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First Total Syntheses of 1-Benzoyl-3,4-dihydroisoquinoline Alkaloids
Nelumstemine and Longifolonine Based on the Photo-oxidation
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Abstract A novel synthetic route for the total syntheses of 1-benzoyl-3,4-dihydroisoquinoline alkaloids was developed. Ne-
lumstemine was synthesized for the first time via 6 steps in 50% overall yield starting from 3,4-dimethoxybenzaldehyde, and
longifolonine was also synthesized for the first time via 9 steps in 35% overall yield starting from vanillin. The key step of
these total syntheses is photo-oxidation of 1-benzyl-3,4-dihydroisoquinolines to 1-benzoyl-3,4-dihydroisoquinolines by air
under visible-light irradiation at room temperature. The unique mild photo-oxidation of 1-benzyl-3,4-dihydro-isoquinolines has
been studied in detail.

Keywords benzoyl dihydroisoquinoline alkaloids; photo-oxygenation; nelumstemine; longifolonine
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WRAEABR 1 AN 2 R R A R AR B D) (H
B H AR SR O E AT A A RRIE.

TR SR PR e S R R IS A P S L AL
VI AR B, FRATTHAEE TR — 20K PR — & e ik
AR R R L v 08 I A A R 2. AR SIS R
T IR A R AT & R, 11 Scheme 1
PR, 1R W A3 4- S5 A i B i i A 2250
HEREAMRNER, HkEa A 5 1-FH-
34-“E S EWMILEY) B BAR R, WAV B AL
&%) C 4 Bischler-Napieralski #Mb s N3 2], B A
V) C 5 2% D FIELE F N2, 75320 D H
V&R E 245G R RN R, BEEF BRI
2 G133,

g Photo-oxygenation ? H tautomerlzatlon

Alkaloids
_' /
! _N Bischler-Napieralski HN \ /
cychzatlon o)
/ c
N CHO
:> Ra'.—‘/
E
(0]
A OH
. {)x
G

BRI 1 2R I — S R A Rl )3 5 pl e T i 2
Scheme 1 A novel general retrosynthetic analysis of benzoyl
dihydroisoquinoline alkaloids

1 #BREITR

MG LRI & Rk ih, Bh3,4- 2 AR K A
IR JFOR, EIRGER T 2R IR T A R AR )
W1 R 2 A A K. S RS EED RN A O,
BIZE ] WOGHE TR, 1-%3E-3 4- A B EIR TS
AN 1K R34 S k.
1.1 &Rk THE

AWt Nelumstemine 1 )45 B Scheme 2 FiR,
3.4- A B B TE 2, — i (ethylenediamine, EDA)f
R SRS R A4 51, B 4 h 13EIRSIEEE 3,
WEA 93%. )G 3 FIEALEEEELE DU S PRIR(THF) H =]
WAL 6 h, RUBEFNAEHEE 4k i 1F3] 3,4- —HEFIK
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N AT R 80%. 3,4- AR FEIK 21 4 A1 3 equiv.
FIRRBR B B A A T — S R B AUK TR AV, T UKiR
NI B ) A A R BESR (B R S R LR 2
equiv. {1 S S ARTE — S0 b b B 970 S o A 45 ), s vg
BEIEAL A 5, RN 86%. L&Y S F 3 equiv. ()
ZHABE ZB5 TP EA 2 h, 4T Bischler-Napieralski™
W BRI AEY) 6. =il T IAZ 6 flflk 6'2 K4
AR, NGB EEAT 0 RN, BARR G
W) 6 Al 6'7E — LW H(DMSO) ¥, T 25 C N8
*F¢)ﬂwwumﬂﬁv4hﬁﬁ1$$M%:
S 7, RN 83%. R, LG T T HIEE

EP, IMNEIK bR BT 2 B brtb 528 RS =&

SR AE Y78 Nelumstemine 1, RN 94%.

A% Longifolonine 2 144 B4l Scheme 3 Fi7w,

5 R L B I R SR, BRI A 8,

N 97%. &Y 8 7E 4. % (ethylenediamine, EDA)

AL T SRIEFE RAEgE S, B 5 h B3R G

9, UM 93%. RE, A9 A EEEELE THF H[E]

WAL 8 h, XUBEANAHHE—4aid JF 15 3] 4- T FE-3-H A

FK 10T, RN 76%. LA 10 LA mE ALt

FRABED 11, BCRN 95%. G, LEW 11 13

equiv. FETB% R 47 [ 14 v T — S e RUK R BV, T

VIS WG 1% 1 R EPA O] 7 RN (L e s W L 2 S

FZRME 2 equiv. (AL I BAE — &0 F B o 8137 S B

B, NS BB A 12, WK 82%. H4 Tk

WEY 12 T & WP, UKIBZ&HTIMA 3 equiv.B

FRIF 3 equiv. = ZF&F1 0.1 equiv. %) — F fige 2 itk e

(4-dimethyl- aminopyridine, DMAP), Jx v 13 2|1t &%)

13, RN 89%. 2 T RALEY 13 Fil 3 equiv.ff =&

WEAE 2SR A 3 h, 4 Bischler-Napieralski®™#F 4t

NAFEI 14, RIVER TS 14 F 145k A HAR 44,

IRAEE TR EN B, AL BEEER T FSRN.

ARSI G 14 A 147E B, T 25 C

TRETZST, H15WLED fT G 4 h, B8] 1-5H

P S R 15, WOR N 81%. A, AW 1S EH

B, IR A3 2 B AL A 7 et —

SR Y058 Longifolonine 2, KA 91%.

12 REURHEHR
LtéA&m%%%Tm%%%Tl%g3¢—
FEMRIE B ST AN 1R BEE-3,4- 25

ﬂ?ﬂ%, DSl A=Y PR i e T S T%-3,4-#

SEEWRLL SR 1-FK AL -3,4- A R WAL A )

3 O 2 AR !, (R IX e i B LU R B A (1)

i T AHEAFRELR, B Cros!', Se0,!),

MnO,!"? Ce(NH,),(NO3)6!"™*, Pb(OAc) ! *IHI 14k 2548,
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B2 FEEBRAYI Nelumstemine 1 45k
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BN FRARAE 52 A ZE 1- 5 W BEIE-3,4- S 7 etk
BB, (d) Cortes ZE!"MMRIE T N2 AR B 2 S A
W7, Feh i T % I B SR AR, T
BB 5 THEA 1-3E-3,4- A F k) C-3/C-4 ALk
AP SEE Y 12K BRI Rk S R
Jenkins Z5UHRIE T 1-9HE-3,4- A B-FRIKAE 500
W AT ISR, FZRR R N AR B 12 -
3,4- A AR, Z 07RO TG, B R, PR R
ZUE R, WATRE AT WG 1% 3E-3,4- A 5%
IR A A S S A B 12 P 3 — S S W R S A b,
T T AR 1-E -3 4- A SR AL S Y E AL R
M. DALEY 16 NIEY), ANFEEFIN A G
AL B N 1 FioR, 76 F IEAIA
W, M 15 W LED 4T (%) BRI, il s B
(BPBAZSONEATN24 h, (LB 17 BIF=EN 19%
(Entry 1), MEZTRS NV 24 h, 7*Z <2% (En-
try 2); M 15 W LED T &5, =<5A4k, &M 4 h,
F=H A 86% (Entry 3). FRATE 2R 7 VU FRIR . &
Hi. &4 M AR OHE. = REF R 2 A5
AN (R 1, Entries 4~10). iRsS2L6R B,
AT DMSO B, R8BSR A
1 RV 5

Table 1 The effect of different solvents on the reaction

0 0
~o ~N hv, air ~o _N

solvent
C O
16 17
Entry®  Solvent 7/°C Time/h Yield”/%

1°  DMSO 25 24 19¢
2 DMSO 25 24 <2
3 DMSO 25 4 86
4 THF 25 8 80
5 DCM 25 8 72
6 CHCl; 25 8 68
7 CH;CN 25 8 71
8 EA 25 8 76
9 i-PrOH 25 8 69
10 Toluene 25 8 70

“ Reaction conditions: compound 16 (1 mmol), stirred at room temperature in
various solvents under an air atmosphere with 15 W LED irradiation. ® Isolated
yields. ¢ Without irradiation of 15 W LED. ¢ 80% of compound 16 was recov-
ered. ¢ Under N,.795% of compound 16 was recovered.

Al WOGHRS T 1- -3 4- Z A AL S = 15
TR AN 1-ZE I EE-3,4- A R R 8, 7]
AEM S S ALEE G Scheme 4 FR. 156, 1-F36-3,4-24
FEEWALAY) B Lt HAR S B A AL
T DMSO Rl HA B mE i 11, 75 15w
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LED 4T B4~ &4 Schenck-ene Jx B! 175 3 AN Fase ik
AR B~ fa, EePEE B~T ik
USIAHR) 1-248 PR Tt k- 3,4- — 0 57 W R AE .

A
Ra!—/ NH
tautomerization | 0, (air), hv, DMSO
X
R
A
X R A
RaT/ _N Al s _N
N 7" "OOH
Rb+ Rb|_/
Pz
B-l
B
Alkaloids H,0
B4 16063, AU R L A e T ORI T 3 U
A1) I B ATLEE
Scheme 4 Possible mechanism for the photo-oxidation of

1-benzyl-3,4-dihydroisoquinolines by air under visible-light irra-
diation.
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R R NG B, S5 RINEE 2 Fos. KGR R
He b AR 2 it R 7 ik (] (e 2 B R ) B T R
TP (B EE), RS HREMTRBEAT, HUCE BT

2 i

WEFC T 1-2K R334~ — S e W R A B 1Y 5
Lk, RN BES TSI 3,4- A LI RS Bl A 4 il Ji
BE a6 A9 WL, BL 50%M1 35% ) SIS
R4 BT 318 F e R — A e e AR ) Nelumste-
mine 1 Al Longifolonine 2. K2R 1) S8 s & 7E G HE
T, TR R34 AU R S A A TR R
FE-3,4- S MR SO 1% N B BT A Bl

B

3 SERSY
3.1 UE5EHF

'"H NMR F1 °C NMR Y i ] Bruker AM-400 {3 2%
WE, TMS AWFR. 241G # H Nicolet Magna IR-550
JEREAC 3E, ¥IRA KBr [E . MS YiE(EH HP1100
LC-MS 73 6AXI5E . 15 mAEH Mel-TEMP 1T 4 s A
SE. SEI BT R R RNA T R S W 4, A2 AT R A
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K2 AN 4- AR MDA
Table 2 Photo-oxygenation of various 1-benzyl-3,4- dihydroi-
soquinolines

R L L TN
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Ry LS
b U _— Rbn_
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(e) Z!
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o
I3
2
5
o

o o
\
o) z!

20,5h, 83%

S /N

z o (@]
;i\ :
(@] z

N/ \
oo O
N
o
W (%
\
o z

=Y
©
I
=
o)
X
N

d % oo
\
(@) Z!

21,3 h, 86%

/

(e}
;—j\:
(] z

/N /N
o OO0 O
L §2| 9+
o =z
\
o =z

-
©

,3h, 85%

(e} O/\ o
; :\ :
o z

22,7h,78%

/ \

o] o
;—:\ :
@) z

23,6 h, 73% 24,4 h, 82% 25,4 h, 82%
0 -0 0
O N ~o O N AcO O N
o Jor O
AcO AcO
26,4 h, 80% 7,4 h,83% 15,4 h, 81%

“ Reaction conditions: 1-benzoyl-3,4-dihydroisoquinoline (I mmol), DMSO (3
mL), stirred at room temperature under an air atmosphere with 15 W LED
irradiation. ® Reaction time. ¢ Isolated yields.

NE ST A=, SRR B AT EIE ST 15 W
LED(FH56)47.
3.2 ZWHE
32.1 FRTUBEKESHHE
&4 8 il £ 42 2 (10.08 g, 66.25 mmol)¥
F 100 mL 215, IMABRERET(27.48 g, 198.8 mmol) [ {4,
TR IR (12.46 g, 72.88 mmol), T HN5E 5 THi ]
WAFE, 7 h J5 R SEE R [HZE EAT(TLC) frill, e IT 7
V(A ) ¢ V(EtOAC)=6 © 1]. i 3Rk 25 BRI,
WA, 152 AMPIRBE. H Z 8 BR(30 mLx3)
F7K(B0 mL)EEEEL, &HANE, KRR TR 7%
TS B 3 R, FE AT R VORI
LRTE=9 o 1 BT, WIIE, M8 a a4k s,
W 97%. FLah M FRAEHHE 5 SCHk[10]— L.
THIEE AL A 3 A9 (4% 95 3 % (20.00
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mmol) i T At 3 H %5¢(30 mL), ZRJ5 A 2 —#%(12.02
mg, 0.2000 mmol), ML A [FIE, N 45 R [TLC
K, EIFF VA MER) ¢ V(EtOAc)=4 : 1], AHES
T 5 R 28 VR bR 22 i R TR e 15 B AR s R4 =, A
Ji F PR R 1 380 € ] 44 3 (3.891 g, 18.60 mmol). 9
(5.192 g, 18.20 mmol), YCZE 538 93%F1 91%. H L5
FALKHE 5 LRk [6]— 5L

2-FFHEZ AL S 4 A1 10 BIHIAS: FREE AR
(2.847 g, 75.00 mmol) 4 N F 250 mL KejffiH, ki
AT MR A8 I\ DY AR IR (50 mL), S AbsaeE
BT ERRR S, SRR G 3 809 (15.00 mmol)
BT TUEPRIRE (30 mL)J&, ZEiin e ik 2iF i, it
F£ 20 min AR ZE R, NS R[TLC fill, A7)
VA ER) @ V(EtOAc)=1 © 1], RN A EH E =5,
2248 1) SN R FFOINK(S mL), PRSI A AL K
(6 ml, 2 mol/L), FI/EZER FHHE 1 h. 28)5 RN H
A I HE, S8 USRI P P Ik, DRI A Uk
FRR4E, 15205 ERA =4, SR )5 % o i R
£, PR B Allg i AR 4 (2,175 g, 12.00
mmol). 10 (2.934 g, 11.40 mmol), Y551 80%F1
76%. FEERIFRIEEE S5 SCHk[7]— 2

2-77 2 LA E 11 1 & FAE) 10 (1.002 g,
3.894 mmol) N A F] 100 mL =ik, A 10 mL &
K ZEHRFE, AR PA/C (10%, 100 mg), #ENEA
A, = SR I T HR IR, 7 h OV S
[TLC AWll, JEFF5 V(A B - V(EtOAc)=1 : 1]. #iZ
AR, B RA R IR, A RS,
FEPHHTEK Z Q20 mL X 3)IBEATHeE, SIHE N, &
193 (A [ A 2-(4-F83E-3- R AL R 3 21 (1) 618.7
mg (3.700 mmol), Y&Z 95%. m.p. 158~159 C (lit."”
m.p. 158.58~160.5 ‘C); '"H NMR (400 MHz, CDCl;) &:
6.86~6.81 (m, 1H), 6.73~6.65 (m, 1H), 6.70 (s, 1H),
3.87 (s, 3H), 2.94 (t, J=6.8 Hz, 2H), 2.72~2.65 (m, 2H);
C NMR (101 MHz, CDCls) &: 146.59, 144.10, 131.55,
121.40, 114.44, 111.38, 55.86, 43.65, 39.61.

322 BREAS S A 12 69H &

2-75 3 2 F2(1.982 g, 11.00 mmol)iFT & FFEE(25
mL), SR UKKIEG TN EALIEIN2.617 g, 22.00 mmol),
WM THRZE B, 3 h 5 NS, I8 R,
FPA IO 10 mL — 50 P e v A 45 1.

2-F5 R AL EY) 4. 11 (10.00 mmol) Ak 2 44
(4.146 g, 30.00 mmol)¥&F T & F %£(20 mL) 57K (10 mL)
HIREER, SR G UK T S8 I 25 4F Bt & &9
) S e (11.00 mmol, 10 mL), ZkEEHHE N 20
min, N &5 R [TLC &M, & IFF V(A Bk -
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V(EtOAc)=1 : 1], 73, /K= FH & H5i(20 mLX2)
FHL, BIFANAE, TKBREREET 1R, Tl 2818 2 BRiE
FIS BRI E 4K, B V(EtOH) : V(H,0)=1 : 2 KB &
VAT, e EIai A=) 5. 12.

N-2-(3,4- ~H ALK IL) 23 2-4- LB ALK I &4
BEHE(5): 3.074 g (8.600 mmol), YLF 86%. [ {h [k,
m.p. 135~136 °C; 'H NMR (400 MHz, CDCI3) ¢: 7.18
(d, J=8.3 Hz, 2H), 7.03 (d, J=8.3 Hz, 2H), 6.75 (d, J=
8.1 Hz, 1H), 6.64 (s, 1H), 6.58 (d, J=8.1 Hz, 1H), 5.56
(brs, 1H, NH), 3.85 (s, 3H), 3.83 (s, 3H), 3.50 (s, 2H),
3.49~3.34 (m, 2H), 2.70 (t, J=7.0 Hz, 2H), 2.30 (s, 3H);
C NMR (101 MHz, CDCls) d: 170.62, 169.42, 149.82,
148.97, 147.61, 132.38, 131.09, 130.40, 122.04, 120.60,
111.72, 111.27, 55.90, 55.80, 43.12, 40.84, 35.03, 21.15.
HRMS (ESI) caled for CyHyNOsNa [M + Na] ' :
380.1474, found 380.1472.

N-2-(4-F2Hk-3- A B R B ) £ BE-2-(4- LR A R
) ZWERE(12): 2.816 g (8.200 mmol), YT 82%. [ [
&, m.p. 129~130 C; 'H NMR (400 MHz, CDCl;) o:
7.17 (d, J=8.4 Hz, 2H), 7.02 (d, J=8.4 Hz, 2H), 6.77 (d,
J=8.0 Hz, 1H), 6.60 (s, 1H), 6.50 (d, J=8.0 Hz, 1H), 5.90
(brs, 1H, OH), 5.63 (brs, 1H, NH), 3.80 (s, 3H), 3.48 (s,
2H), 3.46~3.37 (m, 2H), 2.67 (t, J=7.0 Hz, 2H), 2.30 (s,
3H); “C NMR (101 MHz, CDCly) §: 170.71, 169.51,
149.84, 146.71, 144.28, 132.35, 130.40, 130.36, 122.05,
121.29, 114.47, 111.13, 55.88, 43.12, 40.90, 35.07, 21.16;
IR (KBr) v: 3488, 3293, 3081, 2973, 2921, 2875, 2852,
1760, 1637, 1604, 1552, 1513, 1448, 1425, 1361, 1267,
1236, 1216, 1187, 1155, 1039, 910, 840, 732 cm™'; HRMS
(ESI) calcd for C9H;;NOsNa [M+Na]+: 366.1317, found
366.1312.

323 BEELAS 13 9H &

Bl & 12 (2.003 g, 5.833 mmol)iE T 20 mL
AR, IAN=248%(1.771 g, 17.50 mmol), VKi&%
7R 18] SN 22 18 3 N . BR BT (1.787 g, 17.50 mmol),
TR 4-— FRE LI IE (DMAP) (71.23 mg, 0.583 mmol),
TLC IREERM[BIFF] V(CHCL) @ V(MeOH)=10 : 1],
0.5 h RMZEW. 1A [ AR R 30 mL — & H fe A
40 mL 1 mol/L M#hERIE X Z RN =M, mEHL
TR 40 mL FOMURITBR IR B /K 0 25 2 R I IR ET
MEE, a ANUAE AT KER R BT, g, R4,
FENT BER A EEE N-2-(4- LB A FRE-3- A K
5)- . 3E-2-(4- LR AEFE R I ZER%(13) 2.001 g (5.191
mmol), YLF 89%. m.p. 104~105 C; '"H NMR (400
MHz, CDCl3) 0: 7.18 (d, J=8.4 Hz, 2H), 7.04 (d, J=8.4

1286 http://sioc-journal.cn/
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Hz, 2H), 6.91 (d, J=8.0 Hz, 1H), 6.72 (s, 1H), 6.61 (d, J=
8.0 Hz, 1H), 5.55 (brs, 1H, NH), 3.77 (s, 3H), 3.50 (s, 2H),
3.48~3.41 (m, 2H), 2.74 (t, J=7.0 Hz, 2H), 2.31 (s, 3H),
2.30 (s, 3H); “C NMR (101 MHz, CDCls) d: 170.69,
169.44, 169.17, 151.03, 149.86, 138.28, 137.64, 132.36,
130.40, 122.74, 122.09, 120.76, 112.73, 55.86, 43.10,
40.64, 35.37, 21.16, 20.71; IR (KBr) v: 3390, 3068, 2921,
2873, 2848, 1645, 1602, 1552, 1535, 1465, 1419, 1369,
1220, 1191, 1151, 1122, 1031, 908, 848, 827, 788 cm ';
HRMS (ESI) caled for C,H,sNONa [M + Na] ' :
408.1423, found 408.1423.

324 1-FR34-ZAFER RS 6 2 14 694
&

B &9 5. 13 (10.00 mmol)¥E T 2540 mL),
TR NN = &5 (4.600 g, 30.00 mmol), i N5E5E )5
RNV TR IR A B, RO 45 B [TLC, I V(A i
fix) : V(EtOAc)=1 : 1], LA TN, REMAZE
FE(40 mL), FHRKERER/KIEHOATY pH 20, 464:
FiFE 10 min /550, KZEFH Z&PLEQ20 mLX2)%
W, GHANAE, ToKBREREE T8, R RE IR
g, EREHAT PR M.

325 1-RPBLA-FRHIL S T 42 15 494 &

W RIS 1-75 33 4- — S EERHL74) 6 A1 14
(3.00 mmol)¥% T 10 mL DMSO 1, H 15 W LED Ha i,
IR MO R, RN HR[TLC A&, EIFR VA
fif) : V(EtOAc)=1 : 1])5, AN 50 mL ZFRZEEFI 50
mL 7K, $E48E S min J5 400, KA 50 mL L1 2B 2
W—x. &I ZIRZERASFBIMA N, JoKmRR ST 1%
JE R AETT BRI EAE Y. R e alifh, 15
FIR B O A 7 1 15.

(6,7-— F A JE-3,4- 5 7 IR - 1- 3% ) (4- L BE A OR
FE)VFI(7): 901.1 mg (2.550 mmol), & 85%. WiEth
@44, m.p. 110~112 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
7.70 (d, J=8.8 Hz, 2H), 7.12 (d, J=8.8 Hz, 2H), 6.68 (s,
1H), 6.58 (s, 1H), 4.02~3.92 (m, 2H), 3.88 (s, 3H), 3.45
(s, 3H), 2.80~2.69 (m, 2H), 2.29 (s, 3H); *C NMR (101
MHz, CDCl;) 0: 192.60, 168.77, 164.30, 154.99, 151.81,
147.67, 133.06, 132.21, 131.19, 121.82, 119.20, 110.53,
109.50, 56.13, 56.04, 47.20, 25.38, 21.18. HRMS (ESI)
caled for CogHooNOs [M+H]": 354.1341, found 354.1342.

(7- B I -6- FHAE( JE -3 4- — A 7 mk-1-3E)(4- 2
Pk AR 2 ) H i (15): 949.6 mg (2.490 mmol), Y&
83%. WK EEIA, m.p. 157~158 C; '"H NMR (400
MHz, CDCl;) J: 8.12~8.04 (m, 2H), 7.24~7.16 (m, 2H),
7.14 (s, 1H), 6.83 (s, 1H), 4.00~3.91 (m, 2H), 3.88 (s,
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3H), 2.90~2.79 (m, 2H), 2.31 (s, 3H), 2.26 (s, 3H); "°C
NMR (101 MHz, CDCls) §: 192.09, 168.87, 168.65,
163.54, 154.99, 153.72, 138.15, 137.07, 132.88, 132.17,
121.75, 121.45, 119.44, 111.55, 56.07, 47.09, 25.72, 21.20,
20.53; IR (KBr) v: 3018, 2958, 2856, 1760, 1598, 1565,
1508, 1457, 1369, 1199, 1066, 1041, 1008, 912, 860, 809,
752 c¢cm '; HRMS (ESI) calcd for C,Hy;0NOg [M+
H]": 382.1291, found 382.1290.

32,6 1-RPEA-34 R FEHLEM 1 4= 2 65%)
%

B 1R R ERAE A 7. 15 (2 mmol)iE T 10 mL
ToK I, SRR 2 KR &= H0N 25%, 2 mL),
HIFHEE, RS R[TLC K, I V(CH,CLy)
V(MeOH)=10 : 1]t ZEHr7r B2tk Wag13 2k i i
A4 W8, Nelumstemine 1 1 Longifolonine 2.

(6,7- — FA 3 -3,4- — S M MR- 1- 8 ) (4-FR R R AL )
FH il (Nelumstemine 1): 585.3 mg (1.880 mmol), %
94%. RFAE A, mp. 271~272 C (it mp. 272~
273 °C); '"H NMR (400 MHz, DMSO-d;) d: 7.86 (d, J=
8.8 Hz, 2H), 6.99 (s, 1H), 6.88 (d, J=8.8 Hz, 2H), 6.72 (s,
1H), 3.83 (s, 3H), 3.80~3.71 (m, 2H), 3.61 (s, 3H), 2.83~
2.72 (m, 2H); *C NMR (101 MHz, DMSO-d;) é: 192.01,
164.02, 163.06, 151.42, 147.06, 132.77, 131.01, 126.49,
118.70, 115.41, 111.24, 109.14, 55.67, 55.59, 46.45, 24.55.
IR (KBr) v: 3424, 3001, 2955, 2925, 2840, 2681, 2602,
1659, 1603, 1565, 1514, 1279, 1144, 1066, 844, 768 cm .
HRMS (ESI) caled for C;sH;;NOs;Na [M + Na] *:
334.1055, found 334.1059.

(7-F2FE-6- A -3 ,4- A R EMR-1-38)(4-F K
#4) i (Longifolonine 2): 541.1 mg (1.820 mmol), &
91%. WHFH MM, mp. 143~144 C (it mp. 143~
145 “C); 'H NMR (400 MHz, CD;0D) ¢: 7.86 (d, J=8.8
Hz, 1H), 6.91 (s, 1H), 6.86 (d, J=8.8 Hz, 2H), 6.67 (s,
1H), 3.91 (s, 3H), 3.83~3.74 (m, 2H), 2.93~2.76 (m,
2H); “C NMR (101 MHz, DMSO-d;) §: 192.42, 164.52,
163.17, 150.33, 144.82, 132.57, 128.90, 126.42, 118.90,
115.55, 112.66, 111.39, 55.59, 46.60, 24.50; IR (KBr) v:
3605, 3400, 3095, 2923, 2850, 1666, 1614, 1598, 1560,
1510, 1442, 1282, 1228, 1147, 1066, 927, 842, 709 cm ';
HRMS (ESI) caled for C,;H;sNO;Na [M + Na] ' :
320.0899, found 320.0902.

326 BHEABT, [-FEA-34-— A FEHaks AR
A 1R FPBEAR-3,4-— A F 5ok ey id A 5k

B 19583, 4- SR ENRHL 4 16 (3.00 mmol)i#

F 10 mL DMSO ', A 15 W LED f&45¢, ==k M0 it £
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2R MEER[TLC, BIFH V(A M) @ V(EtOAc)=1 :
11. A 50 mL ZBR Z. B8 50 mL 7K, ##E 5 min 559
W, KA 50 mL 48 CEEFAEE— IR, &I IREEEL
PRBNIANA, ToKBREREE T8 5 IR 4015 213k 25 1) 8]
K=, #EENT s alith, BB E AR A 17. A E
AR R IR AT ) %% A5 2L &4 18~25.

(6,7~ HAA BE-3,4- AT e MR- 1- 258 ) R 5 R (17):
762.0 mg (2.580 mmol), 1L 86%. & ¥ A&, m.p.
78~79 C (1it.” m.p. 78.8~79.4 C); 'H NMR (400
MHz, CDCl;) J: 8.08~8.00 (m, 2H), 7.63~7.56 (m, 1H),
7.51~7.43 (m, 2H), 6.95 (s, 1H), 6.76 (s, 1H), 3.96~3.88
(m, 2H), 3.92 (s, 3H), 3.78 (s, 3H), 2.89~2.77 (m, 2H);
C NMR (101 MHz, CDCly) §: 193.97, 164.39, 151.72,
147.62, 135.57, 133.85, 131.17, 130.43, 128.54, 119.30,
110.57, 109.59, 56.07, 56.02, 47.31, 25.37; IR (KBr) v:
3080, 2936, 2907, 2844, 1656, 1586, 1516, 1485, 1265,
1239, 1146, 1024, 929, 865, 752 cm ™.

(6,7- — F A 2k -3,4- & e IR - 1- 56 )(3- 4L L OR
F) I (18): 810.2 mg (2.490 mmol), Y& 83%. {4 [
&, m.p. 98~100 C, 'H NMR (400 MHz, CDCls) o:
7.56~7.62 (m, 2H), 7.37 (m, 1H), 7.13~7.18 (m, 1H),
6.93 (s, 1H), 6.76 (s, 1H), 3.98~3.89 (m, 2H), 3.94 (s,
3H), 3.86 (s, 3H), 3.79 (s, 3H), 2.88~2.77 (m, 2H); "*C
NMR (101 MHz, CDCly) &: 193.82, 164.54, 159.73,
151.77, 147.66, 136.85, 131.15, 129.58, 123.63, 120.63,
119.30, 113.96, 110.54, 109.58, 56.11, 56.05, 55.48, 47.21,
25.40; IR (KBr film) J: 3070, 2921, 2852, 1666, 1596,
1592, 1569, 1515, 1461, 1425, 1135, 1072, 1033, 935, 807,
754,709 cm~'. HRMS (ESI) caled for CjgH;gNO4Na [M+
Na]": 348.1212, found 348.1211.

(6,7- — WA -3,4- — A S IR - 1- 22 )(3,4- — W 4L
AL (19): 906.2 mg (2.550 mmol), WK 85%. K {4
B4, mp. 188~190 C (lit.*"! m.p. 188~190 C); 'H
NMR (400 MHz, CDCLy) 6: 7.68 (d, J=2.0 Hz, 1H), 7.61
(dd, J=8.4, 2.0 Hz, 1H), 6.91 (s, 1H), 6.89 (d, J=8.4 Hz,
1H), 6.76 (s, 1H), 3.96 (s, 3H), 3.95 (s, 3H), 3.94 (s, 3H),
3.96~3.87 (m, 2H), 3.80 (s, 3H), 2.89~2.76 (m, 2H); "*C
NMR (101 MHz, CDCly) o 192.76, 164.63, 154.16,
151.67, 149.16, 147.64, 131.08, 128.59, 126.61, 119.49,
111.21, 110.50, 110.02, 109.61, 56.16, 56.11, 56.04, 56.02,
47.25, 25.43; IR (KBr) v: 3013, 2935, 2833, 2604, 1659,
1583, 1514, 1461, 1278, 1133, 1023, 866, 791, 755 cm .

(6,7- 7 AR -3, 4- A1 e MR- 1- 358 ) R 5 FH R (20):
695.4 mg (2.490 mmol), Y 83%. B[4, m.p. 76~
77 ‘C; '"H NMR (400 MHz, CDCl;) J: 7.98~8.05 (m,
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2H), 7.52~7.60 (m, 1H), 7.39~7.49 (m, 2H), 6.84 (s,
1H), 6.68 (s, 1H), 5.90 (s, 2H), 3.94~3.78 (m, 2H), 2.81~
2.66 (m, 2H); *C NMR (101 MHz, CDCls) 6: 193.80,
164.41, 149.91, 146.51, 135.42, 133.88, 132.99, 130.34,
128.55, 120.37, 108.29, 106.88, 101.48, 47.19, 25.85; IR
(KBr) v: 3054, 2921, 2846, 1664, 1621, 1581, 1502, 1483,
1461, 1058, 1037, 991, 931, 869, 730, 688 cm '. HRMS
(ESI) calcd for C;H;3NOs;Na [M+Na]+: 302.0793, found
302.0800.

(6,7-7 FH A 2 -3,4- A S R K- 1- 228 )(3,4- A 2
IR (21): 875.5 mg (2.580 mmol), & 86%.
4R, mp. 153~154 C (lit.*? mp. 153~154 C); 'H
NMR (400 MHz, CDCl;) 6: 7.66 (d, J=2.0 Hz, 1H), 7.57
(dd, J=8.4, 2.0 Hz, 1H), 6.87 (d, J=8.4 Hz, 1H), 6.83 (s,
1H), 6.73 (s, 1H), 5.97 (s, 2H), 3.96 (s, 3H), 3.95 (s, 3H),
3.93~3.85 (m, 2H), 2.85~2.74 (m, 2H); *C NMR (101
MHz, CDCL3) 0: 192.65, 164.69, 154.21, 149.89, 149.21,
146.53, 132.93, 128.48, 126.51, 120.63, 111.12, 110.03,
108.25, 107.05, 101.45, 56.15, 56.03, 47.14, 25.94.

(6,7-VF. F 4 2 -3,4- & e M IR - 1- 8 ) (4- SR 2
fif(22): 734.1 mg (2.340 mmol), UH 78%. B a[FE 1Ak,
m.p. 132~133 C (lit* mp. 132~133 C); '"H NMR
(400 MHz, CDCl3) 6: 7.97 (d, J=8.2 Hz, 2H), 7.45 (d, J=
8.2 Hz, 2H), 6.86 (s, 1H), 6.73 (s, 1H), 5.97 (s, 2H), 3.90
(t, J=17.8 Hz, 2H), 2.79 (t, J=7.8 Hz, 2H); >C NMR (101
MHz, CDCI3) d: 192.36, 164.05, 150.10, 146.60, 140.45,
133.82, 133.14, 131.79, 128.90, 120.24, 108.33, 107.01,
101.53, 47.20, 25.88; IR (KBr) v: 3004, 2923, 2852, 1668,
1622, 1587, 1502, 1484, 1462, 1208, 1089, 1041, 936, 899,
821,769 cm .

(6,7- — FH AR 2 -3,4- — S e M K- 1 - 5 ) (4- i B R k)
FR(23): 745.3 mg (2.190 mmol), WK 73%. [{afEH 4k,
m.p. 160~161 ‘C; '"H NMR (400 MHz, CDCLy) &: 8.32
(d, J=8.8 Hz, 2H), 8.20 (d, J=8.8 Hz, 2H), 7.07 (s, 1H),
6.77 (s, 1H), 4.01~3.91 (m, 2H), 3.95 (s, 3H), 3.84 (s,
3H), 2.90~2.74 (m, 2H); *C NMR (101 MHz, CDCl;) ¢:
191.71, 163.27, 152.06, 150.42, 147.75, 140.75, 131.53,
131.43, 123.49, 118.87, 110.58, 109.68, 56.16, 56.12,
47.57, 25.32; IR (KBr) v: 3003, 2924, 2853, 1674, 1637,
1606, 1564, 1519, 1458, 1347, 1200, 1043, 906, 859, 800,
781 cm™'. HRMS (ESI) caled for C,sH,N,Os [M+H]":
341.1137, found 341.1143.

(7- H A 2 -3,4- AT e M IR - 1- 35 ) O L T (24):
652.7 mg (2.460 mmol), YZ 82%. 3 talF 14, m.p. 130~
132 °C; '"H NMR (400 MHz, CDCl;) 6: 8.09~8.00 (m,
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2H), 7.65~7.56 (m, 1H), 7.52~7.43 (m, 2H), 7.17 (d, J=
8.2 Hz, 1H), 6.96 (dd, J=8.2, 2.6 Hz, 1H), 6.92 (d, J=2.6
Hz, 1H), 4.04~3.90 (m, 2H), 3.73 (s, 3H), 2.89~2.77 (m,
2H); “C NMR (101 MHz, CDCl;) d: 193.80, 165.11,
158.55, 135.49, 133.94, 130.41, 129.19, 128.74, 128.60,
127.16, 117.68, 111.67, 55.49, 47.77, 24.78; IR (KBr) v:
3058, 2973, 2946, 2836, 1664, 1598, 1575, 1498, 1448,
1311, 1259, 1222, 1199, 1112, 1031, 921, 879, 858, 740,
698. HRMS (ESI) caled for C;;H;sNO,Na [M-+Na] " :
288.1000, found 288.1005.

(6- A JE-3,4- 5 7 W IR - 1 - 25 ) (4- AU B R )
fif(25): 726.5 mg (2.460 mmol), WF 82%. &1k,
m.p. 156~157 “C; '"H NMR (400 MHz, CDCl;) J: 8.01
(d, J=9.0 Hz, 2H), 7.29 (d, J=8.5 Hz, 1H), 6.93 (d, J=
9.0 Hz, 2H), 6.76 (d, J=2.5 Hz, 1H), 6.71 (dd, J=8.5, 2.5
Hz, 1H), 3.91 (t, J=7.6 Hz, 2H), 3.85 (s, 3H), 3.82 (s, 3H),
2.85 (t, J=7.6 Hz, 2H); *C NMR (101 MHz, CDCl;) ¢:
192.81, 165.11, 164.24, 161.93, 139.53, 132.77, 128.53,
128.50, 120.28, 113.87, 113.40, 112.09, 55.56, 55.38,
47.05, 26.20. HRMS (ESI) calcd for C,sH;sNO5 [M+H]"
296.1287, found 296.1292.

(6- FF 4L 25 -3,4- & S M Ik - 1- 2 ) K 2 FH i (26):
636.7 mg (2.400 mmol), Y 80%. (A [E {4, m.p. 88~
90 C (lit.* mp. 8~90 C); 'H NMR (400 MHz,
CDCI3) §: 8.00~8.07 (m, 2H), 7.53~7.62 (m, 1H),
7.42~7.50 (m, 2H), 7.31 (d, J=8.5 Hz, 1H), 6.76 (d, J=
2.5 Hz, 1H), 6.73 (dd, J=8.5, 2.5 Hz, 1H), 3.98~3.86 (m,
2H), 3.81 (s, 3H), 2.85 (t, J=7.6 Hz, 2H); *C NMR (101
MHz, CDCl3) 0: 194.09, 164.86, 162.02, 139.57, 135.56,
133.86, 130.37, 128.56, 128.50, 120.16, 113.47, 112.13,
55.42,47.13, 26.19.

BhA &L (Supporting Information) L5475, 7. 11~
13, 15, 17~26 FEYH 1. 2 (7 'TH NMR 1 °C NMR
WL X EEPRL T DL G 2 AR T 9 3t (http://sioc-journal.
cn/) bR ER.
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