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Visible-Light-Induced [3+ 2] Annulation of Cyclopropylamines with
1,2-Diketone Derivatives

Dai, Xuemei Li, Yanjun Zhang, Shaonan Gong, Lei*
(Key Laboratory of Chemical Biology of Fujian Province, Collaborative Innovation Center of Chemistry for
Energy Materials, College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005)

Abstract A visible-light-induced [3+2] annulation of arylcyclopropylamines and 1,2-diarylethanediones was report. A series
of a-amino tetrahydrofuran derivatives were synthesized in moderate to good isolated yields under mild reaction conditions.
This method would provide an efficient and convenient approach to a-amino tetrahydrofurans which are potentially important

buiding blocks in bioactive compounds.

Keywords photoredox; cyclopropylamines; 1,2-diketone derivatives; [3-+2] annulation

o-RBIEEIRTL NTCMEWZ W) 5 AEYE T
Gz ARAEN, 2 R —Fh TR 2,
MVFZA%H 2 TRBEIR > T 5 a- &R AN Tudh
AREGERP! (Scheme 1a). UL, KIEmR EHERT7E]
# a-BIE T F AR B HE RSB . e,
o- B IEWRIAT A& TR AR R A R, 8 S8 A
N7 1 A B 4 23 A% B RO P AT S % T e 3 1R SR
HAKRHEAT, SR, XEETIERZ A2 BRIEZEBL,
FESZBRN H H 2 3 T BRI BRI,

AR, AT ICHEAL R SERAN . 5 FHRAFSEIL A
FERNG IR T Tz R PO 7R ] e s
JRh, MR TS 2 T AR M, BRI
AR P AR AR TR B 2 IR B T, fE
ANF AT R R AEAN R SR, 50 S IE 25 5 AT LAk
— W RERT ISR a- 23 B 2, 256
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AR i e e A IR, oo S e A
A LA E 1 AN ETFIERIEEIES T, NS5 E8t
M, R o AR REUR, BE R IES TP
TSR p-bp F WA IE B 7, SR G KA G 82 M),

A TAEESE T I EE RN 1,2- —FRATAEMIE R RS
A, TERT WG T 2 B B IRk I kA [3 4213
W% Bi(Scheme 1b). Z5AFHLFN, JE TG ELF, HAE
B, PR R, A —EMRYEHEM. BiRaem i
FESAF T SEEL T BN B S R N T R Y E el
Fhnm, —PHE a-ZIERMATAEY), NIXREBEEDY
TP TR 2R AL T — A R AR B s AR

1 BRSHiE

TERMIIBE T, JATESE T 1,2- 2K 2 " f(1a)
I N-ZRELIR T B (2a) TR YY) Ru(bpy)s(PFs),
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(a) Some bioactive molecules (b) This work
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B 1
Scheme 1

VERT] WAL, 76 24 W 556 LED 4T BRSF 12 h X %

N AEBAT T RGIHIEGER 1). U0 Entries 1~8 fiaR, &
TS NP7 2 A7 FE AR IR 7EE i (Entry 1) PUA
I (THF) (Entry 2)« — 4% T %% (Entry 4). N,N-—FI2EH
% % (DMF) (Entry 6). HZK(Entry 7)K% —H ZE A
(DMSO) (Entry 8)H W Ae Ll 2R & = A pk, TifE
H i (Entry 3)F1 Z & (Entry S)H, 435124 80%F1 53%
(r= R3320 3a. )G, IATCAHEERIER, HE8ET

HN

A

- mild conditions
- rapid construction of a-amino furan in one step

WA RS S 1,2- Z WAT A [3 + 23Rk
[3-+2] cycloaddition of cyclopropylamines and 1,2-diketone derivatives

] ACHEAL RS [ B 520 (Entries 9~12), 4553881,

Ru(bpy)s(PFe), JEIL T S AEMALRCR, T8 H R &
HIHERK S ET T WOGAEAGTR, @[Ir(ppy)2(dtbbpy)][PFe]
(Entry 9)«  fac-Ir(ppy)s(Entry 10). Ru(bpz);[PFs], (Entry
11) 45 BRI = 2, 8 A AL AT WG] Mes-
Acr I [ B A TR HEAT (Entry  12). Y6 1 97 % 52 56
KW H 24 W B CFL AT AU 556 LED T RESHE15 )
PR AT — SEFEE ) R F%(61%, Entry 13), 15 W %4t

R RPN

Table 1 Optimization of reaction conditions

PC (2.0 mmo%)

-~ J . o'

solvent, r.t., argon light source

(0]
1a 2a
Entry PC Light source Solvent Additives Time/h yield”
1 Ru(bpy);[PF¢]» Blue LEDs CHCl, None 12 Trace
2 Ru(bpy);[PF¢]» Blue LEDs THF None 12 0
3 Ru(bpy);[PF¢]» Blue LEDs CH;0H None 12 80
4 Ru(bpy);[PF¢]» Blue LEDs DCM None 12 Trace
5 Ru(bpy);[PF¢]» Blue LEDs CH;CN None 12 53
6 Ru(bpy);[PF¢]> Blue LEDs DMF None 12 Trace
7 Ru(bpy);[PF¢]> Blue LEDs Toluene None 12 Trace
8 Ru(bpy);[PF¢]» Blue LEDs DMSO None 12 Trace
9 [Tr(ppy).(dtbbpy)][PF¢] Blue LEDs CH;0H None 12 37
10 Sac-Ir(ppy); Blue LEDs CH;0H None 12 12
11 Ru(bpz);[PFs], Blue LEDs CH;0H None 12 7
12 Mes-Acr” Blue LEDs CH;0H None 12 4
13 Ru(bpy)s[PF¢], White CFL CH;0H None 12 61
14 Ru(bpy);[PF¢]» UV lamps CH;0H None 12 0
15 Ru(bpy);[PF¢]» None CH;0H None 12 0
16 None Blue LEDs CH;0H None 12 27
17 Ru(bpy)s[PF¢], Blue LEDs CH;0H Air 12 54
18 Ru(bpy);[PF¢l, Blue LEDs CH;0H TEMPO 12 0

“ Reaction conditions: 1a (0.10 mmol), 2a (0.30 mmol), solvent (1.0 mL), indicated light source, under argon.

® Determined by 'H NMR analysis using

1,3,5-trimethoxybenzene as the internal standard. THF = tetrahydrofuran; DCM = dichloromethane; DMF = dimethylformamide; DMSO =dimethyl sulfoxide;
TEMPO=2,2,6,6-tetramethylpiperidinooxy; dtbbpy =4,4'-di-tert-butyl-2,2'-dipyridyl; ppy = (2-pyridinyl)phenyl; bpz=2,2'-bipyrazine.
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STAE N FEIRES %A WS 2] 3a FIEE(Entry 14), TH7E
e G HET f BAB TGV 34T (Entry 15).

AR AE, TEAIN AT DG AR 3R 47 6 I
AT AT, H7E R K (27%, Entry 16). 248 AT I
W (UV-Vis) T2 8- 1,2- 2K 3k 2 —Bi7E 6 X I8H
— BRI, T REAE LB 2 51 SR,
AREAE. WA, 2N T RERAE, LL 54%
7= 3R AL =) 3a (Entry 17), 1H 5 equiv. E H JE 401 771
DY H IR g 424k 20 (TEMPO) R In N WU e Jse |3 TG 925 1k 47
(Entry 18).

MR DL 25 R, B T B 1 A S B SR A N

SRR, 2 mol% Ru(bpy)s(PFe), ENH] W%
f’ﬁ%?ﬂ F AR NP7, 24 W 5% LED 4T NG,

TERCHE R 26T, WHEYDE AT TIF5E.
R 2 PR, 1,2-Z 058 R A T SRR R A
RAFIIFEANE, RYTT 2SR T3 AR 4. &, 72

FKON61~85% (W) 3b~3e), X =B HEHMMEE =
W — P RAIRAE T S 2L S, (HS IR0, 4847
FARVEMS, a7 R 85%(7 W 3e), PREsKIth g3
T HAATE R BAE R AN, B TR [ ARE
FiZ N, Wi, BUT 3. AR 1,2-205 2
AT RE DA RLAT 43 B 7 R (63% ~ 75%) 15 B A B )
(3f~3i). WHRAISE, 1-EF-12-H —FAF 2,3-T —FiIF
ANEH, B BB, 3K).

T3 EAR T S EEIN R RG R YVE L RIRAR, (],
o A7 A PR35 R 4 2 A ) O 36 B TR R i 3538 L T 1%
SN, DA R 1990 B8 77 2R (55% ~ T4%) 35 A3 AH N 7= 4
(31~3q), XA T HUAREE(CL, Br)= 2 AHX UK, LA
63%- 35%H1 70 B = HIRTF =W (3, 3s). HEAh, DLERN
BIEAEARRT A, P dr (N1 1 5 2.5 0 1 AN
FATA B A AR XS B B 1 5 R =4 a-Ar 558/ 1)
()AL BE 22 S A G (O 5 05 T ).

R2 12-THNTEYRYTEH

Table 2 Reaction scope of the 1,2-diketones derivatives

0
R1J\WR2
o)

1a ~ 1k

@W

Ru(bpy)3(PFe)2 PhHN

(2.0 mol%
O
MeOH r.t., argon . R2
24 W blue LEDs R I
3a~ 3k

3a

13 h, 67% yield, 1.1:1 dr 13 h, 61% yield, 1.2:1 dr

23 h, 63% yield, 2.5:1 dr

13 h, 66% vyield, 1.1:1 dr

/Ph \_/
HN / \_
\_/ \

(0] —_ N\
H@Qﬁ“s / LFA ¥
o} =S «

,—-/ X | ™ \/\
3k //
15 h, 0% yield 3e

15 h, 74% yield, 1.1:1 dr

13 h, 61% yield, 1.2:1 dr 18 h, 85% yield, 1.2:1 dr

Me

3

o
15 h, 75% yield, 1.1:1 dr 20 h, 0% yield
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Table 3 Reaction scope of the cyclopropylamines
0O H Ru(bpy)s(PFe)2
R X W (2.0 mmol%)
i - .
O ¥ O MeOH, r.t., argon
o 24 W blue LEDs
1a 2b ~2i
OMe

20 h, 64% yield, 1.1:1 dr

18 h, 74% vyield, 1:1 dr

I
T

(1

3o
24 h, 55% yield, 1.1:1 dr

Br
HN
o0 [
(3
3s

23 h, 35% vyield, 1.1:1 dr

3r
23 h, 63% yield, 1:1 dr

X AL AT T P I 36AE, 40 Scheme 2 PR,
£ 1a+2a—>3a FriESAF R S 5 equiv. TEMPO,
PV 3a RARRN, AH o BT BRI IN 2] 7T E
i 5 TEMPO Win&7=% 4 [HRMS (ESI) caled for
CsHoN,O (M+H)+: 289.2274, found 289.2273] (Scheme
4a); MM 5 equiv. 2-ZEAHEEE L S IG TR 2081 N E B
BT, 7Y 3a [FIREARA AL, (HARIN S T IFIA E 2
5 O2-REENE R ENGER QB B N S
[HRMS (ESI) caled for C;sH;QNO,Na (M + H) ' :
268.1308; found 268.1309] (Scheme 2b). LA FSZ56754)
WERY T SON R B E 3 PR ST IR 2R AR AE.

AR 1R & BEATH N T AR AT S AL B
BEAT TAED, A IX —[3 4203 s S 8 =2 i B H A
Jn(Scheme 3a)Fl H HZEH I (Scheme 3b) i 425k
BEATHY.

— Mg RN B B IR LEE(Scheme 3a). LA 1a Al
2a (ISR, AT R 28 0] WG I S i BRT Bk
ABRUY, FYIRH RN 22 BFHEKR, EROE R K
AL Ru', RIS 2a PSR B PR B B R IE R T
A; A BRIFITERL B-Fix H HETEJZ IE 55+ B; B FiXT 1a

1714 http://sioc-journal.cn/
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PR RR SE B IR, A2 o=t A R PR IEES T C; C
KA TN RATE RO G H R E ST D, SEmbic 5
ARG Ru' B 7R R, A R[B3 4214 3a,
M7 Ru' 4 5 HE A4 S AL 77 Ru", 58 O AL IR,

TP AR B AR (Scheme 3b). 2a #3
RASHICHEAFI[R"] BB PR A R EE T A,
[ R A AT B B IR SR B R’y A H R FIE
TERL p-Hk E AT IE 51 B; 1a 5 Ru' RA T
¥, AR EHEAET E. R SCIIRE: [E,,(1a)=
—0.92 V' E " (Ru)=—1.33 V"], 8 Ru' %} 1a (1
HHFRFERRSTEA RN, &5, E A B RKEH
BB IAT 20 74 3a.

FATNATEZ A PRI HLEEHAT W] REAAAE, A
HSEAT.

2 i

AR TARRE T A IR I3 5 1,2- T AR
W3 2RISR, 5 UAE F] W 2 AF RSB 1 3R
PG ok T AME AN B BN RR, JF— P
a-ZAIERIAT AN, KRR, BRI, R R
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(a)

standard conditions

H
DL o'y
® *
0 2a
1a

(b)

TEMPO (5 equiv.)

standard conditions

NV\/O\N
we 7

0% yield 4
HRMS (ESI) calcd for CgHagN,0 (M+H)*:
289.2274, found 289.2273

COOEt

o s
O +©/W
2a

SO,Ph

(5 equiv.)

: NW\”/COOEt

0% yield HRMS (ESI) calcd for C15H19N02Na (M+Na)*:
268.1308, found 268.1309

B2 Ao

Scheme 2 Radical trapping experiments

(a) radical addition
hv

A

[RU”]*

(b) radical coupling

hv

RU“ [RU”]*

V\f\&% w&r* X by

+
/

HN 0~ “pnPh

Ph D A

+ 1a NH+
HNM
N Ph Ph 8/\/
C

B3 wRe

A A
EO N Ph
N l "
\_ﬁ\“/ Ar - 0 Ph
H Ph
B 3a o
TN ATL 2R

Scheme 3 A proposed reaction mechanis

SN BAT g SR T B A — g R IE I, e
PSR T o- R EERIMAT IR AL T — S e
AT

3 LEHe

3.1 UEFES5EHF

1,2- =958 2 WafiT Ay 1g"A NoJ5 SRR T 3%
2a~2i R IEHA N 1) 2 SR A i AE 2, AR
AL YEIE W SE4S B)(TCL, Aldrich, Energy, Alfa, Ada-
mas-beta® and J&K), RZL4itb H#EEMH. '"H NMR &
C NMR 7E Bruker AM (400 MHz), Bruker AM (500
MHz), Bruker AM (850 MHz)JlI#5, 514 T mAE T
FE R TR, T™MS bR, fTH NMR bRl e
CDCl; § 7.26 (*H NMR), 77.2 (**C NMR); (CD5;),CO &
2.05 ('H NMR), 29.7, 206.4 (°C NMR); IR J¢if7E
NicoletAvatar 330 FT-IR BUZLANgEEAX BT, &

Chin. J. Org. Chem. 2019, 39, 1711~1719
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JAHESE Bruker En Apex Ultra 7.0 T FT-MS 1X 3% L 45;
UV-Vis WU 6% 78 10.0 mm ) 7 9% Lt o
Shimadzu UV-2550 |4
3.2 XWHE

AT THA 10 mL Schlenk &I 1
(0.20 mmol). 2 (0.60 mmol). Ru(bpy);(PFs), (0.004 mmol)
A12.0 mL HEE, S =@ MERER, BT 24

W % LED 474 3 cm &b, 7EfEIRAE(Q2S C)F =M. @

EE A (TLORM 17H 5, B, S aiEsHa3)
AL =0, Ve VORE) @ MR LBR) - (=4
Ji£)=100: 10 : 1

IR - (2- 2R k-5 - 2R i ik VU S g -2- 256 R i (3a): T
EIRIBAE, 46.0 mg, 72 67%. dr=1.1: 1. '"H NMR
(500 MHz, CDCl5) 6: 8.00~8.08 (m, 1H), 7.84~7.90 (m,
1H), 7.51 (d, J=8.5 Hz, 2H), 7.15~7.34 (m, 6H), 7.02~
7.07 (m, 2H), 6.67~6.85 (m, 2H), 6.59 (d, J=7.5 Hz,

http://sioc-journal.cn/ 1715
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MR

1H), 5.42~5.83 (m, 1H), 4.46 (d, J=9.1 Hz, 0.52H), 4.01
(d, J=8.5 Hz, 0.48H), 3.17~3.49 (m, 1H), 2.22~2.48 (m,
1H), 1.88~2.18 (m, 1H), 1.74~1.83 (m, 1H); °C NMR
(126 MHz, CDCls) 0: 200.4, 199.3, 145.9, 145.7, 142.9,
142.3, 134.7, 132.7, 132.1, 131.0, 130.8, 129.4, 129.0,
128.8, 128.7, 128.1, 127.7, 127.6, 127.5, 124.8, 124.5,
119.2, 119.0, 114.6, 114.5, 92.6, 91.9, 87.7, 87.0, 37.3,
36.7, 33.0, 32.0; IR (film) v: 3057, 2922, 1676, 1604,
1507, 1259, 1033, 752, 700 cm~'. HRMS (ESI) calcd for
C,3H,NO,Na (M+Na) ' 366.1465, found 366.1457.

(4- TR IR T )~(2-(4- 1R AR Ik )-5- 2 Jii Jk DU Sk R -2- 1 )
HERA3b): TEMPIRBAK, 61.1 mg, 723 61%. dr=1.2:
1. "H NMR (500 MHz, CDCl;) d: 7.90 (d, J=8.6 Hz, 1H),
7.69 (d, J=8.6 Hz, 1H), 7.46 (dd, J=8.7, 2.3 Hz, 2H),
7.33~7.42 (m, 3H), 7.23 (t, J=7.9 Hz, 1H), 7.17 (d, J=
8.7 Hz, 1H), 7.03~7.10 (m, 1H), 6.66~6.89 (m, 2H),
6.52~6.60 (m, 1H), 5.47~5.83 (m, 1H), 4.46 (d, J=9.0
Hz, 0.45H), 4.00 (d, J=8.1 Hz, 0.55H), 3.16~3.48 (m,
1H), 2.25~2.49 (m, 1H), 1.85~2.17 (m, 1H), 1.74~1.85
(m, 1H); *C NMR (126 MHz, CDCly) d: 199.2, 197.7,
145.6, 145.3, 141.8, 140.9, 133.1 (2), 132.5, 132.2,
132.1,132.0, 131.5, 131.1, 129.6, 129.1, 128.3, 127.6,
126.6, 126.2, 121.9, 121.8, 119.5, 119.3, 114.4 (2), 92.2,
91.4, 87.6, 87.4, 37.1, 36.6, 32.9, 31.9; IR (film) v: 3408,
2923, 1676, 1604, 1485, 1257, 1008, 819, 750 cm "
HRMS (ESI) caled for Cy3H;oBr,NO,Na (M + Na) " :
521.9675, found 521.9675.

(A=) - -(A- B HE)-5- 28 e DU Wk I -2- 3
FIfi(3c): TCHPIRIEAA, 53.1 mg, P2 70%. dr=12 :
1. '"H NMR (500 MHz, CDCl;) J: 8.05~8.16 (m, 1H),
7.86~7.95 (m, 5.7 Hz, 1H), 7.43~7.51 (m, 2H), 7.23 (t,
J=17.8 Hz, 1H), 6.93~7.10 (m, 4H), 6.67~6.80 (m, 3H),
6.59 (d, J=7.9 Hz, 1H), 5.45~5.90 (m, 1H), 4.49 (d, J=
9.0 Hz, 0.45H), 4.03 (d, J=8.3 Hz, 0.55H), 3.17~3.51
(m, 1H), 2.26~2.51 (m, 1H), 1.86~2.19 (m, 1H), 1.72~
1.86 (m, 1H); “C NMR (126 MHz, CDCl;) J: 198.8,
197.4, 166.5, 166.1, 164.5, 164.1, 163.3 (2), 161.3 (2),
145.7, 145.4, 138.6, 138.5, 137.8 (2), 133.8 (2), 133.5,
133.4, 130.8 (4), 129.5, 129.4, 129.0, 126.6, 126.5, 126.2
(2), 119.4, 119.2, 115.9, 115.8, 115.7, 115.6, 115.3, 115.2
(2), 114.9, 114.7, 114.4 (2), 92.2, 91.4, 87.5, 87.2, 37.3,
36.8, 32.9, 31.9; IR (film) v: 3403, 2925, 1671, 1603,
1507, 1234, 1156, 836, 752 cm'. HRMS (ESI) calcd for
C3HoF2NO,Na (M+Na)": 402.1276, found 402.1267.

(4- TR FL)~(2-(4- T A Ik )-5- 2R i Jk U Sk R -2- 1 )

1716 http://sioc-journal.cn/
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FAR(3d): To ik, 50.3 mg, P24 61%. dr=1.2 :
1. "H NMR (500 MHz, CDCl;) J: 7.99 (d, J=8.7 Hz, 1H),
7.79 (d, J=8.7 Hz, 1H), 7.43 (t, J=8.2 Hz, 2H), 7.27~
7.33 (m, 2H), 7.21~7.26 (m, 2H), 7.04~7.09 (m, 1H),
6.99~7.04 (m, 1H), 6.67~6.90 (m, 2H), 6.57 (d, J=17.3
Hz, 1H), 5.48~5.83 (m, 1H), 4.47 (d, J=9.0 Hz, 0.45H),
4.01 (d, J=8.2 Hz, 0.54H), 3.15~3.50 (m, 1H), 2.27~
249 (m, 1H), 1.86~2.17 (m, 1H), 1.75~1.84 (m, 1H).
C NMR (126 MHz, CDCl;) d: 199.1, 197.5, 145.6, 1453,
141.3, 140.4, 139.4, 138.7, 133.7(2), 132.7, 132.7, 132.4,
132.1, 129.6, 129.1(2), 129.0, 128.5, 128.1, 126.3, 125.9,
119.5, 119.3, 114.4(2), 92.2, 91.4, 87.6, 87.4, 37.2, 36.7,
32.9, 31.9; IR (film) v: 3404, 2924, 1677, 1604, 1506,
1258, 1091, 823, 751 cm '. HRMS (ESI) caled for
Cy3H,oCLNO,Na (M+Na)": 434.0685, found 434.0682.

(2-F FKIE)-(2-(2- S H I )-5- 7 i 32k U S Wk IR -2- 32 )
Hld(3e): FMGEM, 70.1 mg, 77F 85%. dr=12": 1.
'"H NMR (400 MHz, CDCly) 6: 7.76~7.90 (m, 1H),
7.07~7.42 (m, 8H), 6.72~7.00 (m, 4H), 5.87 (s, 0.44H),
5.72 (s, 0.56H), 4.43 (s, 1H), 3.55~3.72 (m, 1H), 2.32~
2.64 (m, 1H), 1.78~2.25 (m, 2H); °C NMR (214 MHz,
CDCly) 6: 196.9, 195.4, 145.7, 145.6, 141.3, 140.8, 135.4,
135.3, 133.4, 133.0, 131.6, 131.3 (2), 131.2, 131.1, 131.0,
130.4, 130.3, 130.1, 130.0, 129.6, 129.4, 129.1, 129.0,
127.9, 127.1 (2), 126.9, 125.4, 125.4, 119.4, 114.8, 114.4,
90.3, 90.1, 88.6, 87.9, 34.1, 33.2, 32.9, 32.5; IR (film) v:
3410, 1701, 1637, 1604, 1508, 1432, 1011, 748, 693 cm ™"
HRMS (ESI) caled for C,3H;oCLNO,Na (M + Na) " :
434.0685, found 434.0682.

(4-FF D 2R 5 )-(2-(4- PRk R ik )-5- 4% g 5k 1Y Pk g -
2-55) FR(30): T EHPIRIBE, 49.0 mg, 122 66%. dr=
1.1 : 1. "H NMR (500 MHz, CDCl5) é: 8.00 (d, J=8.3 Hz,
1H), 7.83 (d, J=8.3 Hz, 1H), 7.41 (dd, J=8.3, 2.1 Hz,
2H), 7.19~7.24 (m, 1H), 7.05~7.16 (m, 4H), 6.70~6.91
(m, 3H), 6.62 (d, J=7.2 Hz, 1H), 5.45~5.86 (m, 1H),
4.47 (d, J=9.1 Hz, 0.53H), 4.02 (d, J=8.7 Hz, 0.47H),
3.18~3.48 (m, 1H), 2.18~2.47 (m, 7H), 1.90~2.17 (m,
1H), 1.74~1.84 (m, 1H); *C NMR (126 MHz, CDCl;) ¢:
200.0, 198.8, 145.9, 145.8, 143.4, 142.8, 140.2, 139.6,
137.1, 132.2, 132.1, 131.2, 131.0, 129.5, 129.4 (2), 128.9,
128.8, 128.4, 124.8, 124.4, 119.2, 118.9, 114.7, 114.5,
92.6, 92.0, 87.5, 86.9, 37.3, 36.6, 33.0, 32.0, 21.8, 21.6,
21.2(2); IR (film) v: 3441, 2919, 1665, 1605, 1509, 1261,
1180, 750, 693 cm '. HRMS (ESI) calcd for C,5sH,5sNO,Na
(M+Na)": 394.1778, found 394.1767.
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(4-BUT FEORIE)-(2-(4- MU T FER T )-5- K e B DU A ik
W-2-J5) R (3g): T HPIRAAE, 57.4 mg, 2% 63%.
dr=2.5":1. '"H NMR (400 MHz, CDCLy) d: 7.75~8.10
(m, 2H), 7.16~7.50 (m, 5H), 6.98~7.12 (m, 3H), 6.65~
6.97 (m, 2H), 6.52~6.57 (m, 1H), 5.43~5.82 (m, 1H),
4.44 (d, J=9.2 Hz, 0.30H), 3.95 (d, J=8.6 Hz, 0.70H),
3.14~3.51 (m, 1H), 2.20~2.48 (m, 1H), 1.88~2.20 (m,
1H), 1.70~1.84 (m, 1H), 1.15~1.37 (m, 18H); °C NMR
(214 MHz, CDCl3) §: 200.7, 199.3, 156.3, 155.6, 150.3 (2),
146.0, 145.7, 139.8, 139.2, 132.1(2), 131.1, 130.8, 129.5,
129.4, 128.9, 125.7, 125.6, 125.0, 124.6, 124.5, 124.3,
121.2, 119.1, 118.9, 118.0, 114.6, 92.7, 92.0, 87.2, 86.7,
37.4, 36.7, 35.2, 35.0, 34.6, 34.6, 33.0, 32.0, 31.5 (2),
31.2 (2); IR (film) v: 3400, 2962, 1671, 1604, 1506, 1267,
1190, 749, 692 cm ™. HRMS (ESI) calcd for C3;H3;NO,Na
(M+Na)": 478.2717, found 478.2714.

(4-F A L ORI )-(2-(4-H AR R ) - 5 R e L Y &k
W-2-25) R (3h): o B HRRBAR, 59.7 mg, 722 74%.
dr=1.1":1. '"H NMR (500 MHz, CDCl;) ¢: 8.10 (d, J=
9.0 Hz, 1H), 7.94 (d, J=9.0 Hz, 1H), 7.43 (dd, J=8.8, 2.1
Hz, 2H), 7.19~7.24 (m, 1H), 7.05~7.10 (m, 1H), 6.76~
6.88 (m, 5H), 6.58 (dd, J=29.3, 8.2 Hz, 2H), 5.45~5.90
(m, 1H), 4.48 (d, J=9.0 Hz, 0.53H), 4.03 (d, J=8.8 Hz,
0.47H), 3.67~3.82 (m, 6H), 3.14~3.47 (m, 1H), 2.24~
2.49 (m, 1H), 1.86~2.17 (m, 1H), 1.73~1.83 (m, 1H).
3C NMR (126 MHz, CDCl5) d: 199.1, 197.8, 163.1, 162.7,
159.0 (2), 146.0, 145.8, 135.3, 134.7, 133.5, 133.3, 129.4,
129.0, 127.6, 127.5, 126.1, 125.7, 119.2, 118.9, 114.7,
114.5, 114.1, 114.0, 113.3, 112.9, 92.4, 91.8, 87.3, 86.8,
55.5, 55.4, 55.3 (2), 37.4, 36.6, 33.0, 32.0; IR (film) v:
3395, 2933, 1665, 1602, 1509, 1254, 1172, 834, 753 cm ™.
HRMS (ESI) caled for C,sH,sNO,Na (M + Na) ' :
426.1676, found 426.1670.

(3- A B ORI )-(2-(3- A AR DR 0k ) -5 - DR i B DU & ke
W -2- 25 FR R (3i): TG (LR VBAE, 60.5 mg, 723 75%.
dr=1.1 . 1. '"H NMR (500 MHz, CDCl;) J: 7.62~7.68
(m, 1H), 7.46~7.52 (m, 1H), 7.14~7.25 (m, 3H), 6.97~
7.11 (m, 4H), 6.69~6.86 (m, 3H), 6.60~6.65 (m, 1H),
5.52~5.83 (m, 1H), 4.47 (d, J=8.9 Hz, 0.52H), 4.05 (d,
J=8.5 Hz, 0.47H), 3.75 (d, J=40.6 Hz, 3H), 3.57 (d, J=
7.8 Hz, 3H), 3.23~3.48 (m, 1H), 2.24~2.49 (m, 1H),
1.91~2.21 (m, 1H), 1.75~1.87 (m, 1H); >C NMR (126
MHz, CDCl;) 6: 199.9, 198.1, 160.1, 159.2, 158.8, 145.8,
145.7, 144.9, 144.0, 136.0, 135.8, 129.9, 129.8, 129.4,
129.0 (2), 128.7, 123.7, 123.4, 119.9, 119.3, 119.2, 119.1,
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117.0, 116.8, 114.9, 114.8, 114.6, 114.5, 113.5, 112.7,
110.3, 109.7, 92.7, 91.8, 87.6, 87.0, 55.4, 55.4, 55.2, 55.1,
37.2,36.6, 32.9, 32.1; IR (film) v: 3407, 2924, 1672, 1604,
1487, 1266, 1183, 750, 696 cm™'. HRMS (ESI) calcd for
C,sHosNO4,Na (M+Na)": 426.1676, found 426.1673.

R JE (2~ ZR k- 5408 PP 4% ik g ke ) DU 0 Pk P -2 - ik ) FF ]
@): LOMIRBAE, 40.7 mg, 77F 57%. dr=1:1. 'H
NMR (400 MHz, CDCl;) d: 7.97~8.09 (m, 1H), 7.81~
7.92 (m, 1H), 6.95~7.60 (m, 10H), 6.56~6.89 (m, 2H),
5.46~5.88 (m, 1H), 4.26 (d, J=9.2 Hz, 0.50H), 3.83 (d, J
=8.3 Hz, 0.51H), 3.18~3.54 (m, 1H), 1.66~2.59 (m,
6H); °*C NMR (214 MHz, CDCl;) 6: 200.5, 199.4, 143.9,
143.6, 142.9, 142.2, 134.7, 134.6, 132.8, 132.2, 131.1,
130.7, 130.4, 130.0, 128.8, 128.7, 128.1, 127.6, 127.6,
127.3, 126.9, 124.8, 124.5, 122.8, 122.7, 119.0, 118.7,
112.9, 112.8, 92.6, 92.1, 87.3, 86.8, 37.5, 36.8, 33.2, 32.1,
17.7, 17.3; IR (film) v: 3422, 2922, 1675, 1607, 1448,
1260, 1050, 863, 753 c¢cm '. HRMS (ESI) caled for
C,4H23NO,Na (M~+Na) "2 380.1621, found 380.1618.

% (2- 2 k- 5[] PP 24 g ke ) DU 0 Pk P -2 - i ) FF ]
(3m): ORI, 46.5 mg, F2F 65%. dr=1.1: 1.
'H NMR (400 MHz, CDCly) 0: 8.04~8.15 (m, 1H),
7.84~7.95 (m, 1H), 7.50~7.58 (m, 2H), 7. 19~7.48 (m,
5H), 6.92~7.13 (m, 2H), 6.32~6.70 (m, 3H), 5.42~5.83
(m, 1H), 4.44 (d, J=9.2 Hz, 0.47H), 3.95 (d, J=8.5 Hz,
0.53H), 3.14~3.54 (m, 1H), 2.27~2.47 (m, 1H), 2.22 (d,
J=19.1 Hz, 3H), 1.91~2.17 (m, 1H), 1.73~1.85 (m, 1H);
C NMR (214 MHz, CDCl5) d: 200.4, 199.3, 145.7, 145.5,
142.7, 142.3, 139.1, 138.5, 134.6, 134.6, 132.6, 132.0,
130.9, 130.7, 129.1, 128.7, 128.7, 128.6, 127.9, 127.5,
127.4, 124.7, 124.3, 120.0, 119.8, 115.4, 115.0, 111.6 (2),
92.3,91.7, 87.7, 86.8, 37.2, 36.5, 32.8, 31.8, 21.6, 21.5; IR
(film) v: 3400, 2921, 1676, 1608, 1490, 1261, 1180, 859,
757 ¢cm”'. HRMS (ESI) caled for C,4H,sNO,Na (M+
Na)*: 380.1621, found 380.1617.

IR (2- IR T -5 - (R B 2R B e i ) DU S Wk g -2 - 358 ) P
(3n): LEHIRBAE, 40.0 mg, /7% 56%. dr=1:1. 'H
NMR (400 MHz, CDCl;) d: 8.02~8.06 (m, 1H), 7.86~
7.91 (m, 1H), 7.49~7.53 (m, 2H), 7.18~7.34 (m, 5H),
7.04~7.10 (m, 1H), 6.97~7.02 (m, 1H), 6.84~6.89 (m,
1H), 6.62~6.68 (m, 1H), 6.49~6.54 (m, 1H), 5.41~5.80
(m, 1H), 4.34 (d, J=9.4 Hz, 0.51H), 3.88 (d, /=8.9 Hz,
0.49H), 3.18~3.46 (m, 1H), 2.19~2.45 (m, 4H), 1.90~
2.17 (m, 1H), 1.70~1.83 (m, 1H); *C NMR (126 MHz,
CDCly) d: 200.3, 199.4, 143.5, 143.4, 143.0, 142.5, 134.8,
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134.7, 132.7, 132.1, 131.0, 130.9, 129.9, 129.5, 128.8,
128.7, 128.5, 128.3, 128.0, 127.7, 127.5, 124.8, 124.5,
114.9, 114.6, 92.5, 91.9, 88.4, 87.3, 37.4, 36.7, 33.0, 31.9,
20.6 (2); IR (film) v: 3405, 2918, 1674, 1616, 1519, 1260,
1181, 810, 756 cm™'. HRMS (ESI) calcd for C,4H,3sNO,Na
(M~+Na)": 380.1621, found 380.1621.

IR (2- % Fk-5- (O FF AR DR 5 J i ) DY S Wk g -2- 35 )
HIEA30): TCEMARTA, 41.1 mg, =F 55%. dr=1.1:
1. '"H NMR (850 MHz, CDCl;) 6: 8.03~8.09 (m, 1H),
7.86~7.94 (m, 1H), 7.42~7.54 (m, 2H), 7.28~7.32 (m,
2H), 7.16~7.28 (m, 3H), 7.08~7.12 (m, 1H), 7.01 (d, J=
8.1 Hz, 1H), 6.88 (d, J=8.0 Hz, 1H), 6.65~6.70 (m, 1H),
6.48~6.58 (m, 1H), 5.42~5.82 (m, 1H), 4.37 (s, 0.52H),
3.90 (s, 0.47H), 3.19~3.47 (m, 1H), 2.30~2.43 (m, 1H),
2.25 (d, J=59.1 Hz, 3H), 1.93~2.18 (m, 1H), 1.72~1.85
(m, 1H); *C NMR (214 MHz, CDCl3) §: 200.3, 199.4,
143.5, 143.4, 143.0, 142.5, 134.8, 134.7, 132.7, 132.2,
131.0, 130.9, 129.9, 129.5, 128.8, 128.7, 128.5, 128.3,
128.0, 127.8, 127.5, 124.8, 124.5, 114.9, 114.6, 92.5, 91.9,
88.3, 87.3, 37.4, 36.7, 33.0, 31.9, 20.7, 20.6; IR (film) v:
3405, 2918, 1674, 1616, 1519, 1260, 1181, 810, 756 cm ™"
HRMS (ESI) caled for C,H»NOsNa (M + Na) ' :
396.1570, found 396.1578.

IR (2- IR -5 (405 PR AR B Ok fri it ) DY Sk g -2- )
R 3p): PRI, 47.8 mg, 725K 64%. dr=1.1 !
1. '"H NMR (400 MHz, CDCl;) 6: 8.03~8.12 (m, 1H),
7.81~7.92 (m, 1H), 7.44~7.57 (m, 2H), 7.15~7.38 (m,
5H), 6.74~7.09 (m, 4H), 6.52~6.70 (m, 1H), 5.44~5.87
(m, 1H), 5.02 (d, J=8.8 Hz, 0.52H), 4.61 (d, J=8.3 Hz,
0.49H), 3.76 (d, J=105.4 Hz, 3H), 3.20~3.56 (m, 1H),
1.88~2.52 (m, 3H); "C NMR (151 MHz, CDCls) §:
200.5, 199.4, 147.1, 146.9, 142.9, 142.3, 135.8, 135.4,
134.7 (2), 132.7, 131.9, 131.1, 130.7, 128.8, 128.7, 128.1,
127.5 (2), 127.4, 124.9, 124.5, 121.5, 121.0, 118.5, 118.2,
112.7, 112.5, 109.9, 109.5, 92.6, 92.0, 87.0, 86.7, 55.6,
55.3,37.4, 36.8, 32.9, 32.0; IR (film) v: 3423, 2924, 1676,
1601, 1513, 1224, 1180, 1027, 701 c¢cm ‘. HRMS (ESI)
caled for C,sHy3NOsNa (M—|—Na)+: 396.1570, found
396.1566.

IR I (2- IR -5 ([ PP A 5 R s fri i ) DY Sk g -2- )
HR(3q): PRI, 55.3 mg, 723 74%. dr=1 " 1.
'H NMR (400 MHz, CDCly) d: 8.01~8.08 (m, 1H),
7.85~7.91 (m, 1H), 7.48~7.55 (m, 2H), 7.16~7.44 (m,
5H), 6.90~7.13 (m, 2H), 6.13~6.42 (m, 3H), 5.44~5.82
(m, 1H), 4.50 (d, J=8.9 Hz, 0.48H), 4.04 (d, /=8.3 Hz,
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0.49H), 3.69 (d, J=9.2 Hz, 3H), 3.18~3.48 (m, 1H),
2.22~2.45 (m, 1H), 1.89~2.19 (m, 1H), 1.71~1.85 (m,
1H); *C NMR (126 MHz, CDCl;) d: 200.4, 199.1, 160.9,
160.5, 147.3, 147.1, 1429, 142.3, 134.7, 134.7, 132.7,
132.1, 131.0, 130.8, 130.2, 129.7, 128.8, 128.7, 128.0,
127.7, 127.5, 124.8, 124.5, 107.5, 107.3, 105.0, 104.3,
100.6, 100.2, 92.7, 91.9, 87.6, 87.0, 55.2, 55.2, 37.3, 36.7,
32.9, 32.0; IR (film) v: 3397, 2933, 1676, 1600, 1494,
1211, 1162, 758, 702 cm~'. HRMS (ESI) caled for
C4H,3NOsNa (M+Na)*: 396.1570, found 396.1571.

IR (2- 8 F -5 - (O SR Bk g T ) DY S W g -2 - 358 ) P
(3r): LEHIRBIA, 47.6 mg, *F 63%. dr=1:1.'H
NMR (400 MHz, CDCl3) 0: 7.98~8.04 (m, 1H), 7.80~
7.84 (m, 1H), 7.46~7.51 (m, 2H), 7.20~7.33 (m, 5H),
7.10~7.14 (m, 1H), 7.03~7.07 (m, 1H), 6.93~6.97 (m,
1H), 6.61~6.68 (m, 1H), 6.45~6.50 (m, 1H), 5.38~5.73
(m, 1H), 4.46 (d, J=9.1 Hz, 0.49H), 4.01 (d, J=8.2 Hz,
0.50H), 3.22~3.47 (m, 1H), 2.24~2.48 (m, 1H), 1.93~
2.13 (m, 1H), 1.74~1.82 (m, 1H); "C NMR (214 MHz,
CDCly) 6: 200.5, 199.2, 144.4, 1442, 142.7, 142.0, 134.6
(2), 132.8, 132.2, 131.0, 130.7, 129.3, 128.9, 128.8, 128.7,
128.1, 127.7 (2), 127.6, 124.7, 124.4, 124.0, 123.7, 115.6
(2), 92.6, 92.0, 87.4, 86.8, 37.2, 36.6, 32.9, 31.9; IR (film)
v: 3398, 2927, 1676, 1560, 1493, 1259, 1180, 818, 701
cm . HRMS (ESI) caled for CyHpyCINO,Na (M+Na)+:
400.1075, found 400.1072.

IR (2- 28 F -5 - ORHIR R J5k g T ) DY S W g -2 - 355 ) P
(3s): PR, 29.6 mg, F2H 35%. dr=1.1" 1.
'H NMR (400 MHz, CDCl;) d: 7.98~8.06 (m, 1H), 7.82
(dd, J=8.4, 1.4 Hz, 1H), 7.43~7.53 (m, 2H), 7.20~7.35
(m, 6H), 7.04~7.12 (m, 2H), 6.58~6.64 (m, 1H), 6.42~
6.46 (m, 1H), 5.38~5.76 (m, 1H), 4.49 (d, J=9.0 Hz,
0.47H), 4.03 (d, J=8.2 Hz, 0.53H), 3.23~3.48 (m, 1H),
2.24~2.49 (m, 1H), 1.94~2.14 (m, 1H), 1.76~1.84 (m,
1H); *C NMR (214 MHz, CDCl;) 8: 200.5, 199.1, 144.9,
1447, 142.7, 142.0, 134.6 (2), 132.8, 132.2 (2), 131.6,
131.0, 130.7, 128.9, 128.8, 128.1, 127.8, 127.7, 127.6,
124.7,124.4, 116.1 (2), 111.2, 110.9, 92.7, 92.0, 87.3, 86.7,
37.2,36.6, 32.9, 31.9; IR (film) v: 3406, 2925, 1674, 1595,
1489, 1292, 1179, 815, 701 cm'. HRMS (ESI) calcd for
C,3H,BrNO,Na (M+Na)": 444.0570, found 444.0569.

3 Bh#1 #} (Supporting Information) 1L&4%) 3 K 'H
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