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Abstract N-Methyl-D-aspartate (NMDA) receptors belong to a family of ligand-gated ionotropic glutamate receptors and
represent an important class of excitary receptors in central nervous system, which are critical for neuropathic pain, learning
and memory. NYX-2925 is a lead compound of NMDA receptor partial agonist which is essentially a dipeptide mimetic with a
novel spirocyclic f-lactam functionality. In the present study, 10 novel derivatives of three different classes were designed
based on NYX-2925 by a ring-opening strategy of the spirocyclic f-lactam and synthesized. All these compounds were
characterzied by 'H NMR, 3C NMR, °F NMR and high-resolution mass spectrometery (HRMS), and subjected to an in vitro
assay of their effect on human NR1/NR2B NMDA receptor current determined by whole-cell manual patch-clamp technique.
The preliminary results indicated that both NYX-2925 and the synthesized 10 compounds displayed no significant effects on
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NMDA receptor except (R)-N-((2S,3R)-1-amino-3-hydroxy-1-oxobutan-2-yl)-2-benzyl-1-isobutyrylpyrrolidine-2-carboxamide
(1g) displayed a moderate antagonistic effect, suggesting that the unique structure of NYX-2925 is not a preferred lead
structure for the design of NMDA receptor partial agonists. The findings revealed in the present study should be valuable for
the future design of NMDA receptor modulators based on the novel structure of dipeptide mimetic with a novel spirocyclic

p-lactam represented by NYX-2925.

Keywords N-methyl-D-aspartate (NMDA) receptor; partial agonist; NYX-2925; synthesis; bioactivity
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Figure 1 Structures of selected NMDA receptor partial agonists (Part A) and design of NMDA receptor partial agonists based on

NYX-2925 in the present study (Part B)
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Reagents and conditions: (i) CCI;CHO, MeCN, r.t.; (i) (a) LDA, dried THF, -78°C; (b) RX, dried THF, -78°C ~ r.t.; (iii) SOCI,, MeOH, reflux;
(iv) isobutyryl chloride, Et3N, dried CH,Cl,, ice-water bath to r.t.; (v) ag. NaOH, MeOH, reflux; (vi) HCI (con.), dioxane, reflux; (vii) HATU,
DIPEA, dried CH,Cl,, ice-water bath to r.t.; (viii) for 10a, 10c, 10e ~ 10f: H, (balloon), 10%Pd/C, MeOH, r.t.; for 10d, 10g ~ 10h: H, (2 MPa),
10% Pd/C, MeOH, 40 ~ 45 °C; (ix) EDCI hydrochloride, HOBt, DIPEA, NH,CI, dried CH,Cl, r.t.

AR 1 &t LAY 1a Al 1e~1h & R 2&

Scheme 1 Synthetic route to target compounds 1a and 1¢~1h
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OH viii o o o
6} ¢} 6} 6}
8b 10b

11b
Reagents and conditions: (i) (a) LDA, dried THF, -78 °C, (b) BnOCH,CI, dried THF, -78 °C ~rt; (i) SOCl,, MeOH, reflux; (iii) isobutyryl
chloride, Et3N, dried CH,Cl,, ice-water bath to r.t.; (iv) H, (balloon), 10%Pd/C, MeOH, r.t.; (v) I,/PhzP/imidazole, dried CH,Cl,, ice-water bath
to r.t.; (vi) AgF, MeCN, r.t.; (vii) ag. NaOH, MeOH, reflux; (viii) HATU, DIPEA, dried CH,Cl,, ice-water bath to r.t.; (ix) H, (balloon), 10% Pd/C,
MeOH, r.t.; (x) EDCI hydrochloride, HOBt, DIPEA, NH,CI, dried CH,Cl,, r.t.

ZT

R 2 B HARL A 1b (6 2k

Scheme 2  Synthetic route to target compound 1b

TBDMSO,, TBDMSO,, CH, HO,, CHs F. CHs F. CH3
D\( D\(O i ~° i, O\(O o [0 v [P
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N N OB N N 1OH
OCHg " oH vii o) " o) o)
W/go w/go (e} (e} (0] i

Reagents and conditions: (i) TBDMSCI, imidazole, DMF, ice-water bath to r.t.; (ii) (a) LDA, dried THF, -78 °C ; (b) CH;I/HMPA, dried THF, -78
°C ~ r.t.; (iii) TBAF, dried THF, ice-water bath to r.t.; (iv) DAST, dried CH,Cl,, -78 °C ~ r.t.; (v) TFA, CH,Cl,, r.t.; (vi) isobutyryl chloride, Et3N,
dried CH,Cl,, ice-water bath to r.t.; (vii) aq. NaOH, MeOH, reflux; (viii) HATU, DIPEA, dried CH,Cl,, ice-water bath to r.t.; (ix) H, (balloon),
Pd/C, MeOH, r.t.; (x) EDCI hydrochloride, HOBt, DIPEA, NH,CI, dried CH,Cly, r.t.

B3 BOHEARE AT 1 G R

Scheme 3  Synthetic route to target compound 1i
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Reagents and conditions: (i) allylamine hydrochloride, Et;N, dried toluene, ice-water bath to r.t.; (i) PhCOCI, Et3N, dried toluene, -10 °C ~ r.t;
(iii) hv (365 nm), PhCOCH3;, MeCN, r.t.; (iv) 6 mol/L HCl/dioxane, reflux; (v) isobutyryl chloride, Et3N, dried CH,Cl,, ice-water bath-r.t.; (vi)
HATU, DIPEA, dried CH,Cl,, ice-water bath to r.t.; (vii) H, (balloon), Pd/C, MeOH, r.t.; (viii) EDCI hydrochloride, HOBt, DIPEA, NH,CI, dried

CH2C|2, r.t.

B4 BOHHEAREY 15 BB 2

Scheme 4 Synthetic route to target compound 1j
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Table 1 Result of effects of compounds 1a~1j on the human NR1/NR2B NMDA receptor currents recorded by manal patch-clamp

Proportion of current compared to baseline level”

Compound® N - — -
0.1 umolsL ! 1.0 pmoleL ™! 10 pmoleL ! 100 pmoleL !
D-cycloserine 106.51% 120.92% 165.30% —
NYX-2925 110.53% 114.27% 108.02% —
D-AP5 — — — 4.40%
la 118.53% 117.24% 107.06% —
1b 103.96% 118.63% 106.68% —
1lc 107.11% 97.65% 103.52% —
1d 128.84% 113.33% 113.46% —
le 104.77% 99.94% 96.87% —
1f 118.85% 101.72% 106.26% —
1g 102.61% 95.35% 68.75% —
1h 100.21% 118.91% 116.53% —
1i 95.46% 99.06% 101.45% —
1j 118.70% 108.60% 114.45% —

“The baseline current for D-AP5 corresponds to 10 umolsL ™! glycine+10 pumolsL ™! L-glutamate; the baseline currents for other compounds correspond to 0.05

pmoleL ! glycine+0.3 pmolsL ™' L-glutamate. ® The baseline current (no compounds to be tested) was defined to be 100%.

BT B NN BRSO R 22 A, Wik A
KA IER(1), IRFEEAH TS5 (1a, 1d, 1e A1 1g), V £
(1e, TEAT 1§)A3 V AI(Ab A1 1h). b, ah 1 e 1)
F= 1d 78 0.1 pmolsL ™' K I (128.83%), HoizhiE i om
F D-IR L2 ZFRAE 1.0 pmoleL ' I 13N 1E FI (120.92%);
A 1g 75 10 pmoleL ' i I HE oh 5558 14 o AE
(68.75%).

MU R, NYX-2925 1 10 4S84 B HAL St
A NRI/NR2B NMDA 243 A R &2 s B,
MM YRR I M ERETUER, HHE R EMEEY)
XF N NR1/NR2B NMDA 5244 7= AE4E FH R 200% & HLig
2ok, U NYX-2925 SRR IEEIR B- N % — JIRAUL IR 45
FIAR BT NMDA 5244 H8 73 5050 771 2 AR 1) 2 S 45 4,
X g5 BN ROk T ONYX-2925 3% b A ik 45 R 1)
NMDA S 5 7 7L A = S H N E.

2 #ig

AR FLCA NYX-2925 5 F 450, W H LR A
BUATATAE, 4 B- e VU SC AT 2R 5 7 L 20 R Pk ik
o A7 AR EUAR L L AL — R A S s EUR A
HEWN 1E LB E5INBUR T L AE L-F R RIA
BB IR, FEAH ST 10 M S, W
WRAMEHENRRER B e S &Y NYX-2925 FIAHT 5% 5
THRIA R 10 MEE4%F A NR1/NR2B NMDA 5244 ()
VEFIR BE XA R R0 22, Ui B NYX-2925 FURF IR ER
B-P G — IRIR S5 M A BT NMDA 2 4R35 43 B sh
AR e FEEM, X —Z5 RN ACREE T NYX-2925 iX
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TR SE R NMDA 32 17 ROBT Ft A 2
H A .

3 XIES
3.1 X5

SGW X-4A BB 0E sl g A (EiAC B 2
UEERAR), WA IE; Anton Paar MCP4100 7Y
ek B BETE X ; Bruker Ascend 500 ZUA% R IL IR IR B
1%, CDCL; 8# DMSO-ds 1 N¥ 7, TMS ("H NMR)E( &
SRARIE R A% (S 5 (3C NMR) N W #%; Thermo Exac-
tive Plus 0 #F IS RS0, Mm% S TALESHEAR. T
IKIEFR bRt i 4. 2 d 5k 2415 1 20 352477
A=

3.2 XWHE
32.1 (3R7aS)-3-(= &P &)va A wtwg I [1,2-c]E &
Yz~ 1(3H)-BR(3) 69 & A&

¥ L-FBERZ(2, 100.00 g, 0.878 mol)liN A Z ffif(600
mL)H, AR IHRE, RNARKFERS 0 C, WE
JE 36 WO S 22183 N CCLL,CHO (320.03 g, 2.171 mol).
WhnsEse g, RMARRTESEE NS N 2 h, #EMD
TE(TLC) R [ T8 4. 4 S AR R AE Tie i 28 AN 2%
LI, 1FBIE AR R, LA CH.CL (600 mL)¥fE, H
7K(500 mL)¥E%, /KA CHLClL (100 mL) 2. &HE
HIAH, HIRFHEA NaHCOs ¥ (200 mL)FIHEA NaCl
TE(200 mL)FE¥R, Jo7K MgSO4FH. I RR 25 )87,
PEMAE e 28 A AR RIEFIE R B A, mAED
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F(500 mL)ZE iR FATH, LR A&, =il T RS T
BEREY 3. AMEE, 160.09 g WE 75%. m.p.
106.4~107.8 C (1it.[25) 107.6 °C). 'H NMR (CDCls, 500
MHz) o: 5.17 (s, 1H), 4.12 (dd, J=9.0, 4.0 Hz, 1H),
3.40~3.45 (m, 1H), 3.11~3.15 (m, 1H), 2.20~2.27 (m,
1H), 2.08~2.15 (m, 1H), 1.90~1.97 (m, 1H), 1.71~1.79
(m, 1H). "H NMR #¥z 5 SCRik[25]— 2L

322 (3R,7aS)-Ta- B X -3-( = & F &) w9 & ek 5
[1,2-c]"& " k2~ 1(3H)-EF(4a A= 4c~4h)ag 5 Ak

WHE ST KB RS equiv)iE T 50
VUSRI (THF) BRSPS, SO 5
WA —78 °C, HE KW 2k m & & o 22148 %
n-BuLi (1.6 mol/L, 1.5 equiv.), IN5E G R VAR RTE
—78 C4kZEHFE 0.5 h. ¥ 3 (1.0 equiv.)¥s T T 1K
THF 1, S8 NN S AR 2, TN 56 58 J5 78 G i B2
kLN 0.5 h, 15 8 ke 34057 RX (1.3 equiv.),
WnsEEefE, RMNAR REEWE 2 =R TNt 12
h, TLC Kl 52 4. FF 4d & ke 057 2-50 2
i P — 60 I R AR 0 SCHR[26] 5 1, 'H NMR di 5
SCHR—B. R R IR E VKK F, HidE, H EtOAc
FEH3 IR, BIFANUE, MR 8.5% MR /K i W AN v
NaCl WS VesE—IR, TT/K MgSOs T4, HhiEkr 2T
BRTR, DEIRAENE L 28 RAL 28 25050, R BIRRRE
FE 4% 2 HT [V(EtOAC)/V(n- hexane) = 0/100 ~ 15/85]4f
b, TG B E R T T TE(4d ~4e)BE MIE bt
HIR T H (4a, 4c FI 4f~4h) 5 IR FES T, 5
F1b &%) 4a 5L 4c~4h.

(3R,7aS)-Ta-F -3 -( = 5 58 DU &L i [ 1,2-c W&
MEE-1(3H)- B (4a): R B EE R, W 66%. m.p. 56.3~
57.7 C (lit'"® 55.0~57.0 ‘C). '"H NMR (CDCls, 500
MHz) d: 4.99 (s, 1H), 3.37~3.42 (m, 1H), 3.17~3.21 (m,
1H), 2.19~2.24 (m, 1H), 1.94~2.01 (m, 1H), 1.85~1.90
(m, 1H), 1.74~1.82 (m, 1H), 1.53 (s, 3H). 'H NMR %4}
5 CHER[18]—F.

(3R,7aS)-Ta- £, 3-3-( = 5 55 DY &k i [ 1,2-c W&
MefE-1(3H)- B (4e): FEE A, & 43%. mp. 70.4~
72.1 'C (lit."® 76.0~77.0 ‘C). '"H NMR (CDCls, 500
MHz) 6: 4.96 (s, 1H), 3.17~3.28 (m, 2H), 2.16~2.21 (m,
1H), 1.82~2.01 (m, 4H), 1.62~1.72 (m, 1H), 1.03 (t, J=
7.3 Hz, 3H). '"H NMR %45 5 SCBR[18]— %L,

(3R,7aS)-Ta-(2- 5 £, %5)-3-( = & ' F% ) Y St g o
[1,2-c]"E M be-1(3H)-B (4d): 38 (K, WF 50%. 'H
NMR (CDCls, 500 MHz) d: 5.01 (s, 1H), 4.74~4.82 (m,
1H), 4.65~4.73 (m, 1H), 3.25~3.34 (m, 2H), 2.31~2.41
(m, 1H), 2.09~2.29 (m, 3H), 1.92~1.99 (m, 1H), 1.65~
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1.74 (m, 1H); 3C NMR (CDCl, 126 MHz) &: 176.0,
102.6, 100.4, 80.5 (d, J=165.7 Hz), 70.3 (d, J=2.9 Hz),
58.4, 37.4 (d, J=19.2 Hz), 37.1 (d, J=2.8 Hz), 25.2.
HRMS caled for CoH;,CILFNO, [M+H] " 289.9912,
found 289.9911.

(3R,7aS)-Ta-1F P 3=-3-( =& F 25 DO & 3 1,2-¢]
WEMELE-1(3H)- i (de): B2 AA, I# 17%. 'H NMR
(CDCls, 500 MHz) &: 4.95 (s, 1H), 3.17~3.27 (m, 2H),
2.16~2.21 (m, 1H), 1.95~2.01 (m, 1H), 1.88~1.94 (m,
1H), 1.74~1.86 (m, 2H), 1.62~1.72 (m, 1H), 1.51~1.60
(m, 1H), 1.40~1.50 (m, 1H), 0.94 (t, J=7.3 Hz, 3H); 1*C
NMR (CDCl;, 126 MHz) d: 176.6, 102.2, 100.6, 72.0,
58.2, 39.9, 36.0, 25.3, 17.1, 144. HRMS calcd for
C10H14CI3NNaO; [M+Na]" 307.9982, found 307.9980.

(3R, 7aS)-Ta-(3- 8 T4 25 )-3-( = & F 2% DY & ik ns I
[1,2-c]WEMEKE-1(3H)-F (4f): B, B 41%. m.p.
66.7~68.9 ‘C. '"H NMR (CDCls, 500 MHz) J: 4.97 (s,
1H), 4.48~4.54 (m, 1H), 4.38~4.45 (m, 1H), 3.19~3.30
(m, 2H), 2.21~2.27 (m, 1H), 1.89~2.04 (m, 5H), 1.77~
1.89 (m, 1H), 1.66~1.76 (m, 1H); 3C NMR (CDCls, 126
MHz) d: 176.1, 102.2, 100.5, 83.8 (d, J=166.2 Hz), 71.6,
58.2, 36.2, 33.5 (d, J=4.8 Hz), 25.2 (d, J=2.4 Hz), 25.1.
HRMS caled for CioH4CIFNO, [M+H]" 304.0069,
found 304.0069.

(3R,7aS)-Ta-"F H-3-( =G H 5= DY Sk g I [1,2-c] W&
M -1(3H)- (4g): HEFEE, 3 51%. mp. 88.7~
89.4 C (lit'8 75.0~77.0 ‘C). '"H NMR (CDCls, 500
MHz) 6: 7.36~7.38 (m, 2H), 7.24~7.31 (m, 3H), 5.02 (s,
1H), 3.35 (d, J=13.5 Hz, 1H), 3.01~3.05 (m, 1H), 2.95
(d, J=13.5 Hz, 1H), 2.61~2.67 (m, 1H), 2.10~2.16 (m,
1H), 1.97~2.03 (m, 1H), 1.45~1.53 (m, 1H), 1.36~1.42
(m, 1H). "H NMR %4 5 SCik[18]— 2L

(3R, 7aR)-Ta-( 5 5 F )3 - (= G HH 28 DU e s
[1,2-c]HEMEE-1(3H)-Hi(4h): A ERE A, KFE 62%. m.p.
62.0~63.0 C (lit.27 62.0~63.0 ‘C). '"H NMR (CDCl;,
500 MHz) 6: 4.98 (s, 1H), 3.67 (d, J=10.0 Hz, 1H), 3.63
(d, J=10.0 Hz, 1H), 3.42 (s, 3H), 3.23~3.34 (m. 2H),
2.24~2.30 (m, 1H), 2.09~2.14 (m, 1H), 1.95~2.02 (m,
1H), 1.66~1.75 (m, 1H). '"H NMR ¥4 5 C#k[27]— 3.
323 (8S)-2-BAR R IR -2- 74 B F 85 £k 87 2k (Sa<HCl,
5c¢eHCI #= 5esHCl~5heHCI1)#9 & 5%,

¥ MeOH (160 mL)IIA R, ZARY T
P, WERER 0 C, FIME IR m A R g2 N
SOCl, (37.33 g, 0.314 mol), fillfF HCI/MeOH ¥. ¥
4a, 4¢ B{ 4e~4h (0.105 mol)¥% T MeOH (100 mL)1,
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MRILX

SEERE SRR RN S22 L /N 1 S K N SR ]
SEEEJE, IRNAR RFHEFNR 12 h, TLC BN 5E4s.
AR B H AR IR, RN 2 RA 2RI, 193
PR ARYER BT, B2~ 5a-HCl, SceHCl
8 SesHCI~5h-HCl, Bt tilifhk, Adk—Paifh, B#
HT N R M.

324 (S)-1-F T B A -2- A otk b -2- 74 B F A5 (6a,
6¢ F= 6e~6h) 9 A 5k,

WA BT E: EREIS =4 Sa<HCl, SceHCl
8¢ 5esHCI~5h<HCI (1.0 equiv.)& T T CH.CI, o,
BARY IR, RNARRIBEEZR 0 C, AMEERRHR
JRF AR R PR 2218 I EGN (5.0 equiv.), TG FF IR R
FREEIE N T IES(2.0 equiv.), THEINTEEE G R NAA &
EZWR FHEEE 12 h, TLC BoR RN 5E4. ¥ RMNIEEY)
BIAVKAKH, B3, FH CHLCL ZEL 3 R, & IFaHLA,
YA 0.1 molsL ™' #ih2 . 1M1 NaHCO; A1 A1 NaCl
WIS, ToK MgSOs T4, Hhiklk s, JEWRAE
Ve 2 RAL A ZIEA, BEINERRMERE
[M(EtOAc)/V(n-hexane)=15/85~25/7514i4k 155 6a, 6¢
5% 6e~6h.

(S)-1-J T I Jk-2- FH L npk gt Jo2 -2 - B2 R FH I (6a): 3
EAK, 4a—6a &HIE 87%. 'TH NMR (CDCls, 500
MHz) &: 3.69 (s, 3H), 3.62~3.69 (m, 2H), 2.62 (septet,
J=6.8 Hz, 1H), 2.12~2.17 (m, 1H), 1.96~2.08 (m, 2H).
1.85~1.90 (m, 1H), 1.55 (s, 3H), 1.10 (d, J=6.5, 3H),
1.10 (d, J=7.0 Hz, 3H); 3C NMR (CDCls, 126 MHz) ¢:
175.2, 174.7. 65.7, 52.3, 47.9, 38.5, 32.5, 24.2, 21.8, 18.9,
18.5. HRMS caled for C;H,0NOs [M+H]" 214.1438,
found 214.1436.

(S)-1-5¢ T Bt L -2- £ BE ML BE-2- R R HY R (6¢): 3
BIAE, de—6¢ H IR 99%. 'H NMR (CDCl;, 500
MHz) d: 3.74~3.80 (m, 1H), 3.69 (s, 3H), 3.51~3.56 (m,
1H), 2.69 (septet, J=6.8 Hz, 1H), 2.43~2.50 (m, 1H),
1.98~2.05 (m, 3H), 1.92~1.97 (m, 1H), 1.84~1.91 (m,
1H), 1.13 (d, J=7.0 Hz, 3H), 1.11 (d, J=6.5 Hz, 3H), 0.80
(t, J=17.5 Hz, 3H); '*C NMR (CDCls, 126 MHz) J: 175.6,
175.0, 69.0, 52.2, 48.9, 35.2, 32.7, 26.3, 24.0, 19.3, 18.5,
8.0. HRMS caled for C;pH»,NOs; [M+H]" 228.1594,
found 228.1594.

(S)-1-5 T Mgt Jk -2- 1E P4 FiE AL 1gg b -2- FR2 12 HH 16 (6):
HEE A, de—6e & HIH 65%. mp. 78.2~78.8 C.'H
NMR (CDCls, 500 MHz) 6: 3.74~3.78 (m, 1H), 3.69 (s,
3H), 3.50~3.55 (m, 1H), 2.66 (septet, J=6.8 Hz, 1H),
2.35~2.42 (m, 1H), 1.90~2.06 (m, 4H), 1.71~1.84 (m,
1H), 1.22~1.35 (m, 1H), 1.07~1.18 (m, 7H), 0.92 (t, J=
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7.5 Hz, 3H); *C NMR (CDCls, 126 MHz) §: 175.5, 175.0,
68.6, 52.3, 48.8, 36.0, 35.8, 32.7, 24.1, 19.3, 18.5, 17.1,
14.5. HRMS caled for C;3HxuNO; [M+H]" 242.1751,
found 242.1749.

(R)-1- 57 T T 5 -2-(3- 90 £ 358 ) ML W% Jo -2- Y2 1R Y I
(6f): HEE &, af—6f & IHULE 47%. mp. 99.1~
103.8 “C. 'H NMR (CDCls, 500 MHz) &: 4.34~4.53 (m,
2H), 3.76~3.80 (m, 1H), 3.70 (s, 3H), 3.53~3.58 (m,
1H), 2.67 (septet, J=6.8 Hz, 1H), 2.36~2.42 (m, 1H),
1.93~2.13 (m, 5H),1.68~1.81 (m, 1H), 1.47~1.59 (m,
1H), 1.12 (d, J=7.5 Hz, 3H), 1.11 (d, J=7.0 Hz, 3H); 13C
NMR (CDCls, 126 MHz) o: 175.9, 174.5, 84.2 (d, J=
165.4 Hz), 68.3, 52.4, 48.7, 35.9, 32.8,29.8 (d, J=6.2 Hz),
25.4 (d, J=19.9 Hz), 24.0, 19.3, 18.5. HRMS calcd for
C13HFNOs [M+H]" 260.1656, found 260.1656.

(R)-1-57 T Bk 5 -2- " JE nb it bt -2- FR R P i (6g): 750
IR, 4g—6g G IR 76%. "H NMR (DMSO-ds, 500
MHz) §: 7.22~7.29 (m, 3H), 7.09~7.11 (m, 2H), 3.62 (d,
J=13.5, 1H), 3.61 (s, 3H), 3.44~3.49 (m, 1H), 2.97 (d,
J=13.5, 1H), 2.93~2.98 (m, 1H), 2.66 (septet, J=6.8 Hz,
1H), 2.05~2.10 (m, 1H), 1.91~1.99 (m, 1H), 1.57~1.65
(m, 1H), 1.08 (d, J=6.5 Hz, 3H), 0.99 (d, J=6.5 Hz, 3H),
0.89~0.96 (m, 1H); 3C NMR (DMSO-ds, 126 MHz) §:
174.7, 174.0, 136.9, 130.5, 127.9, 126.5, 68.2, 51.9, 48.0,
37.6, 34.4, 31.7, 23.0, 189, 18.5. HRMS calcd for
C17H2NO3 [M+H]" 290.1751, found 290.1750.

(R)-1-57 T Tt k- 2-( Y 4 0k FH 05 ) ML g e -2- 2 TR Y T
(6h): FOIRAA, 4h—6h HIFIE 114%(F — & MikE
%71)). '"H NMR (CDCls, 500 MHz) 8: 4.11 (d, J=10.0 Hz,
1H), 3.75 (d, J=10.0 Hz, 1H), 3.70~3.74 (m, 1H), 3.69
(s, 3H), 3.57~3.62 (m, 1H), 3.33 (s, 3H), 2.68 (septet, J=
6.8 Hz, 1H), 2.26~2.34 (m, 1H), 1.95~2.12 (m, 3H), 1.12
(d, J=7.0 Hz, 3H), 1.11 (d, J=6.5 Hz, 3H); 3C NMR
(CDCls, 126 MHz) &: 175.7, 173.3, 72.5, 68.5, 59.5, 52.2,
48.7, 34.4, 32.6, 24.4, 19.0, 18.5. HRMS caled for
C1uHuNOy [M+H]' 244.1543, found 244.1544.

325 (R)-2-(2- A T H ) wkmk 42 -2- % BR 2k BR 3 (Tde
HC1)# 4 5%,

&) 4d (19.00 g, 65.4 mmol)i& T —FEkE(190 mL)
L BT IR, KR RIBERE 0 C, Wink
HIR(19 mL), WM, ¥ RMNAERARE 105 C,
ML 6 h, TLC WonA o R AR R BL FM I ERER (S
mL)JF 4852 M 2 h, TLC TR RN 5E4s. RNAK RAEH
ERE, e A RN ERTERAGEKE, A
CH,Cl, (50 mL)Z= i FHEFE 1 h, FuEIERE, ZRT
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HETRARMLEY 7d-HCl, AGEAE, 1071 g B
83%. ZMEMEHLEA T F—F &M, Adk—SaibFl
FAL.

32,6 ()-1-F T Bt A -2-BAX kg bz -2- 72 B4 (8a, 8¢ A=
8e~8h) a9 & &

AR LAY 6a, 6¢ X 6e~6h (1.0 equiv.)
BT MeOH w1, RMAKRIREERFZ 0 C, NaOH (3.0
equiv.) A /KA R JE I S B &R, S n s e A,
BAMRY N R RFHRE R 3 h, TLC SR RN 58
A RNARRA R SR, TEIR AR R LR,
PSR R v TidE &K, F EtOAc ZEHL 2 1K, FRIvA
MLZ4 . /KAHFER 1 moleL ™' #i 2R % pH & 3~4,
EtOAc 2L 3 Ik, G IFANUAH, MR NaCl s se sk 1
IR, oK MgSOs T8, FhUERR 25T, JEIAE e, 75
KA LA LR, [FEIMERRY =R T HEES T %
(8g)Ek# Fl IE CL5e(8c, 8e, 8f Al 8h)mk I FL AU T i (8a)
FEZER NITH 1 h, B E, 132077 8a, 8c Bk
8e~8h.

(S)-1-57 T Bk 5= -2- H LI 046 Jo -2-FR iR (8a): 11 £ ]
A, U F 48%. mp. 127.5~1308 C. 'H NMR
(DMSO-ds, 500 MHz) 6: 12.08 (brs, 1H), 3.62~3.66 (m,
1H), 3.53~3.58 (m, 1H), 2.63 (septet, J=6.7 Hz, 1H),
1.99~2.05 (m, 1H), 1.89~1.97 (m, 2H), 1.78~1.83 (m,
1H), 1.38 (s, 3H), 0.97 (d, J=6.5 Hz, 3H), 0.95 (d, J=7.0
Hz, 3H); 3C NMR (DMSO-ds, 126 MHz) d: 175.2, 173.7,
64.7, 47.5, 38.0, 31.4, 23.6, 21.3, 19.0, 18.4. HRMS calcd
for C1oH;sNOs [M+H]" 200.1281, found 200.1280.

(S)-1-5¢ T B FE-2- L BE ML BE-2- R R (8¢): 1 A [F]
%, W& 58%. mp. 65.1~67.4 ‘C. '"H NMR (DMSO-ds,
500 MHz) &: 12.10 (brs, 1H), 3.68~3.73 (m, 1H), 3.48~
3.53 (m, 1H), 2.703 (septet, J=6.8 Hz, 1H), 2.23~2.30
(m, 1H), 1.82~2.00 (m, 4H), 1.65~1.72 (m, 1H), 1.01 (d,
J=6.5 Hz, 3H), 0.95 (d, J=6.5, 3H), 0.71 (t, J=7.5 Hz,
3H); 3C NMR (DMSO-ds, 126 MHz) d: 175.5, 174.1,
67.8, 48.4, 34.8, 31.6, 25.7, 23.5, 19.3, 18.4, 7.7. HRMS
caled for C1iH0NOs [M+H]" 214.1438, found 214.1436.

(R)-1-7 T Wk 5 -2- 1E P4 B ML It -2- R 2 (8e): VR 3
O E R, R 74%. mp. 77.2~79.0 C. 'H NMR
(DMSO-ds, 500 MHz) 6: 12.08 (brs, 1H), 3.66~3.70 (m,
1H), 3.48~3.53 (m, 1H), 2.64~2.72 (m, 1H), 2.16~2.22
(m, 1H),1.82~2.00 (m, 4H), 1.61~1.67 (m, 1H), 1.22~
1.33 (m, 1H), 0.89~1.05 (m, 1H), 0.99 (d, J=6.5 Hz,
3H), 0.95 (d, J=6.5 Hz, 3H), 0.84 (t, J=7.3 Hz, 3H); 1*C
NMR (DMSO-ds, 126 MHz) 0: 175.4, 174.1, 67.5, 48.3,
35.6, 35.3, 31.6, 23.5, 19.3, 18.4, 16.4, 14.4. HRMS calcd
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for C1sH,NO3 [M+H]" 228.1594, found 228.1593.

(R)-1-5 T Tk J5-2-(3- 8L T4 228 ML s e -2- R TR (8):
o A, WE 72%. mp. 89.5~956 C. 'H NMR
(DMSO-ds, 500 MHz) 0: 12.13 (brs, 1H), 4.40~4.47 (1H,
m), 4.31~4.38 (m, 1H), 3.67~3.72 (m, 1H), 3.51~3.56
(m, 1H), 2.69 (septet, J=6.8 Hz, 1H), 2.22~2.28 (m, 1H),
1.84~1.99 (m, 4H), 1.75~1.81 (m, 1H), 1.61~1.73 (m,
1H), 1.30~1.44 (m, 1H), 1.00 (d, J=6.5 Hz, 3H), 0.95 (d,
J=17.0, 3H); *C NMR (DMSO-ds, 126 MHz) 6: 175.2,
174.2, 84.1 (d, J=162.8 Hz), 67.1, 35.2, 31.6,29.2 (d, J=
5.4 Hz), 24.6 (d, J=19.4 Hz), 23.4, 19.3, 18.4. HRMS
caled for C;;HyFNOs [M + H] © 246.1500, found
246.1499.

(R)-1-57 T ME -2 JE ML i e -2-FR FR (8g): 7 (il
&, U 48%. '"H NMR (DMSO-ds, 500 MHz) d: 7.20~
7.28 (m, 3H), 7.08~7.09 (m, 2H), 3.64 (d, J=13.5 Hz,
1H), 3.42~3.47 (m, 1H), 2.91~2.95 (m, 1H), 2.91 (d, J=
13.5 Hz, 1H), 2.64 (septet, J=6.8 Hz, 1H), 2.02~2.08 (m,
1H), 1.92~1.98 (m, 1H), 1.57~1.64 (m, 1H), 1.07 (d, J=
7.0 Hz, 3H), 0.99 (d, J=7.0 Hz, 3H), 0.87~0.89 (m, 1H);
13C NMR (DMSO-ds, 126 MHz) &: 175.2, 174.6, 137.5,
130.5, 127.9, 126.4, 68.1, 48.1, 37.6, 34.7, 31.8, 23.0, 19.1,
18.6. HRMS caled for C1H,NO; [M+H]" 276.1594,
found 276.1595.

(R)-1-57 T Tt k-2 (Y 4 5k FH 26 ) ML g 2-2-F2 1K (8h):
H AR, IE 26%. mp. 91.2~92.8 C. 'H NMR
(DMSO-ds, 500 MHz) 6: 12.32 (brs, 1H), 3.96 (d, J=10.0
Hz, 1H), 3.62~3.67 (m, 1H), 3.58 (d, J=9.5 Hz, 1H),
3.49~3.54 (m, 1H), 3.22 (s, 3H), 2.68 (septet, J=6.8 Hz,
1H), 2.10~2.21 (m, 1H), 1.79~2.00 (m, 3H), 0.98 (d, J=
6.5 Hz, 3H), 096 (d, J=7.0 Hz, 3H); *C NMR
(DMSO-ds, 126 MHz) o: 174.1, 173.7, 72.1, 67.4, 58.9,
48.2, 34.0, 31.5, 23.8, 19.0, 18.4. HRMS caled for
CiH20NO4 [M+H]" 230.1387, found 230.1387.
327 (R)-1-% T BL A -2-(2- A T A )b ok b2 -2- 74 8%
(8d) 89 & A&

%% FiR 5a<HCI, 5¢eHCl fll 5esHC1~5hHCI & J{
6a, 6¢c 1 6e~6h L%, fiiH 7d-HCI (10.70 g, 54.1
mmol), EtN (27.39 g, 0.271 mol), & T F&(11.54 g,
0.108 mol)x i, 3 Etb&9) 8d, FHEA, 7.12 g, UK
# 57%. m.p. 99.1~100.9 ‘C. 'H NMR (DMSO-ds, 500
MHz) §: 12.29 (brs, 1H), 4.36~4.57 (m, 2H), 3.58~3.68
(m, 2H), 2.68 (septet, J=6.8 Hz, 1H), 2.43~2.54 (m, 1H),
2.15~2.25 (m, 1H), 2.05~2.10 (m, 1H), 1.98~2.03 (m,
1H), 1.87~1.96 (m, 2H), 0.99 (d, J=6.5 Hz, 3H), 0.95 (d,
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J=17.0 Hz, 3H); '3C NMR (DMSO-ds, 126 MHz) J: 174.7,
174.5, 81.2 (d, J=160.5 Hz), 66.0 (d, J=5.4 Hz), 47.9,
35.9, 34.3 (d, J=18.9 Hz), 31.5, 23.4, 19.1, 18.3. HRMS
caled for C;HiFNO; [M + H] © 232.1343, found
232.1342.

3.2.8 (3R, 7aR)-Ta-((FF A H&)F £)-3-(Z & F &)@ A
e& - [1,2-c]"E " 12 - 1 (3H)-EF (4b") 9 A ik,

ZE ik 3 & 4a M dc~4h (12058, 1811 3 (50.00
g, 0.204 mol), — 7N %(24.83 g, 0.245 mol), n-BuLi (1.6
mol/L, 153 mL, 0.245 mol), 5 H H-FHERE(41.63 g, 0.266
mol), FEWAEY) 4b', HE AR, 40.25 g, FEE 54%.
A BT N8 R B, AP Al FIRALE.
329  (R)-2-((FFAA) T A )wbed ke -2- 2 BR F 85 2 AR
2 (5b'sHCI1) #9 4 5%,

28 _FiR 4a, 4¢ fil 4e~4h &1l 5a*HCI, 5¢-HC1 1
SesHC1~5heHCI1 2P 5%, i/ 4b' (40.00 g, PA 0.110
mol 1), SOCL, (39.15 g, 0.329 mol), MeOH (200 mL), 75
EHL =4 Sb'-HCl, 24501k, 64.30 g ZILEY EHEE
MT TR, AiE—DaifbfRIE.

32,10 (R)-2-1-F T BRA-((FF A4 F 2o be-2-%
B B5 (12) 69 4 A%

Z 8 ik 5a<HCI, 5¢HCl 1 SesHCl~5hHCl & %
6a, 6¢ fll 6e~6h 120X, {1 Sb'=HCI (64.30 g, 1L 0.225
mol i), Et;N (113.84 g, 1.125 mol). 7 T BE&(47.95 g,
0.450 mo) A3 2L &4 12, W IH A, 31.01 g, 4b'—12
A IR 88%. 'H NMR (CDCls, 500 MHz) 6: 7.30~7.34
(m, 2H), 7.25~7.29 (m, 3H), 4.54 (d, J=12.0 Hz, 1H),
4.48 (d, J=12.0 Hz, 1H), 4.26 (d, J=10.0 Hz, 1H), 3.86
(d, J=10.0 Hz, 1H), 3.70~3.75 (m, 1H), 3.69 (s, 3H),
3.59~3.64 (m, 1H), 2.68 (septet, J=6.8 Hz, 1H), 2.32~
2.38 (m, 1H), 2.09~2.17 (m, 1H), 1.95~2.06 (m, 2H),
1.11 (d, J=7.0 Hz, 6H); 3C NMR (CDCls, 126 MHz) §:
175.6, 173.2, 138.8, 128.4, 127.5, 127.4, 73.5, 70.4, 68.5,
52.2, 48.7, 34.6, 32.6, 24.5, 19.1, 18.6. HRMS calcd for
CisHaNO4 [M+H]™ 320.1856, found 320.1856.

3211 (R)-1-FTEEA2-(FF A)ateibe-2-K B 7
A5 (13) 49 & A%,

tb&% 12 (31.00 g, 97.1 mmol)iE T MeOH (250
mL)H, $tRE, IO 10% PA/C(Z 3.00 g), 1% MBFrUERLFF
EEREE FRBE)MMA 12 h, TLC Bon RN 5E . RN
eI, FHRERE L BhUERR 20T, JEITE R 2 KA
FELHE, BRMRRYER T ES TR, B34S
Y13, W OO, 21.03 g, FEE 94%. 'H NMR
(DMSO-ds, 500 MHz) &: 4.74 (brs, 1H), 3.99 (d, J=11.0
Hz, 1H), 3.63~3.68 (m, 1H), 3.62 (d, J=11.5 Hz, 1H),
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3.52~3.57 (m, 1H), 3.54 (s, 3H), 2.68 (septet, J=6.8 Hz,
1H), 2.17~ 2.23 (m, 1H), 1.95~2.04 (m, 1H), 1.81~
1.90 (m, 2H), 0.99 (d, J=7.0 Hz, 3H), 0.97 (d, J=6.5 Hz,
3H); *C NMR (DMSO-ds, 126 MHz) §: 174.5, 173.0,
60.0, 61.4, 51.5, 48.2, 33.3, 31.6, 23.7, 18.9, 18.5. HRMS
caled for CiH0NO4 [M+H]" 230.1387, found 230.1387.
3212 (R)-1-# T B & -2-(8h 7 2 )wbek be -2-F2 B 7
5 (14) 49 4 A&,

1, (34.87 g, 0.137 mol) A T#H) CH.Cly (400
mL), fitdk, ERAFAFEFEES 0 C, ZiEafmA
PPh; (36.04 g, 0.137 mol), MIASEEIE4kLE N 0.5 h /5,
FZE LI BKME(37.41 g, 0.550 mol), I )5 Fgk
S 0.5 h. Kb 2413 (21.00 g, 91.6 mmol)iA T -1
] CH2Cly (60 mL)H, FHE i 9 R - 2 13 in 21 s 1
EZ T, WINTE SR RS RIFEHIKE B ER, EERT
ARSEAEFE N 3 h, TLC o N SE 5. K S BT A 4 151
AUKK (500 mLyH, $iidE, 2 A B, KAEA CHLCL
(100 mLX3)AHL. &IHANAH, KIKAH 10% NasS,03 ¥
(200 mL) AT NaCl (200 mL)¥EE, Tk
MgSOs T ShIERR 22T, JEMRTE e 28 A 28
LW, BRKERRYMEEREZEN[V(EtOAC)/
V(n-hexane) =25/751414L 13 B4k &1 14. TG G,
15.01 g, Y% 48%. '"H NMR (CDCl;, 500 MHz) 6: 4.55
(d, J=10.5 Hz, 1H), 3.75~3.79 (m, 1H), 3.72 (s, 3H),
3.69 (d, J=10.5 Hz, 1H), 3.61~3.66 (m, 1H), 2.69 (sep-
tet, J=6.8 Hz, 1H), 2.19~2.26 (m, 1H), 2.06~2.14 (m,
3H), 1.19 (d, J=6.5 Hz, 3H), 1.11 (d, J=6.5 Hz, 3H); 1*C
NMR (CDCl;, 126 MHz) d: 176.0, 170.7, 67.8, 52.9, 48.8,
37.1, 32.9, 237, 19.4, 18.4, 14.6. HRMS calcd for
CiHisINO; [M+H]" 340.0404, found 340.0404.

3213 (S)-1-F T B A 2-(A F ) weei ke -2- K B 7
B5(6b) 49 5 Ak,

¥k & 14 (15.00 g, 44.2 mmol)¥& T Zfi%(150 mL)
t, N AgF (8.50 g, 66.3 mmol), F%5 9% 4% 0 3 i it
o, AR FEEIR FHHE 12 h, TLC B/ N 58 L.
SR AP CAREFE T B, SEVRAE G 2 A 2R
FE 3] —FR AW, I\ EtOAc (200 mL)E ARG, MK
Fi H,O (100 mL)FI41 A1 NaCl (100 mL)¥&E R BEER, Tk
MgSOs T, ShIERR 22T, JEMRTE e 28 A 28
LW, BRKERRYMEEREZEN[V(EtOAC)/
V(n-hexane)=17/83)4i1k, 13EHAY) 0.80 g, ¥R B
A&, U# 8%. 'H NMR (CDCls, 500 MHz) 6: 5.05 (dd, J=
9.5 Hz and 48.5 Hz, 1H), 4.74 (dd, J=9.5, 47.0 Hz, 1H),
3.69~3.77 (m, 1H), 3.71 (s, 3H), 3.62~3.66 (m, 1H),
2.69 (septet, J=6.7 Hz, 1H), 2.30~2.35 (m, 1H), 2.00~
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2.15 (m, 3H), 1.13 (d, J=6.5 Hz, 3H), 1.12 (d, J=6.5 Hz,
3H); '3C NMR (CDCls, 126 MHz) d: 176.1, 172.2 (d, J=
8.3 Hz), 83.0 (d, J=170.9 Hz), 68.0 (d, J=18.9 Hz), 52.4,
48.5, 33.8 (d, J=16.5 Hz), 32.7, 24.4, 19.0, 18.5. HRMS
caled for Cj HpFNO; [M + H] © 232.1343, found
232.1344.

3.2.14  (S)-1-F T Be A -2-(# F & )wbe& e -2- 72 B2 (8b)
EORESHY

Z: 8 ik 6a, 6¢ F1 6e~6h 5 /% 8a, 8¢ 1 8e~8h [
9% (4 6b (0.80 g, 3.46 mmol). NaOH (0.42 g, 10.4
mmol).MeOH (10 mL)f3 21L& 8b, H [ £, 0.60 g,
% 80%. m.p. 151.8~154.2 ‘C. 'H NMR (CDCls, 500
MHz) §: 6.38 (brs, 1H), 5.13 (dd, J=9.5, 48.5 Hz, 1H),
4.69 (dd, J=9.5 Hz and 46.5 Hz, 1H), 3.72~3.77 (m, 1H),
3.61~3.65 (m, 1H), 2.71 (septet, /=6.8 Hz, 1H), 2.31~
2.34 (m, 2H), 2.00~2.12 (m, 2H), 1.15 (d, J=7.0 Hz,
3H), 1.13 (d, J=7.0 Hz, 3H); 3C NMR (CDCls, 126 MHz)
0:177.4,173.4 (d, J=8.2 Hz), 82.4 (d, J=172.0 Hz), 68.7
(d, J=18.8 Hz), 48.9, 33.4 (d, J=3.5 Hz), 32.8, 24.0, 18.9,
18.2. HRMS caled for C0H;7FNO; [M+H]" 218.1187,
found 218.1187.

32.15 (2S4AR)-1-(RTAZEAX)4- (T A7 Lt
e A ) B A ) e e bz -2- 5 BR P B (16) 89 4 A%,

BALEY) 15 (40.00 g, 0.163 mol)¥ T DMF (400
mL)H, AR IR, RMARBFIERSE 0 C, Kk
LI NBE(33.31 g, 0.489 mol)All TBDMSCI (31.95 g,
0.212 mol), M5EJE, RN RKE 2 % iR 9k S8 HE
i 4 h, TLC RN FER. [ MAR &5 VKK (1200
mL)H, #t4E, A EtOAc (300 mL X 3)AHL, &AM,
PRI NaCl ¥AW(300 mL X 5)¥Es%, To/K MgSO, .
FPE R TR, DEVRAENERE 2 R AN B8 R, 155
(1) 5% 4 W) 4 6 I FE 2 BT [M(BtOAc)/V(n-hexane) =
0/100~10/9014fifk,, F2LEW 16, IR OIRW, 62.15
g, WE 106%(F — & =¥ ). 'H NMR (CDCls;, 500
MHz) 6: 4.32~4.44 (m, 2H), 3.74 (s, 1H), 3.73 (s, 2H),
3.56~3.63 (m, 1H), 3.30~3.42 (m, 1H), 2.14~2.21 (m,
1H), 1.99~2.04 (m, 1H), 1.46 (s, 3H), 1.41 (s, 6H), 0.87
(s, 9H), 1.06 (s, 6H); 'H NMR % ¥ 5 SCHR[28]—FL.
32.16 (2SAR)-1-(RT AFHHE)-2-F A [(RTH=
W R AR A A s b -2- B BR T S (17) 649 Ak

¥R IE(20.96 g, 0.207 mol)iE T T 1) THF
(300 mL)H, FARY R, RBK R B EE
—78 °C, FTE R Ak & b 285 N n-BuLi
(2.4 mmol/L, 86 mL, 0.207 mol), ¥&ln5e B )5 ) itk £
HEFFIE—T8 CHkS: M 0.5 h. Kb & 16 (62.00 g,
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% 0.173 mol 11)¥% /&1 THF (100 mL)H, FH1EE
RSN AR R, i se e R IR
YkEE R 0.5 h, TG RIS RGN 7S B R R = Bk ik
(HMPA; 92.78 g, 0.518 mol)Fl CH;I (31.85 g, 0.224 mol),
Wi E, RMAARZEKE 2 =RIFHEHFE 12
h, TLC Rl [ B 5e4s. ROBAR R BINMIF NHLCl 35
(900 mL), Hit#E, A EtOAc (300 mL X 3)AEHL, & IFEHHL
AH, HCIRA 0.1 moleL ™! #i £h M2 (300 mL)FE AN NaCl ¥
(300 mL)¥ESS, oK MgSOs 4. JhiiRe 217,
PETRAE e 28 A B RIEF, BRI R RVEIER AT
JEHT[V(EtOAC)/V(n-hexane)=0/100~5/95]4ifk,, 755k,
G 17, R AWAR, 21.90 g R 34%. 'H NMR
(CDCls, 500 MHz) &: 4.37~4.40 (m, 1H), 3.65~3.75 (m,
1H), 3.70 (s, 3H), 3.31~3.44 (m, 1H), 2.25~2.33 (m,
1H), 1.86~1.95 (m, 1H), 1.68 (s, 1H), 1.64 (s, 2H), 1.45
(s, 3H), 1.41 (s, 6H), 0.89 (s, 3H), 0.88 (s, 6H), 0.06~0.07
(m, 6H); '"H NMR %## 5 SCHR[28]— 2L

3217 (2SAR)-1-(R T A H HK)-2-F & -4- % A akwi
$2-2-75 B8 F BE(18) 4% &k,

KAk & 17 (11.00 g, 29.4 mmol)i& T T4/ THF
(100 mL)H, ZARY FHiHE, RNAERBFERZE 0 C,
) S AR 22 R A HE N DY T S5 Ak 4% (TBAF) (18.58 g,
58.9 mmol), MATEEE)G, RNARRKE & % I 4k
GEEE 5 h, TLC Rl [ 2564, B R BIAR R FIA VKK
(300 mL)H, fiE$k, FH EtOAc (100 mL X 3)XHL, AIFH
UM, PN NaCl (150 mL)¥E#, /K MgSO, T
W IR R TR, DERE IR R 28 KA AR A,
153 2 (1) 5% R W 48 1 I A 2 B [V(EtOAcC)/V(n-hexane) =
10/90~40/6014i 4L /5 2L &Y 18, FRB M, 6.73 g,
% 88%. '"H NMR (CDCls, 500 MHz) 6: 4.46~4.51 (m,
1H), 3.72~3.80 (m, 1H), 3.71 (s, 3H), 3.47~3.57 (m,
1H), 2.34~2.40 (m, 1H), 1.94~2.05 (m, 1H), 1.72 (s,
1H), 1.68 (s, 2H), 1.45 (s, 3H), 1.41 (s, 6H). HRMS calcd
for C12Hy NNaOs [M+Na]" 282.1312, found 282.1310.
ZUEWEHE BRI, 4 U C NMR.
3.2.18  (2S5,48)-1-(F T # K K )-4- #-2-F A oolnd bz -
2-FRBR P B5(19) 89 A Ak

LAY 18 (6.73 g, 26.0 mmol)¥ T T4 CHLCly
(50 mL)H, ZALRY FHiHE, RPARFRZE—T78 C,
JE I 1E R O SF AR R 2212 I DAST (6.28 g,
38.9 mmol), J#MTEEE G VAR RAE—T8 CHiFE 0.5 h,
M5 G218 K2 28 2 iR AR 40 HF 12 h, TLC Al 75 sk
KRIRPL, B NAR R TR 2 —78 °C, M DAST
(4.16 g, 26.0 mmol) & T 1) CH:CL, (10 mL), JRNif&
E—78 CHRELR M 0.5 h, A8 E 2 %I 5 W4k a4

http://sioc-journal.cn/ 1257



BIKE

MRILX

P 6 h, TLC R M54, B Ak RIS E VKK
(200 mL)H, e, 2R INE A NaHCO; (100
mL), F] CHxCl, (100 mL X 3)2HY, & F-H LA, Fm
NaCl (100 mL)¥E#, Jo/K MgSOs T8, kR 21
7, BEMRAE R 2 RAY L7 KR, BRIRAME
Tk A E AT [V(EtOAcC)/ V(n-hexane) = 0/100~10/90]4li4k.,
BREMLAEY 19, FRIEEWE, 2.20 g, K 32%. ZibE
YEIERAT F— PR

3.2.19  (2S5,48)-4- #-2-F A oe& be-2- 7 BR F BE (51) 49
AR

LAY 19 (8.80 g, 33.7 mmol)¥ T T CH.Cly
(80 mL)H, =i FHHE, A TFA (13 mL), 4kEE=
MR 4 h, TLC AR R 58 58, e AR R AE e i 25
I EZEEEER R TFA J5, IIANEA NaHCO; (100
mL), $i#E, F CHoCl (100 mL X 3)AHL. & IHAEHAH, y
FAMIAN NaCl (100 mL)¥e#, JE/K MgSOs T4,
JERR 22 TIRA, JEMAE TR A KA EZA KV, 1521
B A% W 48 1t JI K J2 BT [V(EtOAc)/V(n-hexane) = 0/100 ~
50/501461k, BEMLEY 50, HOEW, 3.26 g IE
60%. "H NMR (CDCls, 500 MHz) 6: 5.09~5.22 (m, 1H),
3.76 (s, 3H), 3.26~3.35 (m, 1H), 3.11~3.21 (m, 1H),
2.59~2.66 (m, 2H), 1.80~1.92 (m, 1H), 1.41 (s, 3H), 1*C
NMR (CDCls, 126 MHz) 6: 177.2, 94.9 (d, J=174.6 Hz),
65.3, 53.3 (d, J=23.2 Hz), 52.7, 44.8 (d, J=20.9 Hz),
26.4. HRMS caled for C;H;3FNO, [M+H]" 162.0925,
found 162.0924.

3220 (25,45)-1-5 T Bt A -4- #-2- F Hookwi bz -2- 5
BR W 5 (61) & & Ak,

Z 8 ik 5a<HCI, 5¢HCl fll 5esHCl~5hHCI & %
6a, 6¢ fll 6e~6h [F2DIE, M 5i (3.26 g, 20.2 mmol).
EtN (10.23 g,0.101 mol). 5 T BE&(4.31 g, 40.5 mmol).
T1EH) CH2CL, (30 mL)TF 2L 54 6i, 18 14, 3.96 g,
W 85%. '"H NMR (CDCls, 500 MHz) 6: 5.16~5.30 (m,
1H), 3.84~4.00 (m, 2H), 3.72 (s, 3H), 2.53~2.62 (m,
2H), 2.12~2.22 (m, 1H), 1.65 (s, 3H), 1.16 (d, J=6.5 Hz,
3H), 1.12 (d, J=6.5 Hz, 3H); 3C NMR (CDCl;, 126 MHz)
8: 175.5,173.2, 90.1 (d, J=181.8 Hz), 65.1, 53.6 (d, J=
24.9 Hz), 52.5, 45.0 (d, J=20.8 Hz), 32.7, 23.5, 18.7, 18.5.
HRMS caled for C;;H19FNOs; [M+H]" 232.1343, found
232.1343.

3221 (2545)-1-5 T Bt & -4- #.-2- F Hooni bz -2- 7
R (81) 89 & A%,

Z 8 LA 6a, 6¢ fil 6e~6h 5/ 8a, 8c 1 8e~8h [1]
9%, 4 6i (3.00 g, 13.0 mmol. NaOH (1.56 g, 38.9
mmol). MeOH (30 mL)7F2|/™=¥) 8i, H A, 1.59 g,
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& 56%. m.p. 197.9~199.2 ‘C. 'H NMR (DMSO-ds,
500 MHz) &: 12.27 (brs, 1H), 5.23~5.36 (m, 1H), 3.80~
3.97 (m, 2H), 2.64 (septet, J=6.8 Hz, 1H), 2.31~2.39 (m,
1H), 2.17~2.27 (m, 1H), 1.45 (s, 3H), 0.98 (d, J=7.0 Hz,
3H), 0.98 (d, J=6.5 Hz, 3H); '*C NMR (DMSO-ds, 126
MHz) 6: 174.0, 173.9, 90.6 (d, J=177.8 Hz), 64.2, 53.2 (d,
J=23.9 Hz), 44.5 (d, J=20.4 Hz), 31.5, 22.7, 18.8, 18.5.
HRMS caled for C1oH;7FNO; [M+H]" 218.1187, found
218.1187.
3.222 2-(M A A A )T MR F B (21)89 A nk

B A1 20 (5.00 g, 49.0 mmol)VAE T F 2 (50
mL)™, I EGN (9.91 g, 98.0 mmol), &R FHiHE,
RNAERFERZ 0 C. K)amMHERE Eh4.58 g, 49.0
mmol) A B R NAR R, Nsefa, RMAE R AR =R
HARSEHEFE 4 h, TLC I BRI N 5eEe. [ MR R (B
VKK, BRE, s AN, FHJEK MgSOs T, R
FTRA, SR EIEA T N R
3.2.23  2-(N-# 7 25 F B 20K AL 7 M B F B (22) 89 &
I

] b — 45 B R4 21(3% 49.0 mmol 1) FF
R INN EtN (4.96 g, 49.0 mmol), ZSARY FHEEE,
SNAR ZRFFRE 0 °C, SN EEE(5.50 g, 39.2
mmol), WG, REERKE B =R, kS
12 h, TLC Fill R OB TE 4. ¥ MR R gE, 381HA
FHOR BRIV, BERIE I EIEHH, HIAUK/K(100 mL)H,
ik, AV, KA EtOAc (50 mLX3)AH, &
HANUAH, M 0.1 molsL ™" % EhE2(100 mL)ANifLAN
NaCl A (100 mL)¥e ik, To/K MgSO, T, fhjgRr %1
BEF), BERAENERE 28 KA L2 KVER, RBIRRRME
iR K JE T [ V(EtOAC)/ V(n-hexane)=0/100~10/90]4li1k,,
BRI EY 22, AWK, 2.20 g, 2022 A FFIEK 18%.
'H NMR (CDCls, 500 MHz) 6: 7.47~7.49 (m, 2H),
7.31~7.40 (m, 3H), 6.08 (s, 1H), 5.88~5.96 (m, 1H),
5.51 (brs, 1H), 5.20~5.26 (m, 2H), 4.31 (d, J=6.0 Hz,
2H), 3.63 (s, 3H). '"H NMR ##5 5 SCHR[29]— %L
3224 2-RPEBLA-2-RAEMOR[2.1.1]THE-1-R R T
B5(23) 89 & nk,

¥tk & 22 (13.90 g, 57.4 mmol)¥& T Z (900 mL)
o, IMAZEZEA(2.07 g, 17.2 mmol), Z/SMHY, FiR K
WEHE, AT (365 nm, THFE 100 W/ X3 M TR
SR, TLC PRIER SN ERE BB B S5 ORI THEE13 d). )
VR A RAE T % 28 RAX 728 577, 13 BBk R & rt
JiE 43 JZ M7 [(EtOAcC)/V(n-hexane) = 0/100 ~ 33/67] 4l 1k,
T8 H [(EtOAc)/V(n-hexane) = 1/2] 5 i T %, HhiE
WA IR, =il NS TRA IS 23, HOE 1k,
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5.09 g, W& 36%. m.p. 119.7~120.5 C (lit.[? 124.5~
125.0 C). '"H NMR (CDCls, 500 MHz) §: 7.75~7.76 (m,
2H), 7.40~7.50 (m, 3H), 3.81 (brs, 3H), 3.57 (brs, 2H),
2.81~2.82 (m, 1H), 2.19~2.24 (m, 2H), 1.79~1.83 (m,
2H). 'H NMR %4 5 SCHR[29]— 2L

3225 2-RABIR[2.1.1]1C4%2-1-F4 8L 2582 25 (7j+HCI)
EORESHY

KA1 23 (5.09, 20.8 mmol)fIA 6 moleL ! &
(25 mL)H, FEAIN TEELE(3 mL), #HiFE, RS R
FHERZ [FIA, TLC FRER BB R A5 R (— T 2 12 h). 4
RNAARAE R, $8%FEE 0 C, HidE, AAf
[ AATH, g SRR, F 6 moleL! FRERUEEIEDT.
VUL e 28 RAX 78 KV, TS5 R I N B
(10 mL)Z= & FATH, B BcER &, =R T5a 5
7jsHCL. F@AEA, 3.20 g, W& 94%. ZbEVIEEH
TR B, AN DA FIRAL.

3226 2-F T ELA-2- R A MR [2.1.1] T H-1-A B
(8)) 89 & A&

Z @& ik 5a<HCI, 5csHCl 1 SesHC1~5hHCI & J{
6a, 6¢ fil 6e~6h 1R, ff [ 7j*HCI (3.20 g, 1% 19.6
mmol ). Et:N (9.90 g, 98.8 mmol). 7T Bt&(4.17 g,
39.1 mmol). ¥ CH.Cl (30 mL)R 254 8. Ffh
44, 2.58 g, F 67%. m.p. 115.7~116.8 ‘C. '"H NMR
(DMSO-ds, 500 MHz) J: 12.41 (brs, 1H), 3.52 (s, 2H),
2.74~2.75 (m, 1H), 2.59 (septet, J=6.8 Hz, 1H), 1.97~
2.03 (m, 2H), 1.48~1.53 (m, 2H), 1.01 (d, J=6.5 Hz,
6H); 3C NMR (DMSO-ds, 126 MHz) J: 176.3, 169.3,
69.3, 50.8, 41.6, 33.6, 31.3, 19.1. HRMS calcd for
C1oH1eNO; [M+H]" 198.1125, found 198.1124.

3227  O-FH-N-((S)-1-F T Bt 2 -2- B A b w& e -2-
#HHK)-L-75 2B F 85 (10a~10j) 89 & A&

WA AT BHEY 8a~8j (1.0 equiv.)is T T
BRI CHCL o, BURURI M HHE, SN R iR 2
0 C, FyEH# Mk RPEIEH N DIPEA (3.0 equiv.),
M It &4 9+HCL (1.0 equiv.; AR HE SCHR[30]%H 4%,
'H NMR 5 3CHR— 301 CHCL R, In5es, A Sk
AN HATU (1.5 equiv.), TG R MNAK RIEZE R
AR BB TLC FRER VAR (— MR FE 12 h). &K
AR RBIAVKKF, F CH.CL 210 3 Ik, A IFA LA,
KK 0.1 molsL ™' FihBR. 11 NaHCO; 1A NaCl
BRI, Jo/K MgSO, T, HhiERR 25 TR, JEMAE el
AR EZE LR, 193005 R Y &R E T
[V(EtOAc)/V(n-hexane) = 0/100~50/50] 41k, 7551k &
) 10a~10j, ZWEWEEHT T~ —2 M.
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3.2.28  ((5)-1-F T Bt A -2- AR oo bz -2- 3% B )-L- 75
A BR (11a~11§)89 & &

WA RBOTE ACGE IR RE L) &4 10a~10c,
10e~10f 5§ 10i~10j 7T MeOH ', A 10% Pd/C (Ji
B 5%), HEBARERE PR =R E R N (RE) A 12
h, TLC RN ARSEA:. FARE#E L BhaE bR b7, I8
WA e 28 A F 282 I, BRI MeOH Ffit
10% Pd/C (5%), #&H8 _FbbrifEfe 7778 =i % T (UK
A 12 h, TLC WonMN5E4. i L BERR £
10% Pd/C, UEMRAETRHLZRAN F28 LI, H5RIRAR
VI EE R =R T TR, B R, =R T RS
T, B2HLEY 11a~11c¢, 1e~11f B¢ 11i~11j.

WA RO BOHRIEZMA): (&Y 10d 5
10g~10h ¥ T MeOH 1, A 10% Pd/C (5%), #&HEFR
HEFEFFLE 40~45 CHI12 MPa 944 F &4k 12 h, TLC
BRI N FEAr. FAREE - BhUERR 2405, DEIRAE e
RAX EZAEWRE, 13 3BRY) G &SR 20 T 4T
K, IENCEREAE, =T RS TR, FE0EY 1d
¢ 11g~11h.

((S)-1-3 T B 3k -2- FH L b g Jog -2- F 3L )-L- 75 &R
(1a): NEHE LR LB A WA T, A aE ik,
Sy W DRI AR A, R 33%. 'H NMR (DMSO-ds,
500 MHz) &: 7.08 (d, J=8.5 Hz, 1H), 4.05~4.12 (m, 2H),
3.68~3.72 (m, 1H), 3.32~3.65 (m, 1H), 2.65~2.71 (m,
1H), 2.16~2.21 (m, 1H), 1.83~1.92 (m, 2H), 1.73~1.78
(m, 1H), 1.47 (s, 3H), 1.02 (d, J=7.0 Hz, 3H), 1.01 (d, J=
6.5 Hz, 3H), 0.98 (d, J=6.5 Hz, 3H). HRMS calcd for
CisH2sN,Os [M+H]" 301.1758, found 301.1758. %k &
MIEH— B0, AR DR °C NMR.

((S)-1-J T Tk k-2 - 55 FFY B L s 52 - 2 - Bl Ik ) - L- 75 A R
(11b): M FHIRUT FElE/ e N R IR SR 4T 2, E i
&, WHE 50%. m.p. 161.8~162.6 C. '"H NMR
(DMSO-ds, 500 MHz) o: 7.08 (d, J=8.5 Hz, 1H), 4.96
(dd, J=9.0 Hz and 48.5 Hz, 1H), 4.82 (dd, /=9.0 Hz and
47.0 Hz, 1H), 4.17 (dd, J=3.0 Hz and 9.0 Hz, 1H), 4.07~
4.11 (m, 1H), 3.81~3.85 (m, 1H), 3.54~3.59 (m, 1H),
2.76 (septet, J=6.8 Hz, 1H), 2.13~2.23 (m, 2H), 1.86~
1.99 (m, 2H), 1.04 (d, J=7.0 Hz, 3H), 1.02 (d, J=6.5 Hz,
3H), 0.99 (d, J=7.0 Hz, 3H); '*C NMR (DMSO-ds, 126
MHz) 6: 175.4, 171.5, 171.2 (d, J=5.7 Hz), 82.9 (d, J=
169.3 Hz), 68.5 (d, J=18.8 Hz), 66.7, 57.1, 48.3, 33.8 (d,
J=3.4 Hz), 31.9, 23.0, 20.4, 18.8, 18.7. HRMS calcd for
C1sH24FN,Os [M+H]" 319.1664, found 319.1663.

((S)-1-5 T Bk 2 -2- 2 FE g Jog -2- F 3L )-L- 75 =R
(1e): NS EEFITHR, AR, W 73%. mp.
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164.2~168.4 ‘C. 'H NMR (DMSO-ds, 500 MHz) &: 7.59
(d, J=8.0 Hz, 1H), 4.07~4.11 (m, 2H), 3.73~3.77 (m,
1H), 3.46~3.51 (m, 1H), 2.76 (septet, J=6.8 Hz, 1H),
2.20~2.26 (m, 2H), 1.90~1.97 (m, 1H), 1.71~1.85 (m,
3H), 1.02 (d, J=6.5 Hz, 3H), 1.02 (d, J=6.5 Hz, 3H), 0.99
(d, J=6.0 Hz, 3H), 0.72 (t, J=7.5 Hz, 3H); 3C NMR
(DMSO-ds, 126 MHz) 0: 175.5, 173.7, 171.9, 70.9, 66.3,
57.5, 49.0, 34.2, 32.1, 26.1, 22.7, 20.3, 19.1, 18.9, 7.9.
HRMS calcd for C14H27N,Os [M+H]" 315.1914, found
315.1914.

((R)-1-53 T BE 3 -2-(2- 900 £ 358 ) ML I Je - 2- 3 32 ) -L- 75
AMRA1d): MR AEET IR, AEEAER, U 45%. mp.
136.4~137.9 C. 'H NMR (DMSO-ds, 500 MHz) ¢: 7.35
(d, J=8.0 Hz, 1H), 4.46~4.54 (m, 1H), 4.37~4.44 (m,
1H), 4.06~4.11 (m, 2H), 3.75~3.79 (m, 1H), 3.54~3.60
(m, 1H), 2.71~2.78 (m, 1H), 2.40~2.57 (m, 1H), 2.20~
225 (m, 1H), 1.96~2.02 (m, 1H), 1.72~1.94 (m, 3H),
0.99~1.03 (m, 9H); 3C NMR (DMSO-ds, 126 MHz) ¢:
175.5,173.0, 171.8, 81.1 (d, J/=161.3 Hz), 68.3 (d, J=4.9
Hz), 66.4, 57.5, 48.3, 35.8, 33.9 (d, J=18.9 Hz), 32.1,
22.8,20.3, 18.9, 18.7. HRMS calcd for C;sHa6FN,O5 [M+
H]" 333.1820, found 333.1817.

(R)-1-53 T Bt 5 -2- IF TR BE ML IS ot -2- B 356 )-L- 5 2 R
(11e): N FABEHITI, kA, I 74%. mp.
142.9~147.3 ‘C. 'H NMR (DMSO-ds, 500 MHz) &: 7.66
(d, J=8.0 Hz, 1H), 4.08~4.13 (m, 2H), 3.70~3.74 (m,
1H), 3.45~3.51 (m, 1H), 2.74 (septet, J=6.8 Hz, 1H),
2.25~2.30 (m, 1H), 2.11~2.17 (m, 1H), 1.91~1.97 (m,
1H), 1.69~1.84 (m, 3H), 1.21~1.31 (m, 1H), 0.96~1.04
(m, 10H), 0.85 (t, J=7.0 Hz, 3H); 3C NMR (DMSO-d,
126 MHz) d: 175.6, 173.7, 171.9, 70.6, 66.3, 57.5, 48.8,
35.9, 34.7,32.2,22.7, 20.3, 19.1, 18.9, 16.6, 14.4. HRMS
caled for CigHoN,Os [M + H] © 329.2071, found
329.2070.

(R)-1-J7 T Mok 2 -2-(3- 9o P 25k ) ML gt e -2- e ik )-L - 7
A1) W HIERUT E B 5 B 2R CBs IR S
3, W GEA, R 58%. mp. 140.5~142.5 ‘C. 'H
NMR (DMSO-ds, 500 MHz) §: 7.58 (d, J=7.5 Hz. 1H),
4.44 (t, J=6.0 Hz, 1H), 435 (t, J=6.3 Hz, 1H), 4.07~
4.12 (m, 2H), 3.73~3.77 (m, 1H), 3.49~3.54 (m, 1H),
2.75 (septet, J=6.7 Hz, 1H), 2.20~2.27 (m, 2H), 2.02~
2.08 (m, 1H), 1.71~1.86 (m, 3H), 1.59~1.70 (m, 1H),
1.29~1.42 (m, 1H), 1.02 (d, J=7.0 Hz, 6H), 0.99 (d, J=
6.0 Hz, 3H); 3C NMR (DMSO-ds, 126 MHz) ¢: 175.6,
173.4,171.9, 84.0 (d, J=162.9 Hz), 70.0, 66.2, 57.5, 48.8,
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34.8, 32.1, 29.3 (d, J=5.4 Hz), 24.7 (d, J=19.5), 22.7,
20.3, 19.1, 18.8. HRMS calcd for Ci¢HasFN,Os [M+H]"
347.1977, found 347.1976.

((R)-1-53 7 Tk Fok -2 % JHL wik g o -2- B HE )-L- 75 4 R
(Mg): MHERUT BRI, AEFEE, JE 78%.
m.p. 181.3~184.7 °C. 'H NMR (DMSO-ds, 500 MHz) §:
7.34 (d, J=8.0 Hz, 1H), 7.20~7.28 (m, 3H), 7.12~7.14
(m, 2H), 4.18 (dd, J=3.0 Hz and 8.0 Hz, 1H), 4.09~4.14
(m, 1H), 3.66 (d, J=13.5 Hz, 1H), 3.59~3.63 (m, 1H),
3.14 (d, J=13.5 Hz, 1H), 2.93~2.98 (m, 1H), 2.69 (sep-
tet, J=6.7 Hz, 1H), 2.08~2.14 (m, 1H), 1.96~2.02 (m,
1H), 1.55~1.64 (m, 1H), 1.12~1.20 (m, 1H), 1.08 (d, J=
7.0 Hz, 3H), 1.07 (d, J=6.5 Hz, 3H), 1.04 (d, J=6.0 Hz,
3H); *C NMR (DMSO-ds, 126 MHz) §: 175.5, 173.2,
171.8, 137.1, 130.4, 127.8, 126.3, 70.2, 66.5, 57.4, 48.4,
37.3, 34.6, 32.2, 22.3, 20.3, 18.8. HRMS calcd for
CaoH20N,Os [M+H]" 377.2071, found 377.2072.

((R)-1-37 T Tt 2o -2 P 4k R k) ML g6 2 -2 - 3 % )- -
TRAIRTh): M AR TN SRR (—5 CH
HF), AfEAE, ZE 92%. mp. 149.3~152.2 ‘C. 'H
NMR (DMSO-ds, 500 MHz) d: 7.46 (d, J=8.5 Hz, 1H),
4.09~4.15 (m, 2H), 4.01 (d, J=9.0 Hz, 1H), 3.66~3.70
(m, 1H), 3.65 (d, J=9.5 Hz, 1H), 3.49~3.54 (m, 1H),
3.29 (s, 3H), 2.64~2.72 (m, 1H), 2.10~2.16 (m, 1H),
2.02~2.07 (m, 1H), 1.84~1.92 (m, 1H), 1.76~1.83 (m,
1H), 1.06 (d, J=6.5 Hz, 3H), 0.99 (d, J=6.5 Hz, 3H), 0.97
(d, J=6.0 Hz, 3H); 3C NMR (DMSO-ds, 126 MHz) ¢:
175.1,172.2, 172.0, 72.8, 68.7, 66.4, 58.8, 57.2, 48.4, 34.0,
31.9, 22.9, 20.6, 19.0, 18.7. HRMS calcd for C;sH,7N,O¢
[M+H]" 331.1864, found 331.1863.

((285,48)-1-5 T Myt k-2 FF T -4 G L 16 Jo-2- e Ik )- L -
BRI WFEERT EBAT R, Ak,
63%. m.p. 143.2~144.2 ‘C. '"H NMR (DMSO-ds, 500
MHz) 6: 7.30 (brs, J=8.0 Hz, 1H), 5.21~5.33 (m, 1H),
4.04~4.10 (m, 2H), 3.84~3.99 (m, 2H), 2.61~2.73 (m,
2H), 2.02~2.13 (m, 1H), 1.51 (s, 3H), 1.05 (d, J=6.5 Hz,
3H), 0.99 (d, J=6.5 Hz, 3H), 0.96 (d, J=6.5 Hz, 3H); 1*C
NMR (DMSO-ds, 126 MHz) 6: 175.6, 172.6, 171.8, 91.0
(d, J=174.8 Hz), 66.2 (d, J=4.7 Hz), 57.3, 54.0 (d, J=
22.8 Hz), 44.4 (d, J=20.0 Hz), 32.0, 22.6. 19.8, 19.0, 18.5.
HRMS caled for C14H24FN,Os [M+H]" 319.1664, found
319.1662.

(2-5 T BRI -2- B 28 BUAR[2. 1. 1] - 1- 338 -L- 5 &
FR(11j): MARRE R, U2 37%. 'H NMR (DMSO-ds,
500 MHz) o: 12.45 (brs, 1H), 7.27 (brs, 1H), 4.83 (brs,
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1H), 4.18 (dd, J=4.0 Hz and 8.5 Hz, 1H), 4.06~4.10 (m,
1H), 3.54 (s, 2H), 2.76 (t, J=3.0 Hz, 1H), 2.60~2.65 (m,
1H), 1.97~2.00 (m, 2H), 1.60~1.66 (m, 2H), 1.09 (d, J=
6.5 Hz, 3H), 0.99~1.02 (m, 6H). HRMS calcd for
C14H2N,05 [M+H]" 299.1601, found 299.1600. iZ4k&
YISH — R, 4iBEA 2 LAEE 3C NMR.
3.2.29  (S)-N-((28,3R)-1- & 2 -3- & -1- AR T ke-2-
H)-1-F T B 2-FX b e ke -2- F B e (1a~1§) 89 &
R

WHA T BHAEY a~11j (1.0 equiv.)iE T
TR CHL.CL Y, KK II DIPEA (3.0 equiv.). EDCI
hR2h(1.2 equiv.). HOBt (1.2 equiv.)fl NH4Cl (2.0
equiv.), R PR FHFEE 12 h, TLC A& B
e, RONAR BB NaCLVE T, H CHLCl 25HL 3
W, SIFANUME, K MgSO, T8, gk 2 T,
JEVRAE RS 28 RAX E 2, 132 R AR ET
[V(EtOAc)/V(n-hexane) = 100/0] 46 4t., DA 6B T
Mk == T AT, s A, iR ES RIS
2 HARMLAY) 1a~1j.

(S)-N-((2S,3R)-1-2 & -3-F2 FE - 1- 5 AR T Je-2- 3 )-1-
ST IR AE-2- F RN g be-2- FRBE iR (1a): A LA, W3
30%. m.p. 1632~ 1648 C. [a]y — 36.6 (¢ 1.01,
MeOH); 'H NMR (DMSO-dg, 500 MHz) ¢: 7.11 (brs, 1H),
6.99 (brs, 1H), 6.79 (d, J=8.5 Hz, 1H), 4.92 (d, J=6.0 Hz,
1H), 4.19~4.24 (m, 1H), 3.88 (dd, J=2.0, 8.5 Hz, 1H),
3.78~3.82 (m, 1H), 3.67~3.72 (m, 1H), 2.74 (septet, J=
6.7 Hz, 1H), 1.84~2.05 (m, 4H), 1.41 (s, 3H), 0.98~1.04
(m, 9H); '3C NMR (DMSO-ds, 126 MHz) 6: 175.7, 173.3,
172.5, 66.5, 65.4, 58.1, 47.6, 38.9, 32.0, 23.3, 20.8, 20.5,
18.7, 18.6. HRMS caled for Ci14HxN3Os [M + H]*
300.1918, found 300.1917.

(S)-N-((2S,3R)-1-2 & -3-F2 FE - 1- 5 AR T Je-2- 3 )-1-
ST - 2- g0 PP R L e -2- FR I 2 (1b): - 1 LA, i
F 47%. mp. 1462~147.7 C. [alh —29.8 (¢ 1.04,
MeOH); 'H NMR (DMSO-ds, 500 MHz) 6: 7.15 (brs, 1H),
7.12 (d, J=8.5 Hz, 1H), 6.86 (brs, 1H), 4.96 (dd, J=9.0
Hz and 49.0 Hz, 1H), 491 (d, J=6.0 Hz, 1H), 4.73 (dd,
J=9.0 Hz and 46.5 Hz, 1H), 4.17~4.23 (m, 1H), 3.91~
3.96 (m, 2H), 3.53~3.58 (m, 1H), 2.82 (septet, J=6.8 Hz,
1H), 2.25~2.30 (m, 1H), 1.90~2.10 (m, 3H), 1.00~1.04
(m, 9H); *C NMR (DMSO-ds, 126 MHz) d: 176.5, 172.0,
171.3 (d, J=7.1 Hz), 82.8 (d, J=169.0 Hz), 68.2 (d, J=
18.4 Hz), 65.5, 57.6, 48.5, 34.3 (d, J=3.0 Hz), 32.1, 23.3,
20.6, 18.7, 18.5; YF NMR (DMSO-ds, 471 MHz) 6: —
234.04. HRMS caled for Ci4HasFN3Os [M + H] ©
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318.1824, found 318.1823.
(S)-N-((28,3R)-1-Z & -3-F2 FE - 1- 5 AR T Je-2- 3 )-1-
ST -2- 2 SR e -2- Bk R (Le): 1 Ak, Uik
44%. m.p. 137.8~139.6 C. [a]d —21.8 (¢ 1.01,
MeOH); 'H NMR (DMSO-ds, 500 MHz) d: 7.12 (brs, 1H),
6.91 (brs, 1H), 6.88 (d, J=8.5 Hz, 1H), 4.96 (d, J=5.5 Hz,
1H), 4.15~4.21 (m, 1H), 3.89~3.93 (m, 2H), 3.48~3.53
(m, 1H), 2.82 (septet, J=6.7 Hz, 1H), 2.21~2.28 (m, 1H),
1.90~2.02 (m, 3H), 1.79~1.88 (m, 2H), 1.01~1.04 (m,
9H), 0.71 (t, J=7.5 Hz, 3H); *C NMR (DMSO-ds, 126
MHz) §: 176.0, 173.7, 172.4, 69.8, 65.4, 58.0, 48.9, 35.0,
32.1, 25.5, 23.1, 20.7, 19.0, 18.8, 7.6. HRMS calcd for
C1sHasN304 [M+H]" 314.2074, found 314.2073.
(R)-N-((28,3R)-1-2 & -3- 3 - 1- AR T e -2- 3 )-1-
F T R E-2-(2- 90 £ Ak Mt g e -2- F e fiz (1) 13 O] 44,
E 13%. mp. 140.9~1422 C. [a]d —11.1 (¢ 0.99,
MeOH); 'H NMR (DMSO-ds, 500 MHz) d: 7.13 (brs, 1H),
6.89~6.92 (m, 2H), 4.93 (d, J=5.5 Hz, 1H), 4.40~4.61
(m, 2H), 4.16~4.23 (m, 1H), 3.88~3.92 (m, 2H), 3.60~
3.65 (m, 1H), 2.74~2.81 (m, 1H), 2.41~2.52 (m, 1H),
2.29~2.39 (m, 1H), 2.11~2.17 (m, 1H), 1.96~2.06 (m,
2H), 1.89~1.95 (m, 1H), 1.00~1.03 (m, 9H); 3C NMR
(DMSO-ds, 126 MHz) §: 176.2, 173.0, 172.3, 81.2 (d, J=
160.7 Hz), 67.7 (d, J=4.9 Hz), 65.4, 58.1, 48.1, 36.3, 33.8
(d, J=19.0 Hz), 32.1, 23.1, 20.7, 18.7, 18.6; YF NMR
(DMSO-ds, 471 MHz) o: —215.58. HRMS caled for
C15H27FN;04 [M+H]™ 332.1980, found 332.1977.
(R)-N-((28,3R)-1-2 & -3- 32 - 1- AR T e -2- 3 )-1-
ST R IE-2- 1 Y R bE-2- H I i (Le): 1 Eu Ak, i
#E 36%. mp. 1163~117.6 C. [a]d —13.3 (¢ 1.13,
MeOH); 'H NMR (DMSO-ds, 500 MHz) d: 7.12 (brs, 1H),
6.92 (brs, 1H), 6.87 (d, J=8.5 Hz, 1H), 4.96 (d, J=5.5 Hz,
1H), 4.15~4.21 (m, 1H), 3.87~3.91 (m, 2H), 3.48~3.54
(m, 1H), 2.76~2.84 (m, 1H), 2.15~2.21 (m, 1H), 1.97~
2.03 (m, 2H), 1.89~1.96 (m, 1H), 1.75~1.88 (m, 2H),
1.26~1.36 (m, 1H), 1.01~1.03 (m, 9H), 0.90~0.98 (m,
1H), 0.85 (t, J=7.0 Hz, 3H); 3C NMR (DMSO-ds, 126
MHz) §: 176.0, 173.6, 172.5, 69.4, 65.4, 58.1, 48.8, 35.6,
35.3,32.1,23.2,20.7, 18.9, 18.8, 16.2, 14.4. HRMS calcd
for C16H30N304 [M+H]" 328.2231, found 328.2229.
(R)-N-((28,3R)-1-28 ik -3-F2 - 1- A T e -2- 2k )-1-
ST R -2-(3- G N 55 ) ML s e -2- PR R e (1): 1 €0 [T 44
R 42%. mp. 129.8~133.3 C. [a]y —14.3 (¢ 0.98,
MeOH); '"H NMR (DMSO-ds, 500 MHz) d: 7.13 (brs, 1H),
6.91 (brs, 1H), 6.90 (d, J=9.0 Hz, 1H), 4.96 (d, J=5.5 Hz,
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1H), 4.42~4.46 (m, 1H), 4.33~4.37 (m, 1H), 4.15~4.21
(m, 1H), 3.89~3.93 (m, 2H), 3.52~3.57 (m, 1H), 2.81
(septet, J=6.7 Hz, 1H), 2.21~2.27 (m, 1H), 1.99~2.03
(m, 2H), 1.82~1.97 (m, 3H), 1.64~1.78 (m, 1H), 1.25~
1.39 (m, 1H), 1.02 (d, J=6.5 Hz, 6H), 1.01 (d, J=7.0 Hz,
3H); *C NMR (DMSO-ds, 126 MHz) o: 176.1, 173.4,
172.4, 84.0 (d, J=163.2 Hz), 69.0, 65.4, 58.1, 48.7, 35.5,
32.1,28.9 (d, J=5.5 Hz), 24.5 (d, J=19.5 Hz), 23.1, 20.7,
18.9, 18.7; '9F NMR (DMSO-ds, 471 MHz) §: —215.91.
HRMS calcd for C16H9FN;04 [M+H]" 346.2137,
(R)-N-((28,3R)-1-Z K= -3-F2 £ -1- 5 AT bg-2-45)-1-
ST R -2- R A b -2- R (1g): LA, i
62%. m.p. 153.0~1562 C. [aly + 119.8 (¢ 1.16,
MeOH); 'H NMR (DMSO-ds, 500 MHz) 6: 7.23~7.30
(m, 3H), 7.19 (brs, 1H), 7.11 (d, J=6.5 Hz, 2H), 6.97 (brs,
1H), 6.83 (d, J=8.5 Hz, 1H), 4.99 (d, J=5.5 Hz, 1H),
4.19~4.24 (m, 1H), 3.95 (dd, J=2.5 Hz and 8.5 Hz, 1H),
3.68~3.71 (m, 1H), 3.59 (d, J=13.5 Hz, 1H), 3.12 (d, J=
13.5 Hz, 1H), 2.81~2.86 (m, 1H), 2.71~2.76 (m, 1H),
2.14~2.19 (m, 1H), 1.96~2.01 (m, 1H), 1.60~1.67 (m,
1H), 1.12~1.19 (m, 1H), 1.09 (d, J=7.0 Hz, 3H), 1.05 (d,
J=6.5 Hz, 3H), 1.05 (d, J=6.5 Hz, 3H); *C NMR
(DMSO-ds, 126 MHz) d: 176.3, 173.3, 172.4, 137.2, 130.6,
128.0, 126.6, 69.9, 65.5, 58.1, 48.5, 37.0, 35.2, 32.3, 22.6,
20.8, 18.9, 18.7. HRMS calcd for CaHioN3;04 [M+H]"
376.2231, found 376.2233.
(R)-N-((28,3R)-1-Z K= -3-F2 £ -1- 5 AT bg-2-45)-1-
ST MR 32 (AR PP A L s - 2- FRBE A (1h): 1 £ ]
%, W 20%. mp. 105.3~108.8 C. [a]y —16.8 (c
1.01, MeOH); '"H NMR (DMSO-ds, 500 MHz) §: 7.13 (brs,
1H), 7.07 (d, J=6.5 Hz, 1H), 6.95 (brs, 1H), 5.00 (d, J=
5.0 Hz, 1H), 4.16~4.21 (m, 1H), 3.89~3.93 (m, 1H), 3.90
(d, J=9.5 Hz, 1H), 3.82~3.86 (m, 1H), 3.73 (d, J=9.5
Hz, 1H), 3.23 (s, 3H), 2.76 (septet, J=6.8 Hz, 1H), 2.19~
2.25 (m, 1H), 1.93~2.02 (m, 2H), 1.80~1.88 (m, 1H),
0.98~1.03 (m, 9H); 3C NMR (DMSO-ds, 126 MHz) o:
176.4,172.4,172.3,71.9, 68.9, 65.6, 59.0, 57.9, 48.8, 34.7,
32.2, 23.4,20.7, 18.8, 18.7. HRMS calcd for C;sHasN30s
[M-+H]" 330.2023, found 330.2022.
(25,48)-N-((28,3R)-1-28 FE-3-Fa K- 1- AR T be-2-
Bo)-5 T TR R -2- FE -4 B ot -2- R B A (1): £ ]
&, WE 42%. mp. 180.2~181.3 C. [a]hy —8.2(c 1.10,
MeOH); '"H NMR (DMSO-ds, 500 MHz) 8: 7.14 (brs, 1H),
6.95 (brs, 1H), 6.83 (d, J/=8.0 Hz, 1H), 5.29~5.41 (m,
1H), 5.00 (d, J=4.5 Hz, 1H), 4.19~4.24 (m, 1H), 4.10~
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4.17 (m, 1H), 3.83~3.94 (m, 1H), 3.80 (d, J=2.0 Hz and
8.5 Hz, 1H), 2.77 (septet, J=6.7 Hz, 1H), 2.35~2.43 (m,
1H), 2.16~2.28 (m, 1H), 1.47 (s, 3H), 1.04 (d,
J=7.0 Hz, 3H), 1.00 (d, J=7.0 Hz, 6H); 3C NMR
(DMSO-ds, 126 MHz) d: 176.4, 172.6, 172.2, 91.7 (d, J=
174.4 Hz), 65.6, 65.2, 58.3, 53.6 (d, J=22.2 Hz), 45.1 (d,
J=20.0 Hz), 32.1, 22.2, 20.4 (d, J=2.5 Hz), 18.9, 18.3;
F NMR (DMSO-ds, 471 MHz) o: —172.18. HRMS
caled for CisHasFN3O4 [M + H]© 318.1824, found
318.1822.

N-((28,3R)-1-A F&-3-F - 1- AR T he-2-38)-2-7 T
P L -2- A B [2. 1. 1] ke -1- FE G e (1): 1 € ] 4
WHE 67%. mp. 152.3~153.0 ‘C. [a]y —41.5 (¢ 1.06,
MeOH); 'H NMR (DMSO-ds, 500 MHz) d: 7.67 (brs, 1H),
7.21 (d, J=8.5 Hz, 1H), 7.09 (brs, 1H), 4.77 (d, J=6.0 Hz,
1H), 4.23~4.26 (m, 1H), 3.96 (dd, J=2.5 Hz and 8.5 Hz,
1H), 3.57~3.60 (m, 2H), 2.77~2.78 (m, 1H), 2.65 (septet,
J=6.6 Hz, 1H), 1.99~2.04 (m, 2H), 1.74~1.78 (m, 1H),
1.56~1.61 (m, 1H), 1.01 ~1.05 (m, 9H); 3C NMR
(DMSO-ds, 126 MHz) d: 176.3, 172.4, 167.7, 71.0, 65.6,
58.3, 51.3, 42.0, 41.5, 33.2, 31.6, 20.4, 19.1, 19.0. HRMS
caled for Ci4HuN3O, [M + H] © 298.1761, found
298.1761.
3.3 {RANEMEMR

KW E R HIALE YD 1a~1j 5F NMDA 5244 44 b
T AN E R A2 8 1A N NR1/NR2B NMDA %2
&) HEK-293 4iifit & b, 347 440 T 3h i A £ 5%
1a~1j % NMDA 52 4 HLIFLRZ A ) 77 725K i

FaE 15 N\ NR1/NR2B [1) NMDA %14 ] HEK-293
Y (FE R {E E: NR1, NM_007327; NR2B, NM_000834)
7t DMEM R 923 (5H 10%M6 24 1M5% & 10 ng/mL 5 H
JE B 2, 100 png/mL Zeocin LA 200 pg/mL #i% 2R B)H
HI%, BIRIEE N 37 C, “RAMBIKREN 5%. 15T
6 cm 4HHE IR AR Bk B 95 3 ch gk AL AC, A 4
KR8 2 7T, A 0.25%- & ARE-EDTA %
&, 08 15X 10t MR BIEE b, 7E 24 FLRHPRE TR
(B ZARF 500 pL), MPURFERFES, [FBI1 1 mmolsL ™!
FET-HSRE FA(DAP-5), 18 h JE b TAG . J5F EHAS I
KA ANA: 140 mmolsL ™! NaCl, 4 mmolsL™' KCI, 2
mmols L™ ! CaCl,*2H,0, 10 mmoleL ! 4-¥% 7 FLWR B2 7 ik
FR(HEPES), 5 mmolsL ' D- % §#, NaOH #{77 pH=7.4;
A AW 10 mmoleL ™! NaCl, 110 mmoleL ! CsMes, 2
mmolsL ! MgCl,*6H,0, 10 mmol-L"! HEPES, 10 mmol*
L' 4 WY . FR(EGTA), 2 mmolsL ! Nay-ATP, 0.2
mmolsL ! Na,-GTP, CsOH 177 pH=7.2. 4=l fi5 F 4
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L3 NMDA SR BT RIS R0 T: SR
2 it A4 5 0 BB FR R B ) T — 70 mV, £ Gap-free 1
A Fids% NMDA 24k s

(D)MFFL AR NYX-2925 8l AHT 7057 & Ak
1) 1a~1j B FRAA Pt Ik 45 T A M R 1 H
2K 0.05 pmolsL '+ L-73 22 0.3 pmolsL ™' IR AT«
MR =ik B AR 5 490(0.1 wmoleL ™!, 1 pumoleL ™",
10 pmolsL )+ H&E 0.05 pmoleL '+ L-B&R 0.3
pmoleL ™! VRGN H 22 10 pmolsL ™'+ L-B 2% 10
pumolsL ' FRIVE AR, ¢ NMDA ZAFa A e, R
K4 EPC-10 UK 2% (HEKA) 3 17 R 8 Il 47 T
PatchMaster (HEKA)3 4.

R —NAYIRIE S B A HZER 0.05 pmol
L '+ L-B%8 0.3 umoleL ' L [HIE 5 i B IR UG {E AN
BEhFHZ R 0.05 pmoleL ™'+ L-43 %2 0.3 umoleL ™" ¥
FLIRIE(E AT A — 1k, SR )5 TH B — > 250 0T B 1)
BB, BRI ah 8N. = C/Co. Horr, G EF
—ANYIRE SEEFIH AR 0.05 pmoleL '+ L-A%
12 0.3 pmoleL™ " L [AI1F HIJa I HLIRIEAA, Co NiahiflH
212 0.05 pmoleL ™'+ L- 3 Z(#2 0.3 pmolsL ™' i FELITIAAA.

Q)HFFMAAEY N D-APS B Rpill4l A 4ty
IR TAMERI HZER 10 umol-L '+L-B& 10
pmolsL ™' FIVR-E - FRll4L G4 100 pmoleL ™'+ H & 2
10 pmolsL ™'+ L-A %2 10 pmolsL ™' 7R & A1 H & 1R
10 pmoleL '+ L-A% R 10 pmoleL ' FIVEAW, id3%
NMDA ZAFaas il 5t EPC-10 BUKRHE
(HEKA)ZAT REFH 17T PatchMaster (HEKA) 4.

WAL G 5 EFHZRR 10 pmoleL '+L-%¢
ZH2 10 pmoleL ' FL[RIE FH J5 1 H IR AR AN 1) H 2
&2 10 pmoleL '+ L-A %R 10 umolsL ™' 1 LI IE(E AT
H—4k, SRE TR S Y0 SRSl RN, BRI
LI N = C/Co. Forh, Ci RFFNZ 507 H
Z IR 10 pmolsL '+ L-75 2% 10 umoleL ™" Ft [E/E H J5 1Y
HLRIEAE, Co NBEEIFIHZRR 10 pmolL '+L-B %R
10 wmoleL ™' ] ALY IEAH.

XA — AR A PR B2 S Za vt SR 3 8, I
AR WK 1.

44 Bh#4 %} (Supporting Information) 525463 4 Fh HU B
IFTA ) '"H NMR. *H NMR. '°F NMR £ HRMS %4
() R a6 Pl X A L AT DA 4 B ARSI X 3l (http://sioe-
journal.cn/) N K.
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