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[137]

[138]
[139]
[140]
[141]

[142]

[143]

[144]

70°C WA 115°CN M 2 el 5= ok, vhd A g kg e i gl o] MElo ule,
gole] 7 7bs er AE 5 ok By §

SUE LA Ho 209 SRS A A ) HFELRE Sf1
39] A ES A= HAE - ZTEDAE Fol A T H AL, ¥HE2- 5= 90°C WA
100°C°ﬂ/‘1 ‘F‘% = T 1~ 1‘4‘

w28 ALES el 2514 260] SHE S TSk, A 215 200
3ol e 2 2E| 3lalAl 39 33EL AlEE A S

HE-2) 3 e,

TEA, DPPA Heat | = 1-Propanol />
o | | Ny | ————— o
Toluene 90~88°C _ 90~95°C
0% “OH 0% N, NCo HN\R/\/

Azide isocyanate o}
46

-

Curtius rearrangement c47

2. HBr/Acetic acid O
NH, HBr
c48
TEA (Triethylamine): E 2] ol & o}xl
DPPA (Diphenylphosphorylamide): T}o] 2| d 3£ 2~ ¥ H o} z}o] =

Curtious rearangement@ TEA ¢} DPPAE 53| 812 29 31312 2 1LE 3}3} 2
2] obafol = S o] A AL, 34514 209] ob o] = 3T
0 29SS 91-A] (i) 2 T B3 7HE S B ofol Al opo] =
s aHE(ahah4) 2008 718 215H4) 202 kgt ol AT, of W] ofajol = 3
ofol Aol o] E FAlt= Belgstel in-siu 71 W3l He

3134 2b9] B}etE 2 H 31314 39] SR ES A= 9| 225 3184 2b9]
3132 NaOH=E 7hH8fl sto] 318k4] 39| 318h= & &7 |, o] ),
vl e A= 3 A E BE-ESS 2t o2 47187 98] Hydrobromic
acid/acetic acid-& ©]-83}¢] pH 1 W] #] 20 4 HBr& & JAAA Lo 2H &% =2
:Qj-’dﬂ—/\] 3_,] Q_ﬁT—‘:’ % _% _)r‘. (})‘}1\

shoha 39] 39l 257 3ok 44 e S A= A 3)= & T4
§}3V\1 34 ﬂ?ﬂ%% N-3H= 541 0] 1] =(N-halo succinimide) ¥ ¥H-g-A] A 3}3}24]
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[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

QQEEQMMmMQﬂﬂ%a
E @] B 2% (tribromine) 2] A 4] 210 :

Hh-3 gul = sleh] 39] =S & Gallate] A g dEfol A WS H et
?%tﬁﬂﬂﬂ%ﬁ&q1Hﬂ%v%ﬂitﬂﬂﬂ%ﬂtﬁ8%H%
o Bh-&-, N,N-Tt} o] w] &l 350} 11] = (N,N-Dimethylamide), DMAc (N,N-Dimethyl
acetamide) "2 NMP (N-Methylpyrrolidone)® ©] %o %l 7 & 2 2B A8 ¥ = v

ol %ol Eujd = At 7] &= 3teh2 39 Eg= thH] 10 WA 40M (wiv)
A}éLE] t}

oof] A gk = A& of v}, - kg o] &k A ool A, V] Bl = ol BEEol AL,
shet2] 39 EFh= thH] 30 WA 400 ARES 5= QT

N-SHE Aol 2 i 5514 3] B8 olul 2 B WA 23 9 AT 5
glom, v s A e A4S Hashelr] A9 205 3 WA 215 9

A8 Ao Fu,

3312 3] B3 ERRE 3812 49] B ES A= B A 3)9 whE
LEE-10°C WA 30°C A e, BeE ] AAS HAzs] Astke] -10°C
WA secoll A g3 3haz Ao upgA e = dvt. A, 4] 3182 49]
SR E 3814 50 RS A= WA (A 4= Asrtolof
Hh-3-(Sandmeyer reaction)< &3l $}812] 49| 3139 ofHl-& AR ZSIA 7] =
A& 2313 7 vk 7] Mentelof g2 o]of] A ] = A1 ot
313812 49] 313HE-8 NaNO, o} HH-E-A1 A 384 49| 313HE 9] tlolx g
%1 (diazonium salts) S P A 3FaL, o] & Hol 5 &A1} ¥hgA[A 3}814] 59
SEES AE RS 23T 5 Ak Aol FH A2 ofof] A ghE = 31E ofUn,
T2, d, ZHES ¥3e dolF ] & 9n| gt o & E9, CuCl, CuBr&
3k e d 5 vt

ofel] Al ghE] = A& ofrt, 47| NaNO,i= 31312 49| 3H3HE o] 1 WA
29 AR 5 2}‘3}

A= A 5HE
fr7]1 vl A1 o 2 o] W) €l 3 5o} 7] = (dimethylformamide, DMF)&
o2 o] o] B}ep4] 59| RS X A/ E M Mo
o5 =7 2 R BA T AL e A Ak o Vo)A, f71mk el 4 4] ok
RMgX(R=¢7Z = ¢, X=a 272 8= = g3t}
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[153] &g o] & Aol A, frIntadlgA] oFe] A<l
o] &~ 2 F w14y & & 2] = (Isopropylmagnesium chloride)i= 3} 8}4] 52]
shetE o] o2 YA o XE MgXE HFAA 18] = A °F(Grignard)©] ¥] 31,
o]i= DMF9} HH-g-3le] &3] =7 2 A 3= A

[154]

[155]

[156]

[157]

[158]

olol] AlgtE = A& ofu, Frluf1u| g5 Al o2 3}8H2A] 59 S1etE 1 R
e 1WA 2 B, b A S A= 1 WA 1.7 S AFESE 5= 9l Tl DMFE 8812
59 3}3t= 1 &5 o] 3 A 6 B, vhb A ebAl = 4 WA 5 SR ARE S
ATH

WA 55 B8 v 2 H Eghslo] = 2 F P(tetrahydrofuran, THF),

t] ol & o] €] Z(diethyl ether), 2-¥ & H] E &}3} o] = & F #(2-Methyl
tetrahydrofuran) ‘58 AR8-3 5= qlth. o] A gy = AL ofu, whg- &uf =
shek2] 59f &3t 5 WA 159 (wiv), vhE 2 8 A = 8 WA 128l (wiv) AHE-3E 2
ATH

A 59] HE-S-L2 -10°C WA 50°C, o] & 91, 0°C W #] 50°C, 10°C W #] 50°C,
20°C W#] 50°C, 30°C W #] 50°Co Al =32 5= Ao} FAEZ 2 vkg51hA 9
A& H A 71 7] 9l v sk A= 30°C WA 50°Col A =33 E = 9l
Ui, DMF 4 A] ghdof] o] 3l 1 Aol glomz whg 7jA] &%= Oliﬂ‘r
w2 25°C W) #] 30°CQ! A o] F

§}E}N 69] g}sl— 1} g].’al/\l 79] 33 =&

A (A 6)~ steta 79 E3t=o R AAE HFSAZ F 38 6
e AEBAI7= AS 23 Jrh A FEse 9 A g niel 22
Fr7l e FAl °k<>ﬂ ola] = 4= AUt ool A&y = A& of Lt A7
253k 382 79 sehE 1 9 o] 1WA 13 F R R 9 E A oFell o] &

WAl A 5814 89l B2

1
R

[e3]
sl
9

= A ol & 59, n-BuLig A& 4= o) K718 F Al 9F o] &5k 79
s}ekEof vl 8] U e Aol = 318+ 69 ﬂ?}%%oﬂ fXH b= SR

HLS 3k 22 olom @ A A kg Al 23 A LA B E e
B} e sHAl f-=]st7] el A=, 7] BFE

tert-F €l vl 1y E 20| = E

g ad s

= o] 3}8k2] 79

= 3o H}BW stk fr71 2 F A O#UL% AHEE A ol = A
A== 318k 99 gt E ol #RH B B E 280 fUl el EAl R

2} 1 A 9%%%1 AR R, g FEA S SFAE ol F g EE S
HU AN 4= o= B nf ¢ SR80l E B tert- 78 nF 1|4
RO EE ALt HW, FE vp vl S 20| = B tert- - vl 21U
2ol =] ALE G el o A 1% T2 ETES UE T USE
glstint e vl F 20l B et vhvlg F RGO EE
shsba] 79] 313t 1 B OB 0.2 A 1 5, ol & 51,05 WA 1 ©5%, 0.5
WAl 0.7 S AFEE 5 2Tk

51514 69 B1EHE T 21314 79] S B2 WA A 2134 89 B FES A=
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[160]

[161]

[162]

[163]
[164]

[165]
[166]
[167]

[168]

[169]
[170]

[171]

WA= set 7ol sl eel HRFR R et 7ol TS Qw4
7ol BB ot 60l LA AZYA = AL X 5 9o

[sher 71

MgRa"®

s}oh2] 8o EF3t= R 38t 99 3R ES & WA (HA 1S T A H
W o g F37bs st oo AlghE = A1 ol o
x1]2017 01429045 (5318 2)oll 7HAI & W&ol whe} 31812 89] 3}gt&
SHAAA 3}t 99 =S DS F AT
2371 Hbi o] wh =W SGLT Al el A Q1 8}8124] 12] 313122 52 F31A 0

o %
M
o

AGhs 381 0] TS YA o nk 97 AR T 5 Qi 58 19
SHES SUTAR 5] F7UA Y FE WG AAB AN £ FE T
DEAE 51514 09] BFE P A% B SR e 19 HFES AL S
St} fEF, 471 SGLT AshAlo] A% Al 44 o) ¢ 54 2]

glol &= At 7k ko] A Al A o] f-3ktt

vy ol the A ol A, 5514 9o hFEL shsha 109] BFE R E
51514 119] B2 A= WA, 350 119] S 81504 129] BB L
Whg A A Bhel4) 139 SRS Qi Wl 2 59 139 SR 8oy

1

99] 322 A= GAS w3 al= o) o8 Alxd 5 Q)

B e o] BAE Eatel 38t 0o] HEE ] ALY S AT

stera] 109 Bt = E 8 119 Bk o= i,

31812 119 31823 31812 129] 81388 WH-SA] A 31812 139 31 ES
A= A, 2

sh8l2) 139] PR RLIE 31812 99] HFES iz

(354 10]
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HO,C™ °
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[172]

[173]
[174]

[175]
[176]

[177]
[178]

[179]
[180]
[181]

[182]

o] uj Ra, Rb,Re, ¥ Rdi= 747 S5 ¢ A o2 44 TR, slo] EEA], WL E,
Alobie, Vol B2, ofr] e, 7HEA], S22, CL7E A

C2-7471d, C1-7E A, C17EFA-C1-74 4, C

C2-7¢714-C1- 78 A A, C3-10A o E 22U, C
C5-10AFol Z 2 YA, C3-10Ak0] 2 LA %A,
C3-10Ate] 2 2 A A S A-C1-7L=A], 3 d-C1-79 2, C1-74 A B -3,
HAL-Cl1-7L¢FA], - = tho]-Cl-7¢dZoju) -, F - =
thol-Cl-74 A o] -C1-7% 4, C1-787h =Y, C1-7L 7w opv] i,
C1-7¢Z7 8. d, C1-7EFA 7T, 7ML R, B - 4=
thol-C1-7¢ A MR, Cl-7e A A T dofu] & A E Y ofu]
C1-7¢ 749 d, Co-1401 A uhd, Co-140FE A £, C6-14014, 5-13¢)
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[191]

[192]
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217, 2 A, A7 B A 02 W A A E
@7, sho] =5 A, Aobi, Lpo| E &, o], M E, €179, B
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[204]
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[205] 371 2ol A,
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[228] Houbg ol wh=H SGLT A s A<l 2
st slekal 99 Sl E S & H L
& SGLT 8] A| o] A= He o&
7hgste] A4 gt A A
4o AN E AE P

[229] o} B g & A Ao o] o Bt} A A o2 Hrd gt} i 5l y] AA

9 S S AIEHY] e AU B, B b o] Wolvt ol A Ao 2 A E =

el
A& oht.
[230] [2Fo]]
[231]  olste] Aol 7] A ¥l oFo] &9 o] = o)l 9f e
[232] - Ac,O (Acetic anhydride): o} M| EAF F-54-&
[233] - BF,0Et(Boron trifluoride etherate): H.% E¢] ZF Q2o = o g d o] E
[234] - n-BuLi (n-Buthyl lithium): =€ 2] &
[235] - DIPEA (Diisopropylethylamine): N,N-T} o] o] 432 2 o €l o}l
[236] - DMAP (4-Dimethylaminopyridine): 4-T}-o] v & o} 1] =51 2] &1
[237] - DMF (N,N-Dimethylformamide): N,N-t}o] ] & -0l v] =
[238] - DCM (Dichloromethane): tho] & = & v gt
[239] - DPPA (Diphenylphosphorylamide): T}o] 3] d 3 A 32 2 o} X} o] =
[240] - EA (Ethyl acetate): °l| &l o}-A €| o] E
[241] - EtOH (Ethanol): ol EF-&
[242] - Hex (Hexane): &4t
[243] - MeOH (Methanol): ™| €F-2-
[244] - NBS(N-Bromosuccinamide): N-H & ¥ & A] Lo} mjo] =
[245] - OXalylchloride: <A+ A 2 o] =
[246] - THF: Bl Ec}sto] ==&
[247] - Toluene: &<l
[248] - HCI (Hydrochloride): 3}o] =2 & 2 dlo| =
[249] - HBr (Hydrobromide): 30| =& H & njo] =
[250] - TMEDA (Tetramethylethylenediamine): €l E &} 2 of] 2 dit}ol o} 7l

[251] SH7] A Aol 1 E A A e 20 4 3= 8} 812 99 3}3HE-2f upshal gk o Q1 ¢40
313 E-9] A H AL, A A o 30 A 3= c40 3B 2 3} 19 38R 9]
npek 2l gk of 91 ¢28 3} 3= FAl HAH S oA Skt HEEE A A of 43= 51
T 07 3402 A A S o A ST

[252] SH7] WEG-2] 32 A Ao 1 E 20 4] o A3 c40 3}3HE2] 34 9d S
A o & w281k Aot}

[253] [HF-5-2] 3]

9

_l
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[254] /\ 1. TEA, DPPA
I> _ n-BuLifcO; _ k/\ Toluene { l(} 6N-NaOH ©f>
O 5 4-Propanol h =0
= n- Heptane on 2. 1-Propanol J« o step 22 e
" step 1 step 2-1 g (72~80%) | 2e
¢ (75~85%) 46 o c48
cd7
Br Br Br
NBS S8 NaNOZ/Cuci N PrMgCl DMF SN
EtOH 35\/> DO HE P
B o sepd g0 OHC" o
step 3 NH (70~78%) & step 5 &
(88~96%) 2 (80~80%)
€50 c36
[255]
Yj\7 m o . A
TES, BF;OE, = 1/ O
1) BuMgCl / THF BOMACN B S =
+BuMg
2mau] G, mvsi)
39 (65% steps)
) o
‘ 9 al A
c37 TES, BF3OEt ~ § Z i
[
B "DOMIACN PN
Mg, THF, 0°C step 7 Br
39 (85%, two steps) 40
[256]

[257] [2 Al 4]

[258]  AAld1:
4-bromo-7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran(3} & & 40)2]
bige!

[259]

[260] A 1: 2,3-dihydrobenzofuran-7-carboxylic acid (3} & 46)

[261] 1) 1.5 eq. TMEDA

/1.6 eq.n-Buli

ol
o 75-85% - o

COOH
c45 c46

/

[262] HE-§-7] ol n-Heptane (12 L)E 1 8}1, 2,3-dihydrobenzofuran (c45: 1.2kg, 1.0
eq)2} TMEDA (1.74kg, 1.5eq)& 51 3kaz 5°C A 15°C2 Y5ttt Wzhs

Z3E-ol n-BuLi (6.4 L, 1.6 eq)Z 5°C WA 15°CE A3t A &7} 5183t}

F=2 303 kst 3 40°C W A -55°CE W 2tskqlth. Wzhe

Fof £02 CO, 7F)E Tl ol d 2 53= -10°CR 53

jarsay

(L (L or
ot rlor ﬂH
moi' m°l'

olo ol

B
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U ol 257t L 22 & w7t Tttt vkgo] ¢4 ¥ & HPLCE 53
gl 3 2 (136 L)E FYste] vbg-& F =319 31, MTBE (12L) 5 713 o]
303-7F Wk 3 Attt el S thE vEE 7)o %71 aL, c-HCOE
2 7Vste] pH 1~2% Bt A& AESAIA T 28319 9ol 5°C W A] 15°CE
S 2| ZE E ok wiksl i), A A BF NS ThA] 0°C W A] 5°CE w5 aL of gk
F 2 (4.8L)2 Al F st o BE-S 60°C A 70°Cll A 484] 1Ha-oF A 23}
=@ o] A 33 ES 538 th(1.29kg, 79%).

[263]  'HNMR (500 MHz, CDCL) 89.52(s, 1H), 7.84(d, J = 7.9 Hz, 1H), 7.38(t, 1H),
6.95(m, 1H), 4.76(m, 2H), 3.29(t, J = 8.5 Hz, 2H); [M+H]* 165
[264] @7 2: 2,3-dihydrobenzofuran-7-amine hydrobromide (3} & & 48)

[265]
TEA, DPFA Heat 1-Propano}
©  Tohene © | goesec O 1 go-es°C o

o om R NCO HNY\/

Azide Isocyanate o]
c46 47
Curtius rearrangement
1. 6N-NaOH -
2. HBr/Acetic acid o]
NH, HBr

cd8
[266]  SHEHE 47 FA H olwl o & o] Thi ol AFEH SR
n-propanol/2-methoxyethanol/n-butanol/Ethanol©] 4 -8 7}5 3} 51t}

[267]
[268] [3% 1]
[269]
LAETF HE2E UEH =&
Ethanol 70-75°C 83.6%
n-Propanol 95-97°C 88.7%
2-Methoxyethanol 110-115°C 88.8%
n-Butanol 110-115C 90.0%

[270]
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[271] o)
HN’ﬂ\o/\
— . <
BCCD18
o)
HN’U\O”\/
//\\/OH [
SR 1
.
/Y> DIPEA/DPPA ? BCCD19
”/ {© JR o ﬁ
P Tol P } B °
07 OH 07 N3 HN o7 SO
BCCD11 __:f_\/.._\ﬁ*i, O~7 1
\BCCDZO
Q
WOH HN ’L\O/\//\\
\ o)
AN
BCCD21
[272]
[273]  ©Fh EHA] 2b EHtE ] Al E A S 25 W 5 Gl o w54 A 9
o4& eske] n- prOpanol Qﬂﬂi Aestalch
[274] ofo] Ao}yl o] E&] Whg-E o]z} &ul] & AL-8-% n-propanol> F-#| o} BT E
S Hrss ‘RlE% SHEHE 2 the] 4 WA 8l ARG B3 o
ul A 5 = o) AFEEF LA, HHE-E 3 70°C A 115°C ol A ZHs ekl o
Bl 2 81 A13= n-propanol €] #H7 7HE 2591 90°C WA 97°CL Tt
[275] 9o Atol upE upekA 3l A of = )& 3} 7o)
[276] HE-2-7]9]] Toluene (12.5 L), 2,3-dihydrobenzofuran-7-carboxylic acid (c46: 2.5 kg,

1.0 eq) 2 Triethylamine (1.7 kg, 1.1 eq) = 54 3kaL, 0°C WA 5°CE Y 7}st il

Z3&°) DPPA (4.9 kg, 1.2eq)2 5 5Fo] 3087+
eI T C460] 2% ©] 3t

7he5tel
1-propanol (15 L)=

O E 0]
= T H

%Qll]oﬂ H]'.Q—Oﬂ% _I:_,_:__O]j O]’_]__ 90°C LHZ] 95°C°ﬂ/\1 301:|
A 7F 1% o8t 7F | A5 E,’folﬁ T ke g2

Toluenes
L)& 7Fste]
2

kol o kA
geletor). 8

pH 1 W x] 2= st 243} X gstgla

E55H

al, 20°C Lﬂﬂ 30°C= %7“7} < Toluene (5 L)IE'-_ 43)
10°C W A] 20°C=E 32t & Toluene (17

-8l o of] Hydrobrormc acid/acetic acid 895 7}3} ¢
aL, 10°C WA 20°C = J2y3ste] 143k

L EHEE 3 25°C W A 35°CE

g W 7hA] whg-st el vk of & whg- 7] ol
3}al, 95°C W A] 100°CE 7+23FSl T}, 7F2&F 1-propanol

bt e,

% At

Feoin. 238
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oF wtat At A El A4S o] 33F Z Toluene (3.2 L) Al 2 81t foj A

42 60°C A 70°Col A 18X F &k A 28te] Aol 4] st es
F5T g AATHQ2.5kg, T7%).

[277] 'H NMR (500 MHz, DMSO d6+D,0) 6 7.48 - 6.56 (m, 3H), 4..62 (m, J = 9.2 Hz,
2H), 3.21 (t, J = 8.5 Hz, 2H); [M+H]* 136

. off

[278]
[279] 24 3: 4,6-dibromo-2,3-dihydrobenzofuran-7-amine (c49)
[280]

Br
: 1) 2.1 eq. NBS/EtOH Py
O 2) NapSO4/K,CO; E R 3
o} » G
Br

, 88-96%
NH,HBr
48 c49
[281] WA 32 ortho, para Y X o] MBI 07 27le] HES Elsl=Hhgo g
HEo] 2201 NBSE| Fifa} koo 3 k3-8 v 7 g2 skl

Monobromine 2] &4 F Al 22 <l dibromine 2] A4S =t 331 HA]
tribomine 2] A A& H 438l = Ao] AA YL}, o] F Hh-e 8| & 488 2+
gallste] A g AEl el A ¥heS XS 5 ol S ERFE Agsigl o,
A}-8-¥ 84| 3= EtOH, DMF, DMAc, NMPE AF-8-3 5= Q1 9lt}. o] §u &2
tribromide /& H 43P A 5= 3Aler] Hal 48, H 4 vibromide A4 2
g A a1glste] BOHS A B8 o AL -2 cd48S bl 3] g8
T NEF 300 E AEeh it

[282] 3% 2]
[283] = —o o ; T
SHEZAMET) | SIEHE 49 | EAST ExE | Monobromide | Tribromide

EtOH (30 HH) 82.9% 5.1% 5.9% 0.2%
DMF (10 B 77.9% NA 83 NA
DMAc (10 ) 67.9% NA 10.9% 0.5%
NMP (10 Hfy 61.5% NA 17.2% 0.2%

[284]  * 7] F 200 A I FAIS} B E R RieHEvo|E B v B

A A A o A A A E

[285] o] Afo] W A g A4 o 2= th-S-7} g

[286] HE-S-7] o] o §+-& (36L)%} 2,3-dihydrobenzofuran-7-amine hydrobromide (c48: 1.2
kg, 1.0eq)S T8tz $H-8-3l = wj7hA] 20°C =] 30°Cel| A &3 $kt.
L3t g -10°CE ¥ Z2+3ek & NBS (2.1 ke, 2.1 eq)S o Wak EolE g S e
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[287]
[288]

[289]
[290]

[291]

[292]

[293]

0°C WA 5°CE o)1, 307 119k5E oF. Monobromine©] 5% ¢ 2 H2
Zol gl & (12 L)ell K,COs (1.2 kg, 1.0 wt/wt) 2} Na,S,0; (1.2 kg, 1.0
w/wt)7hsto] &3l gk & Ao ¥ ol & Tt vhE-S FRe gt whgv]=
o ¥h-& (1L)= Al F sto] =g ol T3t} 3037 kg & o gh&-&
ATE5HE S8l AL, 15°C WA 25°CR 28 e F 2A S
o373 2 (6 L)E Al A T 50°C WA 60°Co A 164 3F &t A
TA =S A4S 7 AATH.5kg, 92%).

'H NMR(61 MHz, CDCLy) 87.07(s, 1H), 4.65(t, J = 8.5 Hz, 2H), 3.91(s, 2H), 3.17(t,
J = 8.5 Hz, 2H),; [M+H]* 294

2 4: 4,6-dibromo-7-chloro-2,3-dihydrobenzofuran (c50)

Br

8r 1) conc. HCV 1.5 eq. NaNO,
2) conc. HCI/ 2.2 eq.CuCl
3) 1PA for crystallization

70%-78%

c50

k-2 7)o HC1 (15 L)E 548t 55 0°C WA 5°CE &
4,6-dibromo-7-chloro-2,3-dihydrobenzofuran (c49: 3.0kg, leq)= 5
A HEEF T} o] o1 A Sodium nitrite (1.1 kg, 1.5 eq)S = (2 L)oll &
HH-&- 710 A7F F 43 AL, 0°C WA 5°Cel Al 303 wksl o), A o]
S| E WA e golo] HeMo g WA3lalgltt thE L7 o) ¢-HCl
(12.6L)E 54 & ¥ Copper(I) chloride (2.2 kg, 2.2 eq.)E 7} H 50°C WA
R, o 7] ol whg- NS FQ1 kAL 50°C ) #] 60°Col A 3043t
&S ATt vhgo] HAE S glgh £ 0°C WA 10°C=
Wzretglar, o] 7)o & 20 L)E F ko] whg-& S AT 303 gF L Rkgk 3

B (5kg) o2 A g 3 o7y A4S DCM (20 Lyell &3l 331t
A& A A 5] sl o 779 silica gel (2 kg)S 231, DCM &S 7134
o] 7gk & DCM (5 L)E Al H sk3l Tt o & 7Hehs 5 8to] DCMES Al A 8H3 A,
IPA (6 L)E 7t3to] Al 553t 24 2Hi7¥ DCM< $H7 Al A8kl th 55 &l
IPA (12 L)E 3k 5 70 WA 80°CE 7F3to] 9bd gafstoit). &afolS
THA] 0°C W A] 10°CE W@ 2Fgh 5 241 3E & 9F RkehQl o, & - 50 A
o] 3ttt o 58 5°C WA 10°CE W75 IPA BL)E Al A 3F3 a1, 50°C WA
60°Col A 16415t &t W& 71 x8te] Hepalo] T = Fraa AA o] 1A
SHEE 22 T UATH2.27 kg, 71%).

'H NMR (500 MHz, DMSO) 67.32(s, 1H), 4.72(t, J = 7.3 Hz, 1H), 3.22(t, J = 9.2
Hz, 1H); [M+H]* 313

N



29
WO 2023/136617 PCT/KR2023/000549

[294] 24 5. 4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carbaldehyde (c36)
[295]

Br Br
» 1) 1.5 eq. i-PrMgCl
O 2) 4.5 eq. DMF
Br 0 80-90% "~ OHC o
Cl Ci
c50 36
[296] G 55 A e A 0 7 ortho Y %] o] 93 bromine-S ¢HH| 3] =2 A 33t

Hh-g 0 = -PrMgCl, DMF A& %3} 9h-3-2- %7} 5 @ 311 U}, i-PrMgCl 9]

AR 1.0 WA 1.7 3% 7 sk, vFh A sHAI= 1.5 WA 1.6 F 3ol L

DMF9| AR5 3.5 %] 5.5 Gl A Az 7hsat 3l Ok, 4.5 ] 5.5 Dol

upehA 3 o), W2 5= -10°C WA 50°Cell A 7Hs3Fl a1 30°C W #] 50°C7F

HF 2 519 9 1) DMF FYA] @ ol 23k 2% AF5o] 9lo] 25°C W #] 30°Cel A

HHEE A B Ao ® dEEkgitt
[297]  [3% 3]

2 s BER: | 36 | RUsE | HEEUA
1 -10°C | 74.8% 3.6% 15.9%
2 | 5-10°C | 745% | 10.0% 10.4%
3 30°C 84% 2.6% 9.2%
4 50°C 84% 0.2% 7.6%
[299]

[300] 91 Aol wkE upghA gk A o = ohe- 7t 2ok ¥h3-710l THE (225 L)E
5-9138}aL 4,6-dibromo-7-chloro-2,3-dihydrobenzofuran (¢50: 2.25 kg, 1.0 eq)
Fiste] Gafisklvh 33 dAH AR F7]E A9E FH 0°C A 5°CE
W7kl ), &9 Isopropyl magnesium chloride (5.1 kg, 5.6 L, 2M in THF, 1.5
eq)E A 7F 51 F 3037k wnksk AT, wh3- ol vhA] 25°C 4] 30°CE
L 5=E 2331, DMF 2.4 kg, 4.5 eq)S FU38Fe] 3047k 25 WA 30°CeN A

urehgieh whg 9 & Bl T ukS ol % 0°C A 10°CE Y73k Acetic

acid (2.1 L)E 59 3dlo] pHE 4 WA 622 9hE T & (225 L)E 548k Hb&-

Fastolth weol Fad §oe 1B FEste] THFE 9l A A5, o

0°C WA 10°C= W 7Hak 3 o] e gt} o BB B (67 L= A B3 e).

A o7 24 S n-Heptane (17 L) 9} 7| HE-S-7] o] FQ18}FaL 90°CE 7125} <]

3037k kel ), & oS thA] 0°C W A] 10°CE @73 3 2A] 7HE-<F kgt

(

1

[¢]

FJ
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[301]
[302]

[303]

[304]

[305]

[306]

[307]
[308]

(3

Ao
o3}
=

F AAE o] 78} 31, n-Heptane (4.5 L)2 A4S A A&
50°C A 60°Col Al 16 Al 3FE9F X831 % 3ho] gk A
912 TH(1.6 kg, 85%).

TH NMR (500 MHz, CDCl;) 610.34(s, 1H), 7.60(s, 1H), 4.80(t, J = 9.2 Hz, 1H),
3.35(t, J = 9.2 Hz, 1H); [M+H]* 263

-

b 2
o gy

iR}
o ¢

A~
T

o Q@

10
24 -
o 12

@A 6.
4-bromo-7-chloro-2,3-dihydrobenzofuran-6-yl)(4-cyclopropylphenyl)methanol
(c39)

Br N
T
Br c37
2, 1} 0.6 eq. -BuMgCl
| P 2)1.1eq.nBuli
OHC” O
Cl
€36 c38

HE-3-7] o]l THF (800 mL)E 5 % 3Fal 1-bromo-4-cyclopropylbenzene (c37: 98.0 g,
497.2 mmol) 9} 3te] &3 ettt 33]oll Ax AAE F7V|E A3 5 -10°CE
W73} 91t t-butyl magnesium chloride (114.8 mL, 229.5 mmol2M in THF, 0.6
eq) & M A3 A7t Fdatdeh &L -2 5ol A 103 3F aRkek 3 .60°C W] 4]
-70°CE WZhagith, Wzhg wk-g- ool n-Butyl lithium (176 mL, 2.5M in Hex, 439.8
mmoll.15 eq.)S 47} 5 & 5
4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carbaldehyde(} 31+ 36: 100 g, 382.4
mmol 1.0 eq.)S THF (1600 mL)¢ll §-3l3to] 47} 5§ 8f a1 304 1F w3l o).
HES-¢hA S 3HQl F IN-HCI (1000 mL) 528 91-& 5] 8lo] Wh-g-& F R},
FTaE v ds by %S 53 THFS 53 A7 8t 53 o) DCM
(1000 mL)E F}8ko] 10323t iyt & Fie &4l ar, 532 ¥ DCMGS 2 2t
SEHSA AL, F7HE A Qlol vk E ok dA| kel
4-bromo-7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran (c40) #l| Z= ]|
ARg3E AT

'H NMR (400 MHz, CDCL,) §7.33(s, 1H), 7.25(d, J = 7.6 Hz, 2H), 7.02(d, 8.1 Hz
1H), 6.07(s, 1H), 4.69(m, 2H), 3.27(m, 2H), 1.85(m, 1H), 0.93(m, 2H), 0.66(m, 2H);
[M+H]* 281

A 7: 4-bromo-7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran (c40)
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[309]
o]
1.5 eq. BF; Et,O Cl =
2.0 eq. TES ) B
55% for 2 steps Br ~
c39 c40

[310] F&¥
4-bromo-7-chloro-2,3-dihydrobenzofuran-6-yl)(4-cyclopropylphenyl)methanol
(c39)°ll DCM (1000 mL)E 7}slo] -3l 8}aL, Acetonitrile (1000 mL)&
Fst ) vk-g-d-& -20°CE WY 73 T BF,OE, (70.8 mL, 573.6 mmol, 1.5eq)3%}
Triethylsilane (122 mL, 764.8 mmol, 2.0 eq)S 5% 3} 31 31, -20°C W] A] -25°Cel| A]
IAIZE gk 20 W A] 30°CE 255 &8 143 &oF whkslgln) vhg-ehd &
ol T Z3}A] 71 NaHCO; & <% (1000 mL)-& HH-&-ollo]] FQlalo] Hk-2-& £
skl WHgE 8 A7 g 9o 1000 mL 2 wl7hA] Z-9HsE - DCM (1000
mL)E F8te] 1031F gk & Z3-2] 5kl vk #7135 ¢l Na,S0,& 7Hahod

& A AT F oJupste] F 3 FFATE 3 DCM (50 mL)E 59 5F]

3k & Methanol (800 mL)E 7}a}o] 20 W %] 30°Coll 4] 241 7+ &oF 2 4 5}

sFAtt 243} oS o] 73 T Methanol (100 mL)E Al 2] 3131 a2, 40°C W A
50°CoN A & A zske] uwl o] 4 313HES A4S 4 AATH90.0 g,
64.7%_6, T4 5-3h).

[311] 1H NMR(400 MHz, CDCI3) 67.07(d, J = 8.0 Hz, 2H), 6.99(d, J = 8.0 Hz, 2H),
6.80(s, 1H), 4.70(t, ] = 8.8 Hz, 2H), 3.97(s, 2H), 3.26(t, ] = 8.8 Hz, 2H), 1.88-1.84(m,
1H), 0.95-0.90(m, 2H), 0.68-0.64(m, 2H); [M+H]* 365

[312]

[313] A Al o 2: 4-bromo-7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran
(B E 40)9] A

[314]

[315] 24 6.
4-bromo-7-chloro-2,3-dihydrobenzofuran-6-yl)(4-cyclopropylphenyl)methanol
(3HE 39)

316

[ ] Br Br\©\\7 o A

y P Ct =
OHC % _____.(_:?_T____,. ij/
i Mg, THF, 0°C OH
c36 c39

[317] (4-cyclopropylphenyl)magnesium bromide (3} 3= ¢38)2] Al =: Magnesium (572},
1.1 g, 46.6 mmol)& F73F= 250 mL 3-7-Fehk =235 3Fd- U2 A FAth A4
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[318]

[319]

[320]
[321]

[322]

[323]

[324]

t7lstell Fet=o) &5V 2 A7 2wy & AAbs gl vk -4 THF (32.4 mL)
T ol 4 bel 22y d HEnbo] E(3}8hE ¢37) (6.0 mL, 42.4 mmol)E 7}
2712 HAT o SmLe] 4-Afe] 2R EZRAV Y HErto|E §9S
ARgto] 1ol Lk 2 (Grignard) B3-S HASHA T e B g o= o2
o)A 417k Bok B7HTh AR G0 Thg WAl nh ALg sl

0°Coll A 4 o 7] 8ol 7 THF(170 mL) 2
4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carbaldehyde(3} 3% ¢36) (4.6 g, 17.6
mmol) %] &Nl (4-cyclopropylphenyl)magnesium bromide (2} 3= c38)2] Al &
A 23 & N (THF % 2] 0.85 M 30.0 mL, 26.4 mmol)2 H 7}ttt vh-& E31 &S
0°Coll A 303 &<t W RksESIt}, /b5 2 9h& ol & (100 mL)S 7Fsko] Bh-3-&
FAA 7] ol E oAl H| o] E (100 mL) 2 F& 3 Th #7158 MgS0, &l A
Azstar, ol gskar, g stel sEste] v Al T A 3gHES 5376
g, 20.0 mmol, 114%). V| A A o] AME v A A SHA] 3L vh5 @A o] Al
ARG8T

'H NMR (400 MHz, CDCls) §7.33(s, 1H), 7.25(d, J = 7.6 Hz, 2H), 7.02(d, 8.1 Hz
1H), 6.07(s, 1H), 4.69(m, 2H), 3.27(m, 2H), 1.85(m, 1H), 0.93(m, 2H), 0.66(m, 2H);
[M+H]* 280.68

A 7: 4-bromo-7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran
(S E 40)

o A
C/‘ cl P Q N\
= 1.5 eq. BF3 ELO -

Cl
P /2.0 eq. TES SN
Br | L - A
OH 55% for 2 steps Br

c39 c40

20°Col A A A F-9l 7] 3ol DCM/Acetonitrile (100 mL/100 mL) & 2]
4-bromo-7-chloro-2,3-dihydrobenzofuran-6-yl)(4-cyclopropylphenyl)methanol
(3}3HE 39) (7.6 g, 20 mmol)2] & N of| Triethylsilane (4.6 mL, 40 mmol) "2 BF;0Et,
(3.8 mL, 30 mmol)E 7}5I5ith =S AL 07 HApH o7 5231,

A 2o A 508 &2t ol wRksglth vk Z§HEoll 33} NaHCO, 8 (200 mL)<
24298 Z7Vale] wh-g-S &7 A 7] a1, Ethyl acetate (100 mL) 2 %131t}
#7158 MgSO, ol A Az 7]aL, o #atar, 7l rstol] 5k inh. AArtE
A A A A2vtE YT 2 QA st A 3H3HE (4.4 g, 12.1 mmol, 2 T
85%)< +5 3ttt

'H NMR (400 MHz, CDCl;) 87.07(d, J = 8.0 Hz, 2H), 6.99(d, J = 8.0 Hz, 2H), 6.80(s,
1H), 4.70(t, J = 8.8 Hz, 2H), 3.97(s, 2H), 3.26(t, J = 8.8 Hz, 2H), 1.88-1.84(m, 1H),
0.95-0.90(m, 2H), 0.68-0.64(m, 2H): [M+H]* 364.68
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[325]

[326]  AAlH 3.
(2S,3R4R,5S,6R)-2-(7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran-4-y
1)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol (c28)<] 34

[327] [§F-5-2] 4]

[328] )

/9 OTMS n-Buli, THF OTMS i SR /\!/“\
{ . AN 0.0 78°C to -60°C o M /g B
SUC ARG o
B TMSO OoTMS ™SO Y OTMS
OTMS OTMS
c40 et

cd1

¢-HCI, MeOH
-78 to RT

—

DCM ACN

- ﬁ
Cl o~
En S, BFaELO \q O/A _Ac,0, DMAP, DCM OQ‘; O\b\/@%

TR aw
T sowoe AcO” OAc
CAc
27
AN-NaOH, THF, MeOH ()V\uj/\
30°C, 2hr

[330]

[331] 2A S
(3R4S,5S,6R)-2-(7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran-4-yl)-6
-(hydroxymethyl)-2-methoxytetrahydro-2H-pyran-3,4,5-triol (3} g & 42)
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[332]

[333]
[334]

[335]
[336]
[337]

[338]

o OTMS n-BuLi, THF
cl f\//l el -78°C to -60°C
N
Br S T™SO" “OTMS
OTMS
c40 c11

¢-HCl, MeOH
-78 1o RT

-78°Cel| A A 4 t) 7] 8ol A THF (80 mL) <]
4-bromo-7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran(10.0 g, 27.5
mmol) 9] & <]l n-FE 2 F(FF F 2.5 M, 23.1 mL, 57.8 mmol)S 4 7}HeF &+
& 5ol A 10 A 30+ &)t wnks it €3 A4 whe- e A & TLCE 2+
¥ ¢-HCI (6.32 mL, 71.5 mmol)& MeOH (100 mL)oll 91 3ke] A28k &g whg
Zgrele] Tt A5 whge TATI A TMS Bo7]E A A c4
Bee TAHARE A8t o5 TS e A 3] Hhe2 g A 27bA
S A TAIRE o] kst glt, WhE- A S TLC® €l ¥ 3% NaHCO; 58!
(220 mL)E F91 H 10373} anksto] w5 FAS T WS F A &>
Aebs5S Tl 160mL7HA] 5583tk 55 | W9 ¢l Bthyl acetate (60
mL)%} 20% NaCl 5=8 9 100 mLE 5 3}o] 1 5 QA skl F715S
w el etttk Tl & =0l Ethyl actate 691 & 7hsto] Al F=E skt 4] X Ethyl

O

o
Mz

e
E olo
o

acetate°ll MgSO, (40g)= F U 5te] -5 Al A ¢+ & o] 3} 2 Ethyl acetate (20
mL) Al 23t} o] A& 7hebsZale] A 3F3HE cd2E A& AL, Ut

AA glo] vhE oha @A o) AFg-st it
[M+Nal+ 499 = [M-OMel]+ 445.

@A 9.
(2S,3R 4R,5S,6R)-2-(7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran-4-y
1)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol (3} &= c43)

{8 q A
EtaSiH, BF;ELO o =
HO™ “OH
OH
cd3

DCM, ACN
-45 to 0°C

HO™
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[339]
[340]

[341]
[342]

[343]

[344]

[345]

A7) Sl A 55w
(3R,48,5S.,6R)-2-(7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran-4-yl)-6-(h
ydroxymethyl)-2-methoxytetrahydro-2H-pyran-3,4,5-triol (2} 3 & c42: 13.12¢g, 27.5
mmol, 1.0 eq)®l DCM (100 mL) 2 o} EYEH (100 mL)S 5 0}01 |8 g =
-45°C= Y 7ekql ot W7z E 8 Mol EtSiH (13.2 mL, 82.5 mmol) £ BF;E0 (10.2
mL, 82.5 mmol)E A ) 2 F 5t vk-e 23RS 45°C A 0°C7HA]

KA 258 S 7P A sAIRE aEbekgit), jE-3- b & TLCR 218+
HE-2-olo]] 3 3} NaHCO, T%‘O—H (200 mL)S 7}3Fo] §h8-& £ 7/ A 7] a1, 220
mL7}A & 538kl th. -5 5 ZbALell Ethyl acetate (100 mL) & %1 3Fo] F=&313l o).
F2d 2500 o€ ofAlH ol E(50 mL)E 7Fshe] Al FE 3§

otAEl ol ET& T MgSO, (40g) = o] a3t o el X5 555t
A%z o] FA Bt=E A& 5 A/ATH12.29 g, 100%). A= F7F
BABHA il v G Aol vkg ARG8T

@A 10.
(2R,3R,4R,58,6S)-2-(acetoxymethyl)-6-(7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihy
drobenzofuran-4-yl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (3} & & 27)

G
i‘j’%\L ' AcO, DMAP, DCM c&i
- 2

RT 2hr

AcO”

OAc
c27

A 2 (gas) F-917], A-&atoll A 5 H9 3}5HE 43 (12.29¢, 27.5 mmol)ol DCM
(150 mL)& F43te] &3l A7 5 DMAP (4.04 g, 33.2 mmol) 2} Acetic anhydride
(720.8 mL, 220.8 mmol) = 7}5Fo] 2A] 75 A1 -0 H WHEsFI T vk A &
TLCE 2915} IN HCI (100 mL) S 5-¢18}¢] 1087t wylale] uh-8& 23 A]7]

F Axate] =8 vt 230 DCM (50 mL)E Er%‘ sto] A F=e 5
DCM%Z& §F#] a1 MgSO (20g = 79 H olFsto] x5l o ool MeOH
5 %31, 5 & &l MeOH (100 mL)= 7}5}¢]
& A EAT F o] a3l th MeOH (20 mL) =
V &k % 50°Cell 4 WA o] F A B
2= &9114(14,01 g, 82.9%)

'H NMR (500 MHz, CDCL): $7.04-7.02(m, 2H), 6.98-6.95(m, 2H), 6.53(s, 2H),
5.29-5.24(m, 1H), 5.18-5.12(m, 2H), 4.71-4.65(m, 2H), 4.31-4.26(m, 1H),
4.25-4.22(m, 1H), 4.15-4.11(m, 1H), 4.15-4.11(m, 1H), 4.05-3.91(m, 2H),
3.79-3.74(m, 1H), 3.40-3.35(m, 2H), 2.60(s, 3H), 2.05(s, 3H), 1.99(s, 3H),
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[346]
[347]

[348]

[349]

[350]

[351]
[352]

[353]

[354]
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1.88-1.81(m, 1H), 1.66(s, 3H), 0.94-0.89(m, 2H), 0.66-0.61(m, 2H); [M+Na]+ 637.

2A 11
(2S,3R4R,5S,6R)-2-(7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran-4-y
1)-6-(hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol (3} & & 28)

cl
3 q/ﬁ OH
N 4N-NaCH, THF, MeOH K<>

30°C, 2hr A om
QAc OH
c27 c28

8}3HE 27 (5.0g, 8.13 mmol)°l] THF (25 mL) 2 Methanol (25 mL)& 7}38} 31t}
30°C WA] 35°CE 7}2%F 5 Slurry 7B ©] &< o] 4N-NaOH solution (10.2 mL,
40.7 mmol)-& 7Fako] 24| F & QF ks TE HE-S-9HA & TLCE EHR13}aL 0°CE
Y7k 5 INHCL & 7hsto] whg-<i 2] pHE 6.8~7.02 2 5t3o] Hhg-
SABA T} ¥h3-E 358 60 mL7HA 7“?} %% T 2 (100 mL)<} Ethyl acetate
(100 mL)E F st FE8k3l ek Al =50l ol & oAl Bl o] E(100 mL)E

AcO"

Tt AF= & F MgS0, 20g)= Fste] A 7] AL oA 7k F 7k X
FE5BFATE 55 ALl o E of A H o] E (55 mL)< 7h38te] 80°Cell A ¢hH 3
Q1 2 A A3 AL7kA Wzt A A A S A7) AL 1A (s oF sl gksEgl o),
AXsE Gl [PE (91 mL)E 3037t 271819 a1, 0°cc 2 W23k & 0oC WX
5°Co A 1A 3F F7F bkt g T, 0°oC W A] 5eColl A 1A (F B9 A =] &

2]
o] 75} ¢1 a1, IPE: o € o} Al o] E =1:1 £ 2nl & A 2] 3 50°C % & A x38}o]
WA 51 of A $5E S FEEATH3.4 g, 93.1%).

'H NMR (500 MHz, CDCL): 87.02(d, J = 8.0 Hz, 2H), 6.92(d, J = 8.0 Hz, 2H),
6.81(s, 1H), 4.59(t, J = 8.8 Hz, 2H), 4.11(d, J = 9.2 Hz, 1H), 3.96(19.0 Hz, 15.2 Hz,
2H), 3.87-3.84(m, 1H), 3.67-3.63(m, 1H), 3.47-3.37(m, 3H), 3.35-3.33(m, 3H),
1.85-1.79(m, 1H), 0.91-0.86(m, 2H), 0.61-0.57(m, 2H); [M+Na]+ 469

A Al o 4. 4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carboxylic acid (c51)2]
@-H
4 5=
Zlolth.

5]

5194
LAS

=
=

F

A o] 4ol A A1 c40 SHEF= o] A A& THE

qow

oo ot

o>

w2
s



37
WO 2023/136617 PCT/KR2023/000549

[355] Br

Route 3
OHC
~__ /9
~— SR
Route 2 c38 L
Br~ CO,Me

i-PrMgCll DMF ,
’ / Oxone [DMF  NaOH 34
THF EtOH

e

Roufe 4
Br i\ Oxalyt chioride, DMF 9
& FPIMGCI COA(g) }&\/3 = oew IIC'
B g THF HOLC /(%O or Thiog}é 'ahloride Br coci
i Route 1 Ci
c50 cbt c52
. N -~ TES, BFLOEL cl r/
AICI;, Cyclopropyl benzene il b
oM - DCM/ACN
step 7
c40
[356]
[357] [Route 1] 4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carboxylic acid (c51)2]
A4
[358] Br Br
= PrMgCl COx(g) -
| - [
B 7 O THF HO,C” Y O
ci Route 1 Cl
c50 ¢51
[359]

[360] 24 1. 4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carboxylic acid (3} &E ¢51)

[361] A4 7] kel A |Wh-g-7] )] 4,6-dibromo-7-chloro-2,3-dihydrobenzofuran (c50, 2.0
g, 6.40 mmol)S 591 8}a1, THF (20 mL)Z 7}8le] &-& &t 3l o}, 0°C WA 5°C2
Hk-3-71 & W 243} L, iso-propyl magnesium chloride (THF 5 1M, 9.6 mL, 9.60
mmol) S A7} AT} U0l A 1557 wliket & AR 0 7 H2sle] FUtR
15%-3F wRksFSI T}, Whg- M o) cannularE 1A 3F3L COx(g)E 1A4]1F &9

Fch Wb a S TLCE 29l F 0°C WA 5°CE ¥ 7hsl 3l Th. IN-HCI (20

I
ES
ol

mL)E HH-&-7] o] T8t wh-&-8 F =39 a1, Ethyl acetate (20 mL) 2 23]
FZEs3 Tk 2ok Ethyl acetate 50l Na,SO,E 7heto] =385 A A8 & o 1} 3
353 3kt o] & 55 =0 Methyl r-Butyl ether (4 mL)E 7}38}o] 220 A
WSS A1, Hexane (12 mL)S F7F= T 8to] 1A ZF & ZA S s A A 2t
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[362]

[363]
[364]

[365]

[366]
[367]
[368]

[369]

[370]

[371]

A H 4748 o] 738}l Hexane (4 mL)E A% 2 50°CE 12413 A& A z381
FEABE 518 1.42 g(80%) ¥ & AUt

'H NMR (500 MHz, CDCLy): 87.69 (s, 1H), 4.76 (t, J = 9.0 Hz, 2H), 3.35 (1, ] = 9.0
Hz, 2H); LC-MS: [M+H]+ 277.

[Route 2] 4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carboxylic acid (¢51)<]

A

Br Br Br
3 ; 3 PR

PrMgCll DMF i Oxone i H\/}

y - P P P

Br © THF OHC™ ™Y O DMF Hoac/Lr’ o
i Cl i
c50 36 c51

Route 2°

@A 1. 4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carbaldehyde (¢36)

Br
1) 1.5 eq. i-PrMgCl Jﬁ?}
2)4.5 eq. DMF £ )
80-90% . OHC™ Y O
Cl
c50 c36

HE-S-7] o] THF (22.5 L)E 5 3} 3L 4,6-dibromo-7-chloro-2,3-dihydrobenzofuran
(c50: 2.25 kg, 1.0 eq) T4k St} 3380 2H AA=E F7] 5 X33 H
0°C W R] 5°C2 J 73t} 89l iso-propyl magnesium chloride (5.1 kg, 5.6 L,
2M in THF, 1.5 eq)& 47} T g 5 303+ aukst o}, vk-g-ol-8- thA] 25°C
WA 30°CE £ 55 &3 31, DMF 2.4 kg, 4.5 eq) S F 8l 3057+ 25°C W A

30°Cell A aukshglty, vhk-g- 9* 42 zl?l T 9ES S 0°C A 10°CE
WZFsFI Tl Acetic acid (2.1 L)E 5]'01 pHE 4 WA 633 2E = (225
L)E E o) O],oq H]—F‘E = M],O:hq. ] = EE] ,9.011 0 x] 01—01 THEFS
A Al A8 AL, vhA] 0-10°CE %”3} 5 o 3t OﬂﬂrEL B (6.7L)Z
A2 3FSth Aol 2 4 & n-Heptane (17 L)} $H7] §E-g-7] 9] 591 8}Fa1 90°CZ
7}e-8}o] 30‘ﬂ Pl gkek itk &9 thA 0°C Wl A] 10°C R W7t ek T 24 gt
ek gk 5 A28 o] 3319 1, n-Heptane (4.5 L)2 A& A A 315l th ozl
42 50°C uw 60°Col A 16 A3 &t g & sho] A o] ZA|sheh= &
S T A6 kg, 85%).

'H NMR (500 MHz, CDCl;) 610.34(s, 1H), 7.60(s, 1H), 4.80(t, J = 9.2 Hz, 1H),
3.35(t, ] = 9.2 Hz, 1H); [M+H]+ 263

N
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[372] 34 2. 4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carboxylic acid (c51)
[373] Br
HO,C <>
Ci
c36 c51
[374] 1871 o] DMF (300 mL)& F¢! 8 &
4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carbaldehyde (c36, 60g, 229.5 mmol)-&
7hsto] A -0l A kA s A -3 Al A T Oxone (48.9 g, 321.3 mmol)2 20°C A
30°CoN A ES 51 3kar 641 g o ksl vEG-9HA S TLCRE g1 &
Methyl t-Butyl ether (300 mL)E 7Fato] AA & A Zth AR A&
o] 73} 31 Methyl t-Butyl ether (120 mL)E A 3 8} v}, o] o] & (600 mL)<
7¥ato] 105-7F ik F 28] 319 a1, ©] 3 Methyl t-Butyl ether (180 mL)= 23]
F7F FE83lth Bolzl {7150l & (180 mL)= 23] Al H & & /7158 7%t
5% 312t} 5% 5ol Methyl t-Butyl ether (120 mL)Z 7}ako] 10%-3F auk3lk &
Hexane (360 mL)& F7F= F{lste] 147 St A4S A Azt A E
A74& o] 73} 51 Hexane (60 mL)= A F 50°CZE 12413 & 7123}
FABFE 512 57.3 g (90.0%) DS 5 AU A Tk
[375] 'H NMR (500 MHz, CDCl;): 67.69 (s, 1H), 4.76 (t,J = 9.0 Hz, 2H), 3.35 (1, J = 9.0
Hz, 2H); LC-MS: [M+H]+ 277.
[376]
[377] [Route 3] 4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carboxylic acid (c51)<]
kige)
[378] o 0 0
i Cl %ﬁ AN cl
B COuMe B L~ OH Br P H
¢34 c54 c36 ©
$ lof
....%’%:.:i_.. Brn{oH Route 3
o]
c51
[379] A 1. (4-bromo-7-chloro-2,3-dihydrobenzofuran-6-yl)methanol (c54)



40

WO 2023/136617 PCT/KR2023/000549

[380]

[381]

[382]
[383]

[384]
[385]

[386]

[387]

[388]
[389]

¢34 ©54

21 -0l 4] THF/EtOH(150 mL/75 mL) 2] methyl
-bromo-7-chloro-2,3-dihydrobenzofuran-6-carboxylate (c34, 13.0 g, 44.7 mmol) <]

S Eo B4V ER (5.07 g, 133.98 mmol) 2 A A3 Hr7Fetsitt 23 e
o A 1241 F & ¢t ks givk, A H -Z 3=l 0°Ce] E3} NHCIE: 7}sto]
Z AN 713 EtOAc(57A] pH ~7.0)E FE35A . #7158 MgS0, Aol A
7131, o] 3hstar, x1gatel] 5 %3ske] A BHHE(11.7 g, 99%)E A
aA 2 58T A o =S o AAskA &ar vk Aol
AbEsES T

'H NMR (500 MHz, CDClL;) 67.15(s, 1H), 4.73(m, 4H), 3.29(t, J = 8.8 Hz, 2H),
1.91(t, J = 6.4 Hz, 1H); [M-H,O]+ 245.

~

furcc)

M
PN oo rlo
>, o

o

34 2. 4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carbaldehyde (c36)

O
Ci

[ —
i

OH
Br

cB4

21 2-0l A CH,C1,(450 mL) 5-©]
(4-bromo-7-chloro-2,3-dihydrobenzofuran-6-yl)methanol (11.7 g, 44.4 mmol)<]
8- of| Pyridinium chlorochromate (14.4 g, 66.6 mmol)E A 43| 7}l 31t}
8AIZE &}t w5, A 7h-A s =B AREste] A A =2 oA 7] AL
CH2C12E A #H3ith o] A& 21 3tol 5 5ahe] A 33+(10.4 g, 39.8
mmol, 90%)<& WA 1A &2 =55t A Tt A A o] B =S o AAlskA] ear
U g Aol ARg-SFl T

'H NMR (500 MHz, CDCl;) 610.33(s, 1H), 7.59(s, 1H), 4.79(t, J = 8.8 Hz, 2H),
3.35(t, J = 8.8 Hz, 2H); [M+H]+ 261.

[Route 4] 4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carboxylic acid (¢51)<]
L]
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[390]
o)
SVt 4N-NaOH
,,} . EtOH

[391]
[392]
[393]

[394]

[395]

[396]

[397]

[398]

Br CO,Me

c34
Route 4

24 1.4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carboxylic acid (¢51)

220l 4] o ¥H-2-(200 mL) 52| methyl
4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carboxylate (¢34, 20.0g, 68.6 mmol) 2]
<2 31= ¢l 4N-NaOH (51.4 mL, 205.8 mmol)< 713ttt Z3&& A 2o A

2A1ZE Eot bk ar HhS- A S TLCE g1 g 3 HEg- o) IN-HCI&
7}k (AH pH ~1.0) WE-&-8 &2 A] 7] AL Ethyl acetate & F=38FA T} 771 5%
Foantavle e 2 deA7]a, o3t H A E 536kl 14 3= o5l
(18.3 g, 44.4mmol, 96.3%)Z WA A 2 5535} t},

'H NMR (500 MHz, CDCl;): 87.69 (s, 1H), 4.76 (t, ] = 9.0 Hz, 2H), 3.35 (t,J =9.0
Hz, 2H); LC-MS: [M+H]+ 277.

A A] ¢ 5. 4-bromo-7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran
(c40)9] &4

Br O
Oxalyl chioride, DMF
DCM o A!Ci;,
HO,C -y or Thiogyg ;\cdhloride Br“’ cocl
Cl
cycieprcpyfbenzene
51 €52
9 A 3 e
Gl A TES, BF:OE, Ol 7~
/@ DCM/ACN S
Br step 7 Br
© c40
€53

2] 1-1.4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carbonyl chloride (¢52)<]
A

A= ¥-917] 3ol DCM (30mL)ell ¢51 (5.0g, 18.1 mmol )& &3} 5} 31, DMF
(0.5% w)S vl 24 <3813t} vk al8- 0°C W A] 10°C & W23k & 240
=2 ¢}ol = (1.87 mL, 21.8 mmol, 1.2 eq)& 47} 5 o}oﬂu} HE-g-o-8- 20°C W 4|
30°CE s 235to] 1A ZF &t agk 3kl kg2 & 2 HE-g-o
5538} FF ol A DCM (10 mL) & ¢ ¢ 6}0:1 JJr
LA F2 ol =8 AAES AL, dFH o s dof &

o{o
O mlo

#
o

7
,]

> 401‘
oo oy
1= ol
& of Ff'
E A
EO{' OS,{ m[o
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[399]

[400]

[401]

[402]

[403]

[404]
[405]

[406]

QA g glo] vhE thg whgof] A&t
A 1-2.4-bromo-7-chloro-2,3-dihydrobenzofuran-6-carbonyl chloride (¢52)<]
A4
A4 74171 dtell DCM (30mL)°l ¢51 (5.0g, 18.1 mmol) S &3
30°Coll A Bl o.d &2 2Fo] =(2.63 mL, 36.2 mmol, 2.0eq)S %] 7
2o 6}01 2A1ZE FRt B Rk ek gt v A S Il &
3ttt 55 <ol THA] DCM (10 mL)§ T8
‘8P°1 JJrak«Iﬂo‘éﬂia}O}ﬁﬁZﬂﬂ SER L, A o
B2 e AA A4 glol viE o & jEEof] A

e
d
0{'

_\|I_(
rlo

&3
12 ol ol
2 oof 12
lo, e o
[*N

St X

J

@A 2.
(4-bromo-7-chloro-2,3-dihydrobenzofuran-6-yl)(4-cyclopropylphenyl)methanone
(c53)9] 34

A AL F97] sholl A Y E 22w (30 mL)°ll ¢51(1.00 g, 3.60 mmol)E
&3l 3l a1, DMF(0.01 mL, 0.13mmol) & 71 8+ & £4Hd & 2 ¢}o] =(0.34 mL,
3.96 mmol)Z & 7} 5] &3t} A 2ol A 1A ZF FoF aukgk 31571 A]
W73ttt o]oj A wkE-E gt 2o Mol ZF 2 Z 2 w4l (0.91 mL, 7.20 mmol)S
Fsle] 5% FoF Rkl vEg E3HE o A1C13(0 58 g, 4.32 mmol) Z F <134
AL A 6037 o WA T B 9HA S TLCE 8H1 g ¢ g8 9l o
IN-HCI -89 -& 7}ato] wh-g-& TRAZ I, o dol Al o] ER &35t}
FEste] A& FUlES vt il o ® A7) AL, o ek H A E
EHEAZT w5 E A7t A ARt E1H 9 2 A skl 1A $F3HE c40
(1.18g, 86.7%)5 WA LA A 4583t

TH NMR (500 MHz, CDCl;): & 7.70 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H),
6.99 (s, 1H),4.78 (t, J = 9.0 Hz, 2H), 3.36 (t, J = 7.2 Hz, 2H), 1.97-1.94 (m, 1H),
1.10-1.07 (m, 2H), 0.82-0.81 (m, 2H) ; LC-MS: [M+H]* 377.

O

34 3. 4-bromo-7-chloro-6-(4-cyclopropylbenzyl)-2,3-dihydrobenzofuran
(c40)9] &4

blased Bl
(4-bromo-7-chloro-2,3-dihydrobenzofuran-6-yl)(4-cyclopropylphenyl)methanone
(¢53) (0.97 g, 2.57 mmol)ol] ] EZ 2w gk (10 mL) Z oM EYEZ (10 mL) &
7Fshe] g8 et 3 -15°C = W ZE gl ). wh-e- oo Et,SiH (1.2 mL, 7. 71 mmol) ¥
BF;-Et,0 (0.79 mL, 6.42 mmol)E At & 5913k 5 vk E3E S Ao
5eohel 4A13h Tk WSS T WG9S TLOR 21T T 2580
¥ 8H8l NaHCO, 5891 (40 mL)2 7hsto] Whg-2 27|31, o doba el o] £ 2
FEHAL. 2EE P §7152 FRRAN NGO AR,
ofshate] 21 w5 A ATk FH A )7k A AR ke T 2 A skl
52 3131E ¢40(0.84 g, 89.9%)= WA A 2 A 53531

s
13|
=
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[407] 'H NMR (500 MHz, CDCI3): 6 7.07 (d, J = 10.0 Hz, 2H), 6.99 (d, ] = 10.0 Hz, 2H),
6.80 (s, 1H), 4.70 (t, ] = 11.0 Hz, 2H), 3.97 (s, 2H), 3.26 (t, ] = 11.0 Hz, 2H), 1.88-1.84
(m, 1H), 0.95-0.90 (m, 2H), 0.68-0.64 (m, 2H); LC-MS: [M+H]+ 363.

[408]
[409] [ 4]
[410]
e 34 e 34
2017-0142904
(24 3) (B84 5)
c40 M E EHA%= 14 THA| 7 A 7~8 CHA|
£t QEHRT] 2o g8 Ho Gl8
HEY T v
® @
- \”/“
Br Br
5 a8 26% 39% 36%
Aok 99.0% O[& 99.0% O|& 99.0% Of&
cd07E RAUEE 0.2% 0}s} 0.2% O}&} 0.2% 0|3}
28 99.0% O}t 99.0% Oj& 99.0% 0|4
c28 7l 0.1% Oi3} 0.1% Oj3t 0.1% O{3}t
(3.%:!}

[411]

gk-g2] 3.2 7Hg

Hho o}

0

As7F 4oz <l %‘H 715 ﬂ1

A2017-0142904 % 2] c40 AW B} H A 5
c50 FHAE &85t 317121 1-Bromo-4- cyclopropylbenzene ] 1/4 A5
FAA| o] 7} g-0] g cyclopropyl benzenes A= &} 3tE 2 AFE8 O 24 Friedel

Crafts acylation HF-3- Z2712] H 4 3}l5 S 4AH S 23 5 A%
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= (0]
279
BFRN ) AE TS o oo shipes] Az
- 20 38 6] HH TS A= v, 2
o} 51514 79] BEE L WS AIA 5814 80] BHFTL

&7 2ol A,
RLRLX R YE A4 540w e,
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[81% 2]

[81% 3]

[T 4]

(B-1) 3= II la Re (B-2) °] 5],
Rd

o] W Ra,Rb,Re, 2 RdT= 22 A 05 54 SR, Slo] =5 A,
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