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Regio—selective Dehydrogenation on the D or E Rings of Oleanolic Acid by
Pd-Promoted C—H Activation

Ma, Yuyong Li, Wei Yu, Biao*
(State Key Laboratory of Bioorganic and Natural Products Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)

Abstract Oleanane-type triterpenes and their glycosides are a structurally and biologically diverse class of metabolites that
are widely distributed in terrestrial plants and some marine organisms. Many of these compounds bear functional groups and
modifications on the D and/or E rings of the triterpenes. These triterpenes compounds are of growing interest for drug re-
search as they are active constituents of folk medicines and provide valuable pharmacological profiles. For their limited
availability and accessibility, chemical synthesis provides a realistic way to determine the availability of homogenous natural
products and their derivatives. Here, we report the selective dehydrogenation on the D or E rings of oleanoic acid by palla-
dium promoted C—H activation with §-aminoquinoline amide (substrate 12) and 2-aminomethylpyridine amide (substrate
16) as the directing groups. Thus, upon treatment with thionyl chloride, the 28-COOH of oleanoic acid was converted into
28-COCl, which coupled with the corresponding amines to provide the substrates readily for dehydrogenation. Notably,
treatment of 12 with optimized conditions (1.0 equiv. Pd(OAc),, 1.5 equiv. Oxone®, 1,2-dichloroethane, 80 °C, 24 h) led to
the dehydrogenated products 13 [double bond at C(15)—C(16)] and 14 [double bond at C(20)—C(21)] in 55% and 2% yields
respectively. Treatment of 16 with optimized conditions (1.0 equiv. Pd(OAc),, 2.0 equiv. Oxone®, 1,2-dichloroethane, mi-
crowave 85 ‘C, 50 min) provided 17 [double bond at C(20)—C(21)] and 18 [double bond at C(15)—C(16)] in 42% and 20%
yields respectively. Moreover, the distribution of the products varied in different solvents. It is worth mentioning that the
N,N-bidentate ligands (two nitrogen atoms as the coordination sites in 12 and 16) are crucial for the palladium promoted ole-
fination.

Keywords oleanoic acid; palladium; C—H activation; dehydrogenation; 8-aminoquinoline; 2-aminomethylpyridine; oxime

1 3|F

FrA R ) = bl S BB e Atz oA T
Bl AR A — S A, BAT 2R RS T X
IR =5 SA G W D AE B R AR AL B 1, X
UL I K k20 (1 I P OB A X I 2 A 5 ) 1A
R EE. BARIRALICK, 28 =k e B MY
FERHARBITAAGT T 2T, (HZ AATREA T 2%
REMEPLRIZ AN Hb, X EER BT EAEAR
Firp s BBUR, I HAFAERONAE — 1k, BreidE

* E-mail: byu@mail.sioc.ac.cn; Fax: (0086)-021-64166128
Received February 26, 2013; published March 15, 2013.

MER TS AR R L RIS T A0
P2 U BRATIR L SRR W A Rad A%, Rl
2 JEL AT LK R I 5 SR BR AT 45 4 i mT LA
IRAF R AT AER DU IR s SR BT A
REFIM IS A AL BRI C3 X A BRI e, i
XD R E PRSI LT SCERER T, S I = il
FRPBREE A U T DA A 3 = 2 L 5 .

Ak, W FNTVRIE T —RIVEAER sp’ 2
ity C—H WATEAMIE I T, A T 3w A s

Supporting information for this article is available free of charge via the Internet at Http://sioc-journal.cn.
Project supported by the National Basic Research Program of China (No. 2010CB529706).

Tt H A2 [ 5% s SR T R R T RI(No. 2010CB529706) %% 1.

Acta Chim. Sinica 2013, 71, 541—548

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 541



W F F R

MR

PERIPE B sk £ E, 3 AP C—H WA
R N ST OR RN 28 R BRFE A AL, Wk
FEMARE R LA PR, A BATHAT AT BENH] f
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DT i Ak 1) 55 SR B (O A/ A R 4 JsUkt, ik i 7 A 771,
LRI A LR, =T LL 95%IH 7= R 15 3553
RIR 3 AL PRI SERALI =) 2. 76 SEAVEH
28 RS, TA1ZR T 2 Floks i B 4%
I J g T 1A 7 3%, o R R A K AR R UL R =T
S AN HSR I H B B . Ik, RATTR
T MR 77, ey Weinreb L 4
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FiJT] DIBAL-H HEAT8 J5' 2L IR s 2 S 54k g 5 5.
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HO AcO
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Figure 1 Preparation of oxime 6 and attempted C—H activation
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Pd(OAc), #1 PhI(OAc), #4T C—H JFAL SNV, (HIs Pk
A& HBELL 41% 1) 77 23 73 B A9 BRI 2 L S L e — 26 DL
S EIFEY). Xl e T OB R N A
AR, RAKMAAR T B, SR HE— 0 A A %R
1% 2.

h TG AE C—H WA O o, FRATT 2
KT O-FREENF AR C—H iR NV(E 2).
R LRI A 6 HIA s LR BAR, A1
RIET HA 5ok & O-FHEENE 11, KR BUR IR
(1) 28-J2FE B e FIR LA T R B & T & 7. %7
HR) 3 RS RT3 AR IS (TBDMS) HEA T IR 4
15334k &4 8154 (TBSCI, imidazole, DMF, r.t., 97%). 4.
1k 55 B (LIAIH,) % 28 47 (1 18 558 B ok 1 | 9;
Dess-Martin £ ALA1EE 4 #(DMP, CH,Cl,, 0 C, 75%),
LA 10, LAY 10 1 O-F KL 52 % Eh IR £h 456 45 LA
JUT R =2 A e T T 220 O-FENG 11 RIS
ZHTAHE AR, FRATTH 11 JE4T T C—H JEb 22K,
BRI, VA RAER AR, A S ML R,
A28 C(12)y—C13) BRI =) B b5 ki
SEPRE R, RONVAASEA T C—H i), H
SERERI I P IR T 10%, I H AL E C—H 1%
&, B ARRATT LI 71X — S 1) B 4.
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Figure 2 Preparation of O-methyloxime 11 and attempted C—H activation
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R 90%), —Wvkiiles T 8-HuAEMEMk IR 12(K 3).
—IFURFRATR Corey HRIB ) S W 4EP, (H2 T 12
FERHFE e s s it e 22, 380 C—H TR SeR IR
R(<20%). T 2FRATH A M S i b s 1,2-
TR OIEWARIEEE R, LR T EWH BAEHM SR
B EBERAGIISRIE T, BATEL 55%7= %32 T C(15)
—CU6) ALY 13, D& C1)—CQR2) & W
TBIR =1 14 (2%)F1 C(14)—C(15)Wr 24171 15 (6%,
WHCIRAET, AELE M NERE SR 4. 15 I A RnT g &
T C D MMk R, C—H iGf a3 i a)
WRAET B BRImAZE B-ATH . UL BB W4
Hm L X B2k s AT BN P S A AR
JE TR e A EEAE A, ORI T S A EE

H 5 mol% Pd(OAc),

complex
Phl(OAc),, HOAc

"OMe go°c

(AT EK & AR, Fisk b, RN WG,
WH BT TH NMR L AL E LU 230 774, tnsiANE
AT KSR, 13 (e 2 0] i R .

(1) SOCly, reflux

(2) 8-aminoquinoline,
pyridine, CH,Cly, r.t.,
90%

OH

AcO -
> 12 Ny

B3 8-TeAkmEmhiti 12 165k
Figure 3 Preparation of 8-aminoquinoline amide 12

1.0 equiv. Pd(OAc),

N \ / AcO

E c’

13, 55%

B4 8-JMIEmEmhiBLiZ 12 () C—H L

Figure 4 C—H activation of 8-aminoquinoline amide 12
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FA13E 2k 53 Ab— -G 1) B 4] ——2- % Y kb g
Wk S i) (K100 55 ORI D AN E BRI C—HIS LI AT AR Ak
55 8-V IR A BB, eI PE RN, DA
PRE(T3%) Wik TR 16(1& 5).

(1) SOCly, reflux

(2) 2-aminomethylpyridine
CH,Cl,, pyridine, 40 °C
24 h, 73%

AcO

1.0 equiv. Pd(OAc),

Oxone, CICH,CH,CI

MW, 85 °C, 50 min.
AcO

17, 42%

D
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Figure 5 Preparation and C—H activation of 8-aminoquinoline amide
16
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Figure 6 Preparation of 8-hydroxylquinoline ester 19 and
2,2'-dipicolylamine amide 20
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E FRGEHEPE M SR, T X 25 AT i R AE T AH
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41 {UEFAF

LbJiE ' B Perkin-Elmer 241MC %4 [ 3 HE e A & ;
¥t 4% B MERCURY300 5% Bruker AV-400 7A% #5315
PACITE (LA TMS £ A AFR); AR5 #EBTi BH HP-5989A
YOI 52 5 w4 PR B APEXIIT 7.0 TESLA
FTMS (ESI)=# IonSpec 4.7 Tesla FTMS (MALDI)% 4%
PR 5E . ShAARLE RN 5 1 ] SMART APEX CCD . §fiT
S BRERE E TR H 5 300~400 H i EHET,
BT F A7 i Bk W6 R 60~90 C 184 )2 )2 M1 K H
GF254 &85 em X 20 cm); RHISAMDGECE BIRIY £
T N FA 2 £
42 {LEYHEN
42.1 3-O-TBLAEAFHRR(Q)

B EORRR(11.0 g 24.1 mmol)i T T4 it ig
(100 mL)H, VKKV HTF AR UM LR EF(9.11 mL,
96.4 mmol) Fll 4-N,N- — H JE fiie FL ik 0e (293.2 mg, 2.4
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mmol). VKT, ARKE 2 ER GRS RN 5 h
NN VKK ISP () 200 mL), #iE4F 30 min
Jii, CH,CL 2500, & 9FAHIAH, KA 1 mol/L hER AT
e bk pksk, oK T, SRk s, 4RE
B4 i1 114 g AR 2, 725 95%, [ald +78.3 (¢
1.1, CHCly); "H NMR (400 MHz, CDCl3) 0: 5.27 (t, J=3.0
Hz, 1H), 4.47~4.52 (m, 1H), 2.82 (dd, J=13.6, 3.6 Hz,
1H), 2.05 (s, 3H), 1.12 (s, 3H), 0.94 (s, 3H), 0.92 (s, 3H),
0.90 (s, 3H), 0.86 (s, 3H), 0.85 (s, 3H), 0.74 (s, 3H); "*C
NMR (100 MHz, CDCLy) d: 184.6, 171.0, 143.6, 122.5,
80.9, 55.2, 47.5, 46.5, 45.8, 41.4, 40.8, 39.2, 38.0, 37.6,
36.9, 33.2, 33.0, 32.44, 32.39, 30.6, 28.0, 27.6, 25.9, 23.53,
23.46, 23.3, 22.8, 21.3, 18.1, 17.1, 16.6, 15.3; HRMS
(MALDI) caled for C3,Hy04 [M—H]™ 497.3636, found
497.3643.

422 3-O-TBEA-28-(N-F 3-N-F 84&) 5k R BB
4

¥4 &4 2 (100 mg, 0.2 mmol)¥% - SOCI, (4.0 mL)
b INFAMEA 1 b, PR A R R 250 B SOCL, 143 21kx
g . K UE M T T CHCL H, A
MeNHOMe+HCI1 (39.0 mg, 0.4 mmol). %% FHi$E 30
min J5, [A) 4R ZE M Nt RE (0.08 mL, 1.0 mmol), <
NS FrlR R e A S, KOV 1 mol/L #h1R
Ve, A CHLCL 2 =K, S IFA A, kI
Al NaHCO; il FI A SRk PE g, oK RN T4,
RE DRI 5 AT JENT o B A4 [V ) ¢ (LR 4T8)
=20 : 1]f3 109 mg [Italilfk 4, 7% 80%, [alp +65.0
(¢ 0.3, CHCl;); "H NMR (400 MHz, CDCl;) 0: 5.27 (t, J=
3.2 Hz, 1H), 4.47~4.52 (m, 1H), 3.68 (s, 3H), 3.13 (s,
3H), 3.04 (dd, J=13.6, 3.2 Hz, 1H), 2.04 (s, 3H), 1.14 (s,
3H), 0.93 (s, 3H), 0.92 (s, 3H), 0.90 (s, 3H), 0.87 (s, 3H),
0.85 (s, 3H), 0.75 (s, 3H); *C NMR (100 MHz, CDCL;) ¢:
178.2, 170.9, 144.8, 121.7, 80.9, 60.2, 55.1, 47.74, 47.66,
46.3, 42.0, 41.8, 39.1, 38.0, 37.6, 36.9, 34.1, 33.9, 33.1,
32.6,30.4,29.1,28.01,27.99, 25.9, 23.7, 23.5, 23.4, 22.61,
22.60,21.9,21.2, 182, 16.9, 16.6, 15.3; HRMS (MALDI)
caled for CyHssNO,Na ' [M + Na] © 564.4023, found
564.4042.

423 FHREES)

Bk &9 4 (50.0 mg, 0.092 mmol)¥% 151 7% H 2K
(4.0 mLYH, TUK-NEEAE, 22183 DIBAL-H
(0.46 mL, 1.0 mol/L [¥] THF %), 30 min fiN5EHE. 76
L R ORRE 10 min 5, 221230 N 4R £ 1E(0.2 mL)
VER N, I Rochelle #5(1.0 mL)#1 CH,Cl, (2.5
mL), FARTKE 25 B RIZEREE 1 h 2 AN,
KA CHLCL 251U, &I HUH, JoKER IR T, i
PEIRGE 5 FE E Ty B LA VO ) ¢ V(LR LR =
8 : 1113 25 mg AWML 6, % 61%, [all +69.0 (¢
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1.2, CHCly); 'H NMR (400 MHz, CDCl;) 6 9.40 (s, 1H),
5.34 (t, J=3.8 Hz, 1H), 3.21 (dd, J=11.6, 3.2 Hz, 1H),
2.63 (dd, J=13.4, 4.2 Hz, 1H), 1.99 (dd, J=13.8, 4.2 Hz,
1H), 1.96 (dd, J=13.6, 4.4 Hz, 1H), 1.92~1.87 (m, 4H),
1.14 (s, 3H), 0.99 (s, 3H), 0.92 (s, 3H), 0.913 (s, 3H),
0.906 (s, 3H), 0.78 (s, 3H), 0.74 (s, 3H); *C NMR (100
MHz, CDCl3) d: 207.5, 143.0, 123.2, 78.9, 55.2,49.1, 47.5,
45.6, 41.7, 40.4, 39.5, 38.7, 38.5, 37.0, 33.1, 33.0, 32.7,
30.6, 28.1, 27.7, 27.2, 26.7, 25.5, 23.4, 22.1, 18.3, 17.0,
15.5, 15.3; HRMS (MALDI) calcd for C30Hys0,Na ™ M-+
Na]" 463.3547, found 463.3542.

424 28-%HK T P75 RI(6)

Bk 5 (24.0 mg, 0.054 mmol )i T T4 IE (5.0
mL)H, ZEiE NI NH,OH-HCI (5.1 mg, 0.074 mmol),
FHEZE 80 C NV 15 min JGA M B =M. LR LB
B, MUK 1 mol/L #h1R, MR NaHCO, 3 i R T Fl £ 46
IKBES, ToKBR RN T4, I uEukaE 5 AL 2 HT 4 3 alifh
(VA1 k) @ M GIROER) =8 © )3 22 mg FIafEfAk 6,
FEE 88%, [alp +72.3 (¢ 1.1, CHCl;); 'H NMR (400
MHz, CDCLy) d: 8.47 (brs, 1H), 7.23 (s, 1H), 5.22 (t, J=
3.2 Hz, 1H), 3.22 (dd, J=11.2, 4.4 Hz, 1H), 2.45 (dd, J=
13.2, 4.0 Hz, 1H), 2.13~2.06 (m, 1H), 1.91~1.85 (m,
2H), 1.12 (s, 3H), 0.99 (s, 3H), 0.92 (s, 3H), 0.90 (s, 6H),
0.84 (s, 3H), 0.78 (s, 3H); °*C NMR (100 MHz, CDCL) ¢:
159.2, 143.6, 122.7, 79.0, 55.1, 47.6, 45.9, 42.9, 41.6, 39.7,
39.6, 38.7, 38.4, 36.9, 33.9, 33.1, 32.8, 32.6, 30.7, 29.7,
28.1, 27.1, 26.7, 26.0, 24.7, 23.6, 23.4, 18.3, 17.1, 15.5,
15.4; HRMS (ESI) caled for C;HsoNO; [M+H]"
456.3836, found 456.3818.

425 3-0-(BT R F KA )-28-0-F & F380R BR B
®)

BALE 7 (10.7 g, 19.5 mmol)¥ T 145 DMF (50.0
mL)H, IR T 2 ISR (4.4 g, 29.2 mmol)
K440 g, 58.4 mmol). E¥ TN 12 h J5, 515k,
PR A T 4. K A3 (PR =) F A BRI A, IR
FK R AN Sk Ve, TOKBRBR AN T8, I8R5
5 125 ¢ AT 8, 5K 97%, [aly +47.9 (c 1.0,
CHCl;); '"H NMR (400 MHz, CDCLy) 6: 7.36~7.28 (m,
5H), 5.31 (t, J=3.2 Hz, 1H), 5.11 (d, J=12.0 Hz, 1H),
5.06 (d, J=12.4 Hz, 1H), 3.20 (dd, J=11.0, 4.6 Hz, 1H),
2.93 (dd, J=13.6, 3.6 Hz, 1H), 2.04~1.94 (m, 1H),
1.90~1.82 (m, 2H), 1.14 (s, 3H), 0.94 (s, 3H), 0.92 (s,
6H), 0.91 (s, 9H), 0.89 (s, 3H), 0.76 (s, 3H), 0.62 (s, 3H),
0.05 (s, 6H); *C NMR (100 MHz, CDCl3) 6: 177.4, 143.7,
136.4, 128.4, 128.0, 127.9, 122.6, 79.5, 65.9, 55.3, 47.6,
46.7, 45.9, 41.6, 41.4, 39.3, 38.4, 36.9, 33.9, 33.1, 32.8,
32.4, 30.7, 28.5, 27.6, 25.9, 23.7, 23.4, 23.0, 18.5, 18.1,
16.8,16.1,15.3, —3.8, —4.9.
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42.6 3-O-(RTHEZFEa ) FHRE2(9)

¥tk a 8 (1.2 g, 1.8 mmol)¥ 1§17 THF (15.0
mL)H, VKKIBAHTR, % LiAlH, (205 mg, 5.4 mmol)
SN, L ukokd, FHRZE 50 CF RV 6 h. ¥
IR UK KA e 21, AR IIAIK (0.21 mL), 15% aq.
NaOH (0.21 mL)F17K(0.63 mL)¥ K [N, ik +id g,
JEIIR A J5 AE JEMT 7 S A4k [VCH ) © (LR LT8)
=9 1143 1.0 g AW E 9, % 99%, [aly +58.5 (¢
0.8, CHCl;); 'H NMR (400 MHz, CDCl5) 8: 5.19 (t, J=3.4
Hz, 1H), 3.54 (d, J=11.2 Hz, 1H), 3.21 (d, J=11.2 Hz,
1H), 3.19 (dd, J=10.8, 4.8 Hz, 1H), 1.16 (s, 3H), 0.934 (s,
3H), 0.926 (s, 3H), 0.91 (s, 3H), 0.89 (s, 12H), 0.87 (s,
3H), 0.75 (s, 3H), 0.04 (s, 6H); “C NMR (100 MHz,
CDCly) 6: 1442, 122.4,79.5, 69.7, 55.2, 47.6, 46.4, 42.3,
41.7, 39.8, 39.3, 38.6, 36.9, 36.8, 34.1, 33.2, 32.6, 31.0,
30.9, 28.5, 27.6, 25.9, 25.5, 23.5, 22.0, 18.5, 18.1, 16.7,
16.1, 15.5, — 3.8, — 4.9; HRMS (ESI) calcd for
C36Hes0,Si Na® [M+Na]" 579.4568, found 579.4589.
427 3-O-(RT AT R FHORE(10)

Bik&Y 9 (1.1 g, 2.0 mmol)¥% T 7% CH,Cl,
(20.0 mL)H, VKAKHHAE NI Dess-Martin 5 (3.5
g, 8.2 mmol). 7ESLIRSE NIAY 3 h G, fkdtidiE, I8
AR I K R RN £ R K e, To/KBR RN T4, vk
WA G AL T o B AV ) - (T D) =6 -
1175 847 mg FAA[E L 8, 77K 77%, [alb +56.6 (¢ 0.8,
CHCL3); 'H NMR (400 MHz, CDCl;) §: 9.39 (s, 1H), 5.33
(t, J=3.2 Hz, 1H), 3.17 (dd, J=11.0, 4.6 Hz, 1H), 2.62
(dd, J=13.6, 4.0 Hz, 1H), 1.13 (s, 3H), 0.914 (s, 3H),
0.908 (s, 3H), 0.89 (s, 6H), 0.88 (s, 9H), 0.73 (s, 3H), 0.72
(s, 3H), 0.02 (s, 6H); *C NMR (100 MHz, CDCl;) ¢:
207.5,142.9, 123.3,79.4, 55.3, 49.1, 47.6, 45.6, 41.6, 40.4,
39.5, 39.3, 38.5, 36.9, 33.14, 33.07, 32.8, 30.6, 28.5, 27.7,
27.6, 26.7, 25.9, 25.5, 23.4, 22.1, 18.5, 18.1, 17.0, 16.1,
15.3, —3.8, —4.9; HRMS (ESI) calcd for C3Hg0,SiNa™
[M-+Na]" 577.4411, found 577.4387.

42.8 3-O-(RTHAZFHRAEK)28 F AMA LI 750K
k(1)

B A4 10 (60.0 mg, 0.11 mmol)i - T4 IE(5.0
mL)H, %l NI NH,OMe+HCI (12.2 mg, 0.15 mmol),
FHE 2 80 C RN 15 min JGAHI R =, LR LB
BE, MK T mol/L 81, LA NaHCO; % FI VAN £ 25
IKUEHR, Jo/KBRIRIN T4, I gk dd 5 A 28T 4 B 2k
(VA @ V(& H58)=6 © 1173 60 mg A4k 11,
FEF 94%, [alh +68.2 (¢ 1.0, CHCly); '"H NMR (400
MHz, CDCLy) d: 7.21 (s, 1H), 5.24 (t, J=3.2 Hz, 1H), 3.78
(s, 3H), 3.18 (dd, J=11.2, 4.2 Hz, 1H), 2.34 (dd, J=13.8,
3.8 Hz, 1H), 2.12~2.02 (m, 1H), 1.14 (s, 3H), 0.92 (s,
3H), 0.902 (s, 6H), 0.897 (s, 3H), 0.887 (s, 9H), 0.86 (s,
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3H), 0.75 (s, 3H), 0.03 (s, 6H); “C NMR (100 MHz,
CDCLy) 6: 158.5, 143.8, 122.8, 79.4, 61.1, 55.3, 47.6, 45.8,
43.9, 41.5, 39.9, 39.32, 39.28, 38.5, 36.9, 33.8, 33.2, 32.7,
30.7, 28.5, 27.6, 26.5, 26.1, 25.9, 24.4, 23.6, 23.5, 18.5,
18.1, 17.1, 16.1, 15.4, —3.7, —4.9; MS-ESI calcd for
C37HeNO,Si" [M+H]" 584.5, found 584.4.
429 3-O-TBEHAR-28-N-(8-"5ok ) F 3 R BRBEZ (12)

B 2 (5.0 g, 10.0 mmol) ¥ T SOCL, (10.0
mL) 1, IIFERR 1 h, BURSAA R EEER SOCL
PBNEFLCAE A, KU Y% T CHLCL, (100.0 mL)
WO 8- FErERK (1.44 g, 10.0 mmol). =i Rk
30 min &, [P EAG R INILAE(8.0 mL, 48.0 mmol),
RS B R E A S, R RN 1 mol/L %k
fRUesk, AKAHH CHLCL M=k, A IFAHUAH, KA
LA NaHCO, BN LRI B Eh/K PEds, Jo/KBiBR T4,
BE AR G REJE N B AL [VCa R © (LR L TE)
=20 1173 5.6 g FITAEK 12, 775 90%, [a]2 +1.4 (c
0.9, CHCLy); 'H NMR (400 MHz, CDCls) 6: 10.38 (brs,
1H), 8.86 (d, J=6.8 Hz, 1H), 8.79 (d, J=2.8 Hz, 1H), 8.13
(d, J=7.6 Hz, 1H), 7.53~7.41 (m, 3H), 5.68~5.76 (m,
1H), 4.47 (dd, J=10.8, 4.4 Hz, 1H), 2.99 (d, J=9.6 Hz,
1H), 2.19~2.12 (m, 1H), 2.03 (s, 3H), 1.21 (s, 3H), 0.98
(s, 3H), 0.96 (s, 3H), 0.85 (s, 3H), 0.76 (s, 3H), 0.73 (s,
3H), 0.47 (s, 3H); *C NMR (100 MHz, CDCl;) é: 177.0,
170.9, 147.7, 143.0, 138.9, 136.1, 134.9, 127.9, 127.4,
124.0, 121.3, 121.0, 116.2, 80.8, 55.1, 48.0, 47.4, 46.7,
42.1, 41.7, 39.3, 38.1, 37.5, 36.7, 34.2, 33.0, 32.9, 32.2,
30.7, 27.9, 27.4, 25.8, 24.0, 23.6, 23.4, 21.2, 18.0, 16.5,
16.2, 15.3; HRMS (MALDI) calcd for C4Hs;N,O; [M
+H]" 625.4364, found 625.4353.
4210 4bA4 1249 C—H EAL

Bk a 12 2.0 g 3.2 mmol)iE T 1,2- S Lk
(200 mL)"H, =& NI Pd(OAc), (360 mg, 1.6 mmol)
Al Oxone™(3.1 g, 5.0 mmol). JHik 2% 80 “C NV 12 h,
FHIMA 5 —43 PA(OAc), (360 mg, 1.6 mmol), 4k%:x W
12 h. AHIE=RE)G, g, sEH &
R S5 A ShokPess, TOKBRBRE T, I8k 5
FEJZ BT 3 B 2l (VO W) - MR LR =5 © 1143
1.29 g WL [E 1A 13 7= % 55%. S —IRE A ndt— Pk
JANT o A ) - (SR LR =100 @ 1115
0.048 g HELL (A [E 1A 14, 775 2%H010.15 g W5 20 (4 8 14 15,
R 6%, LA 13 B [ald —60.1 (¢ 0.7, CHCLy);
'H NMR (400 MHz, CDCl3) d: 9.21 (dd, J=5.0, 2.2 Hz,
1H), 8.99 (dd, J=8.0, 1.6 Hz, 1H), 8.39 (dd, J=8.0, 1.6
Hz, 1H), 7.57~7.53 (m, 1H), 7.52 (d, J=7.6 Hz, 1H),
7.44 (d, J=8.4 Hz, 1H), 6.99 (d, J=8.0 Hz, 1H), 6.52 (d,
J=8.0 Hz, 1H), 5.54~5.50 (m, 1H), 4.50 (dd, J=10.8,
5.2 Hz, 1H), 2.91 (dd, J=10.0, 3.6 Hz, 1H), 2.29~2.20
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(m, 2H), 2.05 (s, 3H), 1.61 (s, 3H), 1.55 (s, 3H), 1.09 (s,
3H), 0.97 (s, 3H), 0.88 (s, 3H), 0.84 (s, 3H), 0.80 (s, 3H);
3C NMR (100 MHz, CDCl5) d: 185.4, 170.8, 148.4, 146.8,
146.0, 139.7, 139.3, 130.0, 129.7, 125.0, 123.8, 123.0,
120.8, 120.4, 96.5, 80.5, 55.2, 51.2, 50.3, 47.7, 45.7, 43.8,
41.3, 38.2, 37.6, 36.8, 34.6, 34.1, 33.2, 31.9, 30.4, 29.3,
27.83,23.3,23.0, 22.8, 22.77, 22.6, 21.9, 21.2, 18.1, 16.4,
15.4, 14.0; HRMS (MALDI) calcd for C4/Hs3N,OsPd™ [M
—CI]" 723.3107, found 723.3128. 1b&4 14 %dE: 'H
NMR (400 MHz, CDCLy) 6: 9.41 (dd, J=5.2, 1.6 Hz, 1H),
8.86 (dd, J=7.8, 1.0 Hz, 1H), 8.32 (dd, /=84, 1.2 Hz,
1H), 7.52~7.47 (m, 2H), 7.36 (d, J=8.0 Hz, 1H), 6.65 (d,
J=8.4 Hz, 1H), 5.93 (d, J=8.8 Hz, 1H), 5.27~5.34 (m,
1H), 4.53~4.48 (m, 1H), 3.00 (td, J=13.6, 4.8 Hz, 1H),
2.63 (d, J=10.8 Hz, 1H), 2.14~2.10 (m, 1H), 2.06 (s,
3H), 1.79 (s, 3H), 1.28 (s, 3H), 1.13 (s, 3H), 1.09 (s, 3H),
0.98 (s, 3H), 0.89 (s, 3H), 0.88 (s, 3H); *C NMR (100
MHz, CDCl;) 6: 186.5, 171.0, 148.3, 147.9, 147.0, 141.7,
139.7, 130.2, 129.6, 123.5, 123.1, 121.1, 120.8, 119.8,
101.6, 80.8, 55.4, 48.0, 47.5, 44.9, 43.2, 41.5, 39.5, 38.2,
37.6, 36.9, 33.8, 33.2, 31.9, 30.8, 28.3, 28.0, 24.3, 23.5,
21.3, 182, 17.3, 16.7, 15.6; MS-ESI: calcd for
C43HsgN3;05Pd " [M—C1+CH;CN] " 768.3, found 768.2.
&9 15 %dE: 'H NMR (400 MHz, CDCl;) 6: 9.03
(dd, J=5.2, 1.2 Hz, 2H), 8.95 (d, J=8.0 Hz, 1H), 8.76 (d,
J=8.0 Hz, 1H), 8.52 (dd, J=8.0, 1.2 Hz, 1H), 8.38 (dd,
J=8.2, 1.4 Hz, 1H), 7.78 (dd, J=8.2, 5.0 Hz, 1H), 7.67
(dd, J=8.4, 5.2 Hz, 1H), 7.53 (t, J=8.0 Hz, 1H), 7.50 (t,
J=8.0 Hz, 1H), 7.36 (d, J=7.6 Hz, 1H), 7.30 (d, J=7.6
Hz, 1H), 6.54 (dd, J=10.0, 2.8 Hz, 1H), 6.33~6.27 (m,
3H), 5.83 (d, J=7.6 Hz, 2H), 5.77 (dd, J=9.8, 2.2 Hz,
1H), 5.51 (d, J=15.2 Hz, 1H), 5.39 (d, J=15.6 Hz, 1H),
5.00 (brs, 1H), 4.44 (brs, 1H), 4.04~4.10 (m, 1H), 3.79
(dd, J=11.8, 4.2 Hz, 1H), 3.33 (dd, J=13.4, 2.6 Hz, 1H),
3.10 (dd, J=13.0, 2.6 Hz, 1H), 2.48~2.30 (m, 3H), 2.08
(s, 3H), 2.07 (s, 3H), 1.50 (s, 3H), 1.13 (s, 3H), 1.08 (s,
3H), 1.02 (s, 6H), 0.73 (s, 3H), 0.72 (s, 3H), 0.70 (s, 3H),
0.66 (s, 3H), 0.61 (s, 3H), 0.55 (s, 3H), 0.53 (s, 6H), 0.19
(dd, J=12.0, 4.4 Hz, 1H), 0.13~0.05 (m, 2H), —0.09~
—0.16 (m, 1H), —0.96~—0.89 (m, 2H), —1.03~
—1.10 (m, 1H); *C NMR (100 MHz, CDCl;) ¢: 182.1,
181.0, 171.0, 154.8, 147.8, 147.7, 146.7, 146.6, 146.2,
146.1, 142.8, 140.9, 140.4, 138.0, 130.1, 129.9, 129.8,
127.9, 126.9, 126.8, 124.0, 121.6, 121.3, 121.2, 119.7,
119.5, 106.8, 106.0, 105.2, 81.8, 86.5, 80.0, 79.8, 58.0,
56.8, 56.5, 54.8, 54.1, 52.3, 42.2, 39.6, 39.5, 38.2, 38.0,
37.6, 37.52, 37.45, 37.3, 37.1, 36.9, 36.5, 36.2, 35.8, 35.3,
33.05, 32.95, 30.8, 30.6, 27.3, 27.2, 24.8, 24.3, 23.1, 22.7,
22.6, 21.2, 18.0, 17.8, 17.3, 16.1, 155, 14.6, 11.9;
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MS-ESI: caled for C4HseN;OsPd™ [M—Cl+CH;CN]*
768.3, found 768.2
4211 36-O- LAk -28-N-(2-wb" 2 F 2 F 5t R B Bt
JE2(16)

FLE 2 (2.0 g, 4.0 mmol)¥ - SOCI, (10.0 mL)
o IR 1 b, SRS IR A5 R R 20 f ) SOCL, 1
BIERLL TR, K R =% T CH,Cl, (40.0 mL)H,
BN 2-5 FHIEIERE0.5 mL, 5.0 mmol). i FHiEE 30
min J5, [AARZRZENE I INIEEE(10.0 mL, 60.0 mmol),
FHE 2 40 CFRM 24 h. fFIERE AL, B RNV
W 1 mol/L #hPRVEVR, /KA CHCL A =k, &I
AHUH, I NaHCO; ORI LR £ £5 /K V%R,
JCK R R AN T, Ik DRI 4 IS AT 2 AT 43 S Al [V (A v
fit) : MLIRAER) =5 1143 1.7 ¢ AtEEk 16, 77%
73%, [alff +16.2 (¢ 0.7, CHCL); 'H NMR (400 MHz,
CDCly) d: 8.53 (d, J=4.4 Hz, 1H), 7.65 (td, J=17.6, 2.0
Hz, 1H), 7.34 (t, J=4.6 Hz, 1H), 7.25 (t, J=7.6 Hz, 1H),
7.19 (dd, J=7.2, 5.2 Hz, 1H), 5.47 (t, J=3.0 Hz, 1H), 4.56
(dd, J=16.2, 5.0 Hz, 1H), 4.50~4.41 (m, 2H), 2.69 (dd,
J=12.6, 3.0 Hz, 1H), 2.04 (s, 3H), 1.15 (s, 3H), 0.93 (s,
3H), 0.92 (s, 3H), 0.85 (s, 3H), 0.82 (s, 3H), 0.81 (s, 3H),
0.49 (s, 3H); *C NMR (100 MHz, CDCls) 6: 178.0, 170.7,
156.5, 148.6, 143.9, 136.6, 123.0, 122.2, 122.0, 80.6, 55.0,
473, 46.5, 46.2, 443, 42.1, 41.7, 39.2, 38.0, 37.5, 36.6,
34.0, 32.9, 32.4, 32.2, 30.6, 27.8, 27.2, 25.6, 23.6, 23.5,
23.3,21.1, 17.9, 16.5, 16.1, 15.2; HRMS (MALDI) calcd
for CysHs;N,O3 [M~+H]" 589.4364, found 589.4352.
4212 4bA416 49 C—H EAL

AL 12 (25 mg, 0.042 mmol) T~ 1,2- 5 L4
(5.0 mL), Eif NI Pd(OAc), (9.4 mg, 0.042 mmol)
A1 Oxone® (13.8 mg, 0.082 mmol). WIKLMET, 85 TR
M50 min. IAFER(100 mg)fii £ 10 h, ks it ug, uE
WOH SRR IS, R ok uess, KRR T
B, LU IS AR JE AT o B AL [V ) © (SR &
BE)=1: 113 10.4 mg ik 17, 773 42%F1 4.9
mg f7%5 H O AR 18, 7735 20%. AW 17 (EWE: [alb
—48.1 (¢ 0.6, CHCl;); "H NMR (400 MHz, CDCl5) 8: 9.23
(d, J=5.6 Hz, 1H), 7.86 (t, J=7.6 Hz, 1H), 7.40~7.33
(m, 2H), 6.55 (d, J=8.8 Hz, 1H), 5.81 (d, J=8.4 Hz, 1H),
5.00 (d, J=20.8 Hz, 1H), 4.70 (d, J=20.4 Hz, 1H), 4.50
(t, J=7.8 Hz, 1H), 2.85~2.95 (m, 1H), 2.49 (d, J=11.6
Hz, 1H), 2.05 (s, 3H), 1.76 (s, 3H), 1.26 (s, 3H), 1.09 (s,
3H), 1.04 (s, 3H), 0.97 (s, 3H), 0.88 (s, 3H), 0.87 (s, 3H);
C NMR (100 MHz, CDCl) d: 187.7, 170.8, 167.4, 148.2,
141.5, 139.1, 123.0, 122.5, 121.2, 119.4, 103.0, 80.7, 57.1,
55.2, 53.3, 47.4, 46.2, 449, 42.9, 41.4, 39.3, 38.1, 37.5,
36.8, 33.5, 33.2, 31.7, 30.8, 27.9, 27.8, 23.8, 23.7, 23.3,
21.1, 18.1, 17.2, 16.6, 15.5; HRMS (MALDI) calcd for
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CisHs3sN,O5Pd" [M—CI]" 687.3107, found 687.3109. 1k
E 18 EHE: [a]y +97.5 (¢ 0.9, CHCL); 'H NMR
(400 MHz, CDCl;) 6: 9.02 (d, J=5.6 Hz, 1H), 7.89 (t, J=
7.6 Hz, 1H), 7.42 (d, J=8.0 Hz, 1H), 7.37 (t, J=6.6 Hz,
1H), 6.77 (d, J=8.0 Hz, 1H), 6.46 (d, J=8.0 Hz, 1H), 5.43
(brs, 1H), 4.83 (d, J=19.6 Hz, 1H), 4.53~4.48 (m, 1H),
4.44 (d, J=20.0 Hz, 1H), 2.75 (dd, J=13.6, 2.8 Hz, 1H),
2.29 (d, J=13.2 Hz, 1H), 2.05 (s, 3H), 1.74 (s, 3H), 1.50
(s, 3H), 1.02 (s, 3H), 0.93 (s, 6H), 0.88 (s, 3H), 0.83 (s,
3H); “C NMR (100 MHz, CDCl;) ¢: 185.0, 170.7, 166.4,
148.6, 139.4, 123.5, 122.7, 121.3, 120.9, 98.4, 80.4, 60.2,
55.2, 55.1, 53.3, 49.7, 49.0, 47.9, 44.8, 44.0, 41.4, 38.1,
37.5, 36.8, 34.5, 34.0, 33.1, 31.1, 30.3, 29.3, 27.8, 23.3,
23.0, 22.7, 21.8, 21.1, 18.1, 16.4, 15.5, 14.0; HRMS
(MALDI) calcd for C3gHssN,OsPd™ [M—CI]" 687.3107,
found 687.3096.
4213 3-0- T BRI -28-(8-"Evbk k) 74k R BL B (19)

BAE9 2 (500 mg, 1.0 mmol)¥% T SOCI, (5.0 mL)
o INFAMEA 1 b, SRS S5 2F T BR 20 1) SOCL 15
FIERLC A A, Kbk =% T CHLCl, (10.0 mL)H?,
BN 8-F2 LMK (290 mg, 2.0 mmol). =i F i $E 30 min
JGi, AR AP InkE (5.0 mL, 30.0 mmol), FHi&
40 C RV 24 he K SOV 1 mol/L FRIRVEVR, /K
M CHCL W =k, & IF A HUAH, HK ok H R
NaHCO; ¥R RN £ Eh K Ve, TCKBRER AN T4, If
PEAAE J5 KL Z AT 2> B AL VA ) @ V(LR L lR) =
20 : 1115313 mg FG[EAK 19, 775 50%, [alh +50.2 (¢
0.8, CHCl3); 'H NMR (400 MHz, CDCl;) J: 8.83 (dd, J=
42, 1.8 Hz, 1H), 8.07 (dd, J=8.4, 2.0 Hz, 1H), 7.63 (dd,
J=8.4, 1.2 Hz, 1H), 7.46 (t, J=8.0 Hz, 1H), 7.35~7.30
(m, 2H), 5.33 (t, J=3.4 Hz, 1H), 4.54~4.49 (m, 1H),
4.50~4.41 (m, 1H), 3.06 (dd, J=13.6, 4.0 Hz, 1H), 2.03
(s, 3H), 1.21 (s, 3H), 1.01 (s, 3H), 0.97 (s, 3H), 0.93 (s,
6H), 0.89 (s, 3H), 0.86 (s, 3H); “C NMR (100 MHz,
CDCly) 6: 176.1, 170.7, 150.1, 147.7, 143.5, 141.7, 135.5,
129.3, 125.9, 125.4, 121.3, 91.2, 80.7, 55.2, 47.5, 47.2,
46.0, 41.8, 41.4, 39.4, 38.0, 37.5, 36.8, 34.0, 33.0, 32.7,
32.4, 30.6, 27.9, 27.8, 27.7, 25.6, 23.6, 23.4, 23.3, 22.5,
21.1, 20.0, 18.2, 17.3, 16.6, 15.3; HRMS (MALDI) calcd
for C4HsgNO,; [M~+H]" 626.4204, found 626.4214.
4214 3-0- LB -28-(NN-=(2-w22 22 F A B 2 7
R R BRI (20)

A9 2 (600 mg, 1.2 mmol) ¥ T+ SOCIy(5.0 mL)
b INFAMEA 1 h, SRS S5 2F T BR 20 1) SOCL 15
FIEFLLOE R, K% T CHCLy(10.0 mL)H, N
N HUEREBERZ(0.18 mL, 1.0 mmol). i FHt#E 30
min J&, AR ZEASHE NIENE (0.2 mL, 1.2 mmol), FF
A 40 C RN 24 h. F RN 1 mol/L #hFRULEk,

548  http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

KAH] CHyCl, 2 =K, & HF A HUAH, KK F
NaHCO; ¥R A& #hKUEss, oK%, of
PEIRZE 5 AL E T4y B 4L [ VO K ¢ V(LR LR =
21 1145 569 mg A A fE 44 20, 77K 84%, [alh +33.2 (¢
1.3, CHCly); 'H NMR (400 MHz, CDCl;) d: 8.51 (brs,
2H), 7.64 (brs, 2H), 7.28 (brs, 1H), 7.26 (brs, 1H), 7.15
(brs, 2H), 5.30~4.54 (m, 5H), 4.52~4.45 (m, 1H), 3.14~
2.97 (m, 1H), 2.04 (s, 3H), 1.07 (s, 3H), 0.93 (s, 3H), 0.91
(s, 3H), 0.87 (s, 3H), 0.86 (s, 6H), 0.69 (s, 3H); *C NMR
(100 MHz, CDCLy) 6: 176.7, 170.6, 157.5, 149.0, 144.6,
136.2, 121.8, 121.2, 80.7, 55.1, 53.6, 47.8, 47.4, 46.5, 43.2,
41.6, 38.9, 37.8, 37.4, 36.7, 33.9, 32.7, 32.6, 30.1, 29.4,
27.82,27.78, 25.6, 23.9, 23.3, 23.1, 22.7, 21.0, 18.0, 16.9,
16.5, 15.2; HRMS (MALDI) caled for C4HgN;O3 [M
+H]"680.4786, found 680.4786.
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