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Study on Asymmetric Conjugate Cyanation of 3,5-Dimethyl-N-
a,B-unsaturated Acylpyrazole Catalyzed by
Magnesium-Bisoxazoline Complex

Liu, Yunshu Zhao, Guodong Wu, Wenju* Wang, Yunze Yu, Yanchao

You, Jun* Liu, Bo
(Key Laboratory of Green Chemical Engineering and Technology of Heilongjiang Province, School of Materials Science and
Chemical Engineering, Harbin University of Science and Technology, Harbin 150040)

Abstract The asymmetric conjugate cyanation reaction of TMSCN with 3,5-dimethyl-N-a,f-unsaturated acylpyrazole cata-
lyzed by magnesium-bisoxazoline complex was studied. The effects of BOX ligand structure, ligand to metal ratio, tempera-
ture, solvent, efc. on the reaction were investigated. The results showed that when bis-benzyl substituted bisoxazoline ligand
and dibutylmagnesium (molar ratio 2 : 1) were used to generate chiral catalyst in situ in 1,2-dichloroethane, the amount of
catalyst was 10 mol%, and the reaction temperature was —32 °C, and the catalytic effect of asymmetric conjugate cyanation
reaction was the best. The catalytic method above was applied to the conjugate cyanation reaction of a series of
3,5-dimethyl-N-o,f-unsaturated acyl pyrazole derivatives, most of the corresponding target products could be obtained with
more than 90% yield and moderate to good enantioselectivities.
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B PFIRIE 2 —, ZJa K& T 2Pt A KRR
R R G| NFIEI T, nd A0 5 B kR g B
MV I FRL 0 S RN R, T A R I A A,
T S Re A IOSE L A A kR o A T B P A ot
FRIEAZNN R N e # 3E C—CN 8] & FHERS I i i
B2 —, 3% B AN R B = B v 7 Rl SO0
T TRV L S B M B e U, e, Bk S LB ik AL
BEIAXS FRFAL R BT LL e e 38, U ST 2 Rl A
THEARAA ZR 17, T B8 e T SO (%) A o R S A S 2 e 7 ke
AP, A OCHRIE LA DB,

o B-ANHIFNERIEA A I A AR AL B S5 N A )
FFIE DR B-BUAR-y- 2 T FR(GABA) & S H I 7
%2 —, GABA 1E25%). RS THA) 2 HiE.
2003 4, Jacobsen WAL RIRIE T o f- A FIFRIE
WEW AN RILTIEA R N, T fE, — R1&E
[PIAS S FRILBE T S R AR 44 Pl kT8, K IOk 225N
FM Salen FCARE-SN FNE DA & PR ARSI F-4
BINOL JC B85 35558 DA i 7= 26 S e i v iz #1
23 BARr=4.

AR, RUGEREIRREC (4 K L5 1 2 FE . SRR 5
ASKEFRAEA I R S0 AL, FEAKTFRAE A ST 2 1T
ZHUS P BA Co X FR I SURE AR AL 5 #(BOX) e
% e B b AL Diels-Alder [ Aldol M. HH
FEIN N« A S AN Friedel-Crafts [ M50, 7E iR
FLZEL T SO 0 U0 A R I A 7 AN o] Pk e £ 40 4 12 FH )
PL S -N-a, - AN AR BE 0 e 2 5 g U2 i b, ARSC
T RAS A T 1 U R JE T S AL 3,5- k-
N-ou, B~ ANV FH G 5 A e (4 AR o) AR L B A S R

1 &HR510R

3,5- - H 2 - N-, B- ANV AR 5k b e F S B0 S A e
J&T Michael LR, 75ZELEMME & T AT, [FRS
N T SEIILHEEAL R B R FEME, REIMARAGA
Mo FRAF SR 0T M A A 8 A S SCRRUBTRA R
AR 2 7 3 B AL S T R A R AT AR, ARk
H n-Bu:Mg 1E NS R A MUK, 12 F T SUE kA v
PERCAR. 1 CPL TMSCN 5 3,5- — HJE A RERESE L e 1
() S5 INE SRR 5 o O e R A i3k A T i i, sz
e Rk 1 Pk,

158 FH T 1 00 R U B A g~ L B30T 3R 15
HARFEY) 2. 240 F PRI SOGERE IR A& Li~La B,
SN 15 h G 8L 99% I 7= 2445 B AN g =4, okt ik
PEME(R 1, Entries 1~3). 253 FH 2058 W 1 0K A G A
La~Le P, KM 15 h 2R E T, 0N 65%4 4, (H
A DUBUIR O I B V1S 2 H AR =R 1, Entries 4~

Chin. J. Org. Chem. 2022, 42, 208~217

R FPEUERE IR A ) 5 i <

Table 1 Screening of chiral bisoxazoline ligands

7§<<)( L4: R = 1-naphthyl
n

O o)

I \ 7..|I

&N N—,, @

TMSCN (3 equiv.), Ligand (20 mol%)
n-BuyMg (10 mol%)

CH,Cly, 4 AMS, -18 C,15 h

L5: R = 2-naphthyl
L6: R = 1-binaphthyl
L7: R = benzyl

L8: R = 2-Cl-benzyl
L9: R = 3-CF3-benzyl

ol L10: R = 3,5-t-Buy-benzyl
L3 n=4 L11: R = 4-t-Bu-benzyl
L12: R = 4-Ph-benzyl
O O L13: R = 4-Br-benzyl
L14: R = 4-Boc-benzyl
O
O™\ 70
\\(N N Oﬁ><(o
kR U
L15:R=Ph Ph Ph
L16: R=tBu L17
Entry Ligand Yield”/% erc
1 L: 99 50 . 50
2 L2 99 50 . 50
3 Ls 99 50 . 50
4 L4 65 65 .35
5 Ls 63 71 :29
6 Ls 65 53 .47
7 L7 85 88 .12
8 Ls 70 74 126
9 Lo 66 84 .16
10 Lio 65 51 .49
11 Ln 70 88 1 12
12 L1z 63 83 117
13 Li3 65 83117
14 Lia 66 79 121
15 Lis 40 50 : 50
16 L1 35 50 : 50
17 L7 99 50 . 50

© 2022 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: the reaction was performed on 0.442 mmol scale with 1
(1.0 equiv.), TMSCN (3.0 equiv.), Ligand (20 mol%) and n-Bu,Mg (10 mol%)
in CH,Cl, (4.5 mL) at —18 ‘C for 15 h. ?Isolated yields. ¢ Determined by
HPLC analysis on a chiral stationary phase.

6). HHAMMBAMLL, FIIRFIEA L R T8
0 777 2R R0 R BRI (7 6 85%, X BRAA (1 LL 451
88 : 12)(X 1, Entry 7). {ERLAR Ly HBEA b, ik — 8% H
L8 EERFATAEME, AEARIAIIR0. (A XAL 5] NHUE,
MPEARIIAL G NBUT 5, B FHECHAR L B, V)
X W B 5 0 O AR Ly A2, (B SRR R
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B (7= 20N 70%)(E 1, Entry 11). 241% 08 K30 EA H
by AR 22 1) X E MR T AA B, AN AR FE A s 7 [ 6t
e 396 6 1k 3o 26 341 9% #E T+ (Entries 8~10, Entries 12~
14). ZREFFIRIR Y XUEEMEBREC A Las Lo /F AT MERCAART
AN FRIEPEF AL 2 B T 72 24K L&A 0 g B (R 1,
Entries 15, 16). 243 2R H 2 B B DUSE PR AR Lag 1,
FERAR A E TR BUE BN (R 1, Entry 17). 278 E, X
EAR A XU R PR IR A4 L7 Ay T A

1E PR EeAA TR il it b, #E— D7 TMSCN 5
3,5- I SE PRI 1 ASK RRILHEEAL S, G
PO B4, 645 R 2 Fiw.

FR2 BN @

Table 2 Optimization of reaction conditions

L7

TMSCN (3 equiv.), L7 (x mol%)
BusMg (y mol%)

4 A MS (70 mg), solvent

n-BuuMg Ly

Entry (x mol%)(y mol?%) Solvent  7/C Yield/% er*
14 10 20 CH2CL —18 88 88 :12
2¢ 10 20 CH2CL —18 60 80 :20
3 10 20 CH2CL —18 70 8416
48 10 20 CH2CL —18 87 87:13
5 10 11 CH2CL —18 85 84:16
6 10 10 CH2CL —18 86 87:13
7 10 8  CHaCL —18 84 86:14
8 10 5 CHCh —18 84 81:19
9 5 10 CH2CL —18 60 63 :37
10 15 30 CH:Cl2 —18 90 87 :13
11 10 20  Toluene —18 25 52048
12 10 20  PhCl —18 35 71:29
13 10 20 CICH2CH2Cl —18 92 8911
14 10 20 CHCIs —18 85 80:20
15 10 20 THF —18 — —
16 10 20  EtO —18 — —
17 10 20 CICH2CH2Cl 25 96 69 .31
18 10 20  CICH2CH:Cl 0 9% 73 :27
19% 10 20  CICH2CH2Cl —32 95 937
20 10 20 CH2CL —42 94 92 8
21 10 20 CH2CL —50 66 92 8
22 10 20 CH2Ch —78 0 —

4 Reaction conditions: The reaction was performed on a 0.442 mmol scale in
4.5 mL of the solvent with a 1/TMSCN molar ratio of 1 : 3 for 15 h. ®Isolated
yields. ¢ Determined by HPLC analysis on a chiral stationary phase. ¢ The
absolute configuration of 2 was determined to be S by comparison with litera-
ture datal®. For details, see the Supporting Information. ¢ Without 4 A MS./30
mg of 4 A MS was added. £120mg of 4 A MS was added. ” The reaction time
was prolonged to 24 h.  The reaction time was prolonged to 30 h.
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HHEHEEE T 4 A SO0t SRR 28 AN B B
V. 25 R, FEHARKAEAL T T, A
TS, PR MR B AR BAR G E 60%, er 80 :
20)(3% 2, Entry 2). 4410 F & H 30 mg $2 5 F] 70 mg
I, 77 70%3HE 2 88%, er B H1 84 1 16 $2H%1 88 :
12 (X 2, Entries 1, 3). #—BEma Tt HAE, /=%
X WOE B M AR (GR 2, Entry 4). # FREE
n-BusMg SHEAK Ly (0 ELAI R 52 B F 72 5 R4 e e 43¢ 1k
QoM. SERERM, £ n-BuMg FHEARBHIRTHE T, B
FERCAA Ly FIR H 20 mol%F4 4 5 mol%H, =%
X e PR 38 2R B #(3R 2, Entries 1, 5~8), 7T
JRR, BTISEIG R Y] n-BuMg A B 5 A M Ak A1 e e
N, WHR n-BuMg (82 TEAR, AL 41 n-BuuMg
A g B A IR PR R AL S AT B A IR =4, Rk,
HARSR YRR U PR TR, @ BL RS E n-BuaMg
5k L ey 102, fE 3k B e
n-BusMg SHcAR Ly LB 10 2. 2508 n-BuyMg =,
% n-BuuMg FI & NN 5 mol%If, 7= S FI%t w4
B R BEG=%N 60%, er [HN 63 & 37)(3 2, Entry 9
F7R). 24 n-BuMg FHEIE I E] 15 mol%HT, 7= 2 FX} me
EEVEL 578N 10 mol%Ef#H[E(% 2, Entries 1,
10). NEFFIHEMEELE, B 10 mol%HH] n-Bu,Mg L.
WS TR I, 2 SR R RO RS R,
fEF R, SBR[ 77 26 R %o i 6 14 3
ANEI(F 2, Entries 11~12). 7EF VIS, LBEER
FIRT A RELF 20 H AR &4, 7T Re 2 NI FIA & f
7 n-BuMg S5EARERAL(FE 2, Entries 15~16). 241§ [
12- R O KA RIS, 7= A ek £ 5 H &
KA AIM R A IR =GR 2, Entry 13). I &R
EFES R, B 1,2- & OB BRI, B T
BEA, S BE %o B i 8 M B R 2 o, M R BEIR P —
32 CHF Xy A Lo A B B, o8 93 1 7(3K 2, Entry 19).
M NAA 2 R AN Re it — D BRI, B 1,2- 54k
IEER S —35 C. N T HE AR T M ECR,
H ET B ERT T —42 C RS, 458 EM, RN#E
RN, AU PEE IR A $ETEGR 2, Entry 20). #E—
BEAR S N JE B — 50 °C, JRPNCE R0 T R, Sk
R AR TEEE 2, Entry 21). 4 R EEE
=78 CF RN, [T 1, 30 h 2 J5%H
SR A= A (3 2, Entry 22). 48 EATR, &M 1,2-—
ROFENTAEER, —32 C R tE R NI .

NPT R T VR R E P, AR AT
A E AR S 2, W — &4 3,5- = 5:-N-a.p-
AN AN RS ML AT AE A R R B, 43 AT AN KR
LEF AR Y, LS5 Rk 3 Fios.
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TMSCN (3 equiv.), L7 (20 mol%)

K3 JRMIIEHTEH «

Table 3 Substrate scope of the reaction”

Bu,Mg (10 mol%)

4 AMS, -32 C, CICH,CH,CI

£ |

/[_(o CN CHs,
< _N
NJ\/K©

2a: 30 h, 95% yield 86:14 er

2e: 45 h, 94% yield, 71:29 er

/[_(O CN CI
~ N
) JN)Tij

2i: 48 h9, 92% vyield, 87:13 er
CN

0]
< N CF3
N

2m: 42 h, 95%yield, 88:12 er

O CN
~ U N F
N

F
2q: 40 h, 92% yield’ 61:39 er

O CN
A

2u: 36 h, 90%yield, 72:28 er

(0]
< N CH3
N
2b: 22 h, 90% yield, 76:24 er
O
< N OMe
N
OMe
2f: 30 h, 95% yield, 80:20 er

2j: 48 h9, 92% yield, 80:20 er

O CN
N
CF;

2n: 42 h, 90% yield, 66:34 er

(o] CN
ﬁ J\/k@
\N,N \ /

2r: 15 h, 95% yield, 70:30 er

2v: 40 h, 95% yield, 64:36 er

O CN

N
CH

2c: 20 h, 98% vyield, 95:5 er

O CN
< N
N

2g: 20 h, 95% yield, 89:11 er

3

2h: 30 h, 90% vyield, 61:39 er

/[_( O /[_( O CN cCl

~ N X N

. ivkt:L ) JvkttL
Cl Cl

2k: 48 hY, 91%yield, 83:17 er 2I: 40 h, 91% vyield, 57:43 er

O CN O CN
x N x LN
N N

F Br
20: 48 h, 96% yield, 89:11 er 2p: 45 h, 92% yield, 72:28 er

(0] CN (0]
~ N | N\ ~ N
N _ N

2s: 12 h, 96% yield, 50:50 er 2t: 24 h, 95% yield, 76:24 er

“Reaction conditions: The reaction was performed on a 0.442 mmol scale in 4.5 mL of CICH,CH,CI with a 1/TMSCN/L7/n-Bu,Mg molar ratioof 1 3 1 0.2 I 0.1 at
—32 °C. "Isolated yields. ¢ Determined by HPLC analysis on a chiral stationary phase. ¢ The solubility of the substrate was not good.

SRR, IR 22 Fif gL AR 3,5- — F 2k -N-a, -

AR SE M 5 TMSCN OV, HIRER I LA 90%
A b f 7 2645 B A . AL HEE A =4, FE B4R o 7
Yk B B B S DL b 2RI R B
B, J5 3R EUARIE L B 6= At e ade 388 78 11 B2 i)
FHXFE K (FE 3, 2a, 2b, 2¢), 4A HE T FH L AE 2R IR A X o7
I, BELL 98%I[KIF=2K, 95 & 5 frIxt WLk s 18 3) B brr=
W) 2, WIRELEARAL RN )AL I, %o s 6 1k S5 B R B
JEA R S AR E AR RN, 43R EH WA E
TSRS, PR ik PR i T AR B —
AL 3, 2f, 2d, 2e). MJEYTTER FA AR
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HLF (G, = B B B B AR TR B — A
S BLR 3, 21, 21, 2j, 2K). 4EIA AT AR BT A
[ CF5 I, A DHh BLOS% ISR J2 88 & 12 X BLik £
PSR T Hbr= 2m. 24 B BUARCHE R IR 6 s 4 3R
B, SN A B SRR, TP A R e 3 v B B ALK
B HUCR I N MEW B, X BIE R 70 ¢ 30; 1T B-HLEX
REMEBERS, P28 A X MOk, 2s S /MH ek,
BEAk, - BRI ALEIERS, tHEELL 90%r =K LK 72
28 [T BLIE PR 2 B AR 724 2u.

WJa, AT Bk A T R R
B, FXT s R s R Y 2¢ AT TRTAE R
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N, F oK &S SRR, WS MKY V=2
DYEIREER, SR TEIATBiEE 3,5-— H FE ML MEIR,
FHRIIRTR 3 (K72 230 100%. & B 2610 Scheme 1
iy

O CN
- B LiOH *H,0
~ N
N THF/H,0 (2:1)
CH,
2c
O CN
HO
CH,
3
Yield: 100%

B 1 2¢ BATEMLRN

Scheme 1 Derivative reaction of 2¢
2 it

il Mg-BOX &4k TMSCN 5 3,5- —H -
N-cu,3-/IN VL Rt 355 b s 14) A ot AR L 0 S S . A5 R R
WEMEBR AR Ly 5 — T HRBE(BEREE 2 T DIE1,2- &L
B R A AR AL, AT ER 10 mol%, &
LG FE R —32 CHY, NS FR 0 T SR A 8O
OB BT AR T R 3,5- 2 R -N-o,p-TiE
BEMEMERT A, 4 FBIRE DL 90% A L= 2 D) Je v
S DA R B PR AR BAH B ) F YRR, AT
Tt LA Fh J T T SOV P R P 4 2 AN 5K R 4 A, 40 85 11
RLAYEEL, $RAE T — MR S T FE A B T

3 EES
3.1 UES5HF

'H NMR Al 3C NMR ] Bruker AVANCE-300 MHz
% W 3% 4R 1% A 8, ¥R CDCls; 4L 4 o i A
Avatar370FT-IR  BY 21 #h St i A I 15, =5 40 7% Joit ol
Waters Micromass GCT Primier i it {X & Bruker APEX"-
7.0Tesla FT-MS Ji i AR, 0 247 AR €3 (B 2R K /R
BHEAIR AT UltiMate 3000), it AD-H (4.6 mmX
250 mm) T4, oA 2 5 AR R T 8 1) A A Ak
32 ZWHE
3.2.1  ACErURELAR L1~ L 696,

FEVK/KHE T, 100 mL [F R H I 50 mL Fe/K &
Wi, JAfk AN 25 mL ZREE, BIESK HCI-
EtOH &, 1EVK/KIET, KA (S g, 75 mmol)f 1,4-
TAUNFR(Q25 mL)YETR A 50 mL K HC1-EtOH ¥ W [7] 1) %
BNE) 25 mL 1 1,4- 5N, RN 78 5 e 2 vOKIE,
=i NHEE 18 h R B A G, IR, H OB,

212 http://sioc-journal.cn/
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HAETRAEIEAN R OBEEEREE. 76 100 mL [
BRI IR ERER 2R 40(4.7 g, 20 mmol)s &
FEERE(5.4 g, 36 mmol). Jo/KIYZE M (THF) (50 mL),
FHREYIN#AE] 60 C, )= EIE(TLO)WE XM, Sh &
JRBHE Az bk, R RAE R =R, A 0.5
moleL ! FIBRER AN, HhuE, T4, 15 0ULE menpk o ] 44
M. ZAGEPF, £ 100 mL FEELE I ik dia)
&M (1.0 g, 3 mmol), JFKFLVETHK THF (40 mL)H,
VKKV T IAE & F i\ NaH (0.36 g, 9 mmol), 40 min J&
ZZAS R I BRAL (3.6 mmol), INIEIN, TLC Wif% &M,
JERE R R JETEVKKIR B I N RN G AL 3 K B, e
T THF, HKEM, & FE00 mLX3)AR, MWAE
KPR, KBTI, T8, 465 & EN 7
BINCTR LTR) - VOB =1 & 5145 XU ek A {4
Li~Lia.

(3aS,3a'S,8aR,8a'R)-2,2'-(1,3- XU (25-2-FE) i f5¢-2,2- —
)W (3a,8a- A -8H-Eli IF[1,2-d]"EME)(Ls): 1 g 0
&, P73 54%. m.p. 98.7~99.3 ‘C; 'H NMR (300 MHz,
CDCls) d: 7.69~7.66 (m, 2H), 7.50 (d, J=7.4 Hz, 2H),
7.42~7.28 (m, 14H), 7.25 (d, J=8.9 Hz, 2H), 6.81 (dd,
J=8.4, 1.8 Hz, 2H), 5.66 (d, J=8.0 Hz, 2H), 5.36 (ddd,
J=8.1, 6.9, 1.4 Hz, 2H), 3.48 (d, J/=14.4 Hz, 2H), 3.41 ~
3.25 (m, 4H), 3.07 (d, J=18.1 Hz, 2H); 3C NMR (75
MHz, CDCls) 0: 167.48, 141.40, 139.77, 133.77, 132.96,
132.10, 129.03, 128.52, 128.49, 127.79, 127.56, 127.34,
127.07, 125.83, 125.47, 125.29, 125.26, 83.51, 47.51,
39.43, 38.82; IR (KBr) v: 3045, 2922, 2852, 2360, 2342,
1735, 1645, 1597, 1510, 1458, 1426, 1396, 1264, 1242,
1161, 1083, 1023, 857, 762, 749, 705 cm” . HRMS calcd
for C43H3sN20, [M+H]" 611.2693, found 611.2683.

(3aS,3a'S,8aR,8a'R)-2,2"-(1,3- M (2- 5 7K J&) A 156 -2,2-
)X (3a,8a- A-8H-EliFF[1,2-d]HEME)(Ls): 1.2 g AR
AR, 723 67%. m.p. 158.7~159.4 ‘C; 'H NMR (300
MHz, CDCLy) d: 7.51 (d, J=6.7 Hz, 2H), 7.34~7.27 (m,
4H), 7.25~7.19 (m, 2H), 7.14~7.09 (m, 2H), 7.03~6.85
(m, 4H), 6.57 (td, J=7.5, 1.4 Hz, 2H), 5.63 (d, J=7.9 Hz,
2H), 5.22 (t, J=7.3 Hz, 2H), 3.65~3.36 (m, 4H), 3.26
(dd, J=18.0, 6.8 Hz, 2H), 2.88 (d, J=18.1 Hz, 2H); 13C
NMR (75 MHz, CDCls) d: 166.80, 141.43, 139.84,135.18,
134.63, 131.66, 129.08, 128.30, 127.53, 127.31, 125.83,
125.13, 83.45, 76.49, 47.64, 39.26, 36.22; IR (KBr) v:
3068, 2925, 1737, 1647, 1570, 1478, 1460, 1443, 1372,
1357, 1244, 1163, 1127, 1054, 1014, 996, 856, 748, 710
cm . HRMS caled for C3sHypCLN,O, [M + H]*©
579.1601, found 579.1592.

Chin. J. Org. Chem. 2022, 42, 208~217
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(3aS,3a'S,8aR,8a'R)-2,2'-(1,3- X (3- = i F A 3L
$t-2,2- . FE) W (3a,8a- A -8H-Eli F[1,2-d]EM)(Lo): 1.5
g REOMHARY, 5% 77%. mp. 55.5~57.8 C; 'H
NMR (300 MHz, CDCl;) d:7.45 (dd, J=6.7, 2.2 Hz, 2H),
7.38~7.27 (m, 10H), 7.12~6.72 (m, 4H), 5.55 (d, J=7.8
Hz, 2H), 5.26 (ddd, J=8.1, 6.8, 1.4 Hz, 2H), 3.32 (dd, J=
18.1, 6.8 Hz, 2H), 3.21 (s, 4H), 2.95 (d, J=8.1 Hz, 2H);
3C NMR (75 MHz, CDCl3) 6: 166.43, 141.32, 139.55,
136.86, 133.26, 130.33, 129.91, 128.54, 128.34, 127.57,
127.01 (q, J=15 Hz), 125.69, 125.14, 123.48 (q, J=15
Hz), 83.46, 76.38, 47.43, 39.28, 38.77; IR (KBr) v: 3072,
2939, 1737, 1650, 1570, 1450, 1372, 1266, 1074, 909, 855,
804, 750, 703, 655, 609 cm™'. HRMS calcd for Ci7HyoF¢-
N0, [M+H]" 647.2128, found 647.2112.

(3aS,3a'S,8aR,8a'R)-2,2'-(1,3- W (4-BL A ) A e -2,2- —
)XW (3a,8a- ~E-8H-EfF[1,2-d]HEME)(Li2): 1.5 g IR T €1
4k, 2% 75%. mp. 76.6~782 ‘C; 'H NMR (300
MHz, CDCls) d: 7.65~7.29 (m, 18H), 7.05~7.03 (m,
4H), 6.85~6.82 (m, 4H), 5.67 (d, J=7.8 Hz, 2H), 5.39 (t,
J=7.0 Hz, 2H), 3.42~3.31 (m, 4H), 3.15 (d, J=18.7 Hz,
4H); BC NMR (75 MHz, CDCly) o: 167.35, 141.51,
140.90, 139.84, 138.95 , 135.12, 130.62, 128.63, 128.48,
127.52, 126.98, 126.86, 126.31, 125.83, 125.16, 83.57,
76.51, 47.53, 39.35, 38.36; IR (KBr) v: 3026, 2929, 2118,
1646, 1601, 1486, 1160, 1008, 995, 855, 746, 696, 613,
585 cm '. HRMS caled for CsH3oN,O, [M+ H]'
663.3006, found 663.2997.

(3aS,3a'S,8aR,8a'R)-2,2'-(1,3- W (4- FU T R FR 75 %)
P HE-2,2- )W (3a,8a- A -8H-Efi H[1,2-d W& M) (Lua):
1.8 g AEEAE, % 84%. m.p. 86.7~87.8 C; 'HNMR
(300 MHz, CDCls) §: 7.42~7.27 (m, 12H), 6.75~6.73
(m, 4H), 5.63 (d, J=7.8 Hz, 2H), 5.32 (t, J=7.2 Hz, 2H),
3.40~3.26 (m, 4H), 3.09 (d, J=17.1 Hz, 4H), 1.58 (s,
18H); '3C NMR (75 MHz, CDCls) J: 166.86, 165.58,
141.33, 140.68, 139.65, 130.01, 129.95, 128.81, 128.60,
127.57, 125.72, 125.21, 83.77, 80.56, 76.39, 47.15, 39.23,
28.22; IR (KBr) v: 2975, 2936, 1712, 1647, 1611, 1459,
1368, 1292., 1254, 1115, 1020, 997, 849, 748, 704 cm .
HRMS calced for C4sHasN,Og [M+H]" 711.3429, found
711.3409.

(3aR,3a'R,8a8,8a'S)-2,2'-(FF N it -1,1- ) X (3a,8a-
T & -8H- Bfi I [1,2-d] WE M )(L1) « (3aR,3a'R,8aS,8a'S)-
2,2'-(FF IR i-1,1- — 3 XU (3a,8a- — & -8H-E I [1,2-d] "%
MEY(L2) (3aR,3a'R,8aS,8a'S)-2.2'-((S)-4,5- — A -3H- &
[2,1-a:3,4-a"] — %5 -4,4- — 3£ ) X (3a,8a- — & -8H- Bfi JF

Chin. J. Org. Chem. 2022, 42, 208~217

© 2022 Chinese Chemical Society & SIOC, CAS

[1,2-d] %& M )(Le) Z % X ik [14]; (3aR,3a'R,8aS,8a'S)-
2,2 B bE-1,1- - 3E) X (3a,8a- & -8H-Efi H[1,2-d] &
ME)(L3) 3% SCHR[15]; (3aS,3a'S,8aR,8a'R)-2,2'-(1,3- . (Z5-
1-35) 5 e -2,2- — 55 ) XU (3a,8a- - & -8H- Efi F£[1,2-d] W&
Y (Ls) 2 % R [16]; (3aS,3a'S,8aR,8a'R)-2,2'-(1,3-di-
phenylpropane-2,2-diyl)bis(3a,8a-dihydro-8 H-indeno[ 1,2-
dJoxazole) (L7)- (3aS,3a'S,8aR,8a'R)-2,2"-(1,3-X(3,5- X
T I P bE-2,2- - HE) U (3a,8a- A -8H-Eli F[1,2-d]
EEME) (L)~ (3aS,32'S,8aR,8a'R)-2,2'-(1,3-XU(4-(HL T F) 7K
H) T B -2,2- = FE) W (3a,8a- — A, -8H- Bl I [1,2-d] "E
I)(Lu) (3aS,3a'S,8aR,8a'R)-2,2"-(1,3- W (4- TR 43E) P -
2,2- " F) X (3a,8a- A -8H-E FF[1,2-d|HEME)(Li3) B %
BR[17].
322 Auh4h la—1v 894

fE 100 mL [RJEFHE A MmN p-BUAR 1 T R (4
mmol) Al 3,5- — LR SN (402 mg, 4.2 mmol), I
ToK ZEFHEE(30 mL)K AR, UKKIB T NN-—
R B Z(DCC) (1 g, 4.8 mmol)Fl 4- — HI & JE
M E(DMAP) (0.09 g, 0.4 mmol), HiEHE 30 min fF#Z:IK
K, BEBE, TLC Wi &M, JERE s K E K
fi, —SFHEE(10 mLX3)ZEH, WAIfr EhK P, ToK
i RN T, DR, R E T B V(LR L HR) -
VA HED) =1 15153 AY 1a~1v.

(2)-1-(3- FH A R RE TR 2 )-3,5- — H SR Ik M (1d): 0.9
g A EE, 7% 87%. mp. 109.5~110.7 ‘C; 'H NMR
(300 MHz, CDCl;) J: 8.10~7.87 (m, 2H), 7.46~7.23 (m,
3H), 7.03 (ddd, J=8.0, 2.6, 1.3 Hz, 1H), 6.09 (s, 1H), 3.93
(s, 3H), 2.70 (s, 3H), 2.37 (s, 3H); '3C NMR (75 MHz,
CDCls) d: 165.37, 159.87, 151.89, 146.03, 144.38, 136.13,
129.80, 121.47, 118.21, 116.47, 113.44, 111.42, 55.36,
14.64, 13.82; IR (KBr) v: 2926.27, 2851.57, 2119.56,
1697.83, 1619.83, 1582.08, 1437.32, 1378.84, 1355.04,
1250.91, 1166.54, 966.33, 841.69, 790.17, 722.75, 572.56
cm ' HRMS caled for C;sH;sN,ONa [M + Na] *
279.1109, found 279.1099.

(2)-1-(3,4- AL U IE 3 )-3,5- — FE AL it e (16):
1 g RFEOHRY, 7% 87%. 'H NMR (300 MHz,
CDCl;) : 8.03~7.67 (m, 2H), 7.34~7.19 (m, 2H), 6.90
(d, J=8.2 Hz, 1H), 6.03 (s, 1H), 3.96 (d, J=9.5 Hz, 6H),
2.64 (s, 3H), 2.32 (s, 3H); *C NMR (75 MHz, CDCl;) ¢:
165.64, 151.76, 151.48, 149.20, 146.39, 144.42, 127.85,
123.68, 115.35, 111.30, 110.95, 110.17, 56.06, 55.98,
14.71, 13.84; IR (KBr) v: 2999.99, 2922.63, 2836.33,
1687.70, 1625.21, 1574.62, 1509.16, 1413.93, 1373.23,
1342.52, 1265.15, 1223.49, 1149.09, 991.38, 833.67,
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797.96, 711.66, 595.61 cm . HRMS caled for CigH sNo-
O3;Na [M+Na]" 309.1215, found 309.1203.

(Z)-1-(4- 5 TN 2 PR RERE 6 )-3,5- — H JEmE M) (1g): 0.9
g TLERY), 723 84%. 'TH NMR (300 MHz, CDCls) o:
7.92 (m, 2H), 7.70~7.61 (m, 2H), 7.36~7.18 (m, 2H),
6.02 (s, 1H), 2.95 (m, 1H), 2.64 (s, 3H), 2.31 (s, 3H), 1.29
(d, J=6.9 Hz, 6H); '3C NMR (75 MHz, CDCls) 6: 165.61,
151.91, 151.72, 146.21, 144.33, 132.49, 128.85, 126.94,
116.88, 111.32, 34.13, 23.76, 14.68, 13.84; IR (KBr) v:
2955.36, 2919.65, 2866.09, 1702.58, 1616.28, 1607.36,
1410.96, 1372.27, 1348.47, 1226.46, 1015.19, 961.62,
824.74, 759.27, 696.78 cm . HRMS calcd for Ci7H2oN»-
ONa [M-+Na]" 291.1473, found 291.1466.

(2)-1-(4-ZK F AR 3)-3,5- — I ZE ML) (1h): 1 g
B E A, 773 83%. m.p. 138.1~138.8 C; 'H NMR (300
MHz, CDCl) 0: 8.09~7.88 (m, 2H), 7.77 (d, J=8.3 Hz,
2H), 7.69~7.60 (m, 4H), 7.51~7.34 (m, 3H), 6.03 (s,
1H), 2.64 (s, 3H), 2.32 (s, 3H); *C NMR (75 MHz,
CDCls) 0: 165.46, 151.89, 145.67, 144.42, 143.30, 140.19,
133.77, 129.22, 128.89, 127.85, 127.48, 127.07, 117.75,
111.43, 14.69, 13.85; IR (KBr) v: 2928.93, 1691.24,
1616.86, 1572.23, 1503.80, 1414.55, 1369.92, 1340.17,
1259.83, 1236.03, 1012.89, 965.29, 828.43, 768.93,
727.27, 696.67, 593.39 cm™ '. HRMS calcd for Cy0H9N,O
[M+H]" 303.1497, found 303.1487.

(2)-1-(3,4- A KESE)-3,5- — FFEIEME(1q): 0.85 g
WEOIRY), 773 81%. 'H NMR (300 MHz, CDCl3) 6:
7.82 (q, J=15.9 Hz, 2H), 7.61~7.34 (m, 2H), 7.20 (dt,
J=9.9, 8.2 Hz, 1H), 6.03 (s, 1H), 2.62 (s, 3H), 2.30 (s,
3H); *C NMR (75 MHz, CDCl;) 6: 164.88, 152.13, 152.79
(dd, J=54, 306 Hz), 149.67 (dd, J=>54, 306 Hz), 144.44,
143.44, 132.06 (m, J=10, 27 Hz), 125.40 (m, J=10, 27
Hz), 119.17 (d, J=9 Hz), 117.79 (d, J=69 Hz), 117.74 (d,
J=69 Hz), 111.60, 14.57, 13.79; IR (KBr) v: 3057.82,
2923.10, 1696.88, 1601.44, 1522.99, 1374.63, 1351.71,
1294.85, 1277.87, 1113.53, 1013.57, 964.59, 811.37,
700.50, 580.40, 564.56, 453.5 cm '. HRMS calcd for
CisH13F2N,O [M+H]" 263.0996, found 263.0983.

(Z)-1-MEWy JE-3,5- — FJEIE M (Tr): 0.9 g (Ll 1,
FE# 97%. mp. 64.9~66.1 C; 'H NMR (300 MHz,
CDCl) : 8.00 (dt, J=15.6, 0.7 Hz, 1H), 7.70 (d, J=15.7
Hz, 1H), 7.48~7.33 (m, 2H), 7.12~6.98 (m, 1H), 6.00 (s,
1H), 2.60 (s, 3H), 2.29 (s, 3H); 3C NMR (75 MHz,
CDCls) d: 165.30, 151.91, 144.33, 140.22, 138.42, 131.77,
129.19, 128.13, 116.55, 111.42, 14.68, 13.88; IR (KBr) v:
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3373, 3117, 3080, 2926, 2854, 2119, 1697, 1608, 1575,
1229, 1191, 966, 728, 706, 665, 597 cm'. HRMS calcd
for C1,H;3N,OS [M+H]™ 233.0743, found 233.0740.

(2)-1-MnE %£-3,5- — FE LML (1s): 0.86 g ([,
FEH 95%. m.p. 58.2~59.7 C; 'H NMR (300 MHz,
CDCl;) d: 8.69 (ddd, J=4.8, 1.8, 0.9 Hz, 1H), 8.41~8.27
(m, 1H), 7.93~7.82 (m, 1H), 7.78~7.66 (m, 1H), 7.62~
7.51 (m, 1H), 7.32~7.22 (m, 1H), 6.00 (s, 1H), 2.61 (s,
3H), 2.26 (s, 3H); '*C NMR (75 MHz, CDCl;) 6: 165.26,
153.30, 152.08, 150.19, 144.60, 144.27, 136.64, 124.36,
124.28, 122.29, 111.60, 14.62, 13.85; IR (KBr) v: 3379,
3116, 2982, 2925, 2119, 1697, 1629, 1581, 1473, 1345,
1009, 964, 840, 777, 602, 588 cm '. HRMS calcd for
Ci3H1uN;0 [M+H]" 228.1131, found 228.1128.

(2)-1-(2-H FE P EESE)-3,5- — H ZE M (1a). (2)-1-(3-
R A RE S )-3,5- FZEEME(1b) . (2)-1-(4- FR R AE
F)-3,5- “HEEME(1e). (2)-1-(4-F A3k AR R 3L )-3,5-
TR Y (1) (2)-1-(2- & R EESE)-3,5- — H SRk e
(1i). (2)-1-G-FAHE:IE)-3,5- ~H I ). (2)-1-4-
AR RE)-3,5- T HILI M AK) . (2)-1-Q.4- ~F WK
FE)-3,5- T HIFEMEIE D) (2)-1-(3- =5 FE AL RESE)-3,5-
RN (Im) (2)-1-(4- =5 T IE P RESE)-3,5- S
MEME(In) s (2)-1-(4- 5 PR AE 2)-3,5- — R (10)
(2)-1-(4-IRAESE)-3,5- — FIBEIE M (1p). (2)-2-Z83E-3,5-
TR M (1) 35 SCHR[8r, 12]; (E)-3,5- I EE-1-2- T
535 (Ta)s (B)-3,5-— F2E-1-Q2-C )it (1v) 2
% CHR[18].

323 fub4h 2a~ 2v B9 R

RSN, E T 10 mL BRI A i
& L7 (45.2 mg, 0.0884 mmol). 4 A 73 T-7(70 mg). I
2mL oK 1,2- & O Fef B AR, oK FIMAZIET
FEEE(44.0 uL, 0.0442 mmol), $iEHE 40 min J5 AR & 40
A TMSCN(0.18 mL, 1.33 mmol), #$¥ 30 min JGIIA
3,5- IR EL L MEAT A ) 1a~1v (0.442 mmol). %
MR ERER] —32 ‘CF. TLC Yifs [, JERE S 2K A
TRMHSEGS mLX3)AHL, HKE M, WA KB,
ToKIRBREN T, I8, 4G5 SR BN CR L
Big) @ VCAmED)=1 : 101455474 2a~2v.

4-(3,5- - F B 1 H-MH -1 - 35 )-2-(3- R 4 3k 2R 3 )-4-
AT HEQRA): 115 mg, RHEOIHPIR, 772 92%. 'TH NMR
(300 MHz, CDCls) §: 7.37~7.24 (m, 1H), 7.08~6.93 (m,
2H), 6.86 (ddd, J=8.3, 2.5, 0.9 Hz, 1H), 5.97 (s, 1H), 4.43
(dd, J=8.8, 5.8 Hz, 1H), 3.89~3.79 (m, 4H), 3.63 (dd,
J=17.9, 5.8 Hz, 1H), 2.54 (s, 3H), 2.20 (s, 3H); *C NMR
(75 MHz, CDClL) o: 169.14, 160.14, 152.86, 144.37,
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136.16, 130.27, 120.16, 119.69, 113.92, 113.23, 111.58,
55.33, 41.31, 32.51, 14.26, 13.73; IR (KBr) v: 2964.63,
2924.95, 2851.57, 2232.73, 171091, 1596.03, 1462.15,
1394.22, 1360.99, 1256.86, 1161.65, 1033.72, 867.11,
792.73, 697.52 cm” . HRMS caled for CigHsN30, [M+
H]" 268.1450, found 268.1446.

2-(3,4- AR FE R B )-4-(3,5- — F L1 H- I M1 -
F)-4-FACT HE@D: 131 mg, AGREIE, FZ 95%. m.p.
102.4~102.8 ‘C; 'H NMR (300 MHz, CDCl;) §: 7.02~
6.79 (m, 3H), 5.97 (s, 1H), 4.42 (dd, J=8.4, 6.2 Hz, 1H),
3.89 (s, 3H), 3.87 (s, 3H), 3.85~3.75 (m, 1H), 3.64 (dd,
J=17.7, 6.3 Hz, 1H), 2.53 (s, 3H), 2.20 (s, 3H); 3C NMR
(75 MHz, CDCly) &: 169.21, 152.85, 149.44, 149.10,
14432, 127.06, 120.42, 119.88, 111.59, 111.52, 110.54,
55.96, 41.39, 32.16, 31.57, 14.28, 13.73; IR (KBr) v:
3101.17, 3002.07, 2961.31, 2925.60, 2848.23, 2238.21,
173531, 1518.08, 1464.52, 1375.25, 1253.24, 1140.17,
1021.14, 955.67, 919.96, 759.27, 589.66 cm '. HRMS
caled for C;7HioN3;O3Na [M + Na]® 336.1324, found
336.1312.

4-(3,5- 7 FU L L H- P A - 1 - 3 )2 (4- 53 TR L 8 3 )-4-
AR TIEQe): 124 mg, LR, 7% 95%. 'H NMR
(300 MHz, CDCl3) d: 7.55~7.10 (m, 4H), 5.98 (s, 1H),
4.45 (dd, J=8.9, 5.8 Hz, 1H), 3.85 (dd, J=17.9, 8.9 Hz,
1H), 3.64 (dd, J=18.0, 5.8 Hz, 1H), 2.92 (p, J=6.9 Hz,
1H), 2.55 (s, 3H), 2.22 (s, 3H), 1.26 (d, J=6.9 Hz, 6H);
3C NMR (75 MHz, CDCls) 6: 169.27, 152.81, 144.34,
132.08, 127.45, 127.26, 120.43, 111.54, 41.44, 33.79,
32.14, 23.88, 14.27, 13.73; IR (KBr) v: 2961.77, 2929.39,
2244.16, 1727.14, 1586.16, 1515.11, 1384.14, 1363.35,
1321.37, 1262.17, 961.46, 830.69, 750.35, 702.74, 604.54
cm . HRMS caled for Ci;sHyN;ONa [M + Na] *
318.1582, found 318.1573.

2-([1, 1= A8 ]-4-3E)-4-(3,5- — H Fk- 1 =P - 1 -3 )-4-
AMRTHE@h): 131 mg, AR, *F 90%. mp.
128.1~128.4 °C; '"H NMR (300 MHz, CDCl;) d: 7.65~
7.36 (m, 9H), 5.98 (s, 1H), 4.52 (dd, J=8.5, 6.0 Hz, 1H),
3.89 (dd, J=17.9, 8.6 Hz, 1H), 3.70 (dd, J=17.9, 6.1 Hz,
1H), 2.56 (s, 3H), 2.22 (s, 3H); 3C NMR (75 MHz,
CDCls) d: 169.14, 152.91, 144.40, 141.47, 140.19, 133.71,
128.86, 127.98, 127.91, 127.66, 127.09, 120.21, 111.62,
41.33,32.23, 14.29, 13.75; IR (KBr) v: 2917.02, 2845.62,
2241.65, 1723.92, 1575.21, 1378.97, 1304.46, 1256.86,
959.34, 834.38, 765.95, 697.52, 602.31 cm ™ '. HRMS calcd
for C21H20N30 [M+H]" 330.1606, found 330.1593.

Chin. J. Org. Chem. 2022, 42, 208~217

© 2022 Chinese Chemical Society & SIOC, CAS

2-(3,4- AL )-4-(3,5- - F Ik 1 H-NH - 1 -3 )-4- 45,
KT HEQ2q): 117 mg, HWEEMIIR, =2 92%. 'H NMR
(300 MHz, CDCly) &: 7.37~7.14 (m, 3H), 5.98 (s, 1H),
4.45 (dd, J=17.9, 6.5 Hz, 1H), 3.82 (dd, J=17.9, 8.0 Hz,
1H), 3.65 (dd, J=17.9, 6.5 Hz, 1H), 2.53 (s, 3H), 2.21 (s,
3H); 3C NMR (75 MHz, CDCls) d: 168.64, 153.13, 152.07
(m, J=51, 54 Hz), 148.74 (dd, J=51, 54 Hz), 144.44,
131.62 (dd, J=15, 27 Hz), 123.83 (dd, J=15, 27 Hz),
119.47, 118.11 (d, J =75 Hz), 117.00 (d, J =75 Hz),
111.76, 41.06, 31.71, 14.20, 13.71; IR (KBr) v: 2925.48,
2848.59, 2244.63, 1724.20, 1610.91, 1584.58, 1388.58,
1322.31, 1259.59, 1200.33, 1117.77, 962.53, 813.23,
774.88, 569.59 cm '. HRMS calcd for C;sH4F2N3O [M+
H]" 290.1105, found 290.1091.

4-(3,5- - F F- 1 - - 1 - 3 )-4- SE AR -2-(MBE Wy -2- 35
THE@2r): 115 mg, ®E AR, 772 95%. 'H NMR (300
MHz, CDCls) 6: 7.29 (dd, J=5.2, 1.2 Hz, 1H), 7.16 (ddd,
J=3.6, 1.3, 0.8 Hz, 1H), 6.99 (dd, J=5.2, 3.6 Hz, 1H),
5.99 (s, 1H), 4.75 (ddd, J=8.2, 6.3, 0.8 Hz, 1H), 3.91 (dd,
J=18.0, 8.2 Hz, 1H), 3.75 (dd, J=18.0, 6.3 Hz, 1H), 2.55
(s, 3H), 2.22 (s, 3H); '3C NMR (75 MHz, CDCL) ¢:
168.80, 153.08, 144.44, 136.41, 127.20, 126.78, 125.99,
119.40, 111.71, 41.50, 27.79, 14.32, 13.80; IR (KBr) v:
2923, 2852, 2243, 1728, 1587, 1463, 1378, 1321, 1269,
1078, 1021, 962, 809, 721 cm™'. HRMS calcd for Ci3H 4
N;0S [M+H]" 260.0852, found 260.0851.

4~(3,5- - F Fk- 1 - - 1 -3 )-4- SE AR -2- (M g -2- 35
T (2s): 108 mg, ¥R AR, 7% 96%. 'H NMR (300
MHz, CDCls) 6: 8.57 (ddd, J=4.9, 1.8, 0.9 Hz, 1H), 7.74
(td, J=7.7, 1.8 Hz, 1H), 7.57 (dt, J=7.9, 1.1 Hz, 1H),
7.37~7.10 (m, 1H), 5.97 (s, 1H), 4.60 (dd, J=7.7, 6.2 Hz,
1H), 4.01(dd, J=18.0, 6.2 Hz, 1H), 3.92 (dd, J=18.0, 7.7
Hz, 1H), 2.52 (s, 3H), 2.21 (s, 3H); '*C NMR (75 MHz,
CDCls) d: 169.50, 153.67, 152.80, 149.91, 144.31, 137.34,
123.16, 122.33, 119.59, 111.49, 38.92, 34.52, 14.30, 13.78;
IR (KBr) v: 2955, 2914, 2853, 2243, 1725, 1588, 1463,
1383, 1320, 1268, 1101, 962, 809, 749 cm™ . HRMS calcd
for C14H14N4ONa [M+Na]" 277.1060, found 277.1057.

2-(2-(3,5- - FE- 1 M k- 138 )-2- 48 438 T i (2v):
92 mg, KEEAMIIR, % 95%. 'H NMR (300 MHz,
CDCl3) 6: 5.95 (s, 1H), 3.49 (dd, J=17.9, 8.3 Hz, 1H),
3.32 (dd, J=17.9, 5.9 Hz, 1H), 3.15 (ddt, J=9.0, 8.2, 5.5
Hz, 1H), 2.51 (s, 3H), 2.19 (s, 3H), 1.75~1.43 (m, 4H),
1.04~0.87 (m, 3H); 3C NMR (75 MHz, CDCl) o
169.81, 152.70, 144.27, 121.41, 111.52, 37.86, 33.84,
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26.65, 20.28, 14.27, 13.71, 13.41; IR (KBr) v: 2961.31,
2928.58, 2869.06, 2244.16, 1586.53, 1405.01, 1315.74,
1268.12, 1238.37, 1172.90, 1024.11, 958.65, 803.91,
738.44, 607.51 cm™!. HRMS calcd for C;pHisN;O [M—+
H]" 220.1450, found 220.1441.

4-(3,5- 7 H F- 1 H- M - 1- 3 )-4- S AR 24 28 3E)
T Q2a, 112 mg, 95%)« 4-(3,5- - H -1 H-FHE M- 1-3%)-4-
AAR-2-(18] 25 55) T 5 (2b, 106 mg, 90%). 4-(3,5- - H
B -1 H- I -1 - R )-4- S AR -2-OFF 2R 2R T M (2¢, 115.6
mg, 98%). 4-(3,5- - FJE- 1 H-MME-1-38)-2-(3- FR AR L
FY-4-F AT Fi (e, 117.6 mg, 94%)- 2-(2-FA A IHE)-4-(3,5-
T BE- 1 HARHE - 1-55)-4- AT G (2e, 116.7 mg, 92%)-
2-(3- G I )-4-(3,5- — FH -1 H-MH - 1- 3 )-4- AR T B
(2j, 116.7 mg, 92%). 2-(4-FAKHE)-4-(3,5- ~HH-1H-ME
ME-1-3)-4- 2 T HE (2K, 115.5 mg, 91%). 2-(2,4- 5K
$)-4-(3,5- I H -1 H-mE k- 1-35)-4- AR T HE 2L, 129
mg, 91%). 4-(3,5- -1 H-mEme-1-38)-4-5E R -2-(3-(=
BRI ZEIE) T A% (2m, 135 mg, 95%)- 4-(3,5- - I JE-1H-
M - 1 -3 )-4- AR -2-(4-(Z 8 TP ) B3 T 5 (2, 128
mg, 90%) 4-(3,5- - F -1 H-n - 1-3%)-2-(4- G A 3 )-4-
AR T B0, 115 mg, 96%). 2-(4-THIHE)-4-(3,5-
Be-1H-ME e -1-38)-4- 5 A0 T 5 (2p, 134.6 mg, 92%).
4-(3,5- - F L1 H-nE -1 -3 2-(Z8-2- 98 )-4- S AR T 5 (2t
127 mg, 95%). 4-(3,5- . F -1 H-nt - 1-3)-2- H 9 -4-
FART i (2u, 76 mg, 90%)Z % CHR[8r, 12].
3.2.4 fubdh 3 69E R

HU—A~ 25 mL (R ECBEN, TBONSKT FR 25 PR AL 3
16724 2¢ (160 mg, 0.594 mmol), F 7K THF (3 mL)¥
HEfE, FI0K 1.5 mL, 7EAR R I KA S AR
(0.0498 g, 1.188 mmol)id R #ii#t:. TLC Wit [ L, JRARE s
HRJEIMAIK TR P, W pH ABRY:, FH LR RS
mL X 3)AHL, KRR, WA EhoKpegk, KB T
fe, 1EYE, AR BIHPIRE A 3.

3-TEE-3-Oh IR EE) IR (3): 112 mg, IRBE IR,
722 100%. 'H NMR (300 MHz, CDCl;) o: 8.63 (s, 1H),
7.38~7.12 (m, 4H), 425 (dd, J=8.4, 6.4 Hz, 1H), 3.05
(dd, J=17.0, 8.4 Hz, 1H), 2.88 (dd, J=17.0, 6.4 Hz, 1H),
237 (s, 3H); *C NMR (75 MHz, CDCls) d: 138.55,
131.16, 129.98, 127.19, 120.04, 39.80, 32.59, 21.07; IR
(KBr) v: 3412.70, 3203.78, 2924.64, 2245.88, 1721.52,
1514.19, 1413.41, 1258.41, 1188.60, 1113.14, 813.01,
717.35 cm '. HRMS caled for C;H2NO, [M+H]"
190.868, found 190.0862.

B4 EL (Supporting Information) & MALAYIH 'H
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