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Sodium lodide-Triphenylphosphine-Mediated Photoredox
Alkylation of Aldimines

Shao, Ziyan Zhou, Qingli Wang, Jiancheng Tang, Rui Shen, Yuehai™
(Center for Pharmaceutical Sciences and Engineering, Faculty of Life Science and Technology, Kunming University of
Science and Technology, Kunming 650500)

Abstract The photoredox reactions involving electron donor-acceptor (EDA) complexes have attracted significant attentions
in the last decade. Very recently, the sodium iodide-triphenylphosphine-N-acyloxyphthalimide EDA complex has been
discovered and employed in developing several net redox-neutral photoreactions. Herein, the EDA complex has been applied
in a net reductive setup for the first time to establish a photoredox alkylation of aldimines without photosensitizer. The reaction
affords not only high yields for secondary, tertiary and a-heterosubstituted alkyl radicals, but also high yields for primary alkyl
radicals, and moderate to high yields for electron-rich or secondary benzylic radicals, two difficult groups of radicals in
previous studies. This work provides an efficient and reliable approach for the synthesis of unnatural amino acids and amines.

Keywords photoredox; aldimine; electron donor-acceptor complex

AL 51 R O S AR 5 OB 2 1 A SR PR e
(A 736 BT B3 G 00 T e e 1R 55 A 26 T B R
ZMILM R RR, AT WOCHEGIRF, RE SRR
A E E B, & FVEEE T B A A AL GRS
FI I 4 R 4 S BRI BN AR R IR SLAE, EA
KT HLT4h %2 4K (electron donor-acceptor, EDA)4% 54
(AL S5 S SRR T #4 i8], EDA 48 G E
HL AR B BN E T R, 5 B AR B FE AR T
W, (A5G 5 B A& v WEIRUSEPE, AT 7E4r € K )
HRRS N R, R R BGRB8 H
B
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2019 4F, {5 A/ NACHRIE T B Nal, — %%
B (TPP) A1 N- ¥2 J& 40 2% — W Bk W Ji¢ (N-hydroxy-
phthalimide, NHPI)ZERESTE K1) =204 EDA Z5&W4
SHOCEAIE ST B, ST I I ot i A0 R e
M Minisci R SE5A IR I H % (net redox-neutral)
HI& Z(Scheme 1a). BJ5, iX— EDA &40 RN AK
RPN RYE, CHHT 1L,6-MmER i in s pno, 2-
FEEGERIR ) B IR I o FE A DR A R 1
BRIt FE AL 1213145 7 B (Scheme  1b). #eilr, JSBLA fifl b
EDA &G #kiE, FeEMEy/ NMIERE T KI-
=IO EEBE-NHPI BR4& S0 S 1 1,7-Ra B s i ik e
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F” R A R ATV G A /N SR GE T Nal-& 2430 52 -1k
TESHER R EMIN SR oA R R AT Nal-N,N- - F 32
@ﬁﬂ;z e 85 R 28 SV T a-J FEAK SN

(a) Discovery of Nal-TPP-NHPI ester EDA complex
(Fu and Shang, 2019)
OTMS

0
@\ AF/§

L, PPN2| Ref [g] Ar)J\/R
o-Nas-i blue LEDs| *

\ O \@
C : < I -CO S~
N\O/kR Npéth— - N/ ]l\/\l
- > pZ
(6] N

(b) Recent apphcatlons (net redox-neutral)

COzMe *Q%Me
NC

Ref. [12] A

R

Ref. [10]

Ar Ar
Ref. [12, 13
AN oM rerzrd AR

(c) This work (net reductive)

blue LEDs
Y\) RCO,NPhth D J\/I
)I Nal, TPP
HE, Na,CO.
EtO,C 2~>3 EtO,C
2 DCM 2 HE(E COzEt)

B3 1 Nal-TPP-NHPI i (1))t S Ak 18 S v
Scheme 1 Photoredox reactions of Nal-TPP-NHPI ester EDA
complex

WV frz P340 JiR 2R ) pR R e R AE i R A D IR B T
Er A MR A NS, 2T R R N =
B B BE S S R I E BN, TSR R 5 2 R A
R LR B 07, F2 LB AR 1] 45 o AR iz
1) A/ A F) & R T 3% 2 (single  electron  transfer,
SET)!'81al & 5 T~ #% (hydrogen atom transfer, HAT)!%1/=
A E H AL, DL g 48 5 18 A LT # (proton-
coupled electron transfer, PCET); =4 a-% 3t H H 320,
A EDA 4 SRS HRIE. 2019 4F, AT =/
RS T ER a-BHER ) EDA 2564, Yl N KA
o- K5 H HHFEFI R IE B BRI X a- 20 EH. 64T
AT AT R 1 i 13 DR M 1 s A o 2 g
1 CAE, 85 T HE 4 EgB 51k Bk ser I
Ru(bpy)sCly AL AT WG A T R B AR Joe B A 22 78 I
fili_ b, i#3d Nal-TPP-NHPI /5 EDA 2% &)t AL 1L J5
HFESIR B I, HIKESL 1% EDA AL R
PESE R BiR ZR, DL =26 sBl 1 BT RE ek, IR ]
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FH 3 5 A A 22 A e 2 R R R ) R ) O
(Scheme 1¢).

1 ER5HIE

B& 11 TAERVRIAH GBS, Nal-TPP-NHPI [
EDA Z8-&WnIAE H tHZERIE, 25608 4 1k J5 M
7, RIEWR RN, JE E, 1% EDA $&9%n] I
B 5T A A B RS (SET) A NHPI BEREZS, P2 A4E R
FH 2 7] o dgf oL S I AR SR B R 3, A SR I
# (HAT)#3 2704 1 5™ 2 (Scheme 2).

X
RPh -
v L 2 - NPhth" N
Na™ @ "GO, . EWG
Q:?O' i SET
3 N0 R
N/x HAT HN/X
EWG™ R EWG™ R

B2 WA RNE
Scheme 2 Proposed reaction pathway

e IRIE SR, DL ORERR 416 T % (1a) Fl
NHPI fig 2a B4 & 1F BRI B, ﬁiTmﬁt/ﬂﬁF
(Entry 1, % 1), UL Hantzsch B&(HE)fE A Z AR 7]
FHHBEDCMYTE R NayCOs 1E AT, %’/mﬁ'éﬂﬁ
10 h 159 2#1 2 =1 96%75=3. Nal £l TPP [ FH = 537l
i€ N 1.5 equiv.fll 0.3 equiv. (Entries 1~5). HE [N &
PL 1.0 equiv. Nt (Entries 1, 6~7), SFE 1.5 equiv.lf
Ru(bpy);Cl LA RP2AR[E]. R NAE 2. Al THF
A 1,2- 5 LS R = 25 B IR % (Entries 8~11). JoHlL
@ﬁ N212CO3 ﬂﬁiﬁ?ﬂ%f‘z%ﬁﬁﬁﬂi 36 N212CO3 Hﬁﬂﬂi
1a i1k 5845 (Entries 1, 12), W NayCOs 5 ATH1L
I3 T AITGE7K NaaSO4 7= 26K [ (Entries 13, 14). 44T,
TEWLIE A I R & 5o OB, 4 NaxCOs 4l
[A] 5 ) KoCOs Al Cs,COs ¥ 35 4101l [ ¥ (Entries 15, 16).
FALLA A, Nal dngich KT s = % R B#(Entry 17). L
A48 B RN S SRR M AN 25 ROHIFL BRAh,
A 2 R N /> B B 5 O, T B SR 04 S . (Entry 18).

[ 3EAT T 2406 B8 5256 (Entries 19~24). ¢ Nal.
JC TPP FIJC Nal-TPP [¥yxd s (45 2R AL, 57521
20%~30%j"7 % (Entries 19~21), MK E T HE OG5
Y Bt fe v [18d.22-23] - 2 B Nal-TPP-NHPI fig EDA 2% &%)
NN S FED S, & HE (Entry 22)80E56
(Entry 23) % N N JGiERET, 1 H A TEMPO #g5¢
A N, 2B AR R A AT R B R R

N, HE 75 H A ARG, ax e g BUIESE 7 3RA T LI
WAE.
http://sioc-journal.cn/ 2677
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Table 1 Optimization of reaction conditions and control ex-
periments

standard condition

0 0
o] blue LEDs Q
E:) + Pr—CO,NPhth —nal PP, /E:)
)NI 2 HE, Na,CO, HN
DCM, Tt
EtO,C R0, Py
1a 2a 3aa

Entry  Variations from the “standard condition”™®  Yield?/%

1 None 96
2 Nal (0.5 equiv.) 80
3 Nal (1.0 equiv.) 84
4 TPP (0.2 equiv.) 86
5 TPP (0.5 equiv.) 95
6 HE (0.5 equiv.) 80
7 HE (1.5 equiv.) 96
8 In acetonitrile 23
9 In acetone 35
10 In THF 65
11 In 1,2-dichloroethane 10
12 No NaxCOs 85
13 4 A MS instead of Na,COs 71
14 NazS0y4 instead of Na2CO3 88
15 K2COs instead of Na2CO3 54
16 Cs2CO0;3 instead of Na2CO3 40
17 KI instead of Nal 73
18 Add 12 (0.05 equiv.) <10
19 No TPP 27
20 No Nal 20
21 No TPP and Nal 25
22 No HE n.r.c
23 No light n.r.c
24 Add TEMPO (5.0 equiv.) n.r.c

¢ The “standard condition”: 1a (0.16 mmol), 2a (1.5 equiv.), HE (1.0 equiv.),
Nal (1.5 equiv.), TPP (0.3 equiv.), Na,COs (2.0 equiv.) in DCM (0.5 mL),
irradiation by blue LEDs (36 W) at room temperature for 10 h under an argon
atmosphere. * Isolated yields. ¢ n.r.: no reaction.

IR S AERE G T 4525 NHPI fis, 58 %Ak
Bl JE A SN (Scheme 3). k22 i B3R 2 ) NHPI
B AR A 19 BRI R SE 3. X T SOSEME Bedr F e 1 el 3
(3aa~3ac) ML H Hi3E(3ad~3af), 7357 K1 88%
PLE, #AEP 55 NHPI BRI 7228 93% (3af). o-F: )5+
HRHRIR NHPI Bt rI15 28T 45 0. o- B AU A
FL 38 S B PEAR S (3ag ~3ak), PR —fE T 90%, 1Y
3ag MK (75%). H o, 3ak (77 % (93%) 9] & & T
Ru(bpy)sCl AL 67%7 7322, o- S8 B HH 2R 177 2%
% 3al, 78%). R4S Ru(bpy)sCly A4 R 12215
A3

BAMAZ, FRE MRS A E AR A
it (3am~3ar). 7E 1.5 equiv. NHPI g & F, B
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Btk I REIRTS 80%LL L1772 (3ag~3ap), 1M H.
A X BR BRI AS K. =B A7 B K P 3 T 2
HHE = R 5K (3aq, 56%), 1HHIEE HIEAEE S 74%
L =i 7= 2 (3ar).

EATEHEMZ, RMERIEHREER A BT
Ru(bpy)sCly 1 & o= ARAK, (HEARK RS, BREHEA
HHE= 240 27% (3as)db, & BT EfP 528 | AT 15
P H 45 R (3at~3ay). Hrh, 1-FERZE A BENR
NEF=2 0 81%, izt fE T Ru(bpy)sCl EALAR R 22%. A
[{] T H B R NHPI BRI B, “FHEREE NHPI BRI
PR A e A, o, AR S PR 48 2515 Wk 3£ 3 NHPI
Big ] S P SE A e AL, PR R (3ay, 91%), MRV 25l
Z5 442 NHPI B 1) 7= 225K (3aw, 58%,; 3ax, 52%).

X— R R WEH T H RN, Bl 4-—
S ALK H B 1b Rl O-"F &5k 1e 5 2a [N I3 AT
R3] 60%~T0%HIBLF =2, H O-FEHE 5K 1d 7= 24
{&(Scheme 4).

U7 E AT T RAR I g is 1, BREE SR
FIEM Fr Bt (Scheme 5a). #§2: JHEZ NHPI fig 5id &1
f& 1a FRBATAFE] 84%MI =R, FHEURER R LA R
NHPT 8 (1 [ NP7 ) 0 B — AR R R 221 fH 72 R AR
SN R AR T RE— 2B OK, (H R EAE LS M KR
N [A] (Scheme  5b). £ 8 58 B2 A AZ (556 LED, 18
W X)), 43RBT TR NHPIL FR
R 10 h RIEA 91% ) =172 2245 2 7= 3aa. XF T H 2 Fr
By T RIBCR Y 3af T 3ay, N A] & K 2 39
F1 48 h Be 3 BT ()7 2.

5 Ru(bpy)sCl, AR RPILLE:, A5k A FE 75 2
TR, R HE Mt FEAHAL, (AT NHPI
Fig s PV BB 238 22 5, $RORTE E H 2R 1= A A sl &5
JIHA M2 AL, fEMES & EDA &M S5 BEIE 2
[ A ELAE R, AHOGYET A FRidE— B4R
2 #ig

# Nal-TPP-NHP fig EDA 454 T30 JF M e
N, ST TR GEON EAIE SRR % 1 ER 0
SN ZRNAR R mRL AU B o- R T
B2 B i 2 e DA 7 A5 20 s 4, i BLIE
NEVEAAE A b B B2 DU T AR R 2
MRS B = 5, AR RN R A&
FRARAE TR T

3 SEEY

31 UBEE5EHF
'"H NMR #1 3C NMR i Fifid Bruker Avance III
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_X standard o
N iti HN 0
I+ R-CONPhin —condition )\ \1‘:)
EtO,C EtO,C N
1a 2 3
— Secondary X — a—AminoIaIkoxy
X X - -
r i
EtO,C” pr EtO,c” Yoy  EtO:L EtOZC/K'/ Et0,C T moc Bn
3aa, 96% 3ab, 95%  3ac, 99%, dr 1:1 NHBoc NHBoc NHBoc
3ag, 75%, dr 2:1 3ah, 97% 3ai, 91%
—— Tertiary
X -
_X HN HN X
H)N\ )\3
EtO,C EtO,C EtO,C
Et0,C” “Bu EtOZC Ad Etozc% BocN NHBoc ¢
3ad, 98% 3ae, 88%  3af, 93%, from gemfibrozil 3aj, 90%, dr 1.5:1 3ak, 93% (67%)? 3al, 78%, dr 2:1
— Primary
- X X X X
NS HN HN li HN HNS
B /kVTPh B
Etozc/J\ME\ Etozc/J\Ms ! EtO,C 3 EtO,C” “Cy7Hss EtOZC/J\/ Y Eo,c
3am, 86% 3an, 84% 3ao, 94% 3ap, 95% 3aq, 56% 3ar, 74%
——— Benzylic
X< X ‘Bu
X< oM ~
X\NH NH e NH NH
Ph
EtO,C EtO,C
EtO,C EtO,C OMe 3av, 79%, dr 1:1
3as, 27% 3at, 76% 3au, 81%, dr 1.7:1 (22%)? from ibuprofen
EtO,C
*SNH *SNH OMe
EtO,C EtO,C
3aw, 58%, dr1 1 3ax, 52%, dr 1:1
from ketoprofen from naproxen 3ay, 91%, from indometacin

2 Yield obtained with Ru(bpy)sCl, (1.5 mol%) instead of Nal and TPP (Ref. [22]).

BN 3 NHPI Fg#5&E H
Scheme 3 Scope of NHPI ester

(0]
O o
Y- N
_OR _OR
N'N\) 2a HN’N\) )NI 2a HN
| =~ .
standard j EtO,C standard l
J@/ condition /©/Llpr 1 2(R gy " EtO;C 68"/Pr
F.C [ =DBn ca, )
3 1b F3C 3ba, 65% 1d (R =TBS) 3da, 31%
B4 WRZE AR

Scheme 4 Scope of imines

HD 600 #2145 53 A0 7E ("H NMR 4 600 MHz, 1*C
NMR A 150 MHz); PL CDCl; 75 R#% 7], T4 H Fad ke
(TMS){EN '"H NMR A5, CDCL{EA 3C NMR P Fx.
HRMS #EiEid B 2446 LC/MS-TOF Bt &, it
7T 221 75 (Energy Chemical). #RZ(Titan). R &
(J&K  Scientific) F1{H % Pl (Innochem), 1# H AT A& 4lifh.
DABRAE 7 21 % oK. AR Z AT e i A 300~400
B, DA (PE)A 4R LER(EAVE R, B
TEJE A NHPI Figd% 225 SRk [22] 0 &, Pk 2diE 5 S
R OB P — B H 53 0 = W) (3aa~ 3ae, 3ag ~3an,
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[22]

3aq, 3ar, 3ba, 3ca, 5a, Sb) AT CHA O iRkiE
3.2 REATREEEIFE AR SLI 750k

6N 3 Wt LED 47 (18 W, 450~460 nm), Nal
TEAF AT R T, BB FE 7R S B 4 IR
R R ARV ORI T e 5 A .

W AGLE Y 3aa~3av): TR SO OIS
WP fi% 1a (30 mg, 0.16 mmol). NHPI fi§ 2 (1.5 equiv.). Nal
(1.5 equiv.)~ TPP (0.3 equiv.)-HE (1.0 equiv.).Na,COs (2.0
equiv), @AY FIIAT/K DCM (0.5 mL), %I 5t

2679
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(a) Reaction of natural product NHPI esters

1a X o
(4.0 equiv.) HN™
R—CO,NPhth ———> X= }’O
standard /N\)
condition EtO,C R
4 5

AcO"

5b (Y =H), 57%
from oleanolic acid
5¢ (Y = OAc), 35%
from maslinic acid

from chenodeoxycholic acid

(b) Gram-scale reaction

2, time uN- Y 3aa:10h: 0.9 g, 91%

la @~———— 3af: 39 h; 1.4 g, 83%
089 standard 3ay: 48 h; 1.8 g, 84%
: condition EtO,C R 3ay: ; 1.8, 84%

(4.3 mmol)

B 5 RO WE A 58 5 S
Scheme 5 Natural product modification and gram-scale reac-
tion
NEREFE 16 h, TLC BRER ML S 5¢ 55 I s i 4,
TERAT M (PE/EA) 7 B, 43 2IHH LA 0 B 4.

Wik BULEY) 3ba~3da): SMAEHEERZ 1 (50
mg). NHPI [f§ 2a (1.5 equiv.). Nal (1.5 equiv.). TPP (0.3
equiv.)~ HE (1.0 equiv.)~ Na,COs (2.0 equiv.)f1 57K DCM
(0.5~1.0 mL). SEIHR/ER)SAFE . B4tk 5808 A
FHTF.

Y CHH A 5): SLAE IR AR 74 NHPI 1 4 (50
mg). EEIVfZ 1a (4.0 equiv.) Nal (1.5 equiv.). TPP (0.3
equiv.)- HE (1.0 equiv.)~ Na,COs (2.0 equiv.)F17E7K DCM
(5 mL/mmol 1a). SEEGERAEAEALHE . 73 B aifh 505 A
GENG

6-(2,5- - FH L 2R AR AL )-3,3- — H 3 -2-((2- R AR EE
Whk-3-25) 2 55) LR SR (3af): SRAEE A, HEEITERR
I PE/EA (V : V=3 : 1); LR 59 mg, /=% 93%.
'H NMR (600 MHz, CDCl3) d: 6.93 (d, J/=7.0 Hz, 1H),
6.58 (d, J/=7.0 Hz, 1H), 6.55 (s, 1H), 4.20~4.12 (m, 4H),
3.86 (t, J=6.0 Hz, 2H), 3.52 (t, J=8.0 Hz, 2H), 3.31 (s,
1H), 2.23 (s, 3H), 2.10 (s, 3H), 1.80~1.72 (m, 2H), 1.56~
1.49 (m, 1H), 1.47~1.39 (m, 1H), 1.23 (t, J=7.0 Hz, 3H),
0.97 (s, 3H), 0.93 (s, 3H); '3C NMR (150 MHz, CDCl;) 6:
171.9, 157.6, 155.9, 135.5, 129.2, 122.4, 119.6, 110.9,
69.5, 67.1, 60.4, 59.9, 46.2, 35.2, 35.0, 22.9, 22.8, 22.6,
20.4, 14.8, 13.2; HRMS (ESI) caled for C,;H3,N>NaOs
[M-+Na]" 415.2203, found 415.2201.

2-((2- 5 ARG ME k-3 -3 ) 2 k) -5- R L TR R 2,18 (3a0):

2680 http://sioc-journal.cn/
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KHIE: A, HEEMTEEBLT PE/EA (V2 V=5 12); I
TR 46 mg, 77 94%. '"H NMR (600 MHz, CDCls) o:
7.23~7.18 (m, 2H), 7.13~7.08 (m, 3H), 4.20~4.08 (m,
4H), 3.70 (t, J=6.0 Hz, 1H), 3.61 (dd, J=15.0, 7.5 Hz,
1H), 3.45 (dd, J=16.0, 7.5 Hz, 1H), 2.58 (t, J=7.0 Hz,
2H), 1.75~1.59 (m, 4H), 121 (t, J=7.0 Hz, 3H); 13C
NMR (150 MHz, CDCl3) d: 171.8, 157.9, 140.6, 127.5,
127.3, 124.9, 61.2, 60.6, 60.1, 46.8, 34.4, 29.1, 26.0, 13.2;
HRMS (ESI) caled for C;sH»N2NaO; [M + Na] *
329.1472, found 329.1473.

2-((2-F AR BEME -3 -3 ) S 56 ) - JLIR 4. BB (3ap): K
FIEE A, HENTEBLA PE/EA (V2 V=5 1); Al
& 67 mg, 7FE 97%. m.p. 63~64 ‘C; 'H NMR (600
MHz, CDCl;) d: 4.26~4.09 (m, 4H), 3.70~3.65 (m, 2H),
3.57 (dd, J=16.0, 8.0 Hz, 1H), 1.68~1.55 (m, 2H),
1.39~1.26 (m, 2H), 1.26~1.14 (m, 28H), 1.23 (t, J=7.0
Hz, 3H), 0.81 (t, J=7.0 Hz, 3H); 3C NMR (150 MHz,
CDCly) 6: 172.0, 157.9, 61.6, 60.6, 60.0, 46.8, 30.9, 29.9,
28.7, 28.6, 28.6, 28.5, 28.4, 28.4, 28.3, 24.4, 21.7, 13.2,
13.1; HRMS (ESI) calcd for Cp4H4N2NaO; [M+Na]®
449.3350, found 449.3350.

(-5 AR MR -3- 55 ) PR TN 24 R LR (3as): K IBIE
A, FEENTPEBF PE/EA (V: V=3 1), A& 12
mg, F5% 27%. mp. 71~72 ‘C; 'H NMR (600 MHz,
CDCls) 6: 7.27~7.14 (m, 5H), 4.40 (bs, 1H), 4.16~4.02
(m, 5H), 3.64~3.55 (m, 1H), 3.39 (q, J=8.5 Hz, 1H),
3.05 (dd, J=14.5, 6.0 Hz, 1H), 2.85 (dd, J=14.0, 9.0 Hz,
1H), 1.14 (t, J=7.0 Hz, 3H); B3C NMR (150 MHz,
CDCls) d: 171.2, 157.8, 135.2, 128.1, 127.6, 126.0, 62.2,
60.6, 60.2, 46.7, 36.5, 13.0; HRMS (ESI) caled for
C1sH1sNoNaO, [M+Na]* 301.1159, found 301.1157.

3-(3,4- AR B ORI )- 2-((2- S AR MR bR -3- 0 ) B )
W ZE(3at): KHIEIE A, HENTHNA PE/EA (V!
V=2 :1); TLEMIRY 42 mg, 773 76%. "H NMR (600
MHz, CDCl;) d: 6.87~6.77 (m, 3H), 4.28~4.13 (m, 5H),
3.89 (s, 3H), 3.86 (s, 3H), 3.76~3.70 (m, 1H), 3.52 (q, J=
8.5 Hz, 1H), 3.10 (dd, J=14.0, 6 Hz, 1H), 2.85 (dd, J=
14.0, 9.0 Hz, 1H), 1.25 (t, J=7.0 Hz, 3H); '3C NMR (150
MHz, CDCl3) d: 172.4, 158.8, 149.0, 148.0, 128.3, 121.2,
111.9, 111.1, 62.9, 61.7, 61.2, 55.9, 55.8, 47.7, 36.9, 14.1;
HRMS (ESI) caled for C;sH»N2NaOs [M + Na] *
361.1370, found 361.1372.

2-((2- B AR T e bk -3- L ) KR )-3- SR L T R 4 TR
(3au): KHEE A, FENVERF PE/EA (VI V=3:
1); AtEfA 38 mg, dr 1.7 1, % 81%. m.p. 90~

Chin. J. Org. Chem. 2021, 41, 2676~2683
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92 C; '"H NMR (600 MHz, CDCls) 6: 7.31~7.13 (m,
5H), (4.22~4.07) (m, 3H), (4.06~4.01, 3.99~3.94) (m,
1H), (3.93, 3.78) (d, J=8.5 Hz, 1H), 3.49~3.42 (m, 1H),
(3.35, 3.20) (q, J=8.5 Hz, 1H), (3.13~3.07, 3.01~2.94)
(m, 1H), (1.33, 1.25) (d, J=7.0 Hz, 3H), (1.23, 1.02) (t,
J=17.0 Hz, 3H); 3C NMR (150 MHz, CDCl3) ¢: (171.5,
171.2), 157.5, (140.9, 140.8), (127.8, 127.4), (126.8,
125.9), (126.6, 126.3), (67.6 67.0), (60.6, 60.5), (60.2,
60.0), (46.4, 46.3), (40.7, 40.1), (18.2, 15.2), (13.2, 12.9);
HRMS (ESI) caled for C;sHyN;NaO; [M + Na] *
315.1315, found 315.1316.

3-(4- T B IR EL)-2-((2- A AR M bk -3- JE ) 2 AL ) T
IR 2.5 (3av): SKAHEE A, HZHTelis PE/EA (V:
V=3 :1); LEMRY 45 mg, dr 1.1, F*F 79%. 'H
NMR (600 MHz, CDCl;) d: 7.14~7.07 (m, 2H), 7.06~
6.98 (m, 2H), 4.57 (bs, 1H), 4.21~4.15 (m, 1H), 4.14~
4.00 (m, 2H), 3.99~3.92 (m, 1H), (3.90, 3.76) (d, J=8.5
Hz, 1H), 3.49~3.41 (m, 1H), (3.36, 3.19) (q, J=9.5 Hz,
1H), (3.10~3.04, 2.98~2.91) (m, 1H), 2.36 (d, J=7.0
Hz, 2H), 1.81~1.71 (m, 1H), (1.31, 1.21 ) (d, J=7.0 Hz,
3H), (1.23, 1.02) (td, J=7.0, 0.5 Hz, 3H), 0.81 (t, J=7.0
Hz, 6H); *C NMR (150 MHz, CDCl3) d: (171.6, 171.4),
(157.6, 157.5), (139.6, 139.3), (138.1, 137.9), (128.5,
128.0), (126.5, 126.3), (67.7, 67.1), (60.6, 60.5), (60.1,
59.9), (46.3, 46.2), (44.0, 43.9), (40.3, 39.8), (29.2, 29.1),
(21.4, 21.3), (18.2, 15.2), (13.2, 12.9); HRMS (ESI) calcd
for C1oH2sNaNaO, [M+Na]™ 371.1941, found 371.1941.

3-(3- 7% PPk 35k 2 35 )-2-((2- S A QM M b -3 3 ) B 3L )
TR 3aw): RAEIEA, HENTERT PE/EA (V!
V=3 :1); BEEMRY 37 mg, dr 1.1, F*F 58%. 'H
NMR (600 MHz, CDCL3) d: 7.77~7.69 (m, 2H), 7.64 (d,
J=11.0 Hz, 1H), (7.61, 7.58) (d, J=8.0 Hz, 1H), 7.55~
7.50 (m, 1H), 7.49~7.33 (m, 4H), 4.20~4.04 (m, 3H),
3.98 (q, J=7.0 Hz, 1H), (3.88, 3.77) (d, J=7.5 Hz, 1H),
3.53~3.43 (m, 1H), (3.38, 3.29) (q, J=8.0 Hz, 1H), (3.17,
3.09) (q, J=7.0 Hz, 1H), (1.35, 1.26) (d, J=7.0 Hz, 3H),
(1.21, 1.04) (td, J=7.0, 1.0 Hz, 3H); 3C NMR (150 MHz,
CDCl3) J: (195.59, 195.57), (171.22, 170.97), (157.65,
157.64), (141.41, 141.22), (136.92, 136.65), (136.39,
136.34), (131.55, 131.54), (131.01, 130.74), (129.10,
129.05), (128.33, 128.24), (128.04, 127.82), (127.70,
127.32), (127.35, 127.33), (67.39, 67.01), (60.55, 60.52),
(60.31, 60.14), 46.37, (40.55, 40.14), (17.85, 15.41),
(13.18, 12.95); HRMS (ESI) caled for CH»iN;NaOs
[M-+Na]" 419.1577, found 419.1579.
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3-(6- FP 48 i 25 -0 )-2-((2- S A M M b - 3- 3 ) B 3 )
TR CT(3ax): KA A, HENTHRL PE/EA (V !
y=3:1); BEOMRY 31 mg, dr 1.1, F“F 52%. 'H
NMR (600 MHz, CDCl3) d: 7.68~7.60 (m, 2H), (7.59,
7.54) (s, 1H), 7.32 (ddd, J=8.5, 7.0, 2.0 Hz, 1H), 7.08~
7.01 (m, 2H), 4.23~4.16 (m, 1H), 4.10~3.99 (m, 2H),
3.98~3.87 (m, 2H), 3.83 (s, 3H), 3.46~3.39 (m, 1H),
(3.35~3.28,3.27~3.21, 3.16~3.08) (m, 2H), (1.39, 1.29)
(d, J=7.0 Hz, 3H), (1.24, 0.96) (t, J=7.0 Hz, 3H); 3C
NMR (150 MHz, CDCls) 6: (171.6, 171.3), (157.6, 157.5),
(156.6, 156.5), (136.0, 135.7), (132.8, 132.5), (128.2,
128.1), (127.8, 127.7), (126.5, 125.8), (125.6, 125.5),
(125.0, 124.7), (118.0, 117.9), (104.6, 104.5), (67.4, 66.8),
(60.5, 60.4), (60.2, 60.0), (54.3, 54.2), (46.3, 46.2), (40.7,
40.0), (18.2, 15.1), (13.2, 12.9); HRMS (ESI) caled for
Ca0H24NoNaOs [M+Na]* 395.1577, found 395.1578.

3-(1-(4- 5K H I ik )-5- P S B -2- F B - 1 1T Wk -3
H)-2-((2- S AR -3- 1) ) N R . B Bay): R T
A, FEENTHRBR PE/EA (V1 V=31 1); BEMRY
73 mg, F7# 91%. '"H NMR (600 MHz, CDCl;) d: 7.59 (d,
J=8.5 Hz, 2H), 7.40 (d, J=9.0 Hz, 2H), 6.91 (d, J=2.5
Hz, 1H), 6.9 (d, J=9.0 Hz, 1H), 6.62 (dd, J=9.0, 3.0 Hz,
1H), 4.46 (bs, 1H), 4.18~4.12 (m, 2H), 4.09 (g, J=7.0
Hz, 2H), 4.01 (t, J=7.0 Hz, 1H), 3.78 (s, 3H), 3.68~3.63
(m, 1H), 3.47 (q, J=8.5 Hz, 1H), 3.07 (dd, J=14.5, 6.5
Hz, 1H), 2.93 (dd, J=15.0, 8.0 Hz, 1H), 2.27 (s, 3H), 1.13
(t, J=7.0 Hz, 3H); 3C NMR (150 MHz, CDCl;) 6: 171.5,
167.3, 157.8, 155.0, 138.3, 134.6, 132.8, 130.2, 129.9,
129.6, 128.1, 114.0, 113.0, 110.7, 100.0, 61.5, 60.6, 60.4,
547, 46.7, 25.3, 13.0, 12.6; HRMS (ESI) caled for
CasH26N3NaOgCl [M+Na] " 522.1402, found 522.1404.

(GRUT 2 — W S ek 38 S 25 B = 1R 418K (3da): R A
LB, HEENTEEBLA PE/EA (V 2 V=50 : 1); LEMR
) 18 mg, P*3F 31%. 'H NMR (600 MHz, CDCl3) o:
420~4.13 (m, 2H), 3.11 (d, J=8.0 Hz, 1H), 1.73~1.64
(m, 1H), 1.22 (g, J=7.0 Hz, 3H), 0.93 (d, J=6.5 Hz, 3H),
0.86 (d, J=6.5 Hz, 3H), 0.81 (s, 9H), 0.02 (s, 3H), 0.00 (s,
3H); 3C NMR (150 MHz, CDCly) 6: 174.8, 72.0, 60.5,
293, 26.2, 19.7, 19.5, 18.0, 14.4, —5.4, —5.5; HRMS
(ESI) caled for C3H,oNNaOsSi [M+Na]®™ 298.1809,
found 298.1808.

&9 Se: RAEE C, #JENTHERLF] PE/EA (V-
y=3:1); AL 17 mg, ™% 35%. mp. 135~
137 “C; 'H NMR (600 MHz, CDCl3) §: 5.19 (t, J=3.0 Hz,
1H), 5.03 (ddd, J=10.5, 10.5, 4.0 Hz, 1H), 4.69 (d, J=
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10.5 Hz, 1H), 4.25~4.09 (m, 4H), 3.56~3.45 (m, 2H),
3.44 (s, 1H), 2.70 (dd, J=14.0, 4.0 Hz, 1H), 2.02~1.99
(m, 2H), 2.00 (s, 3H), 1.95 (dd, J/=12.0, 4.0 Hz, 1H), 1.92
(s, 3H), 1.89~1.78 (m, 2H), 1.67 (t, J=13.5 Hz, 1H),
1.63~1.56 (m, 2H), 1.54~1.44 (m, 2H), 1.42~1.29 (m,
2H), 1.27~1.17 (m, 1H), 1.22 (t, J=13.0 Hz, 3H), 1.11 (s,
3H), 1.11~1.08 (m, 1H), 1.07~1.01 (m, 3H), 1.01 (s,
3H), 0.98 (d, J=12.5 Hz, 1H), 0.94~0.91 (m, 1H), 0.92
(s, 3H), 0.90~0.87 (m, 1H), 0.86 (s, 3H), 0.85 (s, 3H),
0.83 (s, 3H), 0.81 (s, 3H); *C NMR (150 MHz, CDCl;) §:
171.9, 169.9, 169.6, 157.4, 143.4, 121.6, 79.5, 69.0, 65.5,
60.4, 59.8, 53.7, 46.4, 46.3, 45.3, 42.9, 40.3, 40.2, 38.8,
38.3, 38.2, 36.9, 32.9, 32.0, 30.9, 29.8, 27.4, 25.4, 25.2,
24.1, 22.7, 22.6, 22.3, 20.2, 19.9, 17.1, 16.6, 15.6, 15.5,
13.2; HRMS (ESI) caled for CsoHs:N2NaOs [M—f—Na]+
721.4398, found 721.4394.

4 Bh#1 &l (Supporting Information) ¥t &%) 3af.
3ap. 3aq. 3ar. 3as. 3at. 3au. 3av. 3da. 5c f{J '"H NMR
FT3C NMR 15 &, X 2epA k) nr PG 9% AT 35t (hitp://
sioc-journal.cn/) . F %K.
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