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Efficient and Stereoselective Synthesis of the Chiral Dihydroxy-bis-
quinazoline-dione Derivatives and Their Application in
Asymmetric Catalysis

Lin, Wei** Cai, Qi” Zheng, Chunzhi’ Huang, Zhibin” Shi, Daqging™®”
(“ School of Chemistry and Environmental Engineering, Jiangsu Technology of University, Changzhou 213001)
(¢ College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215123)

Abstract An efficient and simple method for the synthesis of chiral benzo[5,6][1,3]oxazino[4,3-c]quinoxaline-dione is re-
ported. 2-Hydroxybenzaldehydes and diamines were utilized as the starting materials, the formed diimines then underwent a
reductive-cyclization process with triphosgene to give bis-quinazoline-dione derivatives induced by low-valent titanium rea-
gent. Then through the conversion of functional groups, the bis-quinazoline-dione compounds containing hydroxy group have
been obtained from their corresponding compounds containing methoxy group in the presence of BBr;. In addition, the dihy-
droxy-bis-quinazoline-dione derivatives were applied on the asymmetric nucleophilic addition of Et.Zn to aldehydes.

The reported method is the efficient approach for the synthesis of dihydroxy-bis-quinazoline-dione derivatives.

Keywords bis-quinazoline-dione; asymmetric; synthesis
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(Scheme 1).
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a: (1R,2R)-cyclohexane-1,2-diamine
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Scheme 1 Synthesis of bis-quinazoline-dione derivatives
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K1 FHEXCEIFERATEY Sa~5f HI5 K
Table 1 Synthesis of bis-quinazoline-dione derivatives Sa~5f

Entry 2 R R? R® 5 Yield% [o]F de“/%

cbco occg

T|C|4/Sm
THF, reflux, 2 h

1 2a CH;0O H H 5a 82 —140 >99.9
2 2b CH;O H H Sb 83 +140 >99.9
3 22 H CHO H 5S¢ 85 —147 >99.9
4 2»p H CH;O H 5d 84 +142 >99.9
5 2a H H CH;O Se 81 —139 >99.9

6 2b H H CH;O 5f 83 +140 >99.9

* The de's were determined by HPLC [Daicel Chiralcel OJ-RH (0.46 cmX 25
cm), MeOH/H,O (¥ : V=80 : 20), flow rate: 1.0 mLemin ', A=245 nm].
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2 NRIFFREBEATEY 6a~6f HIH K

Table 2 Synthesis of dihydroxy-bis-quinazoline-dione deriva-
tives 6a~6f

R1

L
3
H R
L
o) R?

6a ~ 6f

Entry Reactant R' R? R® Product Yield/% [ald de’1%

1 Sa OH H H 6a 86 —140 >99.9
2 Sbh OH H H 6b 87 +137 >99.9
3 Sc H OH H 6¢c 89 —200 >99.9
4 5d H OH H 6d 89 +197 >99.9
5 Se H H OH 6e 88 —216 >99.9
6 5f H H OH 6f 87 +220 >99.9

© 2017 Chinese Chemical Society & SIOC, CAS

“Isolated yield * The de's were determined by HPLC [Daicel Chiralcel OJ-RH
(0.46 cmX25 cm), MeOH/H,0 (V : ¥=80 : 20), flow rate: 1.0 mLemin ',
A=245 nm].
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3 AFEMELTIE B EY 12

Table 3 Optimization of catalyst in the synthesis of compounds

12
OH
Ti(OPr),, Cat. 6
+ EtyZn —
DCE,20°C B
12
Entry Cat. Yield/% eel/%
1 6a 76 3
2 6b 75 11
3 6¢ 98 7
4 6d 98 5
5 6e 98 10
6 6f 98 4

© 2017 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: ArCHO : Cat. . Et,Zn Ti(OiPr)4/:O.5 £0.075:20:
0.6 and DCM (2 mL), under N, at room temperature. " The ee's were deter-
mined by HPLC [Daicel Chiralcel OD-H (0.46 cmX25 cm), flow rate: 1.0
mLemin ', A=245 nm].

2 i

R T TR IFVE R 2- ] — Wy AT A0 v R
DA IR 2-F2 8 W AT AE AN P 3A 2 %
ERIE FORHE BT PRI, 5 5 A6, Hg
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(SR % 2 (2 mmol) ZFE(S mL)AETR, =
HRNZ) 6 h, fHiE, F 95% M &5 5 RIF4AT 2 XL
% 3 EHAs T .

3.3 FMERHIEE-2-BF 5 HERK

7 50 mL =3+ In%2 % (0.45 g, 3 mmol) A 67K
VUEPRIE(THF) 10 mL, A6, SEAHEET, 1212
JEN TiCl, (0.33 mL, 3 mmol), B &WIENA 2 h, AHIE
I B AT 45 SR AR R BRTR). 7R = IR SRR
T, 2185 ANAH R F AR SO AE 3 (1 mmol) A& 44
HS 4 (2 mmol)¥E T 10 mL THF FIVER, e, R
2 h, RMEEHREAEIE R, F 50 mL 3%:Eh R/ iR,
A&7 (50 mLX3)EFER, &IHANZE, KEZEF G0
mL X 3), GHLEH KRBT, 185 TEAE, Wk
LA, M5, HEENTE B AR S.

(4R,18R)-8,15- . H 4 3£ -1,2,3,4,4a,18a- 7~ & 7K FF
[5,6]1[1,3] W& W [3,4-a] < FF[5,6][1,3] W& s [4,3-¢] W4 W I -
6,17(11bH,11cH)-—Jfi(5a): A AR, 7=% 82%. m.p.>
300 C; de>99.9%, HPLC [Daicel Chiralcel OJ-RH (0.46
cmX25 cm), V(MeOH) © V(H,0)=80 : 20, flow rate: 1.0
mLemin ', A=245 nm)], retention time ,=5.016 min, ,=
5.517 min; [a]p —140 (¢ 0.019, CH;CH,OH); 'H NMR
(DMSO-d,, 400 MHz) d: 6.99 (d, J=8.4 Hz, 2H, ArH),
6.82 (d, J=8.0 Hz, 2H, ArH), 5.92 (d, J=6.8 Hz, 2H,
ArH), 4.85 (s, 2H, 2 X CH), 3.81 (s, 6H, 2 X OCHj), 3.72~
3.71 (m, 2H, 2XCH), 2.98~2.97 (m, 2H, CH,), 1.96~
1.92 (m, 2H, CH,), 1.77~1.76 (m, 2H, CH,), 1.21~1.19
(m, 2H, CH,); *C NMR (75 MHz, DMSO-d) d: 150.3,
146.3, 138.3, 123.8, 119.9, 118.5, 112.9, 64.8, 63.3, 56.2,
31.1, 28.5, 25.1; IR (KBr) v: 2921, 1723, 1718, 1618,
1594, 1491, 1467, 1434, 1423, 1342, 1317, 1247, 1208,
1132, 1113, 1069, 1054, 964, 945, 920, 766, 752, 667
cm '; HRMS caled for C,3H,uN,O¢Na [M + Na] *
459.1532, found 459.1535.

(4S,188)-8,15- — Fi 4 3£ -1,2,3,4,4a,18a- /N & # 3
[5,6][1,3] M 185 [3,4-a] 7% FF[5,6][1,3] Vi 182 [4,3-] s 1 Ik -
6,17(116H,11cH)-—f(5b): AEAE, 7% 83%. m.p.>
300 C; de>99.9%, HPLC [Daicel Chiralcel OJ-RH (0.46
cm X 25 cm), V(MeOH) : V(H,0)=280 : 20, flow rate: 1.0
mL-mian, A=245 nm], retention time: £;=>5.016 min, t,=
5.517 min; [a]d +140 (¢ 0.019, CH;CH,OH); 'H NMR
(DMSO-ds, 400 MHz) 6: 6.68 (s, 2H, ArH), 6.50 (d, J=8.0
Hz, 2H, ArH), 6.24 (d, J=6.0 Hz, 2H, ArH), 4.78 (s, 2H,
2XCH), 3.73 (s, 8H, 2X OCH;+2 X CH), 2.97~2.95 (m,
2H, CH,), 1.98~1.94 (m, 2H, CH,), 1.78~1.76 (m, 2H,
CH,), 1.20~1.19 (m, 2H, CH,); IR (KBr) v: 2935, 1739,
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1718, 1632, 1593, 1491, 1427, 1342, 1317, 1277, 1208,
1156, 1144, 1096, 1054, 965, 945, 920, 765, 752, 686
cm ~'; HRMS caled for ChHyN,OgNa [M + Na] *
459.1532, found 459.1533.

(4R,18R)-9,14- — 45 %t -1,2,3,4,4a,18a- /N & 7K IF
[5,6]1[1,3] W& W& [3,4-a] < FF[5,6][1,3] W& s [4,3-¢] 4 1= p -
6,17(11bH,11cH)-—F(5¢): HEEMAE, 722 85%. m.p.>
300 C; de>99.9%, HPLC [Daicel Chiralcel OJ-RH (0.46
cm X 25 cm), V(MeOH) : V(H,0)=80 : 20, flow rate: 1.0
mLemin ', A=245 nm], retention time: #,=6.568 min,
£, =7.904 min; [a]f —147 (¢ 0.018, CH;CH,OH); 'H
NMR (CF5COOD, 400 MHz) d: 6.78 (s, 2H, ArH), 6.67 (d,
J=8.8 Hz, 2H, ArH), 6.30 (d, J=8.4 Hz, 2H, ArH), 4.73
(s, 2H, 2X CH), 3.98 (s, 6H, 2X OCHj), 3.94~3.91 (m,
2H, 2XCH), 3.20~3.17 (m, 2H, CH,), 2.40~2.37 (m,
2H, CH,), 2.03~2.01 (m, 2H, CH,), 1.49~1.43 (m, 2H,
CH,); "C NMR (CF;COOD, 75 MHz) d: 153.5, 149.0,
129.4, 111.4, 107.9, 100.5, 66.8, 66.5, 55.2, 29.0, 24.4; IR
(KBr) v: 2937, 1729, 1718, 1614, 1595, 1490, 1434, 1421,
1343, 1317, 1274, 1208, 1146, 1113, 1076, 1054, 964, 947,
920, 765, 752, 689 cm”'; HRMS caled for C,4H,4N,OgNa
[M+Na]" 459.1532, found 459.1540.

(4S,188)-9,14- — H1 4 % -1,2,3,4.,4a,18a- /5 & % 3
[5,6]1[1,3] W& W [3,4-a] A FF[5,6][1,3] W& s [4,3-c] 4 1= Ip -
6,17(11bH,11cH)-—F(5d): HEEAAK, 722 84%. m.p.>
300 C; de>99.9%, HPLC [Daicel Chiralcel OJ-RH (0.46
cm X 25 cm), V(MeOH)/V(H,0)=280 : 20, flow rate: 1.0
mLemin ', A=245 nm], retention time: #,=6.568 min,
£,=7.904 min; [a]d + 142 (c 0.017, CH;CH,OH); 'H
NMR (DMSO-d, 400 MHz) d: 6.68 (s, 2H, ArH), 6.50 (d,
J=9.2 Hz, 2H, ArH), 6.24 (d, J=9.6 Hz, 2H, ArH), 4.79
(s, 2H, 2X CH), 3.73 (s, 8H, 2X OCH;+2 X CH), 2.98~
2.96 (m, 2H, CH,), 1.98~1.94 (m, 2H, CH,), 1.78~1.76
(m, 2H, CH,), 1.22~1.20 (m, 2H, CH,); IR (KBr) v: 2935,
1729, 1718, 1648, 1595, 1456, 1437, 1426, 1343, 1317,
1278, 1208, 1146, 1115, 1096, 1054, 964, 953, 920, 765,
741, 688 cm”'; HRMS caled for Co4Hp4N,OgNa [M+Na]*
459.1532, found 459.1525.

(4R,18R)-10,13- — H 55 % -1,2,3,4,4a,18a- 75 A 7K HF:
[5,6]1[1,3] W& W [3,4-a] X FF[5,6][1,3] W& s [4,3-c] 4 1= Ip -
6,17(11bH 1 1cH)- — Tl (Se): H & [H &, 7= %X 81%.
m.p. > 300 C; de>99.9%, HPLC [Daicel Chiralcel
OJ-RH (0.46 cmX25 cm), V(MeOH) : V(H,0)=80 : 20,
flow rate: 1.0 mLemin ', A=245 nm], retention time: #,=
6.597 min, £, = 7.936 min; [a]y — 139 (¢ 0.017,

http://sioc-journal.cn/ 2097
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CH;CH,OH); 'H NMR (DMSO-d,, 400 MHz) ¢: 6.68 (s,
2H, ArH), 6.50 (d, /=8.0 Hz, 2H, ArH), 6.24 (d, /=10.0
Hz, 2H, ArH), 4.78 (s, 2H, 2 X CH), 3.73 (s, 8H, 2 X OCH;,4
+2XCH), 2.98~2.96 (m, 2H, CH,), 1.98~1.94 (m, 2H,
CH,), 1.78~1.76 (m, 2H, CH,), 1.21~1.19 (m, 2H, CH,);
BC NMR (DMSO-ds, 75 MHz) o: 160.8, 150.2, 129.6,
110.2, 109.5, 100.3, 64.8, 63.5, 55.9, 28.6, 25.1; IR (KBr)
v: 2934, 1729, 1718, 1618, 1595, 1492, 1421, 1344, 1317,
1277, 1208, 1142, 1113, 1096, 1054, 969, 948, 920, 765,
722, 686 cm”'; HRMS caled for CpH,sN,OgNa [M—|—Na]+
459.1532, found 459.1530.

(4S,189)-10,13- — F % %E-1,2,3,4,4a,18a- /N A 2K FF
[5,61[1,3] M 155 [3,4-a] 7k I [5,6][ 1,31 % I5& [4,3-c] W4 & Wik -
6,17(116H,11cH)-—F(5f): FEFEAE, =% 83%. mp.>
300 C; de>99.9%, HPLC [Daicel Chiralcel OJ-RH (0.46
cm X 25 cm), V(MeOH) : V(H,0)=280 : 20, flow rate: 1.0
mLemin "', 2=245 nm)], retention time: #=6.597 min,
£ =7.936 min; [a]5 +140 (¢ 0.018, CH;CH,OH); 'H
NMR (DMSO-dg, 400 MHz) J: 6.65 (s, 2H, ArH), 6.48 (d,
J=6.0 Hz, 2H, ArH), 6.24 (d, J/=8.0 Hz, 2H, ArH), 4.72
(s, 2H, 2XCH), 3.72 (s, 8H, 2XCH3+2 X CH), 2.94~
2.93 (m, 2H, CH,), 1.96~1.93 (m, 2H, CH,), 1.75~1.74
(m, 2H, CH,), 1.19~1.17 (m, 2H, CH,); IR (KBr) v: 2936,
1724, 1718, 1613, 1595, 1490, 1447, 1421, 1343, 1356,
1277, 1205, 1146, 1113, 1096, 1054, 964, 945, 921, 765,
756 c¢cm”'; HRMS caled for CpyHpN,OgNa [M~+Na]®
459.1532, found 459.1533.

3.4 FMEHIEER-2-H _E 6 HIEAK

# 0.5 mmol ) FPEFEIFNERR-2-HF 5 & T 50 mL
JEEE S, N 3 mL oK S H kT, HHE 10 min,
—30 CNHHME RN 228 M 0.5 mL =R
5mL S R, 30 min S, 4EFFRPBLEEE 1 h, 5
THEER, 8P 6 h, B TE4 R A REEEIA
VKK, e, AT, hUE, FEETE Y 6.

(4R,18R)-8,15- — ¢ % -1,2,3,4,4a,18a- 7N & &K It
[5,6][1,3] W& W [3,4-a] < FF[5,6][1,3] W& s [4,3-c] W 12 I -
6,17(116H,11cH)-—ffl(6a): H A, 772 86%. m.p.>
300 C; de>99.9%, HPLC [Daicel Chiralcel OJ-RH (0.46
cmX25 cm), V(MeOH) : V(H,0)=75 : 25, flow rate: 1.0
mLemin ', A=245 nm)], retention time: t,=4.740 min,
£, =5.689 min; [a]y —140 (¢ 0.020, CH;CH,OH); 'H
NMR (DMSO-ds, 400 MHz) 6: 9.74~9.68 (m, 2H, 2X
OH), 6.96 (t, J/=8.0 Hz, 1H, ArH), 6.88 (d, J/=7.2Hz, 1H,
ArH), 6.71 (d, /=38.0 Hz, 1H, ArH), 6.62 (d, J=8.0 Hz,
1H, ArH) , 6.51 (t, J=8.0 Hz, 1H, ArH), 6.04 (d, J=7.6

2098 http://sioc-journal.cn/
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Hz, 1H, ArH), 5.46 (d, J=6.4 Hz, 1H, CH), 5.30 (d, J=
7.6 Hz, 1H, CH), 4.51~4.47 (m, 1H, CH), 3.45~3.34 (m,
1H, CH), 2.47~2.41 (m, 1H, CH,), 2.22~2.19 (m, 1H,
CH,), 1.82~1.69 (m, 4H, 2CH,), 1.40~1.31 (m, 2H,
CH,); *C NMR (75 MHz, DMSO-d,) J: 150.1, 150.0,
144.8, 144.2, 138.0, 137.8, 124.5, 123.3, 118.7, 118.4,
118.1, 116.9, 116.7, 116.4, 64.5, 61.7, 57.1, 53.7, 30.5,
28.0, 26.0, 24.9; IR (KBr) v: 3410, 3389, 2936, 1729,
1718, 1618, 1593, 1490, 1437, 1421, 1343, 1317, 1113,
1096, 1054, 964, 945, 765, 752, 638 cm '; HRMS calcd
for C5,H,0N,O¢Na [M+Na]" 431.1219, found 431.1201.

(45,185)-8,15- — ¥& % -1,2.3,4,4a,18a- /5 & & I
[5,6][1,3] %8 W& [3,4-a] 2K 1 [5,6][1,3] M Wz [4,3-c] W W I -
6,17(11bH,11cH)-—J(6b): ik, 7% 87%. m.p.>
300 C; de>99.9%, HPLC [Daicel Chiralcel OJ-RH (0.46
cm X 25 cm), V(MeOH) © V(H,0)=75 © 25, flow rate: 1.0
mLemin~', A=245 nm)], retention time: #,=4.740 min,
£=>5.689 min; [a]y +137 (¢ 0.017, CH;CH,OH); 'H
NMR (DMSO-dg, 400 MHz) 6: 9.74~9.67 (m, 2H, 2X
OH), 6.97~6.90 (m, 2H, ArH), 6.73~6.62 (m, 2H, ArH),
6.52~6.51 (m, 1H, ArH), 6.05~6.04 (m, 1H, ArH),
5.45~5.31 (m, 2H, 2X CH), 4.49 (s, 1H, CH), 3.38~3.37
(m, 1H, CH), 2.47~2.44 (m, 1H, CH,), 2.22~2.20 (m,
1H, CH,), 1.77~1.75 (m, 4H, 2CH,), 1.35~1.34 (m, 2H,
CH,); >C NMR (75 MHz, DMSO-d;) J: 150.3, 146.3,
138.3, 123.8, 119.9, 118.5, 112.9, 64.8, 63.3, 56.2, 55.3,
28.5, 25.1; IR (KBr) v: 3398, 3012, 2936, 1729, 1716,
1618, 1595, 1490, 1467, 1421, 1343, 1316, 1277, 1208,
1146, 1116, 1096, 1054, 964, 945, 752, 684 cm™'; HRMS
caled for CpH,N,Os [M + H] ' 409.1400, found
409.1395.

(4R,18R)-9,14- — ¥& %£ -12.3.4,4a,18a- 7~ A 7 If
[5,6][1,3] %8 W& [3,4-a] 2K 1 [5,6][1,3] M Wz [4,3-c] W W I -
6,17(11bH,11cH)-—Ff(6c): FIEAE, 772 89%. m.p.>
300 C; de>99.9%, HPLC [Daicel Chiralcel OJ-RH (0.46
cm X 25 cm), V(MeOH) © V(H,0)=75 © 25, flow rate: 1.0
mLemin~', A=245 nm)], retention time: #,=4.740 min,
£ =>5.243 min; [a]y —200 (¢ 0.017, CH;CH,OH); 'H
NMR (DMSO-d,, 400 MHz) J: 9.89 (s, 2H, 2 X OH), 6.41
(s, 2H, ArH), 6.33~6.31 (m, 2H, ArH), 6.15~6.12 (m,
2H, ArH), 4.64 (s, 2H, 2XCH), 3.72~3.67 (m, 2H, 2X
CH), 2.96~2.94 (m, 2H, CH,), 1.96~1.92 (m, 2H, CH,),
1.75~1.74 (m, 2H, CH,), 1.19~1.18 (m, 2H, CH,); "*C
NMR (75 MHz, CF;COOD) é: 153.7, 150.0, 142.9, 117.9,
116.6, 116.0, 114.4, 66.4, 66.1, 28.8, 24.2; IR (KBr) v:
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3390, 3019, 2936, 1729, 1718, 1618, 1595, 1490, 1208,
1146, 1113, 1096, 1054, 964, 945, 920, 764, 752, 648
cm '; HRMS caled for CyHy N,Og [M+H]" 409.1400,
found 409.1400.

(4S,188)-9,14- — % % -1,2,3,4,4a,18a- /N A ¥ If
[5,61[1,3] W& W [3,4-a] < FF[5,6][1,3] W& W [4,3-c] 4 1 I -
6,17(116H,11cH)-_fi(6d): FEEK, 7% 89%. m.p.>
300 C; de>99.9%, HPLC [Daicel Chiralcel OJ-RH (0.46
cmX25 cm), V(MeOH) : V(H,0)=75 : 25, flow rate: 1.0
mLe min~', =245 nm], retention time: f;=4.740 min,
5, =>5.243 min; [a]f +197 (¢ 0.019, CH;CH,OH); 'H
NMR (DMSO-d, 400 MHz) J: 9.86 (s, 2H, 2X OH), 6.41
(s, 2H, ArH), 6.32 (d, J=8.0 Hz, 2H, ArH), 6.14 (d, J=8.0
Hz, 2H, ArH), 4.64 (s, 2H, 2 X CH), 3.66~3.65 (m, 2H,
2XCH), 2.95~2.94 (m, 2H, CH,), 1.95~1.92 (m, 2H,
CH,), 1.75~1.74 (m, 2H, CH,), 1.19~1.18 (m, 2H, CH,);
BC NMR (75 MHz, DMSO-d;) J: 158.9, 150.3, 150.0,
129.6, 111.1, 108.0, 101.6, 65.0, 63.5, 28.6, 25.1; IR (KBr)
v: 3319, 3019, 2936, 1724, 1718, 1618, 1595, 1490, 1437,
1421, 1343, 1146, 1113, 1096, 1054, 965, 944, 920, 745,
752, 684 cm”'; HRMS caled for CoHyN,Og [M+ HJ'
409.1400, found 409.1409.

(4R,18R)-10,13- — 2 £ -12.3.4,4a,18a- 7~ & % I
[5,6][1,3] W& W [3,4-a] < FF[5,6][1,3] W& s [4,3-c] W4 1 Ip -
6,17(116H,11cH)-_ff(6e): FE[EE, 7% 88%. m.p.>
300 C; de>99.9%, HPLC [Daicel Chiralcel OJ-RH (0.46
cmX25 cm), V(MeOH) © V(H,0)=75 : 25, flow rate: 1.0
mLemin ', A=245 nm)], retention time: #,=4.397 min,
£, =5.689 min; [a]y —216 (¢ 0.019, CH;CH,OH); 'H
NMR (DMSO-ds, 400 MHz) d: 9.29 (s, 2H, 2 X OH),
6.92~6.90 (m, 2H, ArH), 6.70 (d, J=9.2 Hz, 2H, ArH),
5.86 (s, 2H, ArH), 4.80 (s, 2H, 2X CH), 3.70~3.69 (m,
2H, 2XCH), 2.94~2.92 (m, 2H, CH,), 1.95~1.90 (m,
2H, CH,), 1.75~1.74 (m, 2H, CH,), 1.20~1.19 (m, 2H,
CH,); >C NMR (75 MHz, DMSO-dy) J: 153.3, 151.0,
142.0, 118.8, 116.8, 116.0, 114.5, 64.7, 63.1, 28.5, 25.1; IR
(KBr) v: 3390, 2936, 1729, 1718, 1613, 1595, 1490, 1437,
1421, 1343, 1315, 1277, 1208, 1146, 1113, 1096, 925, 765,
752, 684 cm™'; HRMS caled for Co,HyoN,OgNa [M+Na]*
431.1219, found 431.1198.

(4S,188)-10,13- — $% %£ -1,2,3,4,4a,18a- 7~ & % I
[5,6][1,3] W& W [3,4-a] < FF[5,6][1,3] W& s [4,3-c] W4 1 Ip -
6,17(116H,11cH)-_(6f): FE[EK, =% 87%. m.p.>
300 C; de>99.9%, HPLC [Daicel Chiralcel OJ-RH (0.46
cmX25 cm), V(MeOH) : V(H,0)=75 : 25, flow rate: 1.0
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mLe min~', =245 nm], retention time: #,=4.397 min,
£=>5.689 min; [a]y +220 (¢ 0.017, CH;CH,OH); 'H
NMR (DMSO-d,, 400 MHz) §: 9.29 (s, 2H, 2 X OH), 6.90
(d, J=8.8 Hz, 2H, ArH), 6.71~6.68 (m, 2H, ArH), 5.85~
5.84 (m, 2H, ArH), 4.80 (s, 2H, 2X CH), 3.71~3.69 (m,
2H, 2XCH), 2.94~2.92 (m, 2H, CH,), 1.94~1.91 (m,
2H, CH,), 1.76~1.74 (m, 2H, CH,), 1.21~1.17 (m, 2H,
CH,); *C NMR (75 MHz, DMSO-dy) J: 153.4, 151.1,
142.0, 118.8, 116.8, 116.0, 114.5, 64.7, 63.1, 28.6, 25.1; IR
(KBr) v: 3400, 3391, 2936, 1729, 1718, 1618, 1595, 1490,
1436, 1421, 1343, 1317, 1277, 1206, 1146, 1113, 1096,
1054, 964, 945, 920, 766 c¢cm !; HRMS caled for
C2Hy0N>OgNa [M+Na]" 431.1219, found 431.1203.
3.5 FMHRHIEE-2-TF 9 W& REE

£ 50 mL =HUEIHHINE2H1(0.9 g, 6 mmol) A JE7K
THF 10 mL, &SRy, B FEEEN TiCl,
(0.67 mL, 6 mmol), V&AL 2 h, WA R F R A 15
AR PR AR, EEREESAYR, 218505
NP F AT AE OO AZ 8 (1 mmol) A4S (2
mmol)¥& T 10 mL THF WA, INEE, fEZERXM 3 h,
MNEERE, FH 50 mL 3%ERER 7 f#, F S5 (50 mL X 3)
L, GHANLE, KEZEFMEGO mLX3), AHEH
ToKBRBRIN T, JEE TG, Uz £ 7], 1968
i, AEENTE EARTE 9.

(4R,18R)-1,2,3.4.4a,11¢,16,18a- )\ &, ¥ W2 WK [1,2-c:
4,3-c"1 I IR -6-17(7H,11bH)- —-B{ (9a): A {0 [FH 14k,
FEFE 73%. mp.>300 C; ee>99.9%, HPLC [Daicel
Chiralpak OJ-RH (0.46 cmX25 cm), V(MeOH) . V(H,-
0)=280 : 20, flow rate: 1.0 mLemin"', 1=245 nm)], reten-
tion time: #;=15.548 min, ©,=6.727 min; [05]12)5 —240 (c
0.019, EtOH); '"H NMR (DMSO-d,, 400 MHz) d: 9.25 (s,
1H, NH), 8.91 (s, 1H, NH), 7.25~7.24 (m, 1H, ArH),
6.97~6.96 (m, 1H, ArH), 6.83~6.82 (m, 2H, ArH),
6.52~6.32 (m, 4H, ArH), 5.21 (s, 1H, CH), 5.07 (s, 1H,
CH), 4.65~4.64 (m, 1H, CH), 3.06~3.05 (m, 1H, CH),
2.88~2.60 (m, 2H, CH,), 1.76~1.60 (m, 4H, 2CH,),
1.34~1.32 (m, 2H, CH,); >C NMR (DMSO-d,, 75 MHz)
8: 159.8, 158.5, 142.7, 142.4, 134.4, 133.8, 133.7, 133.3,
126.0, 124.7, 121.8, 121.2, 118.7, 118.1, 72.2, 67.6, 60.6,
59.2, 37.0, 36.4, 34.0, 31.9, 30.5; IR (KBr) v: 3410, 3321,
3012, 2931, 1729, 1718, 1618, 1595, 1490, 1431, 1421,
1343, 1317, 1217, 1208, 1146, 1113, 1096, 1051, 964, 945,
910, 765, 751, 682 cm™'; HRMS calcd for C,,H,,N,O,Na
[M+Na]" 397.1640, found 397. 1647.

(45,1895)-1,2,3,4,4a,11c,16,18a- )\ & ¥ W& Wk [1,2-c:

http://sioc-journal.cn/ 2099



BIHE

R

4,3-¢"13F W IR-6-17(7H,11bH)- i (9b): 1 {4 14,
FEE 72%. mp.>300 C; ee>99.9%, HPLC [Daicel
Chiralpak OJ-RH (0.46 cmX25 cm), V(MeOH) . V(H,-
0)=80 : 20, flow rate: 1.0 mLemin ', =245 nm], reten-
tion time: #,=35.548 min, £, =6.727 min; [alh +237 (¢
0.017, EtOH); '"H NMR (DMSO-d,, 400 MHz) J: 9.22 (s,
1H, NH), 8.89 (s, 1H, NH), 7.25 (d, J=7.6 Hz, 1H, ArH),
6.96 (t, J=7.6 Hz, 1H, ArH), 6.85~6.80 (m, 2H, ArH),
6.51 (d, J=8.0 Hz, 1H, ArH), 6.41 (d, J=8.0 Hz, 1H,
ArH), 6.34~6.28 (m, 2H, ArH), 5.22 (d, J=7.2 Hz, 1H,
CH), 5.0 6 (d, J=7.6 Hz, 1H, CH), 4.68~4.64 (m, 1H,
CH), 3.09~3.03 (m, 1H, CH), 2.67~2.58 (m, 1H, CH,),
2.11~2.10 (m, 1H, CH,), 1.81~1.74 (m, 2H, CH,),
1.62~1.60 (m, 2H, CH,), 1.40~1.28 (m, 2H, CH,); IR
(KBr) v: 3410, 3329, 2936, 1729, 1718, 1618, 1597, 1490,
1437, 1421, 1343, 1317, 1277, 1208, 1145, 1117, 1096,
1054, 964, 945, 970, 767, 752, 678 cm”'; HRMS calcd for
C2H»N,0,Na [M+Na]* 397.1640, found 397.1649.
3.5 FMMEE12 FERK

1E Schlenk <N & H I 0.05 mmol {4L71 6a~6f,
BRI 2 mL Bk Z& W %E. 1 mL EtZn ) IE
e (1 mmol/L), ZEim#HiH: 0.5 h, ZARY FIIA
0.25 mL VUSSR EIEER, =EHFHE 1 h, B A
0.5 mmol XF{RZEFEE 10, gk4EHiPE 12 h, RNEER)E
(TLC i), VKHSA DR W Inas SRR (3%) W K B,
R CBE(15 mLX3)AH, &HAHUAH, AHAHKGEGR =
R, BIIETK NapSO, T4, HENT AP 12.

(R)-1-(4-1RZEF) - 1-FE(12): TEEWAA; 'TH NMR
(400 MHz, CDCl;) 6: 7.46 (d, J=7.6 Hz, 2H, ArH), 7.21
(d, J=7.6 Hz, 2H, ArH), 4.57 (t, J=6.0 Hz, 1H, CH), 1.87
(s, 1H, OH), 1.78~1.71 (m, 2H, CH,), 0.90 (t, J=7.2 Hz,
3H, CHs); °C NMR (DMSO-ds, 75 MHz) §: 147.1, 133.8,
129.4, 125.4,78.7, 34.4, 15.3.

B EL(Supporting Information) 6b fiE{b & it &
Y12 AR A6 S 6 FMLEMD 7 1 L v RORUAH
L I R AT DL B A A ) 3k (http://sioc-jour-
nal.cn/) | %K.
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