. J. Org. Chem. 2004, 69, 1262—1269.

26) (a) Anderson, P. L.; Hasak, J. P.; Kahle, A. D.; Paolella, N. A.; Shapiro, M. J. 1,3-Dipolar
addition of pyridine N-imine to acetylenes and the use of C-13 NMR in several structural
assignments. J. Heterocycl. Chem. 1981. 18, 1149—1152. (b) Johnston, K. A.; Allcock, R. W.;
Jiang, Z.; Collier, 1. D.; Blakli, H.; Rosair, G. M.; Bailey, P. D.; Morgan, K. M.; Kohno, Y.;
Adams, D. R. Concise routes to pyrazolo[1,5-a]pyridin-3-yl-pyridazin-3-ones. Org. Biomol.
Chem. 2008, 6, 175-186.

27) Kohno, Y.; Ando, N.; Ochiai, K. Pyrazolopyridine-4-yl-pyrazolone derivative, addition salt
thereof and phosphodiesterase inhibitor containing the same as active ingredient. PCT Int. Appl.
WO 2008129624, 2008.

28) Hauptmann, H.; Mader, M. Preparation of 2-alkynals and 1-alkynyl ketones from lithium
acetylenides and carboxylic acid esters. Synthesis 1978, 4, 307-309.

29) Eckhardt, M.; Hauel, N.; Langkopf, E.; Himmelsbach, F. Synthesis of 2-bromo-7-
methyl-3,5-dihydro-imidazo[4,5-d]pyridazin-4-one and 3-alkyl-2-bromo-3,5-dihydroimidazo-
[4,5-d]pyridazin-4-one and their selective elaboration. Tetrahedron Lett. 2008, 49, 1931-1934.

30) Pick, T.; Barsanti, P.; Iwanowicz, E.; Fantl, W.; Hendryckson, T.; Knapp, M.; Meritt, H.;
Voliva, C.; Wiesmann, M.; Xin, X. Pyrimidine derivatives used as PI-3 kinase inhibitors. PCT
Int. Appl. WO 2007084786, 2007.

96



31) Kuntz, K.; Uehling, D. E.; Waterson, A. G.; Emmitte, K. A.; Stevens, K. L.; Shotwell, J. B.;
Smith, S. C.; Nailor, K. E.; Salovich, J. M.; Wilson, B. J.; Cheung, M.; Mook, R. A. Jr.; Erich,
Baum, E. W.; Moorthy, G. S. Imidazopyridine kinase Inhibitors. US Patent 20080300242,
2008.

32) Inaba, T.; Haas, J.; Shiozaki, M.; Littman, N. M.; Yasue, K.; Andrews, S. W.; Sakai, A.; Fryer,
A. M.; Matsuo, T.; Laird, E. R.; Suma, A.; Shinozaki, Y.; Hori, Y.; Imai, H.; Negoro, T.
Preparation of cyclopropane amine derivatives as aggrecanase and MMP inhibitors. PCT Int.
Appl. WO 2005058884, 2005.

33) (a) Adams, D. R.; Bentley, J. M.; Davidson, J; Duncton, M. A. J.; Porter, R. H. P. Preparation
of hexahydropyrazino[1,2-a]indoles as 5-HT2 receptor ligands. PCT Int. Appl. WO
2000044753, 2000. (b) Schumacher, R. W.; Davidson, B. S. Synthesis of didemnolines A-D,
N9-substituted B-carboline alkaloids from the marine ascidian Didemnum sp. Tetrahedron 1999,
55, 935-942. (c¢) Matrick, H.; Day, A. R. Syntheses of 1,2,3,4-tetrahydropyrazino-
[1,2-a]benzimidazoles and 3-carbethoxy-3-phenyl-1,2,3,4-tetrahydropyrido[ 1,2-a]benz-
imidazole. J. Org. Chem. 1961, 26, 1511-1514.

34) Nguyen, H. N.; Wang, Z. J. Novel preparation of functionalized iodotetrahydronaphthyridine,
iodoazaindoline, and iodotetrahydropyridoazepine systems. Tetrahedron Lett. 2007, 48,
7460-7463.

97



