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Gold(l)-Catalyzed Intermolecular Oxidation of Terminal Alkynes:
Synthesis of a-Acetoxy Ketones

Wang, Xiaoyong

Li, Zhizhang™

(Department of Life Science and Chemical Engineering, Hunan University of Science and Engineering, Yongzhou 425100)

Abstract In the presence of PhsPAuNTY,, 8-methylquinoline-N-oxide and MsOH, various of terminal alkynes were effi-
ciently converted into the corresponding a-acetoxy ketones. The influences of oxidant, catalyst structure, catalyst loading and
reaction media on the reaction were investigated, and the optimal reaction conditions were also obtained. The reaction is pro-
posed to proceed via a-oxo gold carbene intermolecular reaction with acetic acids. The reaction method with its advantages of
simple procedure, mild reaction conditions and high yield provides a novel valuable approach to a-acetoxy ketones from ter-

minal alkynes.

Keywords gold catalysis; alkynes; intermolecular oxidation; a-oxo gold carbene; a-acetoxy ketones
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1 Z&R51H
1.1 RMEHHKE

TG, BEET Y LR RN, SEHL(1.0 mmol),
8- LI U SR AL (1.3 mmol), FIEAEEZ(1.1 mmol), 5
mol% Ph;PAUNTS, 1 mL Z#%, A TLC W &N, =ik
BEFEIN 6 d J&, SEMSEa R, L 76%M7 K315 a-
LA IE LM =4 2a, [RIBIEH 8% 1) L fiff R g
GBI WA (E 1, Entry 2). R ERECRIEE, LLoE
VST oL R 7 I N EE=R PO SN AL}
—RINAAT T, 8- FF LMk U4 10 ) 4b ISR
83 E S [ S L A [ NV A M o2
PhP;AUNTS, AL R B fE . 2% RE 3 S 4 AL 70 1) 41 5 TR
K, R T AL S N 52 m, A7
M 5 mol%[FMKE] 4 mol%l, FEaRFEARKAT (4 2
W 74%). HZFFRAEALFI S 3 mol%ih, j=#
K& 62%. ALk JE 1% N 4 FFIEHE: 4 mol%
PhP;AuNTf, A 4L, 8-HFEMEMR A A AI(1.3 mol)
SR, HIEREIR (1.1 mol) AN INIR, = i 01 S5 .
1.2 RERYBIYT 7

TEBAAC I RN GEAE T, F 52 T AR Il
5B, g Wk 2.

M 2 FRT A, SRR S R 2 B e R
M N, DA AER S RS R Y. R, Fi
fik . 0F LR RIS . LREBE IR ML (2b~2e). 1E
PN R BIAR SR m. R 3,3- S TR RN
I LA REINR ¢ BGZ N, RSN 78% K1 90%
(2f, 2g). MI5HS BRI N LU, O 3R AR I
(Y L 300N S N (RS R /N, 5 B A7 A A L HAR
JE(U Me, i-Pr Fl MeO)aIE & W HL T U R EE (U1 NO,, Cl
A1), AR ZHI B LA TS 1 7= 28 SRAFAH DY 1) LA
KR CHAF=4) 2h~20. ABIROK LW AL IR - 1AL
BELAE I S NAT — 3 (AR, {EEAT58R B8 LA 70%11)
PRGN =Y 2q.
1.2 RHIE

TERT NI o- Bk 5 4 R 52 4 1 ) IR 1) 6 A
ORI T o RIE 4R R 4 O—H BRI R
[.(Scheme 1). P& ¥ &AL TG AL PLIL, 8- FF LM bR
AN F BRI AT IR IR . a-FR3E 4 o
ik A, SRR T5 R A R AN N AR R

AMrhiaAk B, ik B RA T EEMER a- CBER
SEFIERR 2. [N, 4R kA FAERTIR M O—H
Bl (P04 N BN A BB ) o- PSR R G LN 3, T
LRI FE e e 3 T FE IR, BT LA 4 2 2 2.

1AL

Table 1 Reaction condition screening

Gold catalyst
Oxidant (1.3 equiv.)

g7
Me/\(\/

MsOH (1.1 equiv.)

AMJ@OAC * w

1a AcOH
Oxidant: N R=H,4a R = E 2 ;':Btd4e

& R=Medb “NGZ 54l 4f

R & TEude &  R=260Cly 4g

R =3,5-Cly, 4h

Entry Catalyst Oxidant Condition Yield®/%

1 5 mol% Ph;PAuNTf, 4a 8 h,r.t. 58
2 5 mol% Ph;PAuNTT, 4b 8 h,r.t. 76
3 5 mol% Ph;PAuNTT, 4c 10 h, r.t. 70
4 5 mol% Ph;PAuNTf, 4d 8h,r.t. 33
5 5 mol% Ph;PAuNTT, 4e 8 h,r.t. 35
6 5 mol% Ph;PAuNTf, 4f 8h,r.t. 20
7 5 mol% Ph;PAuNTY, 4g 8 h,r.t. 46
8 5 mol% Ph;PAuNTf, 4h 8h,r.t. 48
9 5 mol% Cy-JohnPhosAuNTf, 4b 12 h, r.t. 52
10 5 mol% MePhosAuNTf, 4b 8 h,r.t. 50
11 5 mol% Et;PAuNTf, 4b 8h,r.t. 41
12 5 mol% IPrAuNTf, 4b 8 h,r.t. 29
13 4 mol% Ph;PAUNT, 4b 8h,rt. 74°
14 3 mol% Ph;PAuNTT, 4b 8h,rt 62

“ The yield was determined by "H NMR spectroscopy using mesitylene as an internal reference. * Isolated yields after silica gel column chromatography.
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K2 G a- CTRAEKE TR
Table 2 Synthesis of a-acetoxy ketones

(0]
o .
/ 4 mol% Ph3PAuNTTf,, 4b (1.3 equiv.) )K/OAC
R . MsOH (1.1 equiv.), AcOH, r.t., 8 h R
2
Entry Product 2 Yield/% Entry Product 2 Yield/%

@}
‘“’j:o

OA 2b 62 2 OA 2 70

¢ MeO/\Mﬁb ¢ ¢
AM/W\/ A i

3 TsG OAc 2d 78 4 WOAC 2e 70

Me

-
o
(o]
<
o,

OA
OAc 2h 83 8 ﬁ ¢ 2i 81
0

OA OA
9 Q)b ¢ 2 82 10 & ¢ 2k 75
t-Bu MeO
) 0
OAc OAc
11 & 21 70 12 y 2m 77
O,N cl
0
O
13

-4

OAc
OAc
w84 14 .
0

OAc OAc
15 2p 73 16 & 2q 60
Me

“Reaction conditions: alkyne (0.3 mmol), 8-methylquinoline-N-oxide (0.39 mmol), catalyst (5 mol%), AcOH (3 mL), monitored by TLC, r.t. ® Isolated yields after
silica gel column chromatography.

4

(0]
R)J\/OAC R——
2 1

R
.0
H \I\T MsOH O 0 / N
B V¢ R)J\_F/AUHR)]\;AU IN/
A

CHCO,H

Scheme 1
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2 it

RFET M m R S a- ST SR TS )
BT, WA L] 4 PhPsAuNTS, (4 mol%), 8-
LM R A )(1.3 mmol), FIE%EE(1.1 mmol), 4
B2(1 mL) SONAAER, MoK 5 LR ae 15 2]
R RS I RN AL ELEE B A e A 4 TR AR
AR IPAE A 1 o- B BE R P AR, Ji R O
g3 O—H M7 TGN RN, %SV RES, EY)
WEHIVES™, BRI, S0 A fa] 0 =) 5 o) 9 45
TR B R R T R AR AR IR R SRR IRAL
HY O—H WA SNV IELERFFH, WA 5 i
fIIE.

3 ZEES
31 A5

'H NMR(LL TMS 4 A FR)AT *C NMR(LL TMS 4 A
Fr)fi ] Varian INOVA-400 B REILHRAGN &, 21406
W& F Perkin Elmer FT-IR spectrum 2000 spectrometer
SE (W H A7 L em "), JR i ] Thermo-Finnigan
LCQ-Advantage i (3E )5z, WA 4 Ton
source: APCICK AL A HE, IEBFHX). Prf 26
TR oA, W R R A .

3.2 BHrFEYRIEK

R, 7E 10 mL RN, KIXINMA 3 mL 4R,
Auihe(0.3 mmol), HAMY 4b (0.39 mmol, 62.01
mg), MsOH (0.33 mmol, 31.71 mg), PhsPAuNTf, (0.015
mmol, 11.1 mg), =& Hi+E, H TLC WV dErE, —
FECRERE 8 d. [N SE R, IR e 25, AR bR A
A FIE 24 LU IR I E O, LR QREMREROE I A 2 By
G BEAT 4y B BN 2174 2a~2u.

23 4R ClE(2a)R: (A, P25 74%. mup.
63~66 C; 'HNMR (400 MHz, CDCl;) J: 0.88 (t, J=6.8
Hz, 3H), 1.28 (brs, 6H), 1.62 (t, J=7.2 Hz, 2H), 2.16 (s,
3H), 2.40 (t, J=7.2 Hz, 2H), 4.66 (s, 2H); *C NMR (100
MHz, CDCl;) o: 14.10, 20.36, 22.35, 23.12, 28.70, 31.44,
38.70, 67.89, 170.21, 204.02; IR (neat) v: 2970, 1753,
1733, 1365, 1221, 1052 cmfl; HRMS (EI) caled for
C14H2605: 186.1232; found 186.1236.

2-Fidk-6-H LR CNR2b): HEMIRY), 72E 62%.
'"H NMR (400 MHz, CDCl;) d: 1.77~1.80 (m, 4H), 2.16
(s, 3H), 2.39 (t, J=6.8 Hz, 2H), 3.55 (t, J=6.0 Hz, 2H),
4.66 (s, 2H); '*C NMR (100 MHz, CDCl;) 6: 20.51, 31.74,
37.85, 44. 52, 67.93, 170.38, 203.37; IR (neat) v: 3210,
2325, 1735, 1405, 1240, 1068, 675 cm '. HRMS (EI)
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calcd for CgH3Cl105: 192.0553; found 192.0555.

6- A AE-2- B R CUIR (2¢): I EaARY), 72
70%. '"H NMR (400 MHz, CDCl3) d: 1.54~1.60 (m, 2H),
1.62~1.69 (m, 2H), 2.15 (s, 3H), 2.43 (t, J=7.2 Hz, 2H),
3.30 (s, 3H), 3.34 (t, J=6.0 Hz, 2H), 4.66 (s, 2H); "°C
NMR (100 MHz, CDCly) d: 20.13, 20.64, 28.97, 38.45,
58.66, 67.83, 72.02, 170.55, 203.82; IR (neat) v: 2910,
2855, 1755, 1720, 1440, 990 cm . HRMS (EI) calcd for
CoH,404: 188.1049; found 188.1046.

2-F Fe-6- X F IR L HL 2, 1R AR (2d): o €4 [ 44,
FEE 78%. mp. 101~104 C; '"H NMR (400 MHz,
CDCly) 0: 1.64~1.66 (m, 4H), 2.14 (s, 3H), 2.40 (t, J=6.8
Hz, 2H), 2.46 (s, 3H), 4.00 (t, J=6.0 Hz, 2H), 4.60 (s, 2H),
732 (d, J=82 Hz, 2H), 7.75 (d, J=8.2 Hz, 2H); "*C
NMR (100 MHz, CDCl;) 6: 19.01, 20.41, 21.66, 28.10,
37.63, 67.89, 70.04, 127.85, 129.78, 132.84, 144.81,
170.25, 203.28; IR (neat) v: 2940, 1740, 1724, 1590, 1340,
1086, 820 cm '. HRMS (EI) caled for C;sHaO4S:
328.0981; found 328.0984.

1,6- — L TEAEFE-2- i (2e): S [EAA, PR 70%.
m.p. 62~65 ‘C; '"H NMR (400 MHz, CDCly) 0: 1.63~
1.65 (m, 4H), 2.02 (s, 3H), 2.15 (s, 3H), 2.43 (t, J=6.8 Hz,
2H), 4.01 (t, J=6.0 Hz, 2H), 4.62 (s, 2H); °C NMR (100
MHz, CDCly) 0: 19.45, 20.33, 20.78, 27.83, 37.99, 63.87,
67.81, 170.20, 171.05, 203.41; IR (neat) v: 2959, 1741,
1729, 1370, 1218, 1055, 914 cm™'. HRMS (EI) calcd for
C1oH,405: 216.0998; found 216.0995.

3,3 HISE2-RIL LR T RO Bt R A,
F7# 78%. '"H NMR (400 MHz, CDCly) d: 1.18 (s, 9H),
2.14 (s, 3H), 4.85 (s, 2H); *C NMR (100 MHz, CDCl;) ¢:
20.45, 26.15, 42.67, 64.40, 170.33, 207.89; IR (neat) v:
2930, 1755, 1726, 1356, 1240 cm™'. HRMS (EI) calcd for
CsH,405: 158.0943; found 158.0938.

2- PR HE-2- B LR TR () S E R B,
P # 78%. 'H NMR (400 MHz, CDCl5) d: 0.93~0.97 (m,
2H), 1.07~1.12 (m, 2H), 1.92~1.96 (m, 1H), 2.15 (s,
3H), 4.80 (s, 2H); *C NMR (100 MHz, CDCl;) &: 11.34,
17.11, 20.46, 68.35, 170.08, 203.65; IR (neat) v: 2995,
2935, 1738, 1705, 1235, 898 cm™'. HRMS (EI) calcd for
C;H,(0;: 142.0630; found 142.0625.

2- LA LI LW 0P sk R Ak, PR R
83%. 'H NMR (400 MHz, CDCl;) d: 2.23 (s, 3H), 5.35 (s,
2H), 7.48 (t, J=8.0 Hz, 2H), 7. 61 (t, J=7.6 Hz, 1H), 7.90
(d, J=7.2 Hz, 2H); *C NMR (100 MHz, CDCl;) ¢: 20.61,
66.05, 127.67, 128.68, 133.90, 134.01, 170.24, 192.22; IR

http://sioc-journal.cn/ 569
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(neat) v: 2920, 1750, 1705, 1580, 1386, 1230, 956 cm .
HRMS (EI) caled for C;oH;oO3: 178.0630; found
178.0626.

2-(4- P L 2RI 2- 3 Ik 2,18 2.6 (20, (A (a [E 4K,
7% 81%. m.p. 82~85 “C; '"H NMR (400 MHz, CDCl;)
5: 222 (s, 3H), 2.42 (s, 3H), 5.31 (s, 2H), 7.28 (d, J=8.0
Hz, 2H), 7.82 (d, J=8.0 Hz, 2H); “C NMR (100 MHz,
CDCly) 6: 20.63, 21.72, 65.90, 127.83, 129.56, 131.59,
144.84, 170.45, 191.67; IR (neat) v: 2960, 1754, 1701,
1348, 1171, 962 cm '. HRMS (EI) caled for C;;H;,05:
192. 0786; found 192.0783.

2-(4- U T HE IR I)-2- BRI 4R LB 25)PY: A [
&, P& 82%. mp. 91~96 C; 'H NMR (400 MHz,
CDClLy) 8: 1.32 (s, 9H), 2.20 (s, 3H), 5.33 (s, 2H), 7.50 (d,
J=8.4 Hz, 2H), 7.86 (d, J=8.4 Hz, 2H); *C NMR (100
MHz, CDCly) d: 20.46, 30.82, 35.06, 65.85, 125.58,
127.45, 131.52, 157.60, 191.66; IR (neat) v: 2970, 1762,
1692, 1085, 980 cm '. HRMS (EI) caled for Ci4H;5O;:
235.1334; found 235.1338.

2-(4- FAR R R ) -2- 3 21 2.1 2K)PY: 9 €6 [
&, 7&K 75%. mp. 60~64 C; '"H NMR (400 MHz,
CDCly) 8: 2.22 (s, 3H), 3.87 (s, 3H), 5.29 (s, 2H), 7.89 (d,
J=8.8 Hz, 2H), 7.95 (d, J=8.8 Hz, 2H); *C NMR (100
MHz, CDCly) o6: 20.56, 55.45, 65.67, 114.01, 127.10,
130.00, 164.03, 170.42, 190.56; IR (neat) v: 2940, 2857,
1754, 1704, 1349, 1161, 963 cm . HRMS (EI) calcd for
C11H,04: 208.0736; found 208.0732.

2-(4- T HE 2RI -2- 3 Ik 218 e 2D [ 4K,
FEF 70%. mp. 120~124 'C; 'H NMR (400 MHz,
CDCly) 6: 2.22 (s, 3H), 5.33 (s, 2H), 8.12 (d, J=8.2 Hz,
2H), 8.36 (d, J=8.2 Hz, 2H); *C NMR (100 MHz, CDCl,)
5: 20.36, 66.12, 124.05, 128.85, 138.52, 150.58, 170.30,
191.06; IR (neat) v: 2956, 1750, 1699, 1489, 1295, 948
cm . HRMS (EI) caled for C;oHoNOs: 223.0534; found
223.0539.

2-(4-FAHE)-2- 3 4R LR (2m)PY: 3 [ 4k,
FEE 77%. mp. 71~74 “C; '"H NMR (400 MHz, CDCl;)
5:2.22 (s, 3H), 5. 23 (s, 2H), 7.37 (d, J=8.6 Hz, 2H), 7.79
(d, J=8.6 Hz, 2H); *C NMR (100 MHz, CDCl;) §: 20.40,
65.82, 129.11, 129.25, 132.36, 140.48, 170.31, 191.05; IR
(neat) v: 2955, 1750, 1678, 1512, 1301, 975 cm™'. HRMS
(EI) caled for CoHyClO5: 212.0224; found 212.0227.

2-(4-FL A FE)-2- 3R I 1R L BE (2m)PY: F £ A4,
FEE 84%. mp. 110~114 C; 'H NMR (400 MHz,
CDCly) 6: 2.23 (s, 3H), 5.30 (s, 2H), 7.61 (d, J=7.8 Hz,
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2H), 7.82 (d, J=7.8 Hz, 2H); *C NMR (100 MHz, CDCl5)
8: 20.46, 65.32, 101.85, 128.91, 134.45, 138.28, 170.40,
191.56; IR (neat) v: 2960, 1751, 1699, 15381, 1319, 956
cm . HRMS (EI) caled for CoHolO5: 303.9624; found
303.9629.

2-(4- TR LR HL)-2- i HE 4R LT (20)P1: {46 [ 4K,
FEE 82%. mp. 107~110 C; '"H NMR (400 MHz,
CDCLy) 8: 2.24 (s, 3H), 5.35 (s, 2H), 7.48 (m, 3H), 7. 60 (d,
J=17.0 Hz, 2H), 7.72 (d, J=7.4 Hz, 2H), 7.98 (d, J=7.4
Hz, 2H); °C NMR (100 MHz, CDCly) §: 20.56, 65.92,
127.35, 125.51, 128.42, 128.50, 132.88, 139.79, 146.56,
170.40, 191.66; IR (neat) v: 2955, 1711, 1698, 1310, 920,
760 c¢cm~'. HRMS (EI) caled for C¢H40;: 254.0932;
found 254.0936.

2-(2- L IR IE)-2- 3 1R 4 2p)P™: A ik
WA, 773 68%. '"H NMR (400 MHz, CDCl;) d: 2.20 (s,
3H), 2.52 (s, 3H), 5.15 (s, 2H), 7.24~7.28 (m, 2H), 7.39~
7.44 (m, 1H), 7.60 (d, J=7.2 Hz, 1H); “C NMR (100
MHz, CDCl;) 0: 20.37, 20.99, 67.20, 125.71, 127.85,
132.09, 132.22, 134.51, 138.92, 171.01, 195.58; IR (neat)
v: 2965, 1742, 1710, 1348, 1041, 940 cm™'. HRMS (EI)
calcd for C;1H,0;5: 192.0786; found 192.0781.

2-(2-WR A FE)-2- 3 I 4R LR Q)P A IR
1K, 2% 60%. '"H NMR (400 MHz, CDCls) 6: 2.16 (s,
3H), 5.15 (s, 2H), 7.32~7.43 (m, 2H), 7.49~7.52 (m,
1H), 7.62~7.65 (m, 1H); *C NMR (100 MHz, CDCl) ¢:
20.41, 67.67, 119.32, 127.45, 129.54, 132.53, 133.78,
138.22, 170.33, 196.54; IR (neat) v: 2980, 2942, 1724,
1683, 1601, 1215, 986 cm ™~ '. HRMS (EI) caled for
CoHoBrOs: 255.9735; found 255.9739.

References

[1] Firstner, A.; Davies, P. W. Angew. Chem., Int. Ed. 2007, 46, 3410.
[2] Hashmi, A. S. K. Chem. Rev. 2007, 107, 3180.
[3] Gorin, D. J.; Sherry, B. D.; Toste, F. D. Chem. Rev. 2008, 108,
3351.
[4] Li, Z.; Brouwer, C.; He, C. Chem. Rev. 2008, 108, 3239.
[5] Huang, H.; Zhou, Y.; Liu, H. Beilstein J. Org. Chem. 2011, 7, 897.
[6] Lu, B.-L.; Dai, L.; Shi, M. Chem. Soc. Rev. 2012, 41, 3318.
[71 Ye, L.;He, W.; Zhang, L. J. Am. Chem. Soc. 2010, 132, 8550.
[8]1 Ye,L.;He, W.; Zhang, L. Angew. Chem., Int. Ed. 2011, 50, 3236.
[9] Qian, D.; Zhang, J. Chem. Commun. 2011, 47, 11152.
[10] He, W.; Li, C.; Zhang, L. J. Am. Chem. Soc. 2011, 133, 8482.
[11] Qian, D.; Zhang, J. Chem. Commun. 2012, 48, 7082.
[12] He, W.; Xie, L.; Xu, Y.; Xiang, J.; Zhang, L. Org. Biomol. Chem.
2012, /0, 3168.
[13] Xu, M.; Ren, T.-T.; Li, C.-Y. Org. Lett. 2012, 14, 4902.
[14] Fu, J.; Shang, H.; Wang, Z.; Chang, L.; Shao, W.; Yang, Z.; Tang,
Y. Angew. Chem., Int. Ed. 2013, 52, 4198.
[15] Xie, L.; Liang, Z.; Yan, D.; He, W.; Xiang, J. Synlett 2013, 1809.

Chin. J. Org. Chem. 2014, 34, 566~571



Chinese Journal of Organic Chemistry

ARTICLE

[16]
[17]
(18]
[19]

[20]

(23]
[24]
[25]

[26]

Chin. J. Org. Chem. 2014, 34, 566~571

Li, G.; Zhang, L. Angew. Chem., Int. Ed. 2007, 46, 5156.

Shapiro, N. D.; Toste, F. D. J. Am. Chem. Soc. 2007, 129, 4160.

Li, C.-W.; Pati, K.; Lin, G.-Y.; Sohel, S. M. A.; Hung, H.-H.; Liu,
R.-S. Angew. Chem., Int. Ed. 2010, 49, 9891.

Yeom, H.-S.; Lee, J.-E.; Shin, S. Angew. Chem., Int. Ed. 2008, 47,
7040.

Mukherjee, A.; Dateer, R. B.; Chaudhuri, R.; Bhunia, S.; Karad, S.
N.; Liu, R.-S. J. Am. Chem. Soc. 2011, 133, 15372.

Xiao, J.; Li, X. Angew. Chem., Int. Ed. 2011, 50, 7226.

Green, T. W.; Wuts, P. G. M. Protective Groups in Organic Syn-
thesis, Wiley, New York, 1991.

Holshouser, M. H.; Kolb, M. J. Pharm. Sci. 1986, 75, 619.

Rather, J. B.; Reid, E. E. J. Am. Chem. Soc. 1919, 41, 75.

Paulissen, R.; Reimlinger, H.; Hayez, E.; Hubert, A. J.; Teyssié, P.
Tetrahedron Lett. 1973, 14, 2233.

Shinada, T.; Kawakami, T.; Sakai, H.; Takada, I.; Ohfune, Y. Tet-
rahedron Lett. 1998, 39, 3757.

[27]

[28]

[29]
[30]

[31]

[32]

[33]
[34]

© 2014 Chinese Chemical Society & SIOC, CAS

Rubottom, G. M.; Grube, J. M.; Kincaid, K. Synth. Commun. 1976,
6,59.

Demir, A. S.; Camkerten, N.; Akgun, H.; Tanyeli, C.; Mahasneh,
A. S.; Watt, D. S. Synth. Commun. 1990, 20, 2279.

Lee,J. C.; Jin, Y. S.; Choi, J.-H. Chem. Commun. 2001, 956.

Mo, D.-L.; Dai, L.-X.; Hou, X.-L. Tetrahedron Lett. 2009, 50,
5578.

Sheng, J.; Li, X.; Tang, M.; Gao, B.; Huang, G. Synthesis 2007,
1165.

Ochiai, M.; Takeuchi, Y.; Katayama, T.; Sueda, T.; Miyamoto, K.
K. J. Am. Chem. Soc. 2005, 127, 12244,

Deng, G.; Luo, J. Tetrahedron 2013, 69, 5937.

Kaila, N.; Janz, K.; De Bernardo, S.; Bedard, P. W.; Camphausen,
R. T.; Tam, S.; Tsao, D. H. H.; Keith, J. C.; Nickerson-Nutter, C.;
Shilling, A.; Young-Sciame, R.; Wang, Q. J. Med. Chem. 2006, 50,
21.

(Li, L.; Lu, Z))

571

http://sioc-journal.cn/



