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(57) Abstract: The present invention relates to a
novel adenine derivative and a pharmaceutical
use thereof and, more specitically, to a novel ad-
enine derivative having a structure of chemical
formula 1 or a pharmaceutically acceptable salt
thereot and to a composition for preventing or
treating degenerative brain disease, the composi-
tion containing the novel adenine derivative or
the pharmaceutically acceptable salt thereof. The
novel adenine derivative and the pharmaceutic-
ally acceptable salt thereof according to the
present invention are adenosine A3 receptor ag-
onists, and have an action of inhibiting the migra-
tion or infiltration of inflammatory cells (mi-
croglia, macrophages, neutrophils, etc.), to dis-
ease areas and the activities thereof. In addition,
the adenine derivative according to the present
invention was verified to suppress and treat brain
injury more remarkably compared with the
known adenosine A3 receptor agonists in a
cerebral ischemia experimental model, exhibit
significant effects by drug administration 10
hours after cerebral infarction, and allow long-
term survival despite brain injury due to cerebral
ischemia, and thus can be useful as an agent for
treating and preventing degenerative brain dis-
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rE
oo I-

Aol HAD)-N-v & Z 2 gholnlo] = & A 28} 01, o] o] Az HH-g-2] L o231}
ok
[188]
[189]  HFZ413
[190] a & o
N PAtn
oﬁ«f:; 22.DHP, PTSA <’:J¢)N B2CITER ﬁ:m
m’\i_lq Acetone. m/ﬁ DMAP, DCM Bz
w Yidd= 89.03% 0,0 Yield = 99.72%
13 14 15
' |
Q\/mz N \H Q;
¥ > O%I:J }80% ACOH (ij, NaOMe
: i) TBMSOTY, Py NS\ MeOH
Yield=06.11% 8207 Yield=697%% Bz ' Yield=86.48%
K TBSO OTBS
16 17
¢ ¢
¢ '
N
S0 ame, S0 L e
“ol\g_{ "M Wetylamine.  1yCHN —F oW
TBS. Yiek = B5.65% s YRz
19 20
'
NalOyNaBH, (Nf 2
H,CHNLS Z'N
HO
12
[191]

ZA]-2-((R)-2-8F0] = A]-1-(6-(3-0F0] & 5l A o} 1] 1) 9H-FF-2.-9-
)Nﬂ%ii4@ﬂﬂﬁtq oo QA E 3= AW ol 2l 5}e]

(o

o~
5]
~
LI,J -
Ot
-
> 0
m

A)ol =~
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[193]

[194]

[195]

[196]

[197]

[198]

[199]

xﬂ;zgﬂ 2= o]c+:
(a) EHLU Pl ?l
(2R,5R)-2-(6-F & 2-9H-F#1-9-91)-5-(8} o] = E A v &) Bl E &} sfo] = 2 F-3,4-
tho] &8 ofA Erto] =3} -3 Al A
((3aR,4R,6R ,6aR)-6-(6-F Z 2 -9H-FH-9-)-2,2-t}o| v & ]| E g}l o] = 2 F-2[3
Adl[1,3]ho) S E4- ) eSS 550 b,
(b) 71
((3aR 4R 6R 6aR)-6-(6- = & & -9H-F¢l -9-21).2 2-t}o] v & g] E &} 8} o] = 2 23
Ad][1,3]0F0) & f4- 2y k8o Ml =D F 2 efo] =& % 7}5}o]
((3aR,4R,6R 6aR)-6- (@ﬁii 9H-3%21-9-2)-2,2-T}0] uﬂa HlEdslo) 2R3

A-dJ[13]o] &E&-4-Hr e Mo o] EE 58t wHA|;

(c) 71
((3aR.4R,6R 6aR) 6- (6—3?._?._ OH-+¢1-9-2)-22-t}o| v & g Ed} s} o] = 2 F 2 [3
A-d][1,3]cho] & -4-2) e E Wl e o] Eof 3-ofo] Q A olwl GAld &
Hh-3- A1 A

((3aR,4R,6R,6aR)-6-(6-(3-} 0] &. =Wl A o} 1] 1) 9H- 37 -9-Y)-2 24011111‘%11
ghabo] = 2 F 2 [3,4-d][1,3]5}0] & Z-4-)H e Wl o] o] EE 55 v

(d) 7]
((3aR,4R,6R,6aR)-6-(6-(3-o}olgEﬂiZAO}Hl )-9H-5F#H-9-2)-2 2t} o] W EH E| E
g}sfo] =2 - 2[3,4-d][1,3]7 o] SE-4- ) E Wl 1011 o] Eof| o} A EALS 7}5}o
7+ B A 71 AL 7 ShE S st E}Ol & FUA R 58 o,

HEFEgo|vedAdd Eg)Z Yol EE 731
((2R,3R4R,5R)-3,4-H] 2~ (E] E-F- € t}o] W & A & £ A])-5-(6-(3-0} o] . =l A o} w|
5)-9H-F#-9-HH Eg}slo] B2 F-g-2-e)yw|d wl ol o] EE 5 dhi= @A,
(e) 71
((2R,3R,4R,5R)-3,4-H] ~~(H E-R-E r}o| W & A H 5 A])-5-(6-(3-°} o] &. &
) 9H-F21-9-2) Bl Eg}slo) B F 2oy E Wl 2ol o] ES v ehg
F AuEALo| S/ EHE-S 7}EHe]
((2R,3R,4R 5R)-3,4-H| ~(E] E-F-E t}o| v & A & S A])-5-(6-(3-0} 0] . =l A o} ]
¥)-9H-7F ¢ -9- ) H| Eg}do| = 2 - @-2- )M e&-& 55k WAl
(0 271
((2R,3R,4R 5R)-3,4-H| ~(E] E-F-E t}o| v & A & S A])-5-(6-(3-0} 0] . =l A o} ]
)-9H-3F#-9-2hH) H| Eg}slo) = 2 Fe-2-) W EH-2-& o) &l o) ~E| 531
| glo}nl S 7}&e],
(28,5R)-3,4-H] 2~ (E] E-RF-E r}o] v & A & A])-5-(6-(3-0Fo] &
F91-9-91)-N-v & B Edtslo] B2 FT-2- 7 Ao BB 58 vl
(g) 471
(28,5R)-3,4-H] 2~ (E] E-R-E tho] v & A & £ A])-5-(6-(3-0F o] &

—

m b
=,
rom
o
9
=)
u
=
T

k1
Z
i)
o
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[200]

[201]
[202]

[203]
[204]
[205]

[206]
[207]
[208]

[209]
[210]

F%1-9-2)-N-v| & B Ee}slo] B2 h-2-7} g Apnfo] Eo

] E52 o] E A 7}s)e
4- 5@6ﬂﬂ3£ﬂ@@ﬂLWHvﬂ9 2)-N-H[ &
ﬂEﬂdﬂEi% 2-7H APl E 5 58l vl B
(h) &7
34-tFo] 3o =E Al -5-(6-(3-0F 0] 2 5wl A o}y )-9H-5F
H Egtalo]| = 25 -2- 7 Alnfo] = o] 53§ o] 7| 8y
($3&ﬂﬁiﬂ2«m2&ﬂﬁiﬂ1®GﬂM+E.‘}liwﬂ%%&
Aol FA])-N-H]| & 32 =2 ghofnto] =5 A Z5)+= A

—‘W

\O
Z
2

obgel, 471 shehA 19] S E S, 87 B1814 32 FAH = ok
Hom & 4 Qom, oy B84 35 FAH = obdld fEA =

HO

HO

=, 3ehA] 39 obHld F A= v o] ©Alel este] Alzd o 9l

() LA

(2R,3R,48,5R)-2-oF A FAl-5-(Hl 2 A £ A v &) B E v} 8l o] = 2 4713 4-T) o] <
o
o

thol Ml zo) o Eo B}8}4] 47 A E = Fel ) BhHE S

g‘ ttﬂ/\] 4
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[211] X
N
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R "N~ N
[212]
[213] 7] Aol Ry= Fat A €271, E71d 7], 471 7] s 2 EA Aol
Xz g2 gafelt
[214] (b) 71 (2) &7 ]7‘1 Azxzd SA 3=l R-NY-R, B ®H-3-A17]+= 9,
215] 71 AOIA R, 2 Rz 27 B Y90 R S48 7] moae Y],
m-O}H| e-HA 7], EEE I3F3} (aromatic ring)©] 21, Y& & 27 91 #}o]| T},
206 © 7] () QAN A SN TS FG g WA S A7
& ol | ERk-g-g S ste] 31512 39 3tekE Al 2k v AL
[217] ool o A4 ]7‘1 &7 el whel, 3hek2 119] BhehEgl

[218]
[219]
[220]

(R)-2-(1-2-F 2 &2 -6-(3-0}0] L. =l A o} v] 1) 9H-F 2 -9-¢)-2-
SPol Ao HA]) 2 3-1,3-1 0] & A 2313 o, o] o] A& HhE-4l&
o3} Zk

g2 Al o
| i i
NH NH
SN "NfN
o N~ N,)\CI i) MeOH NH; | 0%, , N')\CI
BzO / i)NalO,NaBH,  HO” l
B20 OBz Yield = 75.69% HO H
8 11

Boukrd o] T & A Aol A =, B g of] whE Ay ol ulY A7)+ 5 E
gl A3 o) A 1] o] 7 (Control) S &2 £ o} H] =21 A3 2] 41 €]
FAA R & 7 CL-IB-MECA°] Hl5lo] 79 4 0 =2 | EAS A&

Rt 53], As 2 5o Aok 5941 s
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[223]

[224]

LHEREL O™, O A B 10413F o) 3 A A A T A % W g2
FOlM O R AR E AOR eht ARHe £ F A= GFUIE
£314 02 WA sk 202 hekikh ofo) ¥ o] thE obuld fw A=
o) FALR Fol @ 7 pol v W5 W2 1@ S oA P A sk anpt
gonz % oy R AmARA F850 AHEE 5 A8 FAR,
obgel, MEFE e ME A MDA RE Fobe] HE Eabo] HAH =
Agrolw, Be HAH HARET T R FAW AZ £ 702 ool
Mol moaw Aleh. ool Aol A1l B8 A o,
9 XY A SIER B, T o], S, dhmatol v, B8,
Ao RO S e A e
71ro] B0} S8 W9z vl ehsteh & 5= 9k, olo] ¥ o) whe opuly]
FEAE M EFol oo hFE Ay M AT A D o g oA 2A
FEAA AEE 5 A2 FAT 5 QAT

[$) EE’ ™ =
g A glel A 4] obEld A iz o] o] el H o B8

B
7Fedt e mRALCE sk H3A HAg A5 T= d e
¥k A

E ol FEA = ot =il A3 84 SAA=A
Ahgsh=d], obdl =4 A3 =8 A A= s DA, H), Sl g
R a7 9 3dAT/95248, dd/drde] REaHE 7HA = s o=
R 31% 31 91T}, (Zhi-Dong Ge, Jason N. Peart, Laura M. Kreckler, Tina C. Wan,
Marlene A. Jacobson, Garrett J. Gross, and John A. Auchampach.
Cl-IB-MECA[2-Chloro-N6-(3-iodobenzyl)adenosine-5-Nmethylcarboxamide]Reduces
Ischemia/Reperfusion Injury in Mice by Activating the A3 Adenosine Receptor. J
Pharmacol Exp Ther. 2006 Dec;319(3): 1200-10. ; Silvana Morello, Antonello Petrella,
Michela Festa, Ada Popolo, Mario Monaco, Emilia Vuttariello, Gennaro Chiappetta,
Luca Parente and Aldo Pinto. CI-IB-MECA inhibits human thyroid cancer cell
proliferation independently of A3 adenosine receptor activation. Cancer Biol Ther.
2008 Feb;7(2):278-84. ; Leo M. Gazoni, MD, Dustin M. Walters, MD, Eric B. Unger,
BS, Joel Linden, PhD, Irving L. Kron, MD, and Victor E. Laubach, PhD. Activation of
Al, A2A, or A3 adenosine receptors attenuates lung ischemia-reperfusion injury. J
Thorac Cardiovasc Surg. 2010 Aug; 140(2):440-6. ; Daniel P. Mulloy, MD, Ashish K.
Sharma, MBBS, PhD, Lucas G. Fernandez, MD,Yunge Zhao, MD, PhD, Christine L.
Lau, MD, Irving L. Kron, MD, andVictor E. Laubach, PhD. Adenosine A3 Receptor
Activation Attenuates Lung Ischemia-Reperfusion Injury. Ann Thorac Surg. 2013
May;95(5):1762-7. ; Bella Chanyshev, Asher Shainberg, Ahuva Isak, Alexandra
Litinsky, Yelena Chepurko,Dilip K. Tosh, Khai Phan, Zhan-Guo Gao, Edith

Hochhauser, Kenneth A. Jacobson. Anti-ischemic effects of multivalent dendrimeric

FF

gk 70|

of-& e, ¥ ol
sl

=

A3 adenosine receptor agonists in cultured cardiomyocytes and in the isolated rat
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[225]

[226]

[227]

[228]

heart. Pharmacol Res. 2012 Mar;65(3):338-46.; Choi 1Y, Lee JC, Ju C, Hwang S, Cho
GS, Lee HW, Choi WJ, Jeong LS, Kim WK. A3 adenosine receptor agonist reduces
brain ischemic injury and inhibits inflammatory cell migration in rats. Am J Pathol.
2011 Oct;179(4):2042-52.). ©] o] ¥ ol wh2 o}t 54 3= of vl =41 A3
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A, AEA,

HO
H

A, GA, 7

A3 -&

=)
A (pill), AEA = F3A L o= o, WG T8 AP 2 4
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[E]

=
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tol v
C}, W3 2 A == F A 2l (pessary) 2] Al

Folh 4 glov, iz 94, =
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Apell 7] of A A}

j

tel

-5

A}
2}

2groluto] =] 4]

Ay

bo = % Al-N-1] &l

S FHE(8)-2-(R)-1-2-F & & -6-(3-0F0] 2 Tl o] ). 9H- 571 -9-20)-2

Az 1: 3}8F2] 59

2 2] 0 5 4])-3

A Al 1
g2 Al q

[235]
[236]
[237]
[238]
[239]



27

WO 2015/009008 PCT/KR2014/006354

[240] o
AN
O_oAc Giu/ N/> f)\ Q’MH M
BZO/\Q/ BISA. TiCk ﬁ

B0 0Bz B2 OBz TEA Ethanol
CHCN
6 Yield =98.83% 7 Yield = 86.14%
?«' |
HN ;
Al ILN
o N N’/l\a /k
BZO/\;—Z ANy ”O/H ) BABITEMPO
B0 e i) 22.DMP, pTSA ii) SOCl,, Ethanol
Acetons HsCXCHs i) Mithyl amine
g Yield = 89.35%

9
; A
|
HN NH,
.y
0 -~
0 </ 0. N o N N/l\Cl
o_ N CI + HiCHN + HCHN
HMN)\;‘{ d
HO

H HscXCHs
10a 10b 10¢
Yield =31.80% Yield =34.16% Yield =7.06%

l\@ -
| |
NH I £
NH
N
o & I;;\ _S0%ACOH rk NalOy, NaBH, (j‘fu
N
08T TN Ve sose% o ﬂ.‘ ’kcn Yield = 79% 0 g

0
}\H H;CHNLS_( HJCHN»\S ?l

S HO OH HO OH
10b 10a

w

[241]

[242] @A 1
(2R,35,4S,5R)-2-(Hl 2 A £ A W €])-5-(2,6-T} o] - 2 2 -9H-F ¢ -9-2) Bl E &5} 0]
T2 FE-34-tho] A thojdl ol o] E (7)9] Al X

[243] =4
(2R,3R,4S,5R)-2-OF Al F A -5- (Ml 2 A S A v &) H| Egtal o] = 2 55 3-3 4-Tho] Y
trolwl 2ol o] E (7.5 g, 14.9 mmol) 9} 2,6-tFo] E 2 2 FH (3.09 g, 16.4 mmol) S
ol Al Evto] E- (50 mL)ol| <! ¥ N,O-H] ~(Egto| e A ol A gpnfo] = (8.9
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[244]
[245]

[246]
[247]

[248]

[249]
[250]

mL, 36.4 mmol) & & 10~15+ &<+ 53] A 7} o} 60°C ol A 303 & <F
gk}, JES- oS- 30°CE Y7t = TiCl, (60 mL, 1 M W & &l
2 dlo|=g 595 mmol)S 27} & F 60-65°C of| A 20 ¥ Fot
Hh-$-o] ehA S Elst 3 vddl F 2 o] = (500 mL)sa} 33} g4l
£ (500 mL)-& & 7}etc}. vh-g-ol-S 0oC of| A 30%-7F e F -7 %
o2 kvt ad s FeEE dxssith 74t 0}011 FEG T Ao
Ad AZ2nfE gy ¥ 2 el she] FIHA o s
(2R,35,4S,5R)-2-(Wl 2= Y =-A] v &)-5-(2,6- T} ) & & 2 -9H-F ¢ -9- ) ¥ E 2} 5} o]
CZR2FH-3,4-tho]d o]l 2ol o] E (9.3 g, 98.8 %)= A AT

AolR &322 ¥4 dlo|el= v Aok

'H NMR (500 MHz; CDCly) & ppm 4.71-4.74 (dd, T = 12.22, 3.91 Hz, 1H), 4.85-4.93
(m, 2H), 6.12-6.14 (t, ] = 4.89 Hz, 1H), 6.16-6.19 (t, ] = 5.38 Hz, 1H), 6.47-6.48 (d, J
=5.38 Hz, 1H), 7.35-7.38 (t, = 7.82 Hz, 2 H),7.41-7.46 (m, 4H), 7.54-7.61 (m, 3H),
7.92-7.93 (d, T = 7.33 Hz, 2H), 8.02-8.06 (m, 4H), 8.28 (s, 1H); 3C NMR (125 MHz;
CDClLs) 6 63.50, 71.59, 74.33, 81.56, 87.05, 128.14, 128.59(3), 128.63(2), 128.73(2),
129.10, 129.63(2), 129.88(2), 129.92(2), 131.38, 133.63, 133.87, 133.98, 143.81,
152.36, 152.64, 153.51, 165.13, 165.29, 166.03; mp = 76~80°C.

.

vl

==
=

A&

owl 4> K
nﬂo b =

o = =

rki
il

w7 2
(2R,35,4S SR) 2-(M 2L S A W E)-5-2-F 2 2 -6-(3-0} 0] 2. Ll A o} 1] 1) 9H-F
d-9-Aye| Egfslo]| =2 F -3 4-TFo] U thonl o) o] E (8)29] A&

71 QA 1o A4 Al 5 A 313HE (204 mg, 0.32 mmol) 9}
3-olo] @ wull Ao}l AT (113 mg, 0.41 mmol)S A A 715 3pol A F54=

ek (5 mL)ell %<1 T Eg]o €l o}7 (0.13 mL, 0.96 mmol)S 4! 2ol A 24 4] 7F
&QF nEkght) BEE-o] 94 8 1%k & HhE- NS 7k F55te] Ao IALE
A ARntEIRI R Fgste] S3HA 33E
(2R,35,4S,5R)-2-(Hl 2 A S A W &).5-2-F &2 Z-6-(3-0}0] . =l A o] 1)-9H- 5
d-9-E| Ed}elo]| =R FT-34-Tho] U tho] Mz o] E (230 mg, 86.14 %) E
A3tk

Ao 3}35HE9 ¥4 dolel= v} 2

'H NMR (500 MHz; CDCl;) & ppm 4.71-4.90 (m, SH), 6.13-6.17 (m, 2H), 6.33 (br.
s., 1H), 6.43-6.44 (d, J= 4.89 Hz, 1H), 7.04-7.07 (t, J=7.82 Hz, 1H), 7.31-7.33 (d, J=
7.82 Hz, 1H), 7.36-7.46 (m, 6H), 7.53-7.61 (m, 4H), 7.70-7.71 (t, J=1.46 Hz, 1H), 7.88
(s, 1H), 7.94-7.96 (m, 2H), 7.99-8.01 (m, 2H), 8.07 -8.09 (m, 2H); *C NMR (125
MHz; CDCl5) 6 43.91, 63.79, 71.56, 74.43, 80.97, 86.40, 94.49, 119.07, 127.14,
128.40, 128.52(3), 128.62(2), 128.71, 129.32, 129.68(3), 129.86(2), 129.93(2),
130.39(2),133.41, 133.69, 133.78, 136.72, 136.80, 138.39, 140.20, 150.05, 155.00,
165.17, 165.31, 166.11; mp = 80~84°C.
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[251]
[252] @A) 3:

[253]

[254]
[255]

[256]
[257]

[258]

((3aR,4R,6R,6aR)-6-(2-F & & -6-(3-0} 0] L. =Wl A o} 1] 1) 9H- 31 -9-Y)-2,2-t} 9]
| & B E g}l o] = 2 R [3,4-d][1,3]th o] F&-4-Hm §H= (9)9] A=

7] @A 20 4 A Z2¥ F A 3EE (20 g, 24.09 mmol)S W -2 R o}
(A Lyoll =< 5 A 2o 343t nEket & qh-g- S 7e) F535le] E e
FUHAE Q= ol g A Aozl E-E FHA (20 g, 38.63 mmol) E
o} A & (400 mL)oll <1 3 2.2-tho| W] = A] 3L & 37 (23.68 mL, 193.15 mmol)#
p-EFALFEY 4k B dlo] = o] E (7.34 g, 38.63 mmol)S %7} 3 T o}
Ao A 124 ZE F_F L RESTE BEE-o] $HA S FRlgh & 23 v AU ER
&4 (400 mL)& A 7Fgh 2 vb-g- o8 79t 5
F7158 FEF IS 23 AV ER FE AR AR sa 3kl g

< d

Fohe
2rE R Axshgc i

=]

((3aR,4R,6R 6aR)-6-(2-F = & -6-(3-0}0] & E il A o} | ) 9H-3F71-9-¢)-2,2-T} o]
W g g Eg}sto] =272 3,4-d][1,3]5F0] &E-4-) W ¥HE- (12 g, 89.35 %)=
AU

Aoyl s}3tEo A dol b= vhe- o 2t

'H NMR (500 MHz; CDCl;) 6 ppm 1.36 (s, 3H), 1.62 (s, 3H), 3.77-3.80 (dd, J=
12.71, 1.95 Hz, 1H), 3.95-3.98 (dd, J=12.71, 1.95 Hz, 1H), 4.48-4.49 (d, J= 1.46 Hz,
1H), 4.68 (br. s., 1H, exchangeable with D,O, OH), 4.74 (br. s., 2H), 5.09-5.11 (dd, J=
5.86, 1.46 Hz, 1H), 5.15-5.17 (t, J=5.38 Hz, 1H), 5.77-5.78 (d, J=4.40 Hz, 1H), 6.81
(br. s., 1H, exchangeable with D,O, NH), 7.03-7.06 (t, J=7.82 Hz, 1H), 7.30-7.31 (d,
J=7.33 Hz, 1H), 7.59-7.61 (d, J=7.82 Hz, 1H), 7.67 (s, 1H), 7.70 (s, 1H); *C NMR
(125 MHz; CDCl;) 6 25.26, 27.63, 43.93, 63.37, 81.52, 82.98, 86.12, 93.89, 94.55,
114.18, 120.09, 127.19, 130.44, 136.86(2), 139.93, 140.01, 148.80, 154.50, 155.14;
mp = 82~86°C.

A 4
(2S,5R)-5-(2-EZE Z-6-(3-0}o] L =Wl A o1 1) 9H-F 1 -9-Y)-3 4-T} o] 3o E =
A-N-H| € g Eg}slo] = & F&-2-7HFAlafo] = (10) 9] A &

7] A 3 A Az F1HA 3FEHE (15 g, 26.89 mmol)S
ol Evo] E-LE (130 mL, 1:1) & of] ¥l T (tho|o}A| & A o}o] @ &)-wll A1l
(19 g, 59.16 mmol) 7 2,2,6,6-Hl E et & 1-3] | 2] ] d 54 (840 mg, 5.37 mmol) &
A7) & vhS 2 2ol A 44 7F aukeie) vk-g-o] obA S 8l o B uk-g- ol S 7heb
et QA HA glo] A FIHAE AU o] FA AR A FIHA (15 g,
26.23 mmol)E A A& 7|5 3ol F-57 o ¥H-& (500 mL)°ll 0]l 0°CE E 73 v &
Mol od F&2do]= (9.52 mL, 131.17 mmol) 3 H 3] & 7} t}& 4 £-of A
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[259]
[260]

[261]
[262]

[263]

[264]
[265]

7St s S ste] A 1A

| =¥ A (155 g,
25.84 mmol)°l] #l & elvl (750 mL, 2 of A 12A] 7k
&b kT §E-g-o] 9HA S 22l gk 3 7hq) shel] H5 % thE Ao 3l AALE
A4 AgvtE T2 Fyste] T4 313
(2S,5R)-5-(2-E 2 2 -6-(3-0} 0] L. 5l A o} 1] 1) 9H-7FH -9-Y)-3,4-T} o] 3l o] =5
Al-N-¥| &l g E g} 8} o] = 2 - &-2- 7} Abatbo] = (5 g, 31.80 %) E DSt}

AolR &322 ¥4 dlo|el= v Aok

'H NMR (500 MHz; DMSO-dg) & ppm 2.72-2.73 (d, J= 3.91 Hz, 3H), 4.17 (br. s.,
1H), 4.33 (s, 1H), 4.55-4.56 (m, 1H), 4.61-4.62 (br. d., J= 4.89 Hz, 2H), 5.56-5.57 (d,
J=6.35 Hz, 1H, exchangeable with D,0, 2'-OH), 5.71-5.72 (d, J= 3.91 Hz, 1H,
exchangeable with D,0, 3'-OH), 5.92-5.93 (d, J=7.33 Hz, 1H), 7.11-7.14 (t, J=7.82
Hz, 1H), 7.35-7.37 (d, J= 6.84 Hz, 1H), 7.59-7.61 (d, J= 7.82 Hz, 1H), 7.75 (s, 1H),
8.27-8.28 (br. d., J= 5.38 Hz, 1H, exchangeable with D,O, NH), 8.48 (s, 1H), 8.98-8.99
(br. t., J=5.86 Hz, 1H, exchangeable with D,O, N°H);"*C NMR (125 MHz; DMSO-ds)
8 26.07, 43.02, 72.79, 73.42, 84.95, 88.10, 95.12, 119.46, 127.31, 130.99, 136.06,
136.51, 141.57, 142.23, 150.00, 153.44, 155.31, 170.14; mp = 207~209°C.

A 5.

(8)-2-((R)-1-2-FH ZE 2 -6-(3-0} 0] L =l A o} 1] 1) -9H-3771-9- Y )-2-3} o] 5= A] 9]
5 A)-3-8Fo| =5 A-N-H| E Z & olnto] = (5)9] A%

A7 A 4ol A Al z=¥ F1HA 3HEHE (2.0 g, 3.67 mmol)S =/H] ¥ (210 mL,
1:2)el] <1 Z 0°CE WZHgh o8 A Holo] LH| o] E (1.57 g, 7.34 mmol) &
K71k T e 5ol A 2 AlE F o k) HE-g-o] A8 B9l 3 T 4o F
R Z23}o] = elo] = (694 mg, 18.35 mmol)E H 7}e = 1A {F & oF nlHbg,
w39 ehA S FQl 3 5w S A 53 S EF A (350 mL) =
o] &5t Zts S 3 WALE A ARnfE Y H R Yelste] 4] 54
3= (1.58 2,79 %)S LA

Aoyl s}3tEo A dol b= vhe- o 2t

'H NMR (500 MHz; DMSO-dg) 6 ppm 2.40 (br. s., 3H), 3.53-3.60 (m, 1H),
3.71-3.73 (d, J=10.27 Hz, 1H), 3.85 (br. s., 1H), 3.95 (br. s., 2H), 4.60 (br. s., 2H),
4.98-5.00 (t, J=5.38 Hz, 1H, exchangeable with D,O, OH), 5.19-5.20 (t, J=5.86 Hz,
1H,exchangeable with D,O, OH), 5.78-5.80 (t, J=5.38 Hz, 1H), 7.10-7.13 (t, J=
7.82Hz, 1H), 7.35-7.36 (d, J= 6.84Hz, 1H), 7.59-7.60 (d, J= 5.86 Hz, 2H,exchangeable
with D,O, NH), 7.73 (br. s., 1H), 8.30 (s, 1H), 8.85 (br. s., 1H,exchangeable with D,0,
NH); C NMR (125 MHz; DMSO-dg) 6 25.59, 42.98, 62.02, 62.25, 8§0.43, 84.90,
95.11,118.57, 127.27, 130.96, 136.03, 136.45, 140.78, 142.34, 150.69, 153.53, 155.17,
169.31; HRMS (FAB) m/z calcd for CisH,CIINsO,[M+Na]* 546.0279, found
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569.0162; mp = 226-229°C.

[266]

[267] Al 2

[268] Az 2: 3}8k2] 119] 313H&
(R)-2-(1-(2-E 2 2-6-(3-0}o] . =Wl & o} 1) 9H-F 2 -9-)-2-
Slo]| =S Al o HA) 222 -1,3-T}0] &) 2] A2t

[269]
[270] g2 Al o
[271] I i 1.
NH NH
2o i
o N,J\CI i) MeOH NH3 r B N')\CI
BzO / i)NalOgNaBH,  HO” '\ 4
B0 OBz Yield = 75.69% HO OH
8 11
[272]
[273]  AATed 19] ©@A] 200 A4 A z2H FIHA 33HE (230 mg, 0.27 mmol)S W g2
SR Yol 25 mLyell #9 F A 2o A 3A 3t ket § wh-g- ol g 71t 555
EYE FAE A o2 dojH E] g F7HA] (248 mg, 0.47 mmol) &
AA ) 12] A 59 FA3 H o 7 A 25 o] 4] 34 3}EHE (109 mg, 75.69
%)S DA

[274] 2ol 3= FA HolgeE vha i

[275] 'H NMR (500 MHz; DMSO-dg) 6 ppm 3.13-3.17 (m, 1H), 3.22-3.26 (m, 1H),
3.43-3.47 (m, 2H), 3.54-3.56 (m, 1H), 3.83 (br. s., 2H), 4.41-4.42 (br. t., J=5.38 Hz,
1H, exchangeable with D,O, OH), 4.60 (br. s., 2H), 4.73-4.75 (t, J= 5.38 Hz,
1H,exchangeable with D,O, OH), 5.13 (br. s., 1H, exchangeable with D,O, OH),
5.80-5.82 (t, J=4.89 Hz, 1H), 7.11-7.14 (t, J=7.33 Hz, 1H), 7.36-7.37 (d, J= 7.33 Hz,
1H), 7.59-7.60 (d, J=7.82 Hz, 1H), 7.75 (s, 1H), 8.29 (s, 1H), 8.82 (br. s., 1H,
exchangeable with D,O, NH); “C NMR (125 MHz; DMSO-d¢) 6 43.01, 61.12, 61.23,
62.64, 80.90, 84.53, 95.12, 118.56, 127.36, 130.99, 136.04, 136.58, 140.68, 142.44,
150.73, 153.40, 155.12; HRMS (FAB) m/z calcd for C;H;¢CIINsO4 [M+Na] "
519.0170, found 542.0054; mp = 170~172°C.

[276]

[277] A3

[278] A& 3: 884 129]
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R ((S)-3-3F 0] = FH A -2-((R)-2-3F 0] = F Al -1-(6-(3-0} 0] L = wll A o} 1] =) 9H-
91-9-20)0] 52| N EL % 2 ghol o] 2] A2

[279]
[280]  H-g2]3
[281] a a a
N N
OQIN:N 22DMP, pTSA CI:)N BROITEA {:I:.:'N
HO' Acetone HO DMAP, DCM B2 :
d Yieid= B3.03% 13 Yiek = 99.72%
ey
13 14 15
?" ' A
,@\)ﬂz % 1/:[“ )80% ACOH N(P; NaOM
TEAEIOH i S‘ "91 ii) TBMSOTY, Py quﬁ MeOH
Yieid = 96.11% ; Yied= 687 mo” Yieid=8648%
&8 TBso OTBS
16 17
& ¢
¢ ¢
ST g O oy
m/\g_l i) Mettyl arine. H&Nm N
TBSO bTBS. Yiekd = B5.65% T8S Yuald o550 )Hn
18 20
\ )
N(EFH
NalOJ/NaBEH, o {JI:,JN
HACHN
pli
12
[282]
[283] A 1

((3aR,4R.6R,6aR)-6-(6-F & & -9H-F+H -9-)-2 2-t}o| | & g E g} 5o = 2 553
Ad][13]0o] S&-4- ) v (14)9] A=

[284]  (2R5R)-2-(6-F R E-9H-FF¢-9-2])-5-(5Fo| =5 A v &) Bl E 2} 5} o] B 2. 45-7-3,
4-t}o] - (4.8 g, 16.74 mmol) T} 2,2-t}o] W] E-A] 3£ 2 7 (10.26 mL, 83.71 mmol)>
AL 71 stell A F47 obAlE (120 mL) ol =59 U p-E 7 AEH A B
Blo] =g o) E (3.18 g, 16.74 mmol)S %] 7} &+ F 21 2o ] 441 7+ nluk 3o}
k-2 o] ¢+A-S 3l 3 5 Jg}a./\yz,:/\q.EE L olog Hre e
S-S 71t 5 &35lo] SR E2XE (4x20mL) 02 F-7]5S &3
O@M F & deE AHsta kvl v ¢ SR dx2s 1
stel] 553 Aozl IALE A9 AR EIHIE Fste] F1HA 33E
((3aR,4R, 6R 6aR) 6-(6-2 2 Z-9H-FH-9-2)-2,2-t}o| W & g| E g} 5} o] = 2 F- 23

.
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[285]
[286]

[287]
[288]

[289]

[290]
[291]

[292]
[293]

[294]

4 d][1,3]th0] & 4 -4- )| ¥H2- (4.87 g, 89.03 %)= At

Aozl ﬁ}%L%A l'i—*d tl o) eb= th- 2 A

'H NMR (500 MHz; CDCL;) & ppm 1.38 (s, 3H), 1.65 (s, 3H), 3.80-3.83 (dd, J=
12.22, 1.46 Hz, 1H), 3.95-3.98 (dd, J= 12.22, 1.46 Hz, 1H), 4.53-4.55 (q, J= 1.95 Hz,
1H), 4.86 (br. s., 1H), 5.10-5.11 (dd, J= 5.86, 1.46 Hz, 1H), 5.19-5.21 (dd, J= 5.86,
4.40 Hz, 1H), 5.99-6.00 (d, J= 4.89 Hz, 1H), 8.25 (s, 1H), 8.75 (s, 1H); 3C NMR (125
MHz; CDCLy) & 25.22, 27.55, 63.22, 81.51, 83.35, 86.43, 94.02, 114.51, 133.25,
144.73, 150.50, 151.71, 152.31; mp = 146-150°C.

oA 2
((3aR,4R,6R 6aR) 6- (6—3?._?._ 9H-+H-9-2)-2,2-t}o| v & B Eg}slo] =2 {3
4-d][1,3]tho] &% )uﬂ%ﬂizoﬂ o1 E (15)9] A%

71 & A 19 H xﬂ A 3135 (2.8 g 8.56 mmol)S 5= v €l &l
2ol = (100 mL)oﬂ iOJ F ocE W4E v Egoeolul (3.6 mL, 25.70
mmol) ¥} tho] W Eolu] =3 2] (21 mg, 0.17 mmol)= 4 7}t Wl 2 A
ZF2dlo]|= (1.5 mL, 12.85 mmol)E -2 250 A H 3] & 7}3F t}& 4 2ol A
AR FRF kgt eh whg-o] 9P A S SQle & 23 el AU ER G0
W3S SASTH REG A& Tk w5oto] ddl Sx2dolEo® /75 &

: golo g AA } A e FER
SEATH 7t shell 5% 3 Aozl IALE A AR EIYI R

[‘

((3aR,4R.6R,6aR)-6-(6-F & & -9H-F+H -9-)-2 2-t}o| | & g E g} 5o = 2 553
A-d)[1,3]5ho] & E-4- 2y E vl 2ol o] E (3.68 g,99.72 %) & A}

Ao 3}35HE9 ¥4 dolel= v} 2

'H NMR (500 MHz; CDCL;) & ppm 1.40 (s, 3H), 1.62 (s, 3H), 4.42-4.46 (dd, J=
11.73, 3.9 Hz, 1H), 4.61-4.64 (m, 2H), 5.12-5.13 (d, J= 2.93 Hz, 1H), 5.53-5.54 (d, J=
5.86 Hz, 1H), 6.15 (s, 1H), 7.29-7.32 (t, J= 7.33 Hz, 2H), 7.47-7.50 (t, J= 7.33 Hz, 1H),
7.79-7.81 (d, J="7.82 Hz, 2H), 8.21 (s, 1H), 8.64 (s, 1H); *C NMR (125 MHz; CDCL,)
8 25.36,27.15, 63.99, 81.42, 84.07, 85.04, 91.87, 114.92, 128.31(2), 129.07,
129.39(2), 132.42, 133.33, 144.10, 150.79, 151.40, 152.02, 165.80; mp = 50-54°C.

A 3: ((3aR,4R,6R,6aR)-6-(6-(3-0F0] & =l A o} v] 1) 9H-5731-9-21)-2.2
thol v g g E}aho] =2 32 [3,4-d][1,3]h o] SE-4- ) E Hl o o] E (16) ]
A %

237 74] 20 A Al z2H A 3FEE (1.24 g, 2.87 mmol)S A Al o] 129] ¥
29 FAg o R ﬂuo}ﬂ A stk =
((3aR,4R,6R,6aR)—6—(6—(3—0}O]SZE Hl A o] 1) 9H-FH-9-2h)-2 2t} o] M E H E
2h3lo] = 2 52 [3,4-d][1,3]h 0] & -4-Hu & Wl ol o] E (1,73 g, 96.11 %) &
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[295]
[296]

[297]
[298]

[299]

[300]
[301]

A

Pl Xl FHetEo] ¥4 dlolehe vk 2

'H NMR (500 MHz; CDCl;) 6 ppm 1.42 (s, 3H), 1.63 (s, 3H), 4.45-4.59 (m, 1H),
4.59-4.61 (m, 2H), 4.80 (br. s., 2H), 5.17 (d, J=3.43 Hz, 1H), 5.58-5.59 (d, J= 5.86 Hz,
1H), 6.09 (s, 1H),6.34-6.35 (t, J=5.38 Hz, 1H), 7.02-7.05 (t, J= 7.33 Hz, 1H), 7.30-7.31
(d, J=7.82 Hz, 1H), 7.34-7.37 (t, J="7.33 Hz, 2H), 7.49-7.52 (t, J=7.33 Hz, 1H),
7.58-7.60 (d, J=7.33 Hz, 1H), 7.71 (s, 1H), 7.77 (s, 1H), 7.90-7.91 (d, J="7.33 Hz, 2H),
8.36 (br. s., 1H); BC NMR (125 MHz; CDCL;) 6 25.47,27.21, 43.81, 64.35, 81.71,
84.21, 85.03, 91.38, 94.55, 114.61, 120.52, 126.85, 128.32(3), 129.43, 129.62 (2),
130.34, 133.18, 136.53, 139.16, 140.99, 148.68, 153.34, 154.60, 166.02; mp =
68-72°C.

w7 4
((2R,3R.4R,5R)-3,4-H] 2~ (B E-F-El t}o] | &l A 2 £ A]).5.(6-(3-0} 0] L. 5l A o]
)-9H-FH-9-2H e Eslo]| =2 Fe-2-ahu el vl Zofo] E (17)9] A&

71 A 3 A Az F1HA 3H3E (4.93 g, 7.85 mmol) S 80% OFAH E
(250 mL)ell =<1 ¥ 100 °Cell A 12A] 3t &<+ 71 %v $to}. REg- o] $HA &
gl gt & dbg-ol g 79t s 5atar, B4l (4 x S0mL)S 7HeF o 74t
F5eto] A B glo] thol & FAE Aotk o] F A Aojxl thol & 1A
(8.5 g 14.47 mmol)E = ¥ & (250 mL)°l| =31
HEREOo|MEdLdE ZH o E (TBDMSOTf) (13.3 mL, 57.88 mmol)= 7} 3+
T 50 °Coll A 5A]7F & <QF Lkt %E}. Hh&-o] A& gelet ¢ Hh-g- ol &
e d S 2 efol B/ st 3+ /7] 5& =, 3} %ﬁ?iﬂr‘fﬁ &,
e)ar 3} 3 w5k, 3 A ER ¢
k1l TR Az ok 74k st 5
AR EINI R Fste] 1A 33E
((2R,3R 4R ,5R)-3,4-8] 2~ (E] E-R-E r}o] v &l A &H & A[)-5-(6-(3-0}o] L. =Wl & O}Ul
)-9H-FH-9-2H e Ed} sl o] = 2 F-e-2-2)ym El
A3tk

AolR &322 ¥4 dlo|el= v Aok

'H NMR (500 MHz; CDCly) & ppm -0.17 (s, 3H), 0.01 (s, 3H), 0.1 (s, 3H), 0.12 (s,
3H), 0.83 (s, 9H), 0.93 (s, 9H), 4.39-4.41 (m, 1H), 4.51-4.55 (dd, J=12.22, 4.40 Hz,
1H), 4.58-4.59 (t, J= 4.40 Hz, 1H), 4.74-4.78 (dd, J= 12.22, 4.40 Hz, 1H), 4.82 (br. s.,
2H), 5.07-5.09 (t, J= 4.40 Hz, 1H), 5.88-5.89 (d, J= 4.40 Hz, 1H), 6.26-6.28 (t, J= 6.35
Hz, 1H), 7.02-7.05 (t, J= 7.82 Hz, 1H), 7.31-7.33 (d, J=7.82 Hz, 1H), 7.38-7.41 (t, J=
7.82 Hz, 2H), 7.52-7.55 (t, J= 7.82 Hz, 1H), 7.59-7.60 (d, J="7.82 Hz, 1H), 7.72 (s,
1H), 7.84 (s, 1H), 7.98-8.00 (dd, J=8.31, 0.97 Hz, 2H), 8.32 (s, 1H); *C NMR (125
MHz; CDCL;) 6 -0.00, 0.11, 0.26, 0.54, 30.63 (3), 30.74 (3), 34.61 (2), 49.19, 68.45,
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[302]
[303]

[304]

[305]
[306]

[307]
[308]

[309]

77.09,79.28, 87.24,94.71, 99.46, 125.63, 131.74, 133.32 (3), 134.52, 134.59, 135.23,
138.10, 141.41, 141.46, 144.66, 145.99, 153.87, 157.99, 159.53, 171.15; mp =
68-70°C.

@A 5
((2R,3R,4R,5R)-3.4-H| 2= (E| E-F-E t}o] w| & A & & A])-5-(6-(3-0F o] L L= Hl A o} 1]
)-9H-FH-9-2H e Egslo)| = 2 FF-2-2)w g2 (18) 2] Al =

A7) @A 4ol A Az FA 313HE (1.28 g, 1.56 mmol)< = W BHE- (100
mL) ol =21 ¥ 25% A\ EAL| =/ 2 (15 mL)S 7Fgt th& A2l A 12
AlZE et ankgtt) dh-g-o] 9HA S gl ¢ F Hh-E- NS 7t 53l d oAl
AL E Ay ARvtE I E et FHA 3=
((2R,3R,4R,5R)-3.4-H| 2= (E| E-F-E t}o] w| & A & & A])-5-(6-(3-0F o] L L= Hl A o} 1]
+)-9H-F#-9-2) el E g}l o] = &2 5 eh-2-2) W BF-2- (960 mg, 86.48 %)= ¥ AT}

Aol 3}3HE o ¥4 do] b= th2-3} gt

'H NMR (500 MHz; CDCLs) & ppm -0.58 (s, 3H), -0.13 (s, 3H), 0.11-0.13 (d, J=7.33
Hz, 6H), 0.74 (s, 9H), 0.95 (s, 9H), 3.68-3.71 (d, J= 12.71 Hz, 1H), 3.92-3.95 (d, J=
12.71 Hz, 1H), 4.15 (s, 1H), 4.32-4.33 (d, J=4.40 Hz, 1H), 4.73-4.88 (m, 2H),
5.03-5.05 (dd, J=7.33, 4.40 Hz, 1H), 5.75-5.77 (d, J="7.82 Hz, 1H), 6.39 (br. s., 1H),
6.73 (br. s., 1H), 7.03-7.06 (t, J= 7.82 Hz, 1H), 7.30-7.32 (d, J=7.82 Hz, 1H),
7.59-7.61 (d, J="7.82 Hz, 1H), 7.70 (s, 1H), 7.76 (br. s., 1H), 8.35 (br. s., 1H); 3C
NMR (125 MHz; CDCL,) & 0.00, 1.30, 1.35, 1.38, 31.62 (3), 31.75 (3), 35.61 (2),
49.54, 68.95, 79.91, 79.96, 95.50, 96.96, 100.51, 127.37, 132.70,136.30, 142.42,
142.57, 146.54, 146.61, 153.78, 158.46, 160.79; mp = 82-86°C.

w7 6:

(28,5R)-3,4-H] 2~ (E] E- R v} o] v &l A 5 A])-5-(6-(3-0} 0] & =l A o} 1] 1)-9H-
F81-9-20)-N-v & el Eg}slol = 2 F 27 Abuo] = (19)9] A%

371 @A 5004 Al zH F1HA 3HHE (450 mg, 0.63 mmol) ¢} 3] 2] U
tho]l H 2 v o] E (547 g, 14.54 mmol)Z A A 7|5 el A DMF (50 mL)ol| 591 &
AL A 1241 7F FF ket whg- o] ePA S gl 3 F A E A E R
Al Fshe] A FAE AT o] F A Dol AF F1HA| (450 mg, 0.62 mmol) &
A 715% sl A = ol ¥ (10 mL)oll =91 5 0°CE 4743 4 Aol o d
Z2e}o] = (0.25 mL, 3.10 mmol) S %3] A 7}3k T 2 Lo A 5 A 7F FoF
ankstel, Bkg-of 9bA g B9l g - whg- o & sk wHehar o e
ol A Bl o] E/ &0l ¥-ul g T >
g 3 nk | T E R A x2Sl 4S8t
N ~EE AT} o] E A = 5ol 4]
N-THF& & 7}et & A 2o A 12A12F 59t akabet. §hg-o 9428 & ¢ F
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[310]
[311]

[312]
[313]

[314]

[315]
[316]

[317]
[318]

[319]

3N T w58 IS Ae] AR EIHNE Feete] S1HA 3
(28,5R)-3,4-H] 2= (B| E-F-E tfo] i & A & 5 A])-5-(6-(3-0F 0] & 5=l d o} 1] 1x-)-9H-
FH-9-2h)-N-v & g Eg}slo| =2 F¢h-2-7Hg Al nbo] = (400 mg, 85.65 %)-S

A ALt

Dol % 3}3t=of w4 Ho]ehi= T )

'H NMR (500 MHz; CDCL3) & ppm -0.61 (s, 3H), -0.16 (s, 3H), 0.15 (s, 3H), 0.25 (s,
3H), 0.71 (s, 9H), 0.97 (s, 9H), 2.93-2.94 (d, J= 4.40 Hz, 3H), 4.33-4.34 (d, J= 3.42 Hz,
1H), 4.51 (s, 1H), 4.72-4.94 (m, 3H), 5.82-5.84 (d, J= 8.31 Hz, 1H), 6.42 (br. s., 1H),
7.03-7.06 (t, J=7.82 Hz, 1H), 7.30-7.32 (d, J= 7.33 Hz, 1H), 7.59-7.61 (d, J="7.82 Hz,
1H), 7.70 (s, 1H), 7.75 (s, 1H), 8.36 (br. s., 1H), 9.42-9.43 (d, J= 3.91 Hz, 1H); 13C
NMR (125 MHz; CDCL) 6 0.00, 1.19, 1.21, 1.40, 23.71, 24.00, 31.53(3), 31.58, 31.78
(2), 35.64, 49.60, 78.09, 81.25, 92.53, 95.48, 100.56, 127.30, 132.72, 136.34, 142.44,
142.61, 146.64, 146.79, 154.27, 158.70, 160.96, 175.92; mp = 80-84°C.

@A 7
(28,5R)-3,4-T} 0] &} o] =5 A]-5-(6-(3-0} 0] & =W o} 1) -9H-F21-9-2)-N- W &
Bl Eg}slo] B B2 F a2 I g Alnfo] = (20)9] A&

F7] @A 6ol A A2 F3HA 3F3HE (65 mg, 0.08 mmol)-S A4 715 ol A
S5 THFO 91 ¥ B EH-El ot = 22 ¢} o] = (TBAF) (0.44 mL, 0.43 mmol, (1
M &9 THF)E 27} t} 8- A 2o A 1A} B oF niukgit} vk-g-of 9428 &9l

d

i E N EELLCEE EERL BN
5518

(28,5R)-3,4-t} 0] 8} o] =5 A]-5-(6-(3-0F0] & Lol A o} ] ). 9H-5F- #1-9-)-N-1| &
B Eg}d}o] = 2 55 - 2-7H3 Alko] I (52 mg, 95.45 %) S A AT}

Aol 7l 3}3= 9] ¥4 Hol et v

'H NMR (500 MHz; DMSO-dq) & ppm 2.70-2.71 (d, J= 4.40 Hz, 3H), 4.14-4.16 (t,
J=3.91 Hz, 1H), 4.31 (s, 1H), 4.57-4.60 (dd, J= 11.73, 6.84 Hz, 1H), 4.67 (br. s., 2H),
5.56-5.57 (d, J=6.35 Hz, 1H), 5.72-5.73 (d, J= 4.40 Hz, 1H), 5.96-5.97 (d, J=7.33 Hz,
1H), 7.09-7.12 (t, J= 7.82 Hz, 1H), 7.35-7.36 (d, J= 7.82 Hz, 1H), 7.56-7.58 (d, J=7.82
Hz, 1H), 7.72 (s, 1H), 8.29 (s, 1H), 8.42 (s, 1H), 8.53 (br. s., 1H), 8.85-8.86 (m, 1H); 13
C NMR (125 MHz; DMSO-dy) & 25.81, 42.74, 72.56, 73.49, 85.09, 88.26, 95.06,
120.42, 127.11, 130.95, 135.86, 136.13, 141.17, 143.10, 148.70, 152.94, 154.86,
170.34; mp = 178-182°C.

@A) 8:
(S)-3-3F0] = A]2-((R)-2- 3} 0] Z 5 Al - 1-(6-(3-0F0] & =Wl A o} -)-9H- ¥ -9-
A yol ZA])-N-v| & 32 2 Jolnfo] = (12) 9] A=

A7 @A 7ol AlxE FHA 3EHE (52 mg, 0.10 mmol)S A A] o] 12] w7



37

WO 2015/009008 PCT/KR2014/006354

[320]
[321]

[322]
[323]
[324]

[325]
[326]
[327]

[328]
[329]

[330]

jus

56 sdg i o ® A xshe] V] 54 3hehE (35 mg, 83.33 %)= AU

dolxl 319h= o A Holeh= v

'H NMR (500 MHz; DMSO-dg) 6 ppm 2.35 (s, 3H), 3.5-3.6 (m, 1H), 3.72-3.74 (d, J=
9.29 Hz, 1H), 3.86 (br. s., 1H), 4.00 (d, J= 4.40 Hz, 2H), 4.66 (br. s., 2H), 4.99 (br. s.,
1H,exchangeable with D20, OH), 5.21 (br. s., 1H,exchangeable with D20, OH), 5.87
(br.s., 1H), 7.08-7.11 (t, J="7.82 Hz, 1H), 7.35-7.36 (d, J= 6.84 Hz, 1H), 7.56-7.57 (d,
J=6.35 Hz, 2H, exchangeable with D,O, NH), 7.71 (s, 1H), 8.22 (s, 1H), 8.30 (s, 1H),
8.37 (br. s., 1H,exchangeable with D20, NH); “C NMR (125 MHz; DMSO-dg) 6
25.53,42.81, 61.98, 62.26, 80.30, 84.62, 95.09, 119.43, 127.11, 130.91, 135.81,
136.16, 140.19, 143.31, 149.79, 152.98, 154.66, 169.42; HRMS (FAB) m/z calcd for C
18H21INgO,4 [M+Na]* 512.0669, found 535.0578; mp = 176-182°C.

A Al 4

Az 4: 5}8H2] 219] 3}15HE
((R)-2-(2-3}0] =5 Al-1-(6-(3-0f o] . = dll A o} 1] 1) 9H-F & -9- U)ol F-A] ) 2 2 7t
1,3-Tho] & )9l A4}

| (P,l |
:jh[H NH E

é‘fu NaOMeMeOH, QSN __sowacon

NP Vield=9260% o N Nf'J " Yied=7695% %r\)

BzO- HO
HO'
o, 0 [0}

P > HO OH

16 ; | 22 23
NH

8
NaiO/NaBH, ﬂ, ' N

MeOH: H,O Hi
Yield = 80.15%
HO H

21

g2 A1 4

A 1: ((3aR,4R,6R,6aR)-6-(6-(3-0} 0] 2 -l A o} 1] 1) 9H-5F 2 -9-21)-2, 2-T} 9]
g g Egslo] = 2 F2[3,4-d][1,3]th0] &E-4- ) eFE- (22) o] Al &

e 18] @A 20| M A z2¥ T A 3= (1.73 g, 2.75 mmol)= A A[ ¢ 39
@A 59 Fd g I o' FhA B

((3aR,4R,6R 6aR)-6-(6-(3-0} 0] & =Wl A o} 11| 1) 9H-F 21 -9-)-2,2-1} o] &l

] Eg}alo] = 2 2[3,4-d][1,3]t}0] & 2-4- ) ¥F-2- (1.04 g, 93.69 %) A AT
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[331] Ao s}3HE o w4 dlo|el= a3 2ok

[332] 'H NMR (500 MHz; CDCly) & ppm 1.36 (s, 3H), 1.63 (s, 3H), 3.75-3.80 (t, J= 11.24
Hz, 1H), 3.95-3.97 (d, J= 12.71 Hz, 1H), 4.52 (s, 1H), 4.79 (br. s., 2H), 5.10-5.11 (d,
J=4.89 Hz, 1H), 5.19 (br. s., 1H), 5.82 (d, J= 3.91 Hz, 1H), 6.58 (br. s., 2H),7.01-7.04
(t, J=7.82 Hz, 1H), 7.29-7.30 (d, J= 6.84 Hz, 1H), 7.58-7.59 (d, J=7.33 Hz, 1H), 7.69
(br. s., 2H), 8.33 (br. s., IH); “C NMR (125 MHz; CDCl,) & 25.24, 27.66, 29.65,
63.36, 81.68, 83.03, 86.12, 94.26, 94.54, 113.93, 121.24, 126.80, 130.32, 136.52,
136.58, 139.71, 140.72, 147.66, 152.73, 154.94; mp = 72-76°C.

[333]

[334] A2
(2R,38.4R,5R)-2-(8} 0] =5 Al | €)-5-(6-(3-0F o] & 5= dll A o} 1] 1)-9H- -+ -9- ¢!
B Eg}slo] =2 Fe-3 4-tho] & (23)9] Al

[335] A7 @A 1914 Al z=¥ F1HA 3F3HE (250 mg, 0.47 mmol) <= 80% o}xﬂ
(250 mL)ell =<1 3 100 °Coll A 12A] 7F FoF 71 3153k}, vh-8-of 944
gelgh 2wk g 7het F ot 7 (4x50mL)g 7He oh2 7t %3}04
Aol AALS A g gvtE gy & Fashe] 5714
(2R,3S,4R,5R)-2-(8} o] EFA W &)-5-(6-(3-0F o] & 5=l A o} 1] 1)-9H- 7 71-9-<
H Eglslo] =2 F#-3,4-1}0] £ (177 mg, 76.95 %)= Atk

[336]

[337] Ao s}3HE o w4 dlo|el= a3 2ok

[338] 'H NMR (500 MHz; DMSO-dg) & ppm 3.56 (br. s., 1H), 3.67-3.69 (d, J=10.27 Hz,
1H), 3.97 (s, 1H), 4.16 (s, 1H), 4.61-4.67 (m, 3H), 5.17 (d, J=2.93 Hz, 1H,
exchangeable with D,O, OH),5.35-5.36 (t, J=5.38 Hz, 1H, exchangeable with D0,
OH), 5.43-5.44 (d, J=5.38 Hz, 1H, exchangeable with D,O, OH), 5.89-5.90 (d, J=4.89
Hz, 1H), 7.09-7.11 (t, J= 7.33 Hz, 1H), 7.35-7.36 (d, J= 6.84 Hz, 1H), 7.56-7.58 (d, J=
7.33 Hz, 1H), 7.72 (s, 1H), 8.21 (s, 1H), 8.39 (s, 1H),8.45 (br. s., 1H, exchangeable
with D,0, NH); 3C NMR (125 MHz; DMSO-dq) & 42.69, 62.08, 71.06, 73.97, 86.32,
88.42, 95.09, 120.24, 127.08, 130.91, 135.81, 136.16, 140.47,143.22, 149.00, 152.76,
154.79; mp = 174-178°C.

[339]

[340] w7 3
(R)-2-(2-3}0] =5 Al -1-(6-(3-0o] L =Ml A o} 1] ) 9H-37 = -9- A ) of| F- A )2 2 -
1,3-tho] & 219 A=

[341] F7] A 204 A 2H F3HA 8FEE (77 mg, 0.15 mmol)-S A A] o] 12] ©H7
5¢F FAgt P o ' A xslo] 4] 5431k = (62 mg, 80.51 %) A AT

[342] Ao s}3HE o w4 dlo|el= a3 2ok

[343] 'H NMR (500 MHz; CD;OD) & ppm 3.42-3.44 (d, J= 5.38 Hz, 2H), 3.54-3.58 (m,
1H), 3.65-3.68 (dd, J=11.73, 5.38 Hz, 1H), 3.75-3.78 (dd, J=11.73, 4.40 Hz, 1H),
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[344
[345
[346
[347
[348

—t e e e e

[349]
[350]
[351]

[352]

[353]

[354]

[355]
[356]
[357]

4.01-4.02 (d, J=5.38 Hz, 2H), 4.53 (s, 2H), 6.04-6.06 (t, J=4.89 Hz, 1H), 7.07-7.10 (t,
J=7.82 Hz, 1H), 7.38-7.40 (d,J=7.82 Hz, 1H), 7.59-7.60 (d, J=7.82 Hz, 1H), 7.76 (s,
1H), 8.27 (s, 1H), 8.29 (s, 1H); *C NMR (125 MHz; CD;0D) 6 42.88, 60.80, 61.25,
62.76, 80.26, 84.02, 93.52, 119.00, 126.44, 129.93, 135.90, 136.10, 139.65, 141.72,
148.97, 152.52, 154.53; HRMS (FAB) m/z calcd for C;;H,INsO, [M+H] " 485.0560,
found 486.0625; mp = 72-76°C.

of ek Alf ofdld XA o] &5 &<l

- A g o] A = 260g~300g2] -7 Sprague-Dawley |l ¥ F & Charles River
LaboratoriesAHSeoul, Korea)ol| 4] &3 Wo} 20°C 4 =9 A% W gk59]
FA HHA 124172 jE-st 52717 A S A g ¥ 3= ARS A W ol A
ALkl gk xqur HHERE Fa A7 = Hol g g Sk o,
B2 A2 07 Fa3Fth NIH 7] 5= (NIH Guide for the Care and Use of
Laboratory Animals) 2 ¢ %] 2](Korea University Institutional Animal Care & Use
Committee) 5 ¢! aholl 5~ = o}

5-2: S AA &

Datai= means+SD & YEF L o, Z-A1 4 Q1 §-2] -2 Kruscal-Wallis test 2
Mann-Whitney U test® 73 % 3} % T}, (% % % P<0.001, % % P<0.01, % P<0.05;
o 2= 2 72 4 <1 2Fo]). N=5~11

5354 w5 0% AR wdel Axt D A ) A4 A EFA A4

Y

AA 6] 1A 4ol A AT A RS T RES] T4 HHDE A

B2 8916}7] glate] EHo) AR WS SEaho] o] 9} Lol AR L
813} % o} (Belayev L, Alonso OF, Busto L, Zhao W, Ginsberg MD. Middle cerebral
artery occlusion in the rat by intraluminal suture. Neurological and pathological
evaluation of an improved model. Stroke. 1996 Sep.; 27(9):1616-1622; discussion
1623).

7F2=¢ll 3% isoflurane 0.5 U}z Al 7] a1, vhEH & 5 A A] A T}
S =g s Bk AR S g M 37.0~37.95 2 F2| 53Tt

A
e

& " (internal carotid artery) 2] -4 S Z-H 19mm<| probe(4-0
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[358]

[359]
[360]

[361]
[362]

[363
[364
[365
[366
[367
[368

e e e d e

[369
[370
[371
[372
[37
[374
[375

|O8)
e e e d e e

[376]
[377]

oo
°
1

>

.y
i
ot
I

2 ol 1ge] 52 HHE RISl 2 8%
(right sheath endovascular middlecerebral artery occlusion)®l|
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v 2 235 N,02F 0, £37F~0) 3% isoflurane 2. 5
| T}, vl E ¥ 2~(rat brain matrix, Ted Pella, Redding,
CA)E o] &3} HEW HAA 2mm)S Al o= (2%
EgidyEGE S Jak A vk = 8] 3], St. Louis, MO) 30571 370C0l) A
AAEFA T 4% S EF LB = (pH 7.4) 2 1S 44 0 & 22U 30%
sucrose at 4°Coll 4| 30% ==L & 2~(sucrose)l| 4] T A R.Z A Zit}. Bg1n}e]
+4mm(A ) D -6mm(FEH) Alol o] Al A H S HoA]
32 22 713 (OPTIMASS. limage analysis program, BioScanInc. Edmonds, WA) 2. =
=74 shgit.

FZE5 (%) = (A-B)/B 100

A. 7} coronal sliceol| A & & o] #-H¥ th = §F+-2] &% (mm?)

B. Z} coronal slice®l| A 34} o 3 WE--2] 8-4] (mm3)

i e

o
5,
Nt
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>
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it
e
]

o

:

NAAFEA A 5D F 24212 Foll SR, AP £ JES
thgol /el wheh 34 AU 2 Bohsslh

Normal grade 0: no observable deficit

-

Moderate grade 1: forelimb flexion
Severe grade 2: decreased resistance to lateral push
(and forelimb flexion) without circling

grade 3: same behavior as grade 2, with circling

04: A& Hols Im?loll A& oL 5 v, F F dd2 Hol &8 Tl A

W} (4 7).

13: A2 o) E ImSol g2 a5 o], 771 8% ks i)
2402 Ao mel g g o)A A% o FEYA dom Y o,
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[378]

[379]
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[384]
[385]
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[386]
[387]

[388]

[389]
[390]
[391]

H]aho] &= A A 8] v g 82 Bl a0 5 A o=, 2174 9554
AAE e Aat, = 1dell vebd vk} o], Bl 5o 3 (Control) ©] 1

$-5de A sl ol 3 BETF =
L+E1m4+ oo w2 A e ol Y f A Kool A4S A H St
1.5 08t 3| P Q& Q15 &4 214 35 Fdo] Ao vhebbA] AL &40]
w9~ w)okgh A = eyt

ob-&-¢], Fo Arol e mad ApolF o] A=A FRlstr] f15to],
FE-S4mg/kg QmgkgH 23] Fol)o] fako g Al ] Fabste]l AP L FE

A, =20 vebd upef o], A Hodbgof] whE A3k ol =47t
H] 5] 5 (Control)> =& F&fl ofull =41 A3 2]l A1E adA= defzl
CI-IB-MECA¢®] H]3}o] §-2] 24 0 & =408 AAA IS elst 4= ) =
2a:= 7F 1o Y 54 Zelo)| A5 FYd Aow B uhgo] upE Algfal
ot =4 E g iAo Ry o] # 8
Sas Bl E 2b3= 7 1o AN A S ATz Ued Ao B
v o) whE Al gf gk o} ey -5 A F-of 7o A H] Fo] 7 (Control) ©| L
CI-IB-MECA Fo]:tol| B3t A A|3] F g4 o] vhofom o5 REa=
AREEE 23 5 2coll YER BFS} o], CI-IB-MECA 7o o] B] 5o 1o
H e A = FE 88 W a3 537 V)= st 2 g ol whE obdld = A
E o] 320] CL-IB-MECA 5-¢] 3ol B8} & A ]3] she RLES S oS
T AN of22], A B B F A AAE S A, & 2del] YERd )
H) Fo] 3% (Control) ©] 1} CI-IB-MECA 5-o]-9] 74-9- 3] & 0 =& <13k A1 7
Aol 4ol ALt = et o), & o) wE L
Folarel Ag- Ha T2 0)et R 5] 0= Qlg EAfo] iAo g o
A o 2 VEFSTE CI-IB-MECA o9 A5 Tl A& (AT Fo 52
AUl AN 9 A glo] A A8 A o) o] v T a3 A o] zlol 7t gl
ANAES Y F2A A & Bl o i FrAFSE 4o A E BT o]
Hhaho] Hodbof whE ol A= ol A 2ol A aglo] 4mg/kg 2mg/kg
23] Foyo] vhe SR AL £ & W& AA a5 BYS FAT 5 S

ofe]] ¥ g o] whE ofeld F A= H
WAlehE e n® HESI S F
FA A &5 AHEE T S F4

5-5: A9t obelld FA o] M & el 9 AR 8% &1l ()
& ol uh obEld f LA o] &=l 2

5-39] Sads| e

ofeld 1A (5}8H4

8} 2
10mg/kge] 50 2 Hul Folgt o A}7] A A|of 5-32] Wi ol ule} A B3 &
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[392]
[393]

[394]

[395]
[396]
[397]

[398]

[399]
[400]
[401]
[402]

[403]

25171, A A ) %514 7 A}
B] 5o st o] U,

il
ol

35k o} oAt 2+ (Control)<

1 A3, 5 30l YEbd vhef o], AWl o] g 7 g0l i B g of) whE o}
Fr A=, 8] 5o (Control)ol] H]8}o] -2 2] 0.7 W =4k 7] 7
3ai= A th 2t (H] o ?L)/l W Eefol 25 HYPT o R
g ol whE ot °E?<ﬂ $H7AG- eH o2 s o] iy
o 3 ko] &-A o] g EOJE} A G2 (5 3b), FEE(5 30) B
278858 QAL (& 3d)ell A AT B A of] ufE ob el £ 5 A
H) 5o 2ol H]aho] -] 5hA] v &40 A

ofof] ¥ o] Wk ol F 5= TV EF R G FALR Fol gt

=g A WA Sk maTE e nEg HEFY
Azhol A5 W g oA 2 788 AHEE e

v e wt ol ot
AT 48 5o YEbd nfe) o], M E s #
12A] bR o] ol a7 1t H3= 1047 R 184 R - Fo 3 79 W 2 i o]
uhE oFdld 5 A) 3=, ¥] 515 (Control)°l] Bl 8Fo] -9 4 2 & 1 E40 &
BAaAZAY & 4a 2 5 Sa= A9 ) 27H F ©
2 g Blolan, E4b 2 = 5hiE AN EA S, a4 E
5 5d= AP BT AAE A 3E YERIG,

xfap) Sletel Bhgst ge A9 78l

2 A 538 FaME e S e A A5 S8 Ao B el
whE A5 obe ) f A (34814 59 BHEHE)S 3 AIKE T A b o) e ol
%, AR AR ) Abel 43) FES AT ol gar (o Fol = R e
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FolshA] B, 320 AA AEES Gt ol o= 4 A AT
F-o] 82 7 2mg/kg® oW, At (Control) H] 5o o] o,
[404] 1A, % 6acll WERG B9} gho], 22 o] A e 77}
H] 5o s (Control)ol] ¥]3te] 4 5-& g1 5= AT} & 7at= 32U A

gefo] 225fe] B Ao,

[405] ob-=z ], & 6boll LFEF uhe} o], F dbrg o] whE ol Hld A 7F Fof Hl
ol A oA o = A4S I F AT

[406]

[407] ol e A A= & ol whE shetE H o) 9 ofstH o= § 8T %
Aol HESFE A msE a7 S HEE A o=, oo HYA = Az
o ul R X 58 22 Fast 283 AL S AA ET

[408]

[409] A Al 7

[410] sl7]e) H g o] e Aok A =9 AlAldE A ey, &
o] & gt ara} §hol opd \hA] A A o' A starst gholth

[411] A A o 1. 2bA 9] Az

[412]  3}3FE 5200 mg

[413] & 100 mg

[414] -1 10 mg

[415] A7 AREEES Z8sta 7 Lol FXlste] A& Az $k

[416]

[417] A A o 2. A o] A&

[418]  ¥}F= 11200 mg

[419] S 100 mg

[420] & 100 mg

[421] "ol A mF 1Y 4 2 mg

[422] A7) ATES e T S A Y AxHHel wheba ebgste] GAE
A 23T},

[423]

[424] A A o 3. FFAA o] A&

[425] 3}3HE 12 200 mg

[426] A AEZ Q22 3mg

[427] HEQ 2 148 mg

[428] n1Y|E 2HoLH Ol E 0.2 mg

[429] T3 AR Aol wpet 4] o] AR Eetal Aetel Aol
FAsto] FHAA & A £ E

[430]

[431] A A el 4. F=AFA o] A 2=
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[432]  3}3H= 5200 mg
[433] 7= 180 mg
[434]  FAME EHA T 2974 mg
[435]  Na,HPO,12H,0 26 mg
[436] Tkl FALA 9] Az
A 23T}
[437]
[438] A A o 5. AA 2] A2
[439] 3}3h= 21 200 mg
[440] o] d3ld 10 ¢
[441] THE5g
[442] A A =
[443]
[444]
e A ke v
AATE
Az gkt
[445]
[446] A A e 6. 717 A1 F o] Az
[447] 3}gh= 51000 mg
[448] H bl 235+ 5 2 5
[449] HIE}FRL A oAl B o] E 704
[450] H] B E 1.0mg
[451]  H|EY1 B10.13 mg
[452]  H|EFYI B20.15 mg
[453]  H]EFEI B6 0.5 mg
[454]  HEFYI B120.2 ug
[455] HIEFT] C 10 mg
[456] H] ¥ 10 g
[457] Yz e dtolu] = 1.7 ng
[458] A4t 50 ug
[459] FERA 27 0.5 mg
[460] TR EFE AT
[461] SAbA1E 1.75 mg
[462]  AbZ}ol<d 0.82 mg
[463] B 1Y 45 25.3 mg
[464] A1 15 mg
|

[465

2

122245 55 mg
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