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NaOBu-Catalyzed Hydrophosphonylation of 3-CN-&-aryl-
disubstituted para-Quinone Methides with Phosphine Oxides
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Abstract An effective method for the construction of diarylmethyl phosphorus oxides containing CN-substituted quaternary
stereocenters via 1,6-conjugated addition has been developed. Under mild condition, the hydrophosphonylation process of
0-CN-Jd-aryl-disubstituted para-quinone methides (p-QMs) with diarylphosphine oxides underwent smoothly, affording the
desired products in 74%~92% yields. In addition, this protocol features great functional group tolerance and displays a broad
substrate scope. Diaryl (multi-substituted methyl) phosphorus oxides bearing CN-substituted quaternary stereocenters
synthesized by this efficient method has the potential application in the discovery of new ligands.

Keywords para-quinone methide; diarylmethyl phosphorus oxide; hydrophosphonylation; quaternary stereocenter; 1,6-

conjugate addition

BHUBEACA YA MR i A g RS i, 7R
P R RME 2 S URE A T2 R A .
UBAN, /NGy E IR R AR B AR 7E G HL& OG
HRAMFRE B G4 E SR mE AL, TR
HMIR)-(+)-2,2'- (K FJB)-1,1'- —Z5 (BINAP) FC A4 21,
TR EYNE RN — P AR AR T 2 A
AW oy FRZ B o, SRR 5 R
YIRILAEZG W) DReTRL B ke A Sk iR 3 32 31 1 AAT]
BRI 2 ) SGEM, H AT, BRI = R R &
FEEi#id Michaelis-Arbuzov < NP1, {877 iz W OVFIE

* Corresponding authors. E-mail: leiliu@sdu.edu.cn; ydma@sdu.edu.cn

Received April 1, 2021; revised April 29, 2021; published online May 13, 2021.

&R HEAL P ABIER S L TIEAT & 1. AT, XL T IRAEAE
SPLFEAFHZ] S RS R IRSEA L. Rk, KT
RNV i RE D WA Rr kb T i = <X N E=pAL i AR
XV R 2R (p-QMEs) /& — Al B AT Fk Ak . A
AL FF 0B 0 P R SR B T G R A S 81, T A
fETEYEER . BT 7RI BT AR
JEE P, T M SR B AMELR VF 22 R AR W) 5 1 v 1)
PROL, 5 22 o 2 A S N2 AT B A 100, 0- 95 2
ARBIS A P R IR AR 5 5 2 BSRAZ AR A BEBUR A2 1,6-
RO RS R, A T A AL . R

Project supported by the National Natural Science Foundation of China (No. 21971148) and the Shenzhen Special Funds (No. JCYJ20190807093805572).
K E AR 3E L (No. 21971148)FIEIINH_E(No. JCYI20190807093805572) % BT H .

3192 http://sioc-journal.cn/

YA\ - ¢ 2021 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2021, 41, 3192~3203



Chinese Journal of Organic Chemistry

R T P 28 e AR 0 R HR e A ) B R AR 12
H T A 9T 2 /2 5 v 76 A 8 1A Bl BUARURR T 0 1) —
75 5 FBEAL A U212 i i it o SR B A L B AR
ZEfR O ) O EE A S B ROE. Anand B
Ry S Y\ 2 N S A AP AR TR N i T =R
SR, T /N7 B ) ST T R R R A D SR A% AR
A, HAEBRERPOIETFRA 6 4, F=E%N 20%~
61% (Scheme 1, a). Jiang P20 2H 281438 1) 4 X8 48R 44, &
VI A KRR B A SR, A BRLE 65| ikl H
AR5 I P 2R, O HL 7R B K 1) S B2 B[] (Scheme
1, b). BFk, FH—FPTE Sy m A R AR
WEL). ATRB A G RREIE T 6-Jig 2-0-75
FE— U (R0 S0 B 3 TR AT 5 S A% AR 7 S N A 2 LA
RO I R A, T Z AT AL, AT
TERIET O-IGH5-0-75 Ha—XUPAR B0 7 B 2R FRAN — 05
FLABEN 1L6-ILBIIN R N, % T S MU TR
FROC Y Ty 3 R I AL B YI(Scheme 1, ¢). BENiZ%
IR AN, S RLIT TH  R e, I ol 1 1EIRY) o
MBI KA PHEE ], 4R T RS IE A YE L

(a) Anand's work

i
1 P 1
R ., MeO 1 OMe R 2 0
Ar H Ar '5/ oM
o = HO <OMe
AT NHC—CO, AT
R! DMSO, 80 °C 24 h R’
(b) Jiang's work
o R C.F?’
R’ O Ar/lli\Ar HO

\ O cinchona alkaloid-based urea R
mesitylene, -20 °C, 5 A MS

24h~7d
(c) This work
(0]
R I R
-~ oN  RR | CNrﬁR
o= B o )T
_ Ar NaO'Bu — Ar
CH3CN, rt., 1h

B 1 p-QMs FIEALTER 1,6-BEE A R
Scheme 1 1,6-Hydrophosphonylation of p-QMs with phospho-
rus oxides

1 #R511E
1.1 RBEHHRIL

e, R O~ -0~ 2R - XUHUAR AR I F R
(la)F1 A BEQ)M 1,6- I3RS [ B, 357
N 12-ZR KN, AE =R AT T WA RO S S
PERISEMR, SEER A5 R R 1 Fs. A H 1 equiv. ARUT
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B4R, [B 0.1 h BRI LL 86%I1 7= 15 21 B Ar = ¥R
1, Entry 1). 1 2408 FBRBRECN BRI, SN ASRE IE # E4T
(Entry 2). BEJ5 X5 T ARIFR, K H S8 e
FRAEFIT, S 8= 2R A MR & B (Entries 3, 4); MR =4
JZ 8k 1,8- A XA[5.4.0]—Hk-7-F(DBU)R, #BEE
13 BRI 24N 10 72 2 (Entries 5, 6). 2 N RXFiE7I#E4T
IR IR, RN A e S GBI AR, B
S SN R RE B R Hh PR AT (Entries 7~9). F5A) 2
i 25N, BmreEalik g 90%. (H2& SR N
i, SN 24 h P2 RAVA 35% (Entry 10). Be4h, KAIENE
FEE, BFAGERK S 4 h, WHERERRBER, PN
80% (Entry 11). HR4E % HAR 45 50, Sk T PR
TEEEREAT 2R, S BCT B AR I S 0 S LR, 43
FER A 23% (Entry 12). BT BEARH, 45 3 i
TN E — Y (Entry 13). FEARIMELFIZAET, BEEL
RN HHATRAER 218, RN 1 d Z A 12%155 87
2 (BEntry 14). f o BB T BEAN 0 & B AR B L (0.1
equiv.), NI A BT 4E K (Entry 15). fx &k e il i) =
N 0.2 equiv. (Entry 16). B RFRMEIEE, £
NI 0.2 equiv. AT BERN, PAZIEIE RER, 1
FiR A TR h, BIETEL87% = %45 2 1,6- 350
HJE 74 3a.
R RBKIFRAL

Table 1 Reaction condition optimization

Ph_ O
N o . Fen
0wz 0
o H Solvent, r.t. O O
HO
1a 2 3a
Entry Base Base/equiv. Solvent Time/h Yield®/%
1  NaOBu 1 CICH2CH2C1 0.1 86
2 Cs2003 1 CICH2CH:CI 2 N.R.
3  NaOH 1 CICH2CHCI 2 53
4 KoCOs 1 CICH2CH:CI 0.5 27
5 EtN 1 CICH2CH:CI 0.5 82
6 DBU 1 CICH2CH2C1 0.5 81
7 NaO'Bu 1 CH2Clz 0.1 77
8 NaOBu 1 CH3;CN 0.5 90
9 NaOBu 1 THF 0.2 82
10 NaO'Bu 1 CHCl3 24 35
11 NaO'Bu 1 H20 4 80
12 LiO'Bu 1 CH;CN 0.5 23
13 KOBu 1 CH;CN 0.1 75
14 — — CH3;CN 24 12
15 NaO'Bu 0.1 CH3;CN 3 83
16 NaO'Bu 0.2 CH3;CN 1 87

4Reaction conditions: 1a (0.1 mmol), 2 (0.105 mmol) in solvent (1.0 mL) at
room temperature for indicated time period. ? Yield of isolated product.
N.R.=no reaction.
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1.2 SHIEHREREBEHNHRERE

TEHRE T AR RN S 2 Ja, ot i F 5 2K R )
JEYVEERAT TR 2). ARTZHiRiEF o (75
B KA PHEAREE YD, 16 - Ik -0- 28 F— QLA [ Xt
TP FF R SRR T 00 D 00 7 % 51 N — >/ INASr oL 356 ] 2 P R
HRAERM G N—AHEER, 729 3b A1 3¢ RN
90%7FH 86%. EIAHTE a for i AN 51 AWK HE 2 4] (Br. Cl.
F)if, HARATLLAT 82%% 88%[K)/ = (3d~3f). Kk
52 5 NLE T RN A YR T Y
ANFILL B I HUREE. 24795 5 L BRI A F L L ]

x2

o7 FH R B AT A R R, s ST T DA R b 34T (3g ~
3i). IR, Mo A HER TR, mRAE. B
T IRIER, DL 86%~92% 7= HAF BIAH M) 3j~
3L 404 3,5-HEEN, BT EN 82% (3m). A, 6
775 A BIRHAE B AL 5N HLFHURIE(CLL BB, (k4R
A A 45 B (3n~3q). 2RI, 24 o0 A8 FNZEE
ARIERT, BT BH A2, FEHEIN RS 7= 2645 Bh B
SR, 1-Z880 2-ZEHUREE M 2 B8 72 R4 5N 75%F1
74% (3r, 3s).

X IV FEY 35 I ) 4

Table 2 Scope of para-quinone methides

OH
o)
/_|.R1
N % NaO'Bu (20 mol%) s
| =R
_P. _—
| Ph™,"Ph CH4CN, rt. CN
A" CN A p-Ph
r N\
PH ©
1 2a 3
OH OH OH OH OH
g g ¢ ol T
CN CN CN CN CN
_ -Ph _ _ _Ph
U OF O Ox O
N\ /7 \ N\ N\ N\
PH O PH O PH 'O PH O PH O
3a, 87% 3b, 90% 3c, 86% 3d, 88% 3e, 82%
OH OH OH OH OH
Cy g ) g 3
CN CN CN CN CN
~Ph ~Ph ~Ph ~Ph
O o O O o O R O o o O A
Ph O MeO
3f, 85% 39, 87% 3h, 90% 3i, 81% 3j, 92%
OH OH OH OH OH
CN CN CN CN CN
—Ph _ ~Ph _ _
U T U (T (ke
3k, 87% 31, 86% 3m, 82% 3n, 86% 30, 84%
OH OH OH OH
CN CN O CN CN
_ ~Ph
O Uk O LU
PH O Ph O
Cl F
3p, 78% 3q, 83% 3r, 75% 3s, 74%
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1.3 FEHRAFINHERE

P2 RN 05 H BT TR B AR R, ISR 3 UK.
A% TR R O P 2 2R 5 ) S B 0L ORT AR AR L PR L)
BRI, SN 4 SR G AR (da, 4b). (i TIX(3,5- FH %
IRF)E BT, LRSS BRI R, DL 82% M= %5
B de. 48 AIBREY 2,2'- W -(2-Z5 5L A, OB 3
WA Z BN KFZM, HIRLL 80%H 47 B 7= %45 %) 4d.

RS DL B B EEARE b, SR AR SRR i e 1%

RI T EALEEERE

Table 3 Scope of diarylphosphine oxides

0 OH
‘ 0 NaO'Bu (20 mol%) O
+ Pl
Ar” 1 A
| r H r CH30N, r.t. CN
S A%
7\
Ar O
1a 2 4

B7f(Scheme 2). £ A I S NEAAR & rh, 0 TE Y 2 2K g
ANSIE BRIt RE S AR A s S L, DA 88% A7 145 2 B
K174 4e.

o OH

‘ o NaOBu (20 mol%) ‘

_P
I T BnoT1™0Bn T cugen, it CN
CN H ~OBn
R
BnO O
1a 4e, 88%

B2 RN
Scheme 2 Scope of phosphites

1.4 RNVIBHR
AT HFENE A HEFME R, #4770 Scheme 3 fT

AN SRS, E RN A AN 2 equiv. 2,2,6,6-P4 4c, 82% 4d, 80%
FEURIE EALYI(TEMPO, 5). 2,6- U] He-4-F 3L 2Ky
0 OH
O )
f o,
| . ©/E\© . TEMPO NaO'Bu (20 mol%) o
CN 2.0 equiv. CH4CN, rt. O - Ph
/\
O PH O
1a 2 5 3a, 83%
e} OH
: r )
P NaO'Bu (20 mol%)
+ +
| ©/H\© CH4CN, rt. CN
O CN O —Ph
/\
2.0 equiv. Ph O
1a 2 6 3a, 78%
o OH

o]
I
‘ P NaOBu (20 mol%) ‘
+ 4 +
| CH3CN, rt. CN

2.0 equiv.
1a 2 7

0
\
aY
=3

N\
PH O
3a, 80%

B3 HLESR

Scheme 3 Mechanistic

experiments
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(BHT, 6)53& 1,1- 2K 245 (7), NARER AT LAGR]3EAT,
BB T 78%~83%MHI 7 B =3, KB AL ) N AT g
HEAG T H B EEYLE. ARG SOk 10 2021200 F ok s
IGHRH T AT BER ML B4R, U Scheme 4 TN, %G, —
75 RAE 2 ST R BIR R R AE AL 2", FERUT
FEENOVE R R 2 B A AR a2, T Aot S FR 2
BiR R A SN RSN T R TR A 8, HE36 705 f AL I
HRIEE A 9, &AL R PSR4 3a, 1 2
AR 2" kB S 5 a1 RN

Q tautomerization : \(?
Py P Ph > Ph
2 2'
J NaO'Bu
0 ‘BUOH + Q)

Ph O
1a 8
OH O Na aromatization
SEN R
CN
_Ph protonation CN
W% ‘D/W%
Ph O
3a 9

B4 FTREMI S ML EE

Scheme 4 A plausible mechanism
2 Zig

KL T O- 5 25-0- 5 - XU RIS L H 8 A —
75 2 AR 1,6- 3L HUAN RS B il 4625 A7 AR A=
O ) =05 S R B E AL . IRONLAE T 2 AR 9,
FERCT BEANII AL R T, BVAT s sSe B g A 2=k o
DA R, ARG AEXT L IR o L5 AEE, A
B T IR IE Ve B, Bt T RNAA R, T4,
A SFAIRAN S SN (AR S B R B v A
R

3 SCIEER4Y
3.1 UESHHF

IH NMR. 3C NMR. !°F NMR #1 3P NMR 4} 5 {#
F 500 MHz( 400 MHz). 126 MHz(&{ 101 MHz). 471

MHz(E{ 376 MHz)F1 202 MHz(&% 162 MHz) % G L R
ARG, 5 1A Q-TOF6510 120 H 5 3 AS I & .
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SEEG BT i ) SRR A E e i R A m AT R
WA m W 3K, 2 R 3 BT (TLC) A E AT 43 25 (CC)
43 A8 GF254 BERG AR AN 200~300 H (5 Sk
AR, J& I 55 ) 8 A A S 48R 2B
B A RS U B VR S YA R, VAR SR R
J7 R T 28 B TR D R AT R 4L
32 MNTEREXRHERTE

AW 1 KRYESCHR[13b] T kIE 7 128047 A Rl

2-(4-F AR B-2,5- -1 FE)-2-Z5 FE 2 [ (1a):
P E R4 D RB AR 62%). mp. 113~115 C
(1it.'": 113~114 ‘C); 'H NMR (500 MHz, CDCls) o:
7.84 (dd, J=10.0, 2.7 Hz, 1H), 7.59~7.50 (m, 5H), 7.48
(dd, J=10.1, 2.7 Hz, 1H), 6.61 (dd, J=10.0, 1.9 Hz,
1H), 6.48 (dd, J=10.1, 1.9 Hz, 1H); 3C NMR (126 MHz,
CDCls) 6: 186.7, 139.8, 137.1, 134.7, 132.1, 131.6, 131.5,
131.5, 130.6, 129.5, 124.2, 117.3; HRMS (ESI) calcd for
C1sH1o0NO [M+H]" 208.0757, found 208.0754.

2-(3,5- B4 E AR 2-2,5- - 1- 0 -2 S
ZHE(1b): A A4 B RN PE 57%). mp. 154~
156 °C; 'H NMR (500 MHz, CDCls) d: 7.61 (dd, J=2.7,
1.4 Hz, 1H), 7.55~7.45 (m, 5H), 7.21 (dd, J=2.7, 1.4 Hz,
1H), 2.13 (d, J=1.4 Hz, 3H), 2.02 (d, J=1.4 Hz, 3H); 13C
NMR (126 MHz, CDCly) d: 187.1, 140.7, 139.9, 139.9,
133.3, 132.6, 130.7, 130.7, 130.6, 129.3, 120.1, 118.0,
17.0, 16.7; HRMS (ESI) caled for CisHisNO [M—+H]"
236.1070, found 236.1077.

2-(3- I HE-4-F A B-2,5- —I-1-0 36)-2- K 3 2, i
(1c): FEHEEEA4 P RFF=2 54%). mp. 94~96 C,;
Z/E isomers (1 : 1); 'H NMR (500 MHz, CDCl;) 6: 7.78
(dd, J=9.9, 2.7 Hz, 1H), 7.67~7.65 (m, 1H), 7.59~7.42
(m, 10H), 7.39 (dd, J=10.0, 2.7 Hz, 1H), 7.29~7.27 (m,
1H), 6.59 (d, J=9.9 Hz, 1H), 6.46 (d, J=10.0 Hz, 1H),
2.14 (d, J=1.4 Hz, 3H), 2.02 (d, J=1.4 Hz, 3H); 13C
NMR (126 MHz, CDCly) o: 186.9, 186.9, 140.5, 140.4,
140.3, 140.3, 136.7, 134.3, 133.6, 132.4, 132.3, 131.4,
131.3, 131.1, 130.6, 130.6, 129.4, 129.4, 122.1, 122.1,
117.6, 16.8, 16.5; HRMS (ESI) calcd for C;sH;,NO [M+
H]" 222.0913, found 222.0918.

2-(3- W -4- AR ©-2,5- —Mi5-1- T FE)-2- 2K 3k 2
(1d): 18 B E R4 B RN E 58%). mp. 120~
122 “C; '"H NMR (500 MHz, CDCl;) d: 8.29 (d, J=2.5
Hz, 1H), 7.66~7.42 (m, 6H), 6.62 (d, J/=10.0 Hz, 1H);
13C NMR (126 MHz, CDCl3) d: 179.1, 139.6, 138.4, 134.8,
131.9, 131.9, 130.8, 130.7, 130.2, 129.6, 124.7, 117.1;
HRMS (ESI) caled for Ci4HoBrNO [M+H]" 285.9862,

Chin. J. Org. Chem. 2021, 41, 3192~3203
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found 285.9864.

2-(3-F-A4-AAARIF T -2,5- H-1- T H)-2- K B 2 1
(1e): Haze L [E k(4 PR BI % 59%). mp. 133~
135 °C; Z/E isomers (1 : 1); '"H NMR (500 MHz, CDCl5)
J: 8.04 (d, J=2.5 Hz, 1H), 7.84 (dd, J=9.9, 2.5 Hz, 1H),
7.66 (d, J=2.5 Hz, 1H), 7.61~7.50 (m, 10H), 7.48 (dd,
J=10.0, 2.5 Hz, 1H), 6.73 (d, J=9.9 Hz, 1H), 6.61 (d, J=
10.0 Hz, 1H); 3C NMR (126 MHz, CDCl;) d: 179.1,
179.1, 139.2, 139.1, 137.6, 137.4, 136.9, 134.7, 134.3,
132.1, 131.9, 131.9, 131.9, 131.2, 131.1, 130.8, 130.7,
124.9, 124.8, 117.0, 117.0; HRMS (ESI) caled for C4Ho-
CINO [M+H]" 242.0367, found 242.0366.

2-(3-F-4-SE AR ©-2,5- T H5-1-T0 FE)-2- 3k 2 i
(1f): s AR @ PR 56%). mp. 140~
142 °C; Z/E isomers (1 : 2); 'H NMR (500 MHz, CDCls)
d: 7.84 (dd, J=9.9, 2.5 Hz, 1H), 7.60~7.39 (m, 8H), 7.14
(dd, J=11.1, 2.5 Hz, 1H), 6.68 (dd, J=9.9, 7.4 Hz, 1H),
6.56 (dd, J=9.9, 7.3 Hz, 1H); 3C NMR (126 MHz,
CDCL) 6: 178.4, 178.4, 178.3, 178.2, 157.2, 157.1, 155.0,
154.9, 139.8, 139.7, 139.7, 136.7, 134.5, 132.0, 132.0,
132.0, 131.7, 131.2, 131.2, 131.1, 131.1, 130.7, 130.4,
129.7, 129.6, 125.3, 125.2, 1252, 125.1, 117.1, 117.1,
117.0, 116.7, 116.5, 114.6, 114.4; '°F NMR (471 MHz,
CDCl3) o: —119.37, —120.38; HRMS (ESI) calcd for
C1sHoFNO [M+H]" 226.0663, found 226.0660.

2-(4-5E AR ©-2,5- - 1-30 56)-2-Cnf /T 2 3k ) 205
(1g): A GE G B RMNF 63%). mp. 107~
109 °C; 'H NMR (500 MHz, CDCL3) d: 7.83 (dd, J=10.0,
2.7 Hz, 1H), 7.51 (dd, J=10.1, 2.7 Hz, 1H), 7.43 (d, J=
8.2 Hz, 2H), 7.34 (d, J=8.0 Hz, 2H), 6.60 (dd, J=10.0,
1.9 Hz, 1H), 6.48 (dd, J=10.1, 1.9 Hz, 1H), 2.45 (s, 3H);
3C NMR (126 MHz, CDCly) J: 186.7, 142. 5, 139.2,
137.2, 134.8, 130.7, 130.2, 129.4, 124.5, 117.4, 21.8; HR-
MS (ESI) caled for C1sH;2NO [M~+H]" 222.0913, found
222.0912.

2-(4-F AR E0-2,5- M -1- 30 3 )-2-(Ja) F 2K 3% 21
(1h): A5 35 (L fA (4 B IR ™ % 47%). mp. 106~
108 °C; 'H NMR (500 MHz, CDCl3) d: 7.80 (dd, J=10.0,
2.7 Hz, 1H), 7.46 (dd, J=10.1, 2.7 Hz, 1H), 7.41~7.24
(m, 4H), 6.57 (dd, J=10.0, 1.9 Hz, 1H), 6.45 (dd, J=10.1,
1.9 Hz, 1H), 2.41 (s, 3H); 3C NMR (126 MHz, CDCL) :
186.7, 139. 7, 139.6, 137.1, 134.8, 132.3, 132.1, 131.5,
131.4, 131.1, 129.3, 127.9, 124.5, 117.4, 21.6; HRMS
(ESI) caled for CisH,NO [M+H]" 222.0913, found
222.0918.
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2-(4-5 AR B-2,5- T M- 1-30. 38)-2-(41 FH A8 3k 2 i
(10): Fa ARG PR E 55%). mp. 93~95 C;
'H NMR (500 MHz, CDCl;) d: 7.85 (dd, J=10.0, 2.6 Hz,
1H), 7.42 (td, J=7.6, 1.2 Hz, 1H), 7.37~7.28 (m, 2H),
7.18 (dd, J=7.6, 0.8 Hz, 1H), 7.08 (dd, J=10.1, 2.6 Hz,
1H), 6.61 (dd, J=10.0, 1.9 Hz, 1H), 6.39 (dd, J=10.1, 1.9
Hz, 1H), 2.37 (s, 3H); 3C NMR (126 MHz, CDCls) §:
186.7, 141.6, 137.3, 136.3, 134.5, 131.9, 131.5, 131.4,
131.0, 130.9, 130.7, 126.6, 123.4, 116.4, 20.2; HRMS
(ESI) caled for Ci;sHNO [M-+H]" 222.0913, found
222.0918.

2-(4-F R FE)-2-(4-H AR B-2,5- Z-1- T2 &
(1)) RGN E 62%). mp. 118~
120 “C; 'H NMR (500 MHz, CDCls) 6: 7.80 (dd, J=10.0,
2.7 Hz, 1H), 7.64~7.41 (m, 3H), 7.03 (d, J=8.8 Hz, 2H),
6.57 (dd, J=10.0, 1.9 Hz, 1H), 6.48 (dd, J=10.1, 1.9 Hz,
1H), 3.88 (s, 3H); '3C NMR (126 MHz, CDCl3) J: 186.7,
162.5, 138.1, 137.3, 1349, 132.7, 131.1, 131.0, 124.7,
1243, 117.4, 115.1, 55.8; HRMS (ESI) calcd for CisH)-
NO, [M+H]" 238.0863, found 238.0869.

2-(4-GRUT Hb) A H)-2-(4- AR 2-2,5- - 1- MKk
LIEQK): B AEERE B RBT=E3 59%). mp. 142~
144 °C; '"H NMR (500 MHz, CDCL) d: 7.83 (dd, J=10.0,
2.7 Hz, 1H), 7.59~7.51 (m, 3H), 7.51~7.44 (m, 2H), 6.60
(dd, J=10.0, 1.9 Hz, 1H), 6.48 (dd, J=10.1, 1.9 Hz, 1H),
1.36 (s, 9H); 3C NMR (126 MHz, CDCls) 6: 186.7, 155.5,
139.2, 137.2, 1349, 131.4, 131.3, 130.6, 129.4, 126.6,
124.4, 117.4, 35.3, 31.3; HRMS (ESI) calcd for CisH;sNO
[M-+H]" 264.1383, found 264.1385.

2-([1L1- 2R -4-35)-2-(4- A AR FF & -2,5- )i -1- 0
YR 7 E O A G BRI E 60%). mp.
157~159 ‘C; 'H NMR (500 MHz, CDCLy) o: 7.87 (dd,
J=10.0, 2.7 Hz, 1H), 7.76 (d, J=8.4 Hz, 2H), 7.67~7.60
(m, 4H), 7.57 (dd, J=10.1, 2.7 Hz, 1H), 7.55~7.47 (m,
2H), 7.47~7.39 (m, 1H), 6.70~6.58 (m, 1H), 6.52 (dd,
J=10.1, 1.9 Hz, 1H); '*C NMR (126 MHz, CDCls) 6:
186.7, 144.5, 139.6, 139.5, 137.2, 134.7, 131.5, 131.3,
131.0, 129.3, 128.7, 128.1, 127.4, 124.0, 117.3; HRMS
(ESI) caled for CyH;4NO [M+H]" 284.1070, found
284.1074.

2-(3,5- “ I EE R B )-2-(4-HAAH T -2,5- ) -1-
YO E(m): B RE RN 57%). mp.
128~130 ‘C; 'H NMR (500 MHz, CDCLy) ¢: 7.82 (dd,
J=10.0, 2.7 Hz, 1H), 7.50 (dd, J=10.1, 2.7 Hz, 1H), 7.17
(s, 1H), 7.11 (s, 2H), 6.59 (dd, J=10.0, 1.9 Hz, 1H), 6.48
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(dd, J=10.1, 1.9 Hz, 1H), 2.39 (s, 6H); '*C NMR (126
MHz, CDCl;) 0: 186.7, 139.5, 139.4, 137.2, 135.0, 133.3,
132.1, 131.4, 131.3, 128.4, 124.8, 117.4, 21.4; HRMS
(ESI) caled for CisHisNO [M+H]" 236.1070, found
236.1077.

2-(4-FORHL)-2-(4- A 2-2,5- 20 -1- 058 O
(In): & Gl k@4 DR =% 56%). mp. 147~
150 °C; 'H NMR (500 MHz, CDCL3) d: 7.81 (dd, J=10.0,
2.7 Hz, 1H), 7.55~7.48 (m, 2H), 7.48~7.44 (m, 2H), 7.42
(dd, J=10.1, 2.7 Hz, 1H), 6.60 (dd, J=10.0, 1.9 Hz, 1H),
6.48 (dd, J=10.1, 1.9 Hz, 1H); 3C NMR (126 MHz,
CDCls) o: 186.4, 140.1, 138.0, 136.9, 134.1, 131.8, 131.8,
131.8, 130. 5, 129.9, 122. 6, 117.0; HRMS (ESI) calcd for
CisHoCINO [M+H]" 242.0367, found 242.0366.

2-(4-F A I )-2-(4- BRI -2,5- M- 1- 0 L) 2 i
(lo): 1M (& k(4 DR M7 % 53%). m.p. 150~
152 “C; 'H NMR (500 MHz, CDCls) : 7.82 (dd, J=10.0,
2.7 Hz, 1H), 7.61~7.48 (m, 2H), 7.43 (dd, J=10.1, 2.7
Hz, 1H), 7.28~7.19 (m, 2H), 6.60 (dd, J=10.0, 1.8 Hz,
1H), 6.49 (dd, J=10.1, 1.9 Hz, 1H); *C NMR (126 MHz,
CDCl3) d: 186.5, 164.4 (d, J=255.0 Hz), 139.9, 137.0,
134.2, 132.8 (d, J=8.8 Hz), 131.7, 131.7, 128.2 (d, J=3.5
Hz), 122.8, 117.1, 116.9 (d, J=22.3 Hz); '°F NMR (471
MHz, CDCls) ¢: — 106.7, HRMS (ESI) calcd for
C1sHoFNO [M+H]" 226.0663, found 226.0666.

2-(3-F R HL)-2-(4- A 2-2,5- M- 1- 058 O
(1p): LB k@4 B RN 7% 51%). mp. 124~
126 °C; 'H NMR (500 MHz, CDCL3) d: 7.81 (dd, J=10.0,
2.7 Hz, 1H), 7.56~7.45 (m, 3H), 7.45~7.37 (m, 2H), 6.61
(dd, J=10.0, 1.9 Hz, 1H), 6.50 (dd, J=10.1, 1.9 Hz, 1H);
13C NMR (126 MHz, CDCl;) d: 186.4, 140.7, 136.8, 135.7,
134.0, 133.6, 132.0, 131.9, 131.4, 130.8, 130.3, 128.6,
122.1, 116.9; HRMS (ESI) calcd for C14HoCINO [M+H]"
242.0367, found 242.0365.

2-(3-FR A I )-2-(4- AR -2,5- - 1- 0 L) 2
(1q): s Bl k@4 B RN 54%). mp. 130~
132 “C; 'H NMR (500 MHz, CDCls) 6: 7.79 (dd, J=10.0,
2.7 Hz, 1H), 7.49 (td, J=7.9, 5.8 Hz, 1H), 7.42 (dd, J=
10.1, 2.7 Hz, 1H), 7.31~7.17 (m, 3H), 6.58 (dd, J=10.0,
1.8 Hz, 1H), 6.46 (dd, J=10.1, 1.8 Hz, 1H); 3C NMR
(126 MHz, CDCls) d: 186.4, 162.8 (d, J=250.1 Hz),
140.5, 136.8, 134.1, 133.8 (d, J=7.9 Hz), 131.9, 131.8,
131.3 (d, J=8.3 Hz), 126.4 (d, J=3.2 Hz), 122.2 (d, J=
2.4 Hz), 118.5 (d, J=21.1 Hz), 117.4 (d, J=23.3 Hz),
116.9; YF NMR (471 MHz, CDCls) §: —110.2; HRMS
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(ESI) caled for C14HoFNO [M+H]" 226.0663, found
226.0669.

2-(25-1-35)-2-(4-E A B-2,5- Hi-1-W 3L 2 M
(Ir): G ARG PR3 48%). mp. 147~
149 “C; '"H NMR (500 MHz, CDCl;) &: 8.03 (d, J=8.3
Hz, 1H), 8.00~7.93 (m, 2H), 7.90~7.81 (m, 1H), 7.71~
7.54 (m, 3H), 7.47 (dd, J=7.1, 1.0 Hz, 1H), 7.08 (dd, J=
10.1, 2.6 Hz, 1H), 6.67 (dd, J=10.0, 1.9 Hz, 1H), 6.34 (dd,
J=10.1, 1.9 Hz, 1H); '*C NMR (126 MHz, CDCls)
186.8, 142.5, 136.4, 134.8, 133.9, 132.0, 131.8, 131.3,
131.1, 129.6, 129.1, 128.8, 128.2, 127.4, 125.4, 124.7,
122.2, 117.0; HRMS (ESI) caled for C;sH;,NO [M+H]"
258.0913, found 258.0917.

2-(ZE-2-H)-2-(4- AR O -2,5- - 1- T B 4
(1s): A k@ B RBZF 55%). mp. 154~
156 ‘C; 'H NMR (500 MHz, CDCl;) 6: 8.07~7.80 (m,
5H), 7.69~7.50 (m, 4H), 6.64 (dd, J=10.0, 1.8 Hz, 1H),
6.51 (dd, J=10.1, 1.8 Hz, 1H); *C NMR (126 MHz,
CDCls) 6: 186.6, 139.8, 137.2, 134.9, 134.2, 132.9, 131.7,
131.6, 131.6, 129.5, 129.5, 129.0, 128.8, 128.1, 127.8,
126.4, 124.3, 117.3; HRMS (ESI) caled for C;sH;,NO [M
+H]" 258.0913, found 258.0916.

3.3 BEH—RITE

0 SV FF 3 AR (0.1 mmol) AT — 55 JE 4 e/ IV s R i
(0.105 mmol) ¥ R (E a4l Z /51 mL)H, 7E =l 1E
VTN T BE54(0.02 mol), $HtHE 1 h. R 5ERZ
J&, PR G B (15 mL)E KB, SR G 2R 2
BEZEHL. A AU oK R 8 T 5 W4s. M=mH &
1% /AT TR )0 I TR AT AR B AT A B 4R Al A =) 3
oy 4.

2-( AR RIE AL )-2-(4- R R R I )-2- 2K I 4 i (3a):
M2/ e/ mmE - v=1: 3 A% H, 53 356
mg ¥R CHCRY, WK 87%. 'H NMR (400 MHz,
CDCls) &: 7.88~7.69 (m, 2H), 7.69~7.55 (m, 4H), 7.49
(t, J=7.3 Hz, 2H), 7.42~7.18 (m, 9H), 6.73 (d, J=8.5
Hz, 2H); 3C NMR (126 MHz, CDCls) &: 157.5, 134.3,
134.3, 133.3, 133.2, 133.1, 133.1, 133.0, 133.0, 132.9,
130.7, 130.6, 129.4, 129.3, 129.3, 129.2, 128.9, 128.7,
128.6, 128.6, 128.5, 128.4, 128.4, 123.9, 123.9, 120.5,
116.3, 53.7 (d, J=59.4 Hz); >'P NMR (202 MHz, CDCl;)
0: 33.9; HRMS (ESI) calcd for CyHaNO,P [M+H]"
410.1304, found 410.1305.

2-( IR IR HL)-2-(4-FR FE-3,5- — F IR 2R A )-2-
I OMEGD): H AR ER/AHER D V=1 3) Ak
7, 193] 39.4 mg WEAHRY), VR 90%. 'H NMR
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(500 MHz, CDCl3) 6: 7.74 (ddd, J=29.1, 11.1, 7.9 Hz,
4H), 7.60 (d, J=17.5 Hz, 2H), 7.50 (dd, J=13.7, 6.5 Hz,
2H), 7.36 (qd, J=8.0, 3.3 Hz, 4H), 7.29~7.13 (m, 5H),
2.12 (s, 6H); 3C NMR (126 MHz, CDCls) 6: 153.1, 134.3,
134.3, 1332, 133.1, 133.1, 133.0, 132.7, 129.9, 129.8,
129.5, 129.4, 129.2, 129.2, 129.1, 129.0, 128.6, 128.4,
128.3, 124.7, 124.7, 124.1, 120.8, 53.5 (d, J=58.5 Hz),
16.5; 3'P NMR (202 MHz, CDCl;) 6: 32.7; HRMS (ESI)
caled for CyHysNO,P [M + H] © 438.1617, found
438.1614.

2-( AR IL)-2-(4- SR FE -3 R OR S )-2- 9K 2,
(3c): F WL W6/ TMER(V V=1 3 N¥Lli7, 15
F| 36.4 mg R EHARY), ULFE 86%. 'H NMR (500
MHz, DMSO-ds) 6: 9.70 (s, 1H), 7.75~7.66 (m, 2H),
7.66~7.55 (m, 4H), 7.56~7.42 (m, 6H), 7.38~7.25 (m,
4H), 7.23 (s, 1H), 6.84~6.59 (m, 1H), 2.02 (s, 3H); 13C
NMR (126 MHz, DMSO-de) d: 155.6, 134.2, 134.2, 132.8,
132.3, 132.3, 132.3, 1322, 130.7, 130.7, 129.8, 129.6,
129.0, 128.9, 128.6, 128.5, 128.5, 128.4, 128.4, 127.2,
127.1, 124.3, 123.5, 123.5, 120.3, 114.6, 52.6 (d, J=57.1
Hz), 16.1; *'P NMR (202 MHz, DMSO-ds) d: 30.6; HRMS
(ESI) caled for C7HxNOP [M+H]™ 424.1461, found
424.1469.

2-(3-VR-4-F L ORI -2 (IR BE R I I )-2- R Bk 2N
(3d): H R 2B/ A My - V=1 4R, 533
42.9 mg REFEEHIRY), 2 88%. 'H NMR (500 MHz,
CDCl3) 6: 7.94 (dd, J=12.7, 8.1 Hz, 4H), 7.61~7.40 (m,
8H), 7.39~7.27 (m, 3H), 7.28~7.21 (m, 2H), 7.10 (dd,
J=8.6, 2.3 Hz, 1H), 5.01 (s, 1H); 3C NMR (126 MHz,
CDCly) d: 148.6, 148.5, 135.1 133.4 133.0, 133.0 132.9,
132.0, 132.0, 131.1, 131.1, 130.0, 130.0, 129.5, 130.0,
128.9, 128.8, 128.2, 127.9, 122.0, 122.0, 119.2, 115.4,
115.3, 41.6; *'P NMR (202 MHz, CDCl;) 6: 32.4; HRMS
(ESI) caled for Co6H20BrNO,P [M+H]" 488.0410, found
488.0415.

2-(3--4-F B ORI -2 (TR BE R I I )-2- R Bk N
(3e): H .M B/ B - V=1 : 3) ¥z, 53
36.4 mg A EAHRY), 1UZ 82%. 'H NMR (500 MHz,
CDCl3) 6: 7.96~7.85 (m, 4H), 7.53 (ddd, J=8.6, 8.0, 1.1
Hz, 3H), 7.48~7.39 (m, 4H), 7.38~7.28 (m, 4H), 7.28~
7.21 (m, 2H), 7.06 (dd, J=8.6, 2.3 Hz, 1H), 5.00 (s, 1H);
13C NMR (126 MHz, CDCl;) d: 147.4, 147.3, 135.1, 133.2,
133.0, 133.0, 132.0, 131.9, 131.1, 131.1, 130.0, 130.0,
129.9, 129.6, 129.0, 128.9, 128.8, 127.9, 127.4, 126.3,
126.2, 122.4, 122.3, 119.2, 41.8; *'P NMR (202 MHz,
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CDCls) 6: 32.4; HRMS (ESI) caled for CasHaCINO,P
[M-+H]" 444.0915, found 444.0917.

2-( IR IEE I I )-2-(3- T -4-FR BE TR I )-2- 2K 3 M
(3f): H B /A B - V=1 4 N7, 535
36.3 mg iR AHPIRY), 1K 85%. 'H NMR (500 MHz,
CDCls) 6: 7.87 (dd, J=12.7, 7.2 Hz, 4H), 7.56~7.48 (m,
2H), 7.49~7.39 (m, 5H), 7.36~7.27 (m, 3H), 7.27~7.20
(m, 2H), 7.02 (dd, J=10.6, 2.0 Hz, 1H), 6.95 (d, J=8.6
Hz, 1H), 5.00 (s, 1H); '3C NMR (101 MHz, CDCls) §:
155.0, 155.0, 152.5, 152.5, 138.8, 138.7, 138.6, 138.6,
135.1, 133.5, 133.5, 133.1, 133.0, 133.0, 133.0, 132.0,
131.9, 131.1, 131.1, 129.7, 129.7, 129.5, 129.0, 128.8,
128.8, 127.9, 124.0, 124.0, 123.7, 123.6, 119.2, 116.6,
116.4, 41.9; 3P NMR (162 MHz, CDCls) d: 33.2; '“F
NMR (376 MHz, CDCls) §: —128.1; HRMS (ESI) calcd
for C26Ha0FNO,P [M+H]" 428.1210, found 428.1211.

2-( IR EE WL )-2-(4-FR A K I 2-CHF 2R B 4
§(3g): Fl LR LR/ MBE(Y - V=1 4 RBEHiF, 15
#36.8 mg FAEE, IR 87%. m.p. 208~210 C; 'H
NMR (500 MHz, DMSO-ds) 6: 9.73 (s, 1H), 7.71~7.55
(m, 6H), 7.53~7.40 (m, 6H), 7.34 (d, J=8.2 Hz, 2H),
7.14 (d, J=8.2 Hz, 2H), 6.71 (d, J=8.7 Hz, 2H), 2.24 (s,
3H); BC NMR (126 MHz, DMSO-de) d: 157.4, 137.8,
132.8, 132.3, 1322, 132.2, 132.2, 131.4, 131.4, 129.7,
129.7, 129.7, 129.2, 129.0, 128.5, 128.5, 128.5, 128.4,
128.2, 1282, 123.7, 123.7, 120.3, 115.4, 52.3 (d, J=57.4
Hz), 20.5; 3'P NMR (202 MHz, DMSO-d¢) d: 30.4; HRMS
(ESI) caled for CHasNO.P [M+H]" 424.1461, found
424.1461.

2-( AR FE IR L )-2-(4-FR FE AR 3L )-2- (18] FH 2R 3L ) £
E(3h): H AR B/ AMEE(V 0 V=1 3 NPEmR, 5
2| 38.1 mg REEHAIRY), WZE 90%. 'H NMR (500
MHz, DMSO-ds) 6: 9.75 (s, 1H), 7.71~7.56 (m, 6H),
7.53~7.44 (m, 4H), 7.43~7.33 (m, 3H), 7.29~7.19 (m,
2H), 7.13 (d, J=7.6 Hz, 1H), 6.73 (d, J=8.8 Hz, 2H), 2.19
(s, 3H); 3C NMR (126 MHz, DMSO-ds) d: 157.5, 137.8,
1342, 134.2, 132.8, 132.3, 132.3, 132.3, 1322, 129.8,
129.8, 129.7, 129.6, 129.0, 128.9, 128.8, 128.8, 128.5,
128.5, 128.4, 128.4, 125.5, 125.5, 123.5, 123.5, 120.3,
115.4, 52.6 (d, J=57.1 Hz), 21.0; *'P NMR (202 MHz,
DMSO-ds) d: 30.6; HRMS (ESI) caled for Ca7Ha3sNO,P
[M-+H]" 424.1461, found 424.1465.

2-( IR I IR )-2-(4-FR FE IR ) 2- (BB FH 2R L) 4
5(30): O ZBe/ ARy - =1 3) ¥, 4
F 34.3 mg AAFEE, UK 81%. m.p. 228~230 C; 'H
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NMR (500 MHz, DMSO-ds) 6: 9.73 (s, 1H), 8.22 (d, J=
8.0 Hz, 1H), 8.09~7.96 (m, 2H), 7.74~7.52 (m, 4H), 7.39
(td, J=7.8, 3.3 Hz, 2H), 7.33~7.18 (m, 4H), 7.14 (t, J=
7.6 Hz, 1H), 6.73 (dd, J=8.6, 1.5 Hz, 2H), 6.64 (d, J=8.8
Hz, 2H), 2.02 (s, 3H); '*C NMR (126 MHz, CDCL) ¢:
157.4, 137.6, 137.6, 133.4, 133.1, 133.1, 132.8, 132.7,
132.0, 131.3, 130.5, 130.4, 130.4, 130.1, 130.1, 130.0,
123.0, 129.3, 129.1, 129.0, 128.9, 128.5, 127.7, 127.6,
125.6, 121.1, 121.0, 119.3, 114.7, 51.0 (d, J=57.2 Hz),
20.5; 3'P NMR (202 MHz, DMSO-ds) J: 31.9; HRMS
(ESI) caled for Cy7HasNOoP [M+H]" 424.1461, found
424.1466.

2-( R B I R )-2-(4- F Ak R Ok )-2-(4- AR B OR
YO HE@B)): H OB /A BV © V=1 3) N
7, £33 404 mg FLAEMRY), BCE 92%. 'H NMR
(500 MHz, DMSO-de) d: 9.73 (s, 1H), 7.71~7.63 (m, 4H),
7.63~7.55 (m, 2H), 7.54~7.42 (m, 6H), 7.36 (d, J=8.2
Hz, 2H), 6.91 (d, J=8.6 Hz, 2H), 6.73 (d, J=8.4 Hz, 2H),
3.71 (s, 3H); '*C NMR (126 MHz, DMSO-d¢) 6: 159.0,
157.4, 132.8, 132.3, 132.2, 129.8, 129.7, 129.0, 128.5,
128.5, 128.4, 128.4, 126.0, 125.9, 124.0, 123.9, 120.4,
115.4, 114.0, 55.1, 51.9 (d, J=57.7 Hz); 3'P NMR (202
MHz, DMSO-ds) o: 30.5; HRMS (ESI) caled for
Co7HNOsP [M+H]" 440.1410, found 440.1411.

2-(4-(HUT H) R HE)-2-( AR I )-2-(4-F HE K
Y OHEQGK): R B8/ A B - V=1 3) N
A, 135 40.5 mg HEOEE, WFE 87%. mp. 145~
147 °C; 'H NMR (500 MHz, CDCls) d: 7.77~7.67 (m,
2H), 7.69~7.59 (m, 2H), 7.54~7.41 (m, 4H), 7.39~7.28
(m, 6H), 7.28~7.20 (m, 2H), 6.74 (d, J=8.8 Hz, 2H),
1.23 (s, 9H); *C NMR (126 MHz, DMSO-d¢) 6: 157.5,
151.6, 133.2, 133.2, 133.0, 133.0, 133.0, 132.9, 132.9,
132.9, 131.1, 131.0, 130.6, 130.6, 129.5, 129.3, 128.9,
128.9, 128.7, 128.6, 128.5, 128.5, 128.4, 125.7, 124.1,
124.1, 120.6, 116.2, 53.2 (d, J=60.0 Hz), 34.7, 31.4; 3'P
NMR (202 MHz, DMSO-de) d: 29.4; HRMS (ESI) caled
for C30H20NO,P [M+H]" 466.1930, found 466.1936.

2-([1,1- B L -4- 50 2-( R R Wl W ) -2-(4- R
I ZHEQY: H 4R B8/ MER Y - V=1 : 3) Nk
A, 33 41.8 mg AMGREE, R 86%. mp. 172~
174 “C; '"H NMR (500 MHz, CDCls) J: 7.88~7.79 (m,
2H), 7.76~7.66 (m, 4H), 7.59~7.47 (m, 6H), 7.46~7.38
(m, 6H), 7.38~7.31 (m, 3H), 6.82 (d, J=8.8 Hz, 2H); 1*C
NMR (126 MHz, CDCLy) d: 157.6, 141.2, 139.9, 133.2,
133.2, 133.2, 133.1, 133.1, 133.0, 133.0, 133.0, 132.9,
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130.6, 130.6, 129.7, 129.6, 129.3, 129.0, 128.7, 128.6,
128.6, 128.5, 128.5, 128.2, 127.9, 127.3, 127.2, 123.9,
123.8, 120.5, 116.3, 53.4 (d, J=59.5 Hz); 3'P NMR (202
MHz, CDCls) ¢: 34.1; HRMS (ESI) calcd for Cs,HasNO,P
[M+H]" 486.1617, found 486.1613.

2-(3,5- = AR ORI 2 (IR L B I i )-2-(4-FR R
YO HEGm): H AR B/ MY - V=3 T A%
A, £33] 359 mg HEMREAE, UKZE 82%. mp. 203~
205 ‘C; '"H NMR (500 MHz, CDCls) 8: 8.90 (s, 1H), 7.72
(ddd, J=32.2, 11.3, 7.5 Hz, 4H), 7.61~7.47 (m, 2H),
7.45~7.29 (m, 6H), 7.17 (s, 2H), 6.88 (s, 1H), 6.77 (d, J=
8.7 Hz, 2H), 2.16 (s, 6H); '*C NMR (126 MHz, CDCl;) ¢:
157.5, 138.3, 133.9, 133.9, 133.3, 133.2, 133.1, 133.0,
133.0, 132.9, 132.9, 132.9, 130.7, 130.6, 130.3, 129.5,
129.3, 128.7, 128.5, 128.4, 127.1, 127.1, 124.0, 124.0,
120.7, 116.1, 53.5 (d, J=59.9 Hz), 21.5; 3'P NMR (202
MHz, CDCIl;) ¢: 33.9; HRMS (ESI) cald for CysHasNO,P
[M-+H]" 438.1617, found 438.1614.

2-(4- TR IR )-2-( R B IR AR )-2-(4- B B R ) &
E(3n): OB OB/ AMBE(Y - V=1 3)NTBF, 15
F| 38.2 mg, AHEMRY, WHE 86%. 'H NMR (500
MHz, CDCl;) d: 7.93~7.82 (m, 4H), 7.59~7.51 (m, 2H),
7.51~7.42 (m, 4H), 7.34~7.28 (m, 2H), 7.24~7.14 (m,
6H), 5.04 (s, 1H); 3C NMR (126 MHz, CDCL3) ¢: 151.1,
151.1, 134.6, 134.2, 132.8, 132.8, 131.9, 131.9, 131.9,
131.8, 131.7, 131.4, 131.4, 130.3, 130.3, 129.6, 129.2,
129.2, 128.9, 128.8, 121.8, 121.7, 119.2, 41.4; *'P NMR
(202 MHz, CDCl3) o: 31.3; HRMS (ESI) caled for
CasH20CINO,P [M+H]" 444.0915, found 444.0917.

2-( ORI I )-2-(4- R HE)-2-(4- R B R I 4
i(30): H 4R BE/ A BE(Y - V=1 4RV, 15
2| 359 mg REEAMIRY), IKE 84%. 'H NMR (500
MHz, CDCl;) d: 7.85 (dd, J=12.6, 7.3 Hz, 4H), 7.58~
7.49 (m, 2H), 7.49~7.40 (m, 4H), 7.26~7.13 (m, 6H),
7.08~6.91 (m, 2H), 5.03 (s, 1H); *C NMR (126 MHz,
CDCly) d: 163.6, 161.7, 151.1, 151.0, 132.8, 132.8, 132.0,
132.0, 131.9, 131.9, 131.9, 131.6, 131.6, 131.4, 131.4,
130.3, 130.3, 129.7, 129.6, 129.2, 128.9, 128.8, 121.7,
121.7, 119.5, 116.5, 116.3, 41.3; 3'P NMR (202 MHz,
CDCl3) d: 31.3; '°F NMR (471 MHz, CDCl) 6: —113.3;
HRMS (ESI) caled for CxHyFNO,P [M + H] '
428.1210, found 428.1218.

2-(3- AR IR )-2-( IR B R AR )-2-(4- B B R ) &

E@p): LR ZE/AMBEY - V=1 : 3 AvERiF, 5
# 34.6 mg FAAFEE, R 78%. mp. 130~132 C; 'H
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NMR (500 MHz, CDCls) d: 7.93~7.81 (m, 4H), 7.58~
7.50 (m, 2H), 7.50~7.40 (m, 4H), 7.31~7.11 (m, 8H),
5.03 (s, 1H); 3C NMR (126 MHz, CDCl3) §: 151.1, 151.1,
137.6, 1352, 132.8, 132.8, 131.9, 131.9, 131.8, 131.8,
131.4, 131.3, 131.3, 130.6, 130.2, 130.2, 129.3, 128.9,
128.8, 128.8, 128.0, 126.0, 121.8, 121.7, 119.0, 41.5; 3P
NMR (202 MHz, CDCls) 6: 31.3; HRMS (ESI) calcd for
CasH20CINO,P [M+H]" 444.0915, found 444.0913.

2-( IR IE 3 )-2-B- R L )-2-(4- R R R 4
5(3q): AR B/ Bk - V=11 3)NBelis, 5
F| 355 mg R EHARY), ULFE 83%. 'H NMR (500
MHz, CDCls) d: 7.93~7.82 (m, 4H), 7.59~7.51 (m, 2H),
7.51~7.42 (m, 4H), 7.32 (td, J=8.0, 5.9 Hz, 1H), 7.25~
7.17 (m, 4H), 7.08 (d, J=7.8 Hz, 1H), 7.05~6.91 (m,
2H), 5.05 (s, 1H); '3C NMR (126 MHz, CDCls) d: 164.1,
162.1, 1512, 151.1, 138.0, 138.0, 132.9, 132.8, 132.0,
131.9, 131.9, 132.9, 131.5, 131.4, 131.4, 131.0, 131.0,
130.3, 130.3, 129.3, 128.9, 128.8, 123.6, 123.5, 121.8,
121.8, 119.1, 115.7, 115.6, 115.2, 115.0, 41.7, 41.7; 3'P
NMR (202 MHz, CDCl;) 6: 31.3; '9F NMR (471 MHz,
CDCl;) 8: —111.1; HRMS (ESI) calcd for CasHaFNO,P
[M-+H]" 428.1210, found 428.1211.

2-( IR IR 3L )-2-(4-FR HE R AL )-2-(ZR-1- ) O
(3r): H 2B 2B/ Bk - v=1 : 3) ki, 53
34.5 mg HEFEMAE, UFE 75%. mp. 220~222 C; 'H
NMR (500 MHz, DMSO-d) d: 9.72 (s, 1H), 8.52 (d, J=
7.4 Hz, 1H), 8.09~8.01 (m, 2H), 7.98 (t, J=7.6 Hz, 2H),
7.80 (d, J=8.6 Hz, 1H), 7.76~7.52 (m, 4H), 7.54~7.34
(m, 5H), 7.37~7.19 (m, 2H), 6.85 (d, J=7.5 Hz, 2H),
6.63 (d, J=8.5 Hz, 2H); 3C NMR (126 MHz, DMSO-ds)
5: 157.5, 134.6, 133.2, 133.2, 132.9, 132.7, 132.1, 132.0,
131.2, 130.5, 130.4, 130.1, 129.8, 129.7, 129.7, 129.5,
129.3, 129.2, 129.1, 129.0, 128.5, 127.8, 127.7, 126.4,
125.9, 124.5, 124.4, 121.8, 121.7, 120.0, 115.0, 51.0 (d,
J=57.0 Hz); P NMR (202 MHz, DMSO-ds) o: 32.3;
HRMS (ESI) caled for C3HsNO,P [M+H]" 460.1461,
found 460.1466.

2-( R BB HL)-2-(4- PR HE IR I )-2-(FE2- ) O
(3s): HIZ.1R B8/ A MiBE(V - V=1 : 3) Nueli7, 53
34.0 mg A EEAHARY), E 74%. 'H NMR (500 MHz,
DMSO-ds) d: 9.76 (s, 1H), 8.06 (s, 1H), 7.93~7.86 (m,
2H), 7.83 (d, J=7.8 Hz, 1H), 7.75~7.60 (m, 6H), 7.60~
7.48 (m, 5H), 7.48~7.35 (m, 4H), 6.73 (d, J=8.8 Hz,
2H); *C NMR (101 MHz, DMSO-d¢) &: 157.5, 132.9,
132.4, 132.3, 132.2, 132.1, 131.9, 131.9, 129.9, 129.9,
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129.7, 129.7, 128.7, 128.7, 128.6, 128.6, 128.5, 128.5,
128.3, 1282, 127.5, 127.5, 127.4, 127.1, 126.9, 12528,
125.7, 123.5, 123.5, 120.3, 115.5, 52.7 (d, J=57.0 Hz); 3'P
NMR (202 MHz, CDCls) d: 33.7; HRMS (ESI) calcd for
C30HNO,P [M+H]" 460.1461, found 460.1463.

2-( 0 R R S IR L )-2-(4- R R ) 0- I 2 JE
(4a): 2R CER/ATHER(V - V=1 : 3) 9Bk, 53]
37.6 mg, AMEA, F 86%. mp. 218~220 C; 'H
NMR (500 MHz, DMSO-ds) 6: 9.72 (s, 1H), 7.58~7.45
(m, 6H), 7.40 (d, J=82 Hz, 2H), 7.37~7.22 (m, 7H),
6.72 (d, J=8.8 Hz, 2H), 2.32 (d, J=7.6 Hz, 6H); 13C
NMR (126 MHz, DMSO-de) J: 157.4, 143.0, 143.0, 134 .4,
134.4, 132.3, 132.2, 129.7, 129.7, 129.1, 129.1, 129.0,
129.0, 128.5, 128.3, 128.3, 126.7, 126.6, 125.8, 125.8,
123.9, 123.8, 120.3, 115.4, 52.7 (d, J=56.8 Hz), 21.1; 3'P
NMR (202 MHz, DMSO-de) J: 31.0; HRMS (ESI) calcd
for CosHasNO,P [M+H]" 438.1617, found 438.1618.

2-( AU (4- AR R k) Wl 1 0 )-2-(4- 32 i DR 0k )-2- R
FEE@b): HOR OB/ AMBEV - V=1 . 3) N
A, £33] 39.9 mg HEMREAE, UKZE 85%. mp. 198~
200 ‘C; 'H NMR (500 MHz, DMSO-ds) 6: 9.73 (s, 1H),
7.64~7.46 (m, 6H), 7.41 (d, J=8.4 Hz, 2H), 7.38~7.25
(m, 3H), 7.12~6.96 (m, 4H), 6.73 (d, J=8.7 Hz, 2H),
3.78 (d, J=7.3 Hz, 6H); 3C NMR (101 MHz, DMSO-ds)
5: 162.5, 157.4, 134.6, 134.3, 134.2, 129.8, 129.8, 128.6,
128.4, 1283, 124.1, 121.1, 121.0, 120.5, 120.0, 119.9,
115.5, 114.2, 114.1, 114.0, 114.0, 55.4, 52.9 (d, J=57.5
Hz); 3'P NMR (162 MHz, DMSO-ds) d: 30.9; HRMS (ESI)
caled for CxHysNOsP [M + H] © 470.1516, found
470.1518.

2-(RN(3,5- I R OR ) Wl 1 2k )-2-(4- R B O O )-2- O
F O (4e): F TR OBE/AMBE(V - V=1 © 3) NP7,
733 38.2 mg, FHEOHPIRY), 12 82%. 'TH NMR (400
MHz, CDCl;) d: 7.68~7.58 (m, 2H), 7.41~7.22 (m, 9H),
7.15 (s, 2H), 6.79 (d, J=8.7 Hz, 2H), 2.24 (d, J=15.4 Hz,
12H); *C NMR (101 MHz, CDCls) 8: 157.5, 138.2, 138.1,
138.1, 138.0, 134.7, 134.7, 134.7, 134.6, 134.5, 134.4,
130.8, 130.8, 130.7, 130.7, 130.5, 130.4, 129.4, 129.4,
129.0, 128.7 (d, J=28.9 Hz), 128.6, 128.4, 128.0, 127.9,
124.2, 124.1, 120.6, 116.1, 53.6 (d, J=58.7 Hz), 21.5; *'P
NMR (162 MHz, CDCls) 6: 35.1; HRMS (ESI) calcd for
C30H2oNO,P [M+H]" 466.1930, found 466.1933.

2-( T(ZE-2-FE) B L )-2-(4- TR R R B 2- R I 2 s
(4d): 2R B/ A MEE(V @ V=1 : 3) ki, 535
40.8 mg F. A EHPRYY, X 80%. 'H NMR (400 MHz,
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CDCls) d: 8.37 (d, J=13.5 Hz, 1H), 8.26 (d, J=13.6 Hz,
1H), 7.92~7.77 (m, 6H), 7.77~7.65 (m, 4H), 7.65~7.49
(m, 3H), 7.49~7.35 (m, 3H), 7.26~7.19 (m, 3H), 6.83 (d,
J=8.8 Hz, 2H); '3C NMR (101 MHz, CDCls) J: 157.6,
136.0, 135.9, 135.6, 135.6, 135.1, 135.1, 135.1, 135.0,
1342, 134.2, 132.4, 1322, 132.2, 132.1, 130.8, 130.7,
129.5, 129.4, 129.4, 129.3, 129.0, 129.0, 128.9, 128.7,
128.5, 128.3, 128.3, 128.2, 128.0, 127.9, 127.5, 127.4,
127.3, 1272, 127.1, 127.0, 126.7, 126.4, 125.6, 125.4,
123.9, 123.9, 120.6, 116.4, 53.8 (d, J=59.7 Hz); *'P NMR
(162 MHz, CDCly) 6: 34.6; HRMS (ESI) caled for
C34HpsNOP [M+H]" 510.1617, found 510.1612.

THE (4-F2 HE ORI ) (R R ) (8 IR R — "R ik (4e): HH
LR CTE/AHEE(Y - V=1 3) N7, 52 41.3 mg,
A G W RY, WX 8% 'H NMR (500 MHz,
DMSO-ds) 6: 9.86 (s, 1H), 7.63 (d, J=7.7 Hz, 2H), 7.53~
7.39 (m, 5H), 7.39~7.27 (m, 6H), 7.27~7.10 (m, 4H),
6.85 (d, J=8.7 Hz, 2H), 5.12~4.95 (m, 2H), 4.86 (dd, J=
20.7, 11.1 Hz, 2H); '*C NMR (126 MHz, CDCL3) §: 151.5,
129.3, 129.2, 129.2, 128.0, 128.0, 123.2, 123.2, 122.8,
122.4, 1222, 121.8, 121.7, 121.6, 121.5, 117.3, 117.3,
112.6, 112.5, 109.5, 63.2 (d, J=7.4 Hz), 63.1 (d, J=7.4
Hz), 453 (d, J=138.1 Hz); 3P NMR (202 MHz,
DMSO-ds) o0: 16.5; HRMS (ESI) caled for CisHasNO4P
[M-+H]" 470.1516, found 470.1519.

34 BHEFBRIVHN—RSE

¥ 1a (0.1 mmol)Fl 2 (0.105 mmol )& fEAE (i 4l Z.
fE(1 mL)H, =il FEERH A TEMPO (0.2 mmol),
BHT (0.2 mmol)8 1,1- 2K Z4%5(0.2 mmol), /5
AT BEER(0.02 mol). IRAVIFEZEIR FHHE | h. RP5E
R S, JaALERRIIR AT IRAN IR A, 132 3a.

44 B #1 %) (Supporting Information) {L&%) la~1s,
3a~3s, 4a~4e ) NMR il XEEFPRLAT LL G 2 AT
WX 3k (http://sioc-journal.cn/) I T %%,
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