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Jjaponicum of 1-Methyl-1,2,3,4-tetrahydroisoquinoline Derivatives

b
Fan, Wenhua
%,a,b

Song, Lijun®” Wang, Guping”
Yin, Xuren® Yu, Chuanxin™* Feng, Bainian
(“ School of Pharmaceutical Science, Jiangnan University, Wuxi 214122)
(4 Jiangshu Alpha Biopharmaceuticals, Inc., Wuxi 214122)
(“ Jiangsu Institute of Parasitic Diseases, Wuxi 214064)

Wang, Wenlong®””

Abstract Due to widespread and intensive use of antischistosomal drug, praziquantel (PZQ), there is serious concern that
drug-resistant mutants of the parasite may emerge. To develop novel antischistosomal agents, a series of 1-methyl-1,2,3.4-
tetrahydroisoquinoline derivatives were designed, synthesized, and evaluated for their antischistosomal activity against S. ja-
ponicum in vitro. The results indicated that compound 10 with chloroacetyl group showed better antischistosoaml activity than

PZQ.
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duy ey, D IGIRFE MR L, 22 W L R 2% U R
WA BER KRR, AR, . nf
AT AR 25 25 i 22 A A, RIS F T 9037 KA i 1,
L bk v ] 7 At S0 i o A R AR R R
SrIRAS BT AR, e e e AT R T OB
IAE R, Cch 5w va o7 i W HOms e — A 0697 24
P, T I OO, ST 2 KR
SRR R i W A F R 2R, A s s B i H AR
W R TR 2 AL G S gk S A, i s A
AR AT RE s H EILLL s i i 24 BRVRAT BRI, AR BT RR
7 MR LU AT R i IS DL, K an st SRk )
MW HI 875 6 S 7™ T PR IR M 5 Bk k.

N T B PR dOR 258, AR T I EELL
AT AT (1) A A S5 B R AR
2991 (2) R I 2 TS e B s, T2
Pt B, ()t A R 7R (1 L v T 24 AL ),
YR —A AP HR 259, —J5 i, AATTANE &
Lk s R ik 7)) A= 0 2V FBLARI; 59—, Sk T ikt
i S PRI 24 1 e i, 2 R G [ et nas AT ) 5 A7 i
AT B (K 1), T RER S S5EER SR
(structure-activity-relationships)iff 57, &I T —4&5 B i)
MW AT AR ). T RIS B T Ak b ) i W e e e
g, KA E PRSI s £ ks T2
R s, S, FRIE A R T — S B B H AL
W R P b s I 2 AR ). 51 G 5 M K 2 R R SRR 5T
NP IR ) 10 AREAT R RERIAL, KT R A
FATCARIBE BIME M -, A AL S AR A i L %))
d AR T LTI A PR R RS R 2013 4R, T
I GT /N AL SR SIS I 1 2R R T R SRR
KAWL, KILT L HA R H A g 1R 4k
G, Bk, AT T — RS R LMHET)
NEE I P AT A2, AT IR AR A0 S S P A B AR T ik
U

T 0 R [ 45 A O () R R, R AT
Mo de, ARSCHEWR 1 S 2 MR ) C—
N, WG T 3 1-F3E-1,2,3 4- DU SRR AT
RPN 2), 39 MESY), K42 TH NMR Rl MS 43
HriaRa A, ARSI H s P 0 i 25 R i &
W7 T — 2 H A At R A AR R R A

1 #BR5ite
1.1 BRUEMNERSRIE
AHFCLIKIE T Aldrich [ORFEARILEY 1-HIE-
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Sites for variation of praziquantel

PZQ derivative from Ref. [9a]

Aromatic ring modified PZQ
derivative from Ref. [9b]
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Figure 1 Chemical structure of praziquantel (PZQ) and re-
ported derivatives
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Figure 2 The design of target compounds
BEFRVET R, BiERORY 5L Boe, Bl 553 O HIBE SR
N, f2EMEAY) 2 (Scheme 1). BLEILAY) 1 1E45 57
EDCI fFAEM4AMF NS 1-Boc-4-WRie F R I, 73214k
a3, 2, L BERIRYEE Boe. L5 FA LI I SUR
N, f3EIE A 4 (Scheme 2). SEILAWI 1 43 B EHEE
OIS RIS Wy RS IO R R
W DA S S S B SR AT RS 5~10 (Eq. 1). BB,
TR PR 2 R A LB, 52 E% 11 (Eq. 2).
i3 'H NMR ORI MS %5 5347 775 BT 6 A & i A7
THRIE. H NMR 35 E d, Y50k 1-FJE- 1,2,3.4-D0%
SEMEWRR 2 A7 (R GRS AR AT A B B, AT AR
AR B T LURHE A (1) 147 C L SEAE S BIE o

PZQ derivative from Ref. [10]
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BHlLE

R ek

1.4 F1 1.5 Pz B EL A4 d i, 85520k 6.8 Hz, By
Lefgl 122, (2) 247 C L CHAE 6 5.7 AT 5.1 Bt B
PIZH q U6, BEH B 6.8 Hz, BUMELHI A 2 1 1; 3%
1347 CHy A 4 437 CH, LA S F BRI - 1) S A AH N1
LN N Ry, Fisk b, MRS, (A
5 P R SR AR (rotamers) IR, MS [, B
HIAE I T MA-1]"1.

(0]
NH NHBoc
a N b, c
1 2a
(0]
NJH
HN

(0]
2

Reagents and conditions: (a) BocNHCH,COOH, EDCI, DMAP, DMF,
87%; (b) TFA, DCM, 100%; (c) cyclohexanecarbonyl chloride, Et3N,
DCM, 80%.

Scheme 1

(0]
NH a N b, c
E—— NBoc ——
1 3
(0]

Reagents and conditions: (a) 1-(tert-butoxycarbonyl)piperidine-4-car-
boxylic acid, EDCI, DMAP, DMF, 62%; (b) TFA, DCM, 83%; (c) cyclo-
hexanecarbonyl chloride, EtzN, DCM, 32%

Scheme 2

1.2 EYEMENR

RSN HOEPE VRN I 45 R e 1 Fos. Lhignit
WA I RO T ER A 2 sk, WT AR, 1424 2 2 [)
1) C—N BEWIZL, SMLAPPTi g s AR, A
Yy 2 JUREAE I R O BRAR, T AT S R
Boc LA IRAE IR EML &4 1 AR+ B, B
WAL E 3. A 3 HBEAE R E 100 pmol-L ™' RHL
AR5 1 PRI VAR TR . W S A9) 3 IR 2E Boc
B 0 O R Ak &4 4, LR B AR ()35
FIXFEY 3 AT m, (HAEBA IR JEPE. &
I R R A 1 R IR T b, PRk
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acyl chloride, EtzN, DCM, 22% ~ 70% )
or isothiocyanatocyclohexane, DCM, 90%
5~10
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H © Cl
N

2-chloroacetyl chloride MeOOC\@
EtsN, DCM, 75%

MeOOCU

@)
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EY5. AW S AEEIEE 100 pmolsL ™' R, 4ABL T —5&
FHGEYE, M TS 24, Pl dun v B
. LAY 5~7, SIRCIERIEY 5 1E 50 AT 100
umolsL ™" FEIL T H 5 (1 BRI ORI HOS I, 1 5 05 7
A 6 AT SRIT 55 KRR sk v, DR
FEAL A 1 IR BB NTS AR FAL AP % g
FIFE s, LA 1 Rl 5N IR IR i 334 8 hlib
A8, HLAE 100 umoleL ™' R, FIL T iR AL AW S IR
HUETE. AW 1 I LS CBEE R AL AY 9,
7E 100 pmoleL ™", %AW EA R IURRERI R HUE
P HEERE, a1 i ESINE SRR Rk
B 10 CCERI2HRIEIZA A Y HA R ERE ), HE
BT AT E M R (0 BRI R R E, 7 3 pmoleL ' IR
', 72 h)G, A 40%H I I T AR, A5 60%(1)
MW HBET, 5 3RAT 2 BT RE A A is PEAR 0.
2 b, W OBREE S H P — S A R, Bl
n, AR YR T RIR =) Fumagilin [F14¢/IH8
254 TNP470M . FRATTH IR T & 4R LB HO B i i
Wb, RBLLE 25 pmoleL ' WKIE R, 72 h 5, FUEIN 30%
P00 o R L IO R R BRI ¢, A HH I At W AR T 4
B, DO LR TR 1 BRI N % R il W PP v M L
55, KRR TP OB E B A 11, B 11 4
25 pmoleL ™" ¥RE R, 72 h JiF, i g AR T R R
YER, ® IR a5 B, eIt 11 1R RRS5E
IR M B PE L 59, DL X se 4 )20 1
FINGE LB B 10 B R T Bk () 5 B M 24 3%
B, HHACBEARG R RRANK, LR R
BLHIEERFFEZ .
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Table 1 Antischistosomal activity on S. japonicum adult worms in vitro by compounds 2~11

R
N
2~10
) 24h 48 h 72h
% e 5 N = 5 S v - ST v =t
WwEY) R (mol+L ™ RS AETA IEIWERE BT WS IRERREE T4
Y N 7N 0
BE O OEE W% RE O OEE W% RE  HE
1640 — 8 0 0 0 0 0 0 0 0 0
1% DMSO — 8 0 0 0 0 0 0 0 0 0
10 70 70 0 6 1(143) 0 4 4570
25 9 0 9 0 0 8 1(11.1) 0 5 4(444)
PZQ 50 9 0 8§ 1(1L1) 0 6 3(333) 0 4 5(55.6)
100 8 0 5 3375 0 4 4(500) 0 3 5(62.5)
Q 50 10 0 0 0 2 2 0 0 4 0
2(1
o) 100 10 1 0 0 4 0 0 2 300
_Boc
N 50 8§ 0 0 0 0 0 0 0 10
3[1
\O 100 8 1 0 0 0 1 0 0 1 0
o)
50 8 2 0 0 3 0 0 0 6 0
N
44
I 00 8 1 0 0 3 0 0 0 4 0
50 CR) 0 0 0 300 0 2 0
50
i 100 8 1 0 0 0 4 0 0 4 2(25.0)
50 9 0 0 0 1 0 0 0 0 0
6a,c
i 00 9 0 0 0 2 0 0 0 0 0
T 50 8§ 2 0 0 2 0 0 3 0 0
74 ;s
o 100 8 1 0 0 1 0 0 0 0 0
§ 50 9 6 0 0 0 0 0 7 0 0
g i @
S 00 7 0 70 0 0 3429 0 2 5(71.4)
g N 50 0 0 0 0 0 0 0 0
o) 100 0 0 0 0 0 0 0 0
1 70 0 0 0 0 0 0 10
3 0 10 0 0 0 7 3(300) 0 4 6(60.0)
10 T 5 8§ 8 ) 0 5 3375 0 1 7(87.5)
o 8 8§ 0 0 8(100) 0 0 8(100) 0 0 8(100)
10 8§ 0 0 8(100) 0 0 8(100) 0 0 8(100)
25 9 0 0 9(100) 0 0 9(100) 0 0 9(100)
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A MR ER
e 24 h 48 h 72 h
EY R (moljf ) SFHOGR IR A WHRERE g WSmERE B2 K
Mz N 7N ()
RE OB K% BE ERE % RE B -
50 8 0 0  8(100) 0 0 8(100) 0 0 8 (100)
100 8 0 0  8(100) 0 0 8(100) 0 0 8 (100)
o 10 8 0 0 o0 0 0 0 0 0 0
e TIAC' 25 9 0 0 0 0O 0 0 0 9 0
'V'GOOCU 50 8 0 2 7(87.5) 0 0 8(100) 0 0 8 (100)
100 7 0 0  7(100) 0 0 7(100) 0 0 7(100)
4 50 pmoleL " VFELL FALAT R BUBRSLI A EE, B T 3, BUSGT "4 10 pmoleL T AL 100% (1) 4% Bk, WIAHE RIS 1 pmoleL ', Jf

BEIEES 3, T, AW h SCikikiE i &4
2 4t

W ff A s A 1 2 A, AT G 1-H
$5-1,2,3 4-DUE S HER (D) A B GG J5ORE, 76 2 £ ikt b
FINAFMEEEE, AT 9 ANEARH S F a2 b
Wtk &, oSS OB 10 AR Ttk
s A (1 % 0 R AR s, T DA S I R AR H AR .
W 2 58 RS ).

3 WEH

U5

'H NMR fl BRUKER AVIII-400 %42 3E4R A
E(TMS I ¥R, CDCly i1 DMSO-ds J¥%51); ESI-MS
] Waters Micromas Platform LCZ B3 AH 813 i Bt
1%; ESI-HRMS JI] Waters MALDI SYNAPT Q-Tof Jiii
A ARSI AR 08K CP 4%

3.2 HEMMERK

32,1 N-[2-(1-F £ -3,4- = S sk -2(1H)- 5£)-2- A
R GHE-FR T T BLAE) 86 %,

FEEAT N,N-H I H i (DMF) (20 mL)I¥ [ iK%
R, AL S 1 (1.98 g, 13.5 mmol), EDCI (3.89
g, 20.3 mmol), 4- — FIE L L EE(DMAP) (033 g, 2.7
mmol), Boc-H & (2.36 g, 13.5 mmol), & i+ TCL
W2 f v 5E e, RN LR LBEFRFE(200 mL), /K
VEJG (50 mLX6), T-fHH 5 2a (3.55 g, 87 %). L&
2a (3.55 g, 11.7 mmol)¥% T — & H Hi(DCM) (40 mL)H,
BE G NN =4 L FR(TFA) (10 mL), F ¥ HHE 2 & W 45
W, OFIBR PR ANV A K RN, 7KAH A DCM (100 mL X
VA, WG TR, A3 A44(2.38 g, 100%). K i) f4
(2.38 g, 11.7 mmol)¥F T DCM (10 mL)*, VK &1 F K
PN CLE R A((1.34 mL, 10 mmol). = Zfi%(2.09
mL, 15 mmol) /&, wiHiHE. RN IEE G, Sfaii
[VCAEE) © MR OB =3 11f3F A0k 2 (2.94 g,
80.0%). '"H NMR (DMSO-d, 400 MHz): mixture of 2 ro-
tamers J: 1.18~1.36 (m, 5H), 1.40, 1.53 (each d, J=6.8

3.1
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Hz, total 3H), 1.65~1.77 (m, 5H), 2.23~2.29 (m, 1H),
2.72~2.98 (m, 2H), 3.07~3.14, 3.46~3.53 (each m, total
1H), 3.83~3.88, 4.43~4.46 (each m, total 1H), 4.02~
4.09 (m, 2H), 5.14, 5.47 (each q, J=6.8 Hz, total 1H),
7.18~7.28 (m, 4H), 7.82 (t, J=6.4 Hz, 1H); “C NMR
(CDCl3, 100 MHz): mixture of 2 rotamers, major (M) and
minor (m) J: 21.7 (M, CHj3), 22.9 (m, CH3), 25.7 (M, CH,),
25.8 (m, CH,), 28.3 (m, CH,), 29.0 (M, CH,), 29.6 (CH,),
35.6 (m, CH,), 38.8 (M, CH,), 41.3 (m, CH), 41.5 (M,
CH), 45.2 (CHy), 49.2 (M, CH), 51.0 (m, CH), 126.5 (m,
CH), 126.6 (M, CH), 126.7 (CH), 126.9 (M, CH), 127.0
(m, CH), 128.6 (M, CH), 129.2 (m, CH), 132.9 (M, C),
133.6 (m, C), 136.9 (m, C), 137.9 (M, C), 166.5 (C), 176.1
(m, C), 1762 (M, C); MS (ESI) m/z: 315.5 [M+H]";
HRMS (ESI) caled for Cj;oHyN,NaO, [M + Na] *
337.1886, found 337.1840.
322 4-(1-F 3-1,2,3,4-v9 &7 obh-2- 5 2 )9k 72 - 1-
R ERAR T B BE (3) 894 A%,

1E%¢ 4 DMF (10 mL) ) BEREH T, KO
¥1 (0.5 g, 3.4 mmol), EDCI (0.98 g, 5.1 mmol), DMAP
(80 mg, 0.7 mmol), 1-Boc-4-WkiE FH(0.78 g, 3.4 mmol),
WEE, TCL WA R Ve he, RINVIRE LR LB
(250 mL). 7K¥E(50 mL X 3). 2 mol/L HCI Fa¥k, T
B 3 (0.76 g, 62%). "H NMR (CDCls, 400 MHz)
mixture of 2 rotamers J: 1.42, 1.58 (each d, J=6.8 Hz,
total 3H), 1.46 (s, 9H), 1.62~1.74 (m, 4H), 2.68~2.95
(m, 5H), 3.01 ~3.09, 3.49~3.56 (each m, total 1H),
3.89~3.94, 4.67~4.70 (each m, total 1H), 4.11~4.18 (m,
2H), 5.05, 5.65 (each q, J=6.8 Hz, total 1H), 7.10~7.21
(m, 4H); “C NMR (CDCl;, 100 MHz): mixture of 2 ro-
tamers, major (M) and minor (m) J: 21.6 (M, CH3;), 23.7
(m, CH3), 28.4 (CH3), 28.5 (M, CHy), 29.0 (m, CH,), 29.8
(CH,), 35.2 (CH), 38.9 (M, CH,), 39.0 (m, CH,), 39.3 (M,
CH,), 43.3 (m, CH,), 48.6 (M, CH), 51.8 (m, CH), 79.5
(C), 126.3 (m, CH), 126.4 (M, CH), 126.5 (M, CH), 126.6
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(m, CH), 126.9 (m, CH), 127.2 (M, CH), 128.5 (M, CH),
129.3 (m, CH), 133.0 (M, C), 134.4 (m, C), 137.5 (m, C),
138.7 (M, C), 154.7 (C), 172.7 (M, C), 173.1 (m, C); MS
(ESI) m/z: 359.4 [M+ H]'; HRMS (ESI) calcd for
C,H30N,NaO; [M+Na]" 381.2149, found 381.2118.
323 (I-FAR Tl A -gkow-4-)-[1-F AL-34- =5
FEAR-2(1H)-25]- F BRI (4) 89 6 A%,

BAEY 3 (2.0 g, 5.6 mmol)iF T DCM (25 mL)H,
VK RN = L6 mL), WL BReE & N AR,
BB SN i 75 pH {E 2 7, 4 DCM/MeOH (V/V=
SIMIRA (00 mL)AEIAFHA1A(.2 g, 83%).
HA£(0.6 g, 2.3 mmol)# |- DCM (5 mL)H, vk 411
FARAIR 2 IE FEE(301 uL, 2.3 mmol))5, H#iELBHE.
SRV 5E i, BRVEAR L R 4 (027 g 32%). H
NMR (CDCl;, 400 MHz): mixture of 2 rotamers J: 1.20~
1.30 (m, 4H), 1.43, 1.58 (each d, J=6.8 Hz, total 3H),
1.47~1.55 (m, 2H), 1.63~2.08 (m, 9H), 2.45~2.51 (m,
1H), 2.73~2.99 (m, 5H), 3.03~3.10, 3.50~3.57 (each m,
total 1H), 3.90~4.02 (m, 1H), 4.61~4.71 (m, 1H), 5.04
(brs), 5.64 (q, J=6.8 Hz) (total, 1H), 7.12~7.21 (m, 4H);
C NMR (CDCl;, 100 MHz): mixture of 2 rotamers, major
(M) and minor (m) J: 21.6 (M, CH;), 23.7 (m, CH3), 25.9
(CH,), 28.5 (M, CH,), 29.3 (M, CH,), 29.6 (m, CH,), 29.9
(m, CHy), 35.2 (M, CHy), 38.9 (m, CH,), 39.0 (m, CH,),
39.3 (M, CH,), 40.5 (CH,), 41.2 (CH), 44.8 (CH), 48.6
(CH), 126.3 (m, CH), 126.4 (M, CH), 126.5 (m, CH),
126.6 (M, CH), 126.9 (m, CH), 127.2 (M, CH), 128.5 (M,
CH), 129.3 (m, CH), 132.9 (C), 138.6 (C), 172.3 (C), 174.5
(C); MS (ESI) m/z: 369.2 [M+H]"; HRMS (ESI) calcd for
Cy3H33N,0, [M+H]" 369.2542, found 369.2537.

324 (1-FXK-34-—S-1H-FF50k-2- ) -BAKRE-F
BA(5~7, 9, 10)44 5%,

K& 1 (3.4 mmol)¥E - DCM (10 mL)H, VKt
ZME RIS BES (2.8 mmol)J5, HiELERE, TCL Wl
BRPVTERL. AMRVE Bt LA E T a5 45 H A
W 5~17 1 9~10.

NI [1- -3 4- — S M -2(1 H)-JE - HT A (5):
WA AR, P73 54%. '"H NMR (CDCls, 400 MHz):
mixture of 2 rotamers J: 1.21~1.31 (m, 4H), 1.42, 1.55
(each d, J/=6.8 Hz, total 3H), 1.71~1.81 (m, 6H), 2.50~
2.63 (m, 1H), 2.71~2.88 (m, 2H), 2.89~3.06, 3.45~3.52
(each m, total 1H), 3.91~3.94, 4.68~4.71 (each m, total
1H), 5.05, 5.66 (each q, J=6.8 Hz, total 1H), 7.09~7.19
(m, 4H); *C NMR (CDCl;, 100 MHz): mixture of 2 ro-
tamers, major (M) and minor (m) J: 21.6 (M, CHj), 23.6
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(m, CHj), 25.4 (m, CH,), 25.8 (m, CH,), 25.9 (M, CH,),
26.0 (M, CH,), 28.6 (m, CH,), 28.9 (M, CHy), 29.3 (m,
CH,), 29.4 (M, CH,), 29.9 (M, CH,), 30.1 (m, CH,), 35.0
(m, CHp), 39.2 (M, CH,), 41.0 (M, CH), 42.9 (m, CH),
48.4 (M, CH), 51.7 (m, CH), 126.1 (m, CH), 126.2 (M,
CH), 126.5 (M, CH), 126.7 (m, CH), 126.8 (m, CH), 127.3
M, CH), 128.5 (M, CH), 129.2 (m, CH), 133.2 (M, C),
134.6 (m, C), 137.9 (m, C), 138.9 (M, C), 174.4 (M, C),
174.9 (m, C); MS (ESI) m/z: 257.7 [M+H]"; HRMS (ESI)
calcd for C;H,,NO [M+H]" 258.1858, found 258.1721.

[1- 3 -3,4- — 50 5 M MR -2(1H)- ik - A< 2 - T i
(6™ [ {nE A, 73 22%. '"H NMR (CDCls, 400
MHz): mixture of 2 rotamers J: 1.50~1.62 (m, 3H),
2.69~3.80 (m, 4H), 4.80~4.84, 5.78~5.80 (each m, total
1H), 6.89~7.42 (m, 9H); °C NMR (CDCl;, 100 MHz):
mixture of 2 rotamers, major (M) and minor (m) J: 21.6
(M, CHsy), 23.3 (m, CH3), 28.4 (m, CH,), 29.7 (M, CH,),
35.3 (m, CHy), 40.9 (M, CH,), 48.7 (M, CH), 53.7 (m,
CH), 126.6 (M, CH), 127.3 (m, CH), 128.6 (CH), 128.9
(C), 129.5 (CH), 133.0 (C), 136.7 (CH), 138.4 (C), 170.2
(M, C), 170.7 (m, C); MS (ESI) m/z: 251.7 [M+ H];
HRMS (ESI) caled for C;H;sNO [M-+H]" 252.1388,
found 252.1315

[1-F5E-3,4- A EmR-2(1LH)-J5 - WE My -2- 55— F
(7): AtaREE, 72% 70%. '"H NMR (CDCls, 400 MHz) 6:
1.62 (d, J=8.0 Hz, 3H), 2.80~2.84 (m, 1H), 3.06~3.15
(m, 1H), 3.37~3.59 (m, 1H), 4.25~4.44 (m, 1H), 5.46~
5.65 (m, 1H), 7.07 (dd, J=3.6, 4.8 Hz, 1H), 7.14~7.19
(m, 4H), 7.36 (d, J=3.2 Hz, 1H), 7.45 (d, /=4.8 Hz, 1H);
BC NMR (CDCl;, 100 MHz) §: 22.1, 29.3, 40.2, 50.5,
126.5, 126.6, 126.8, 127.0, 128.3, 128.4, 129.0, 133.5,
137.6, 138.2, 163.4; MS (ESI) m/z: 257.7 [M+H]";
HRMS (ESI) caled for C;sH;(NOS [M+H]" 258.0953,
found 258.0889.

1-[1- H 3 -3,4- 5 7 e k-2 (1 H)- 35 1= £ 1 (9)H>:
WA A, F2% 40%. '"H NMR (CDCls, 400 MHz):
mixture of 2 rotamers J: 1.45, 1.55 (each d, J=6.8 Hz,
total 3H), 2.17, 2.20 (each s, total 3H), 2.72~2.95 (m,
2H), 3.00~3.07, 3.50~3.57 (each m, total 1H), 3.78~
3.84, 4.66~4.71 (each m, total 1H), 4.95, 5.65 (each q,
J=6.8 Hz, total 1H), 7.10~7.20 (m, 4H); “C NMR
(CDCl3, 100 MHz): mixture of 2 rotamers, major (M) and
minor (m) J: 21.2 (m, CH3), 21.4 (M, CHj3), 21.6 (M, CH,),
22.5 (m, CHj), 28.3 (m, CH,), 29.1 (M, CH,), 34.7 (m,
CH,), 40.2 (M, CH,), 48.2 (M, CH), 52.5 (m, CH), 126.0
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(m, CH), 126.1 (M, CH), 126.3 (M, CH), 126.4 (m, CH),
126.5 (m, CH), 126.9 (M, CH), 128.3 (M, CH), 128.9 (m,
CH), 132.9 (M, C), 134.0 (m, C), 137.4 (m, C), 138.4 (M,
C), 168.6 (C); MS (ESI) m/z: 190.1 [M+ H]"; HRMS
(ESI) caled for C;H¢NO [M-+H]" 190.1232, found
190.1165.

2- G -1-[1- 3 -3 4- 0 9 Ik -2 (1 H)- JE - 20 T
A0 WA E AR, P73 48%. '"H NMR (CDCls, 400
MHz): mixture of 2 rotamers J: 1.47, 1.61 (each d, /=6.8
Hz, total 3H), 2.75~2.98 (m, 2H), 3.03~3.18, 3.55~3.62
(each m, total 1H), 3.86~3.92, 4.62~4.67 (each m, total
1H), 4.13 (AB, J=12.4 Hz, 2H), 5.01, 5.58 (each q, J=6.8
Hz, total 1H), 7.12~7.24 (m, 4H); *C NMR (CDCls, 100
MHz): mixture of 2 rotamers, major (M) and minor (m) J:
21.4 (m, CHs), 23.3 (M, CH3), 28.2 (m, CH,), 29.3 (M,
CH,), 35.8 (m, CH,), 40.4 (M, CH,), 41.2 (m, CH,), 41.5
(M, CH,), 49.3 (M, CH), 52.8 (m, CH), 126.5 (m, CH),
126.6 (M, CH), 126.7 (CH), 127.1 (CH), 128.6 (M, CH),
129.2 (m, CH), 132.9 (M, C), 133.8 (m, C), 137.2 (m, C),
137.9 (M, C), 165.0 (M, C), 165.1 (m, C); MS (ESI) m/z:
224.1/226.4 [M+H]"; HRMS (ESI) caled for C,,H,;sCINO
[M+H]" 224.0842/226.0813, found 224.0783/226.0767.
3.2.5 N-FRTH-1-F K -34- = S FEok-2(1H)-#iAX,
B (8) 84 A A%,

KA1 (0.5 g, 3.4 mmol)iE T IE/K %5 mL)
o UK AR R I ER O3 S R EURR IR (0.96 g, 6.8
mmol) 5, WBEFE. SOV 58 R WA N, R
AL ENTEAL VA MR © (LR LER) =4 @ 114595
4k 8 (0.88 g, 90%). 'H NMR (CDCl;, 400 MHz):
mixture of 2 rotamers J: 1.12~1.21 (m, 3H), 1.33~1.39
(m, 2H), 1.43, 1.49 (each d, /=6.8 Hz, total 3H), 1.64~
1.71 (m, 2H), 1.81~1.89 (m, 1H), 2.07~2.17 (m, 2H),
2.92~2.95 (m, 1H), 3.43~3.47 (m, 1H), 3.62~3.67 (m,
1H), 3.82~3.87, 3.92~4.00 (each m, total 1H), 4.20~
4.30 (m, 1H), 5.14~5.17, 5.51~5.65 (each m, total 1H),
7.10~7.21 (m, 4H); *C NMR (CDCls, 100 MHz) §: 21.5,
25.0,25.6,28.4,33.3,42.3, 54.3, 54.8, 126.6, 126.7, 126.8,
128.4, 134.0, 138.5, 179.4; MS (ESI) m/z: 289.3 [M+H]";
HREIMS calcd for C;7H,sN,S [M+H]" 289.1738, found
289.1684.

3.2.6 (S)-1-(2-F L BLA )brs e -2- F B F 5 (11)49 4
A,

W L-Ml282 FH8(0.2 g, 1.5 mmol)Fil = Z.J1%(216 pL,
1.5 mmol )& T & i(2 mL)F, UKiG T, BN
ZIEE(0.12 mL, 1.5 mmol), BfiJ5 %I R. N
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W L0 CBERRE(250 mL) ZKVE(50 mL X 3). Jo/KER
BT, IR KA T R i 111 (0.24 ¢,
75%). 'H NMR (CDCl;, 400 MHz): mixture of 2 rotamers
8: 1.93~2.30 (m, 4H), 3.61~3.72 (m, 2H), 3.74, 3.79
(each s, total 3H), 4.05~4.12 (m, 2H), 4.54 (dd, J=3.6,
8.4 Hz), 4.60 (dd, J=3.2, 7.2 Hz) (total 1H); MS (ESI)
m/z: 206.5/208.5 [M+H]".
3.3 (KSR S E MR

AT HRE AR 5 1 2 BOOCHR16]. H AR
Wt B (VL T3 ) 1N TG PR T Mt i, of PR i
PEAETUE BV 9548 100 HO B VR B P T 8 s 4 ik, ICR
N, R 20~22 g, TN R EE B F B 0.
FUN R IR B H AR i d ) 50 455, 35 d Ja il %
ANER, 81D IR OE v W A R I R R e A T T
RPMI 1640 R: 725 v 49 a, L RIFRS 20156 n g 8%
RN 24 LA, FiFREEEUr ) RPMI 1640, 7% 20
mmolsL ™' HEPES (PH 7.5), %% 100 IU/mL, %% %
100 pg/L, 10%fH4F 1Mi% (Gibeo), AR % 2 mL. LN
N PR T I 75 P ol PR 7 7 4 M ORI SR . AE
5% CO, K] 37 CRiFRAEY, 159% 30~60 min J&, IIA
AN T () #-A A0(10 mmoleL ™" K& £E% T RPMI
1640 ik B E 4 10, 25, 50, 100 umolsL ™), [H]i #E5E
RPMI 1640 (4T GIBCO 2 A]), 1% H £ FH(DMSO)
(8 B b A T AP B2 =) B 0 R R PZQ BH X
(3T Sigma 237]), 70 5F 24, 48, 72 h M &L HUATE 41 M
FETAE L. Horp, RPMI1640 g AN AT ] 24 4 s 37 1)
AR 1% DMSO 24 10 mmoleL ™" (K254t A28 ]
RPMI 1640 FB Ay PU /N P s B = 11 DMSO B, R
RPMI 1640 H' DMSO HIHR A 1%IFHE A PZQ hy
N, FLAE RPMI 1640 HAb TS [A) iR B B ) e IR %
PItEH, YEAPEIPEX . SR 3 IR RN s
FRE, 0 Rk HUAATE 55 0] AR LU RSk, A s 4,
A P S 4 R BT AT L, R ROk AR SE AR TS B, X
AWALIGES), BRI R, WA BT, ST e X
S 2 min W HAATEIE D), FEATEASNCE: dUAE
K, FIGABAERI A, N 45 MR 25
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