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Bifunctional Phosphine Ligand-Enabled Gold(l)-Catalyzed Efficient
Synthesis of 1,5-Benzodiazepines
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Abstract At room temperature, a bifunctional phosphine-gold(I) catalyst was used to catalyze the nucleophilic addition/
cyclization reaction of o-phenylenediamines with alkynes to generate 1,5-benzodiazepines in one step. The reaction has the
advantages of high atomic-economy, simple raw materials, convenient operation and mild reaction conditions.
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B A Lewis BR/MIOTUN AL o B S AL A ¥t B A
IXECREAL T, A ATIAE B0 — S AR IR R 2R g
BeAA. 58 FH ) Buchwald BERCAR AR, 63 R RCAAAT)
DA 2-BRR IR B 48, (BAE B 2R IA T 84 %
MBI E R R, 5 &G, IR
AL FIBE A LA 0 Lewis BRIEALHL, A S
LA AR FE B R0 Lewis g fb bt (A, 76
HARKBIH, I — 425 5 P[RR - (D- IR ] 1 4k
FEHIAESE K (Scheme 1a)RETE HUZFH Lewis FREHXS, M
T S X S i 1 B i (1A 55 A% A7) 2 1) F AT 2 AH BLAE
FH, 35 B A A Z0T s a2 i 0 B IRV A A
NI AT CARR R 1 52 e 4 AL TG BRAIS B AL
PA S SEUIRAN SR T B AL S . T DA BT 5 AR
G (R A 7 TR [ R, AT S A3 — 19 XU R Ak
e A < (1) i A0 <08 4 i 5 bR Jee 0 2% A R/ 0 A S B
TERFMHETEBERT L5-KIF A ERNEY
(Scheme 1b).

1 ZR5TR
1.1 REFHHRKE

e, CAARIR LRI 2O E Y, AL T &
T ) [ B 268 (2% 1) BA PhsPAUNTS, (5 mol%) A AL 7],
fE CHClL; T =AM T =M 24 h, HAF5] 42% iR
(Entry 1, 3& 1), BP{ELE A s BB ] AN 6 P4 i 4L
R, RPESMAFITRECE ARG, M8 HERARER
PR B4 1AL 7, 11 IMesAuNTE, AT IPrAuNTS, I,
PR RO [F] (Entries 2, 3, % 1). 4 4 Zhang 841
A R B A v I R B 1 %R 41 WangPhos  (L1)-
AuNTEH!' i (Scheme 1a), JB 12 h Y2 & = F
87% (Entry 4, % 1). i RGMIERAAE T .

(a) Concept

Lewis acid

Y = amides

Lewis base

} &< linear structure
u (0]

interaction with nucleophile

1AL T & & e R (8] (Entries 4~12, 3£ 1), &R
PL L1AUNTS, (5 mol%) WAL FITE & e B 6 h,
AT LASRAS 93%7 2 R 1 H AR & 4(Entry 9, % 1). 1E XS
El, Yl FH (R DA DA A% 2R 8 T L 5 A o i P e 2 A1 1)
Ad-JohnPhos K, HFrEY) = ZEALIRZ (Entry 13 vs.
9, & 1). Hf—WF =&ML ZnCl,, FeCly 5
Lewis FRUEALT, X SR A AL R (Entries 14~17,
R ). BHILIRY, BASMR, ZRNAREAT
(Entry 18, % 1).

1.2 RYIWIRR

TEIRTF AR AR E, 1 2ex 402K e 1 &
PEHET T %% W3R 2 Fow, — RV FRIBAREERILR
K EI(1a~1e, £ 2)KFE, BAREE NHEHE T
[ S SRR T H 7 3 [4] (Entries 2, 3 vs. 4, 5, 3 2).
BRORSE 2 @t T B8R, 55 F AR R,
AN S oy FEL T R 04 S TR PR T 2 A AR 1 B A R LA
NG 5 482K e I 8L, 15 EI%E = 7 2 174 (Entries 6~
16, & 2), HAgh 7 B HCR ) bLm B 28 P U
iR AR BT, A, A IR an ey B 1 R i
F 5 AN IR e ) SLAAR IR, 1921 56% 7 21 B 4574
(Entry 17, 3 2). fJa e R b A py et b 47 7
5%, RIBEEE R RES 5 RN, HACR A
7 (Entries 18, 19, & 2), (HNARES 5 [ N (Entry 20,
F 2). LA 1 mmol FIEL 1a B, BIHR SN tHREHTS
90% =% (Entry 1, % 2).

PR FA 5 SCRRARAEL 1, FRATHR Y T % S B (1 7T
AebLE (Scheme 2). fEMZSHRIIEZMBOIRES, H
T G A R v 3 i 110 T e 35 T T DS et S S R
AEAER, AEFZSEAZ MU B 2L “HE5r T P A%

O
smrs ()
PAd,

O O

WangPhos (L1)

(b) Application in the synthesis of 1,5-benzodiazepines from o-phenylenediamines with alkynes

at room temperature

2 RZ=

R’ NH,
L
R' NH,

H
R! N—-R?
cat. L1IAUNTY, j@[
CHQC|2, r.t. R1 N/

R2

B 1 B BEM (D i RO A RAZ R b in Bl 5 B S L B T8 B 1,5- U
Scheme 1 [Illustration of gold(I)-catalyzed highly efficient activation of the addition of nucleophiles across alkynes enabled by bifunc-
tional phosphine ligands and application in the synthesis of 1,5-benzodiazepines
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Table 1 Optimization of the reaction conditions

R2 AR IEEEY 1 AR 2 1R
Table 2 Substrate scope for phthaline diamine 1 and alkyne 2

H
©:NH2 Catalyst @[N Ph RUNHz o LIAUNT, (50 mol%) R
+ 2 Ph——= + 2 R
NH, 2a Solvent, r.t., time N= R’ NH, ) CHxCly, rt,, 6 h
1a Ph 1
3aa
Entry Catalyst (mol%) Solvent Time/h Yield”/% Entry  R' R? Product Yield”/%
1 PhsPAuUNT® (5.0) CHCl; 24 42 1 H(la) Ph 3aa 92 (909
2 IMesAuNTf, (5.0) CHCl, 24 45 2 Me(1b) Ph 3ba 92
3 IPrAuNTf, (5.0) CHCl, 24 46 3 MeO (1c)Ph 3ca 94
4 L1AuNTS (5.0) CHCl, 12 87 4 Cl(d) Ph 3da 70
5 L1AuOTS (5.0) CHCL, 12 84 2 Er((ll:)) ZhFCH ) ;:2 gg
= 6114
Cowes g0 mop T die oW
8 H 4-BrCgH, (2d) 3ad 96
8  L1AuNTf (5.0) Toluene 12 84 o o 4NCCeH, (20) 3ae 56
9 L1AuNTf,(5.0) CH)Cl, 6 93 10 H 4-0,NCeH, (26) 3af 45
10 L1AuNTf, (5.0) CH,Cl, 4/8 85/93 11 H 4-MeOCOC4H, (2g) 3ag p)
11 L1AuNTf;(1.0) CHCL, 12 69 12 H 4-MeOC¢H, (2h) 3ah 80
12 L1AuNTf (3.0) CHCl, 12 87 13 H 4-MeCgH, (2i) 3ai 90
13 Ad-JohnPhosAuNTf, (5.0) CH,Cl, 6 48 14 H 4-PhC¢H, (2j) 3aj 84
14 AuClVAgNT, (5.0) CH,Cl, 12 Trace 15 H 4-PhCOC¢H, (2K) 3ak 86
15 AuCly/3AgNTH, (5.0) CHClL, 12 — 16 H 3-BrCeH, (21) 3al 74
16  ZnCl, (5.0) CH,Cl, 12 _ 17 H 2-Thienyl (2m) 3am 56
17 FeCl (5.0) CHClL, 12 — 13 E Cyccﬁpr"(zyl)(z“) :3:‘“ 2‘7)
n- 0 ao
18 None CH,Cly 12 — 20 H Butfl-l;n-l-ylbenzene (2p) 3ap 0

“Reaction conditions: 1a (0.2 mmol) and 2a (0.5 mmol), catalyst, solvent (0.5
mL), 25 ‘C under air unless otherwise noted. ” Yield was determined by
HPLC analysis using diphenyl as an internal standard.

©:NH<h

Second nucleophilic
addition

Ph 2a

z
T
o

Z

;’o
1
J
YT - Ph

P-AL Y
X
O

+

5

!
X

“Reaction conditions: 1 (0.2 mmol) and 2 (0.5 mmol), LIAuNTf; (5.0 mol%),
CH,CI, (0.5 mL), 25 °C for 6 h under air unless otherwise noted. b Isolated
yields. © The yield was obtained when using 1 mmol-scale of 1a.

- ph

t - 3aa

NH,
L, »~
Ph
NH,

2a

2 A

-
P—Au.__
Z
"
Q Xaes H  NH2

basic amide group activating HNu

Quasi-intramolecular nucleophilic addition mechanism involving cooperative role between gold activating alkyne and

B 2

A BE A SN

Scheme 2 Proposed mechanism

2522

http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2020, 40, 2520~2525



Chinese Journal of Organic Chemistry

NOTE

%" (quasi-intramolecular nucleophilic addition)f]
LE 5 E NI KSR R A SA L 1B e

2 ZEig

T8 A5 R B A i kA T e 5 4] P TR R R J . A
(WangPhos, L1), SZ8L T 7E iR T SO IIAT AR
TR PRI BRI SEAZ N B A RS, e RO B
TSI ZRBERMED. wrNAEAETFEFHT
i~ SRR BRI RS AN A, BT
A B S AT R IE I A

3 SWES

3.1 UE5HF

'"H NMR i1 *C NMR )7 ## [ Bruker /A & 500 MHz
B LR B SE, CDCly N7, TMS NN xR, ki
AT 100~200 BEER, DAATHERF] 208 L b
JE 7). S5 B AR08 T Aladdin 055 A 7.

3.2 ZWHE

7E 10 mL K MNE ALK (0.2 mmol). K 4
H1(0.5 mmol). G HEALF(5.0 mol%) Al — & H #%(0.5 mL),
RIGESIRIEEE N B 6 h. {18 RN JE, RN
A 100~200 BEER, WERR 255, SRE I EN 55
ol Wi N kA 28 2B (Vv =10/1), 1535
1,5- R R/ ER U ED.

2,3- A 2-H -2 4- TIRFE-IH-1,5- TR R
(3aa): P7F 92%. HAE K, mp. 150~152 C (lit.”
m.p. 150~152 ‘C); "H NMR (500 MHz, CDCl;) d: 7.66
(dd, J=7.3, 1.2 Hz, 4H), 7.44~7.21 (m, 7TH), 7.15~7.09
(m, 2H), 6.88 (dd, J=7.4, 1.7 Hz, 1H), 3.57 (s, 1H), 3.19
(d, J=13.2 Hz, 1H), 3.02 (d, J=13.2 Hz, 1H), 1.80 (s,
3H); *C NMR (126 MHz, CDCl;) o: 167.5, 147.5, 140.0,
139.5, 138.0, 129.6, 128.6, 128.2, 127.9, 127.0, 127.0,
126.3, 125.4, 121.5, 121.4, 73.5, 43.0, 29.8.

2,3-25-2,7,8- = HIHED 4- T BT HA1,5- 28 9F A
B (3ba): 7F 92%. FAME M, mp. 135~138 C (lit.”
m.p. 137~139 C); 'H NMR (500 MHz, CDCL) o:
7.66~7.54 (m, 4H), 7.32~7.27 (m, 2H), 7.27~7.22 (m,
3H), 7.21~7.17 (m, 1H), 7.14 (s, 1H), 6.66 (s, 1H), 3.44
(s, 1H), 3.14 (d, J=13.2 Hz, 1H), 2.98 (d, J=13.2 Hz,
1H), 2.27 (d, J=1.6 Hz, 6H), 1.76 (s, 3H); °C NMR (126
MHz, CDCls) 0: 166.9, 147.9, 139.9, 137.7, 135.9, 134.9,
129.7, 129.6, 129.5, 128.3, 128.0, 127.0, 127.0, 125.5,
122.3,73.2,43.3,29.91,19.4, 18 8.

7,8- A2 3. T 2- 2 4- TR K- 1H15-
FIE TR E (3ea): FUE 94%. LAY, 'H NMR

Chin. J. Org. Chem. 2020, 40, 2520~2525
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(500 MHz, CDCl;) 8: 7.63~7.57 (m, 4H), 7.33~7.17 (m,
6H), 6.94 (s, 1H), 6.39 (s, 1H), 3.89 (s, 6H), 3.40 (s, 1H),
3.17 (d, J=13.2 Hz, 1H), 2.98 (d, J=13.2 Hz, 1H), 1.75
(s, 3H); °C NMR (126 MHz, CDCl3) &: 166.7, 147.6,
147.4, 144.1, 139.8, 133.1, 131.6, 129.4, 128.2, 128.0,
127.0, 126.8, 125.3, 112.0, 104.9, 73.8, 56.1, 56.1, 43.4,
29.8; HRMS (ESI) caled for CpH,sN,0, [M+H]*
373.1911, found 373.1919.

7,8- " E-2,3- A -2-W 2.4 T IR 1H-1,5-2KF
TRHE@Bda): EE 70%. wARE A, mp. 159~161 C
1it." m.p. 161~162 C);'H NMR (500 MHz, CDCl;) ¢:
7.58~7.55 (m, 4H), 7.43 (s, 1H), 7.37~7.31 (m, 1H),
7.31~7.18 (m, 5H), 6.93 (s, 1H), 3.62 (s, 1H), 3.19 (d, J=
13.4 Hz, 1H), 2.98 (d, J=13.5 Hz, 1H), 1.77 (s, 3H); °C
NMR (126 MHz, CDCl3) d: 168.7, 146.8, 139.2, 139.0,
137.8, 130.2, 129.9, 128.8, 128.4, 128.1, 127.3, 127.1,
125.3,124.1, 121.8, 72.8, 43.2, 29.9.

7,8- " R-23- A -2-H A2 4- TR 1HA1,5- 8 F
TR E (3ea): PE 63%. BEMHRY; 'H NMR (500
MHz, CDCly) d: 7.59~7.52 (m, 5H), 7.36~7.31 (m, 1H),
7.30~7.18 (m, 5H), 7.12 (s, 1H), 3.64 (s, 1H), 3.20 (d, J=
13.4 Hz, 1H), 2.98 (d, J=13.5 Hz, 1H), 1.78 (s, 3H); °C
NMR (126 MHz, CDCl3) d: 168.7, 146.8, 139.8, 139.1,
138.5, 133.1, 130.2, 128.5, 128.1, 127.4, 127.2, 125.3,
124.9, 120.9, 115.3, 72.8, 43.3, 30.1; HRMS (ESI) caled
for Cy,H,oBr,N, [M+H]" 468.9910, found 468.9915.

2,4- X (4-FARE)-2,3- A -2-F -1 H-1,5- 2K 91 &
(3ab): P5F 93%. HEAREA, mp. 104~106 C (lit.”
m.p. 106~107 ‘C); 'H NMR (500 MHz, CDCl;) ¢:
7.63~7.52 (m, 4H), 7.36~7.30 (m, 1H), 7.13~7.05 (m,
2H), 6.96~6.90 (m, 4H), 6.88~6.82 (m, 1H), 3.43 (s,
1H), 3.10 (d, J=13.2 Hz, 1H), 2.91 (d, J=13.3 Hz, 1H),
1.77 (s, 3H); *C NMR (126 MHz, CDCl;) 6: 166.3, 163.89
(d, J=250.5 Hz), 161.83 (d, J=246.2 Hz), 143.13 (d, J=
3.1 Hz), 140.1, 137.6, 135.6 (d, J=3.0 Hz), 129.0 (d, J=
8.6 Hz), 128.4, 127.34 (d, J=8.0 Hz), 126.4, 122.0, 121.5,
115.0 (d, J=21.6 Hz), 114.9 (d, J=21.1 Hz), 73.6, 43.1,
29.8.

2,4- X (4-F R HE)-2,3- A -2- I HE-1H-1,5- 2K 91 &
B (3ac): PEF 94%. HAMEA, mp. 143~147 C (lit.”
m.p. 144~146 ‘C); '"H NMR (500 MHz, CDCl;) o
7.72~7.67 (m, 2H), 7.63~7.59 (m, 2H), 7.55~7.49 (m,
4H), 7.33 (dd, J=7.8, 1.5 Hz, 1H), 7.17~7.14 (m, 1H),
7.10~7.07 (m, 1H), 6.89 (dd, J=7.8, 1.3 Hz, 1H), 3.61 (s,
1H), 3.22 (d, J=13.5 Hz, 1H), 2.96 (d, J=13.5 Hz, 1H),

http://sioc-journal.cn/ 2523
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1.81 (s, 3H); C NMR (126 MHz, CDCl3) 6: 164.3, 152.2,
143.0, 138.9, 137.3, 132.2, 131.9, 129.4, 127.5, 127.2,
126.6, 122.1, 121.3, 118.4, 113.3, 111.2, 73.4, 42.8, 30.0.

2,4-R(4- R HL)-2,3- A -2- - 1H-1,5- 78 FF &
(3ad): P7FK 96%. FEEE, mp. 144~147 C (lit.”
m.p. 148~150 ‘C); 'H NMR (500 MHz, CDCl;) §:
7.51~7.36 (m, 8H), 7.31 (dd, J=7.6, 1.7 Hz, 1H), 7.13~
7.06 (m, 2H), 6.85 (dd, J=7.5, 1.5 Hz, 1H), 3.09 (d, J=
13.3 Hz, 1H), 2.91 (d, J=13.3 Hz, 1H), 1.75 (s, 3H); "*C
NMR (126 MHz, CDCl;) J: 166.1, 146.4, 139.9, 138.3,
137.6, 131.4, 131.3, 128.7, 128.6, 127.4, 126.7, 124.6,
122.0, 121.5,121.2, 73.5, 42.9, 29.8.

2,4- M (4-FIEHFIE)-2,3- F-2-FFHE-1H-1,5-FKH —
R (3ae): P7H 56%. FEAJHRY); "H NMR (500 MHz,
CDCly) d: 7.72~7.67 (m, 2H), 7.63~7.59 (m, 2H),
7.55~7.49 (m, 4H), 7.33 (dd, J=7.8, 1.5 Hz, 1H), 7.16~
7.14 (m, 1H), 7.09~7.07 (m, 1H), 6.89 (dd, /=78, 1.3
Hz, 1H), 3.61 (s, 1H), 3.22 (d, J=13.5 Hz, 1H), 2.96 (d, J
=13.5 Hz, 1H), 1.81 (s, 3H); *C NMR (126 MHz, CDCl5)
5: 164.3, 152.2, 143.0, 138.9, 137.3, 132.2, 131.9, 129.4,
127.5, 1272, 126.6, 122.1, 121.3, 118.4, 113.3, 111.2,
73.4, 42.8, 30.0; HRMS (ESI) calcd for Co4HoN, [M+H]
 363.1604, found 363.1601.

2,4- W (A-TEFEFFEIL)-2.3- “H2-F -1 H-1,5-
HEEBah!' P 45%. B EMCRY; "H NMR (500
MHz, CDCl;) 8: 8.07 (d, J=8.7 Hz, 4H), 7.79~7.67 (m,
4H), 7.36 (dd, J=7.8, 1.5 Hz, 1H), 7.20~7.16 (m, 1H),
7.12~7.09 (m, 1H), 6.91 (dd, J=7.8, 1.2 Hz, 1H), 3.68 (s,
1H), 3.32 (d, J=13.6 Hz, 1H), 3.02 (d, J=13.6 Hz, 1H),
1.85 (s, 3H); *C NMR (126 MHz, CDCl3) 6: 163.8, 154.0,
148.4, 147.0, 144.7, 138.8, 137.2, 129.6, 127.8, 127.6,
126.9, 123.6, 123.4, 122.2, 121.3, 73.3, 42.9, 30.2.

2,4- X0 (4- FHAE B FE 7R 9L )-2,3- A -2-F -1 H-1,5- K
H R E(3ag): 77K 82%. EEHIRY); H NMR (500
MHz, CDCl5) d: 7.92~7.83 (m, 4H), 7.66 (d, J=8.6 Hz,
2H), 7.59 (d, J=8.6 Hz, 2H), 7.35~7.33 (m, 1H), 7.13~
7.05 (m, 2H), 6.87 (dd, J=7.7, 1.4 Hz, 1H), 3.89 (t, J=6.2
Hz, 6H), 3.60 (s, 1H), 3.22 (d, J=13.4 Hz, 1H), 2.96 (d,
J=13.4 Hz, 1H), 1.78 (s, 3H); *C NMR (126 MHz,
CDCly) d: 166.7, 166.7, 166.0, 152.2, 143.2, 139.6, 137.6,
130.9, 129.6, 129.3, 129.0, 128.9, 126.9, 126.8, 125.7,
121.9, 121.4, 73.8, 52.1, 52.0, 42.9, 30.0; HRMS (ESI)
caled for CyHasN,O, [M + H] ©  429.1809, found
429.1804.

2,4- X (4- A R IE)-2,3- A -2- 3k 1 H-1,5- 2 3F

2524 http://sioc-journal.cn/
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TR (3ah): FEE 80%. HEOEK, mp. 115~118 C
(1it.”! m.p. 118~120 °C); "H NMR (500 MHz, CDCl;) ¢:
7.66~7.60 (m, 2H), 7.59~7.52 (m, 2H), 7.36~7.30 (m,
1H), 7.10~7.03 (m, 2H), 6.87~6.76 (m, 5H), 3.80 (d, J=
19.5 Hz, 6H), 3.45 (s, 1H), 3.07 (d, J=13.2 Hz, 1H), 2.93
(d, J=13.2 Hz, 1H), 1.75 (s, 3H); *C NMR (126 MHz,
CDCly) d: 167.1, 161.0, 158.5, 140.7, 140.1, 138.0, 132.3,
128.8, 128.2, 126.6, 125.9, 121.8, 121.5, 113.5, 113.4,
73.3,55.3,55.3,42.8,29.7.

2,4- W (4-FR L ZEIL) -2 3- A 2-FBL-1H-1,5-E - —
R (3ai): AR 90%. wEEAEA, mp. 98~99 T (lit.”)
m.p. 99~100 °C); '"H NMR (500 MHz, CDCl;) 6: 7.58 (d,
J=8.2 Hz, 2H), 7.50 (d, J=8.2 Hz, 2H), 7.36~7.31 (m,
1H), 7.14~7.02 (m, 6H), 6.86~6.81 (m, 1H), 3.53 (s,
1H), 3.09 (d, J=13.2 Hz, 1H), 2.99 (d, J=13.2 Hz, 1H),
2.34 (d, J=17.9 Hz, 6H), 1.75 (s, 3H); *C NMR (126
MHz, CDCl;) 0: 167.6, 145.1, 140.4, 140.0, 138.3, 137.0,
136.7, 129.0, 128.8, 128.5, 127.2, 126.1, 125.2, 121.6,
121.4,73.3,42.9,29.9, 21.3,20.9.

2,4-X([1,1'-BEFK]-4-FE)-2,3- “&(-2-FJE-1H-1,5-%
H R (3a)): K 84%. HEEIHPIRY; "H NMR (500
MHz, CDCLy) d: 7.71 (d, J=8.2 Hz, 4H), 7.59~7.31 (m,
16H), 7.15~7.03 (m, 2H), 6.90 (dd, J=7.5, 1.6 Hz, 1H),
3.60 (s, 1H), 3.22 (d, J=13.2 Hz, 1H), 3.06 (d, J=13.2
Hz, 1H), 1.85 (s, 3H); >C NMR (126 MHz, CDCl) ¢:
167.3, 146.7, 142.4, 140.7, 140.4, 140.2, 140.1, 138.5,
138.1, 128.8, 128.8, 128.7, 127.6, 127.6, 127.3, 127.1,
127.1, 127.1, 126.7, 126.4, 126.0, 121.8, 121.5, 73.6, 43.1,
29.9; HRMS (ESI) caled for C3HyN, [M + H] '
465.2325, found 465.2329.

2,4-XU(4- 7K I 3L IR 3)-2,3- A -2-H -1 H-1,5-8
R E(3ak): TR 86%. FEIHCRY); "TH NMR (500
MHz, CDCly) §: 7.75~7.62 (m, 12H), 7.61~7.53 (m,
2H), 7.45 (dd, J=15.1, 7.4 Hz, 4H), 7.37 (dd, J=7.7, 1.5
Hz, 1H), 7.16~7.07 (m, 2H), 6.92 (dd, J=7.7, 1.2 Hz,
1H), 3.65 (s, 1H), 3.32 (d, J=13.3 Hz, 1H), 3.04 (d, J=
13.3 Hz, 1H), 1.86 (s, 3H); °*C NMR (126 MHz, CDCl;) ¢:
196.3, 196.1, 166.1, 151.6, 142.9, 139.4, 138.2, 137.7,
137.5, 137.4, 136.4, 132.6, 132.5, 130.1, 130.0, 129.9,
129.8, 129.1, 128.3, 128.3, 127.1, 126.8, 125.7, 121.8,
121.3, 73.9, 43.1, 30.0; HRMS (ESI) calcd for C3sH,0N,0,
[M+H]" 521.2224, found 521.2218.

2,4- X (3-1R A IE)-2,3- A -2- I HE-1H-1,5- 2K 91 &
5 3a)!': PRI 74%. HEFE A, mp. 148~150 C
(1it." m.p. 150~153 °C);'H NMR (500 MHz, CDCl;) ¢:
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7.77 (t, J=1.8 Hz, 1H), 7.66 (t, J=1.8 Hz, 1H), 7.55~
741 (m, 3H), 7.37~7.30 (m, 2H), 7.16~7.06 (m, 4H),
6.86 (dd, J=7.5, 1.6 Hz, 1H), 3.45 (s, 1H), 3.07 (d, J=
13.3 Hz, 1H), 2.89 (d, J=13.3 Hz, 1H), 1.75 (s, 3H); °C
NMR (126 MHz, CDCLy) J: 165.8, 149.4, 141.2, 139.7,
137.5, 132.6, 130.2, 130.0, 129.9, 129.5, 129.0, 128.6,
126.7, 125.4, 124.3, 122.7, 122.4, 122.0, 121.5, 73.7, 43.0,
29.6.

2,4- " (2-MEWy JE)-2,3- A -2-F -1 H-1,5- 2K 9 A
H(3am): R 56%. EOEAE, mp. 92~94 C (lit.”!
m.p. 90~91 C); "H NMR (500 MHz, CDCls) d: 7.61 (dd,
J=5.0, 1.3 Hz, 1H), 7.34~7.23 (m, 5H), 7.19 (dd, J=5.0,
1.4 Hz, 1H), 7.12~7.05 (m, 2H), 6.84~6.79 (m, 1H), 3.48
(s, 1H), 2.99 (d, J=13.2 Hz, 1H), 2.89 (d, J=13.2 Hz,
1H), 1.76 (s, 4H); °C NMR (126 MHz, CDCl;) J: 163.6,
149.8, 143.7, 141.0, 137.6, 127.8, 126.7, 126.4, 126.3,
126.0, 125.6, 125.6, 122.4, 121.8, 120.6, 72.4, 43.8, 29.8.

24- IECHE-23- A 2- - 1H-1,5-F)F R
@Gan)”: R 47%. EEMIRY; 'H NMR (500 MHz,
CDCly) 6: 7.18 ~7.12 (m, 1H), 7.01 ~6.94 (m, 2H),
6.76~6.67 (m, 1H), 2.62~2.53 (m, 2H), 2.24 (d, J=12.9
Hz, 1H), 2.16 (d, J=12.9 Hz, 1H), 1.71 (dt, J=15.5, 7.5
Hz, 2H), 1.66~1.52 (m, 2H), 1.46~1.25 (m, 17H), 0.97~
0.84 (m, 6H); *C NMR (126 MHz, CDCl;) d: 175.3,
140.8, 137.9, 127.0, 125.4, 121.8, 121.7, 70.7, 43.4, 42.9,
42.5,31.8, 31.7, 29.8, 29.2, 27.6, 26.5, 242, 22.6, 14.1,
14.0.

2,4- IR -2 3- A 2- -1 H-1,5- 0 R
(3a0)”: P2 40%. FEAMARY; '"H NMR (500 MHz,
CDCl) 6: 7.10~7.02 (m, 1H), 6.97~6.90 (m, 2H),
6.72~6.68 (m, 1H), 2.85 (s, 1H), 2.37 (d, J=12.8 Hz,
1H), 2.29 (d, J=12.8 Hz, 1H), 1.86 (it, J=8.1, 4.8 Hz,
1H), 1.23~1.08 (m, 6H), 1.00~0.88 (m, 2H), 0.63 (td,
J=9.8, 5.5 Hz, 1H), 0.53~0.39 (m, 2H), 0.28 (td, J=9.9,
5.3 Hz, 1H); °C NMR (126 MHz, CDCl;) J: 175.8, 140.2,
137.84, 127.0, 125.0, 121.5, 121.4, 69.9, 43.7, 26.6, 22.5,
20.6,9.9,9.5,1.3,0.5.

HBh# &L (Supporting Information) =% 3aa~3ao [
W W L PR R AE B . I 2 b L] D f 9 AN A T 19 3
(http://sioc-journal.cn/) . N K.
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