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Abstract Starting from the readily available maleic anhydride and (R)-1,1'-bi-2-naphthol (BINOL), an efficient method for
the synthesis of a new class of chiral maleimide derivatives with C,-symmetry was described, involving Williamson ether
synthesis, Suzuki coupling reaction and deprotection reaction by microwave to give 3,4-[(R)-3,3'-diaryl-1,1'-binaphthyl-2,2'-
dioxy]-maleimides in 6.2%~16% yields. Moreover, the structures of the target compound and key intermediates were con-

firmed by '"H NMR, "*C NMR, HRMS and IR techniques.
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Scheme 1  Synthetic method of chiral maleimide
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£ Brenet ZUSRE S, L&YW 1 HEMA
(R)-BINOL 5 3,4- R Rk W& [ B, 7E N,N-—HIJk
I (DMF)H, LA Na,COs {EBR, 3@ 3d Williamson fif &
B, WCRAUE  16%. 13411 B 244 FH (R)-BINOL 5
3,4- IR R R R S, FETC/KIAERH, BL K,CO; fE
W, A 1 R LR B 75%. B 1 ORHE R
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Figure 1 Molecular structure of 1
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£1 LB 6 7%
Table 1 Yield of compound 6

Compd. Yield*/% Total yieldh/%
6a 41 9.3
6b 30 7.0
6e 61 16
of 22 6.2

“TIsolated yield; ®(R)-BINOL as the starting compound.

EARBIRE=Y )G, N2 ARV NG T
A7) S T 30 80 4 PO S o AR I 3R 02T fg 87 RN BAR
B (R AS KR Baeyer-Villiger 484K S N0 34 1 2 e
13 r= B AN e .

2 #ig

DU T 4% — B2 BT AI(R)-BINOL JMAZAE R, #1417
—RHNEA C, WRRME R F BT AR5, %2R
AR, FAIERT ARG PN T
PTG K PR . A SC A 20 3 K S 07 0 H 1) S A
R, NERTFHEB ARG T —Ma R fae
FHng 1.

3 S
3.1 UHFES5HF

-+ BRUKER A 7] AVANCE 400 MHz ¥ i SL R AX;
Z[H CEM /A7 DISCOVER SP HBEGIN A A, 35
Agilent 227 1290-6540 Q-Tof A i OB~ 70 i il
BCHAY, ESI AE T, HALRE SHIMADZU A H
IRAffinity-1S {837 25 e 27 ZM i (KBr JE H1E35E);
%% [ Perkin Elmer G BRAF] 341 ShedeA; Jbnits
IR A PR A F X-6A A5% WAUE A BT RIS A
WA A oy e al, it o /KGR 22 9256 = F R
IKJEAE .

32 ZWHE
32,1 34 [(R)-(1,1-B 38)-2,2- — A A ]- & kBt T e
(1)89 8- 5%,

RS T, #0858 g (3.0 mmol) (R)-BINOL Fil
0.828 g (6.0 mmol) K,CO; BT 100 mL KL, 58
JEIMA 60 mL JG/KTA R, ik EIRURAS S AEH
0.765 g (3.0 mmol) 3,4- iR T >RME VL 1) 20 mL A BV
W, BEFEEIA S h JEFAMIN 0.153 g (0.6 mmol) 3,4- iR
SRRV N, kS8 3 h, T2 il (TLO) & M 58
Be, WEIZE IR, WORRR R FIREE, MR A
EEZAMK(Z) 30 mL), ASEH ST EEA(25 mLX
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4), GIANUHE, WATE KPR, /K Na,SO, T,
FEiE A BN LB ZE8) - VOR B =1 : 6143 1 [#
4 0.853 g, FPHE 75%. m.p.>290 COCEME!® m.p.>
350 C); [alg +313.9 (¢ 0.60, CDCl;); '"H NMR (400
MHz, CDCLy) d: 8.06 (d, J=8.8 Hz, 2H), 7.96 (d, J=8.2
Hz, 2H), 7.54~7.49 (m, 4H), 7.31 (t, J=7.6 Hz, 2H), 7.12
(d, J=8.5 Hz, 2H), 6.84 (bs, 1H).

3.2.2 o AR Ag Ak,

N-PMB £ #' 1) 3,4- — % 5 ok Bt 0 f% (2) A
(R)-BINOL #7449 3 Z M8 SCHiR[4, 15, 28] 5 154 B
323 N-* ¥ &K FHE-34-[(R)-3,3-—ak-1,1"- B 3 -
2,2-Z A K- R BE I (4) 69 A A%

ERAA T, #0375 g (1.0 mmol) N-XtHI &I
FE-3,4- IR T SREE F7(2) 0.592 g (1.1 mmol) (R)-3,3"-
2,2 T FR L 1R ZE(3) A1 0.581 g (10.0 mmol) AL
PHE T 25 mL BRI S, IIA 10 mL Jo7K DMF,
IAEE 75 C, PR 24 h, AEER, iERPIMA
20 mL ZEME/K, H 4R OBERERL(15 mLX4), &AL
A, FEAI R ERK R 7Bk, To7K NapSO, T, FEtailk
FEINLIRCER) @ VCAME)=1 © 25143 i (o [& {4k
0.466 g, 7% 62%. m.p. 183~185 C; [als +255.7 (¢
0.60, CDCl;); 'H NMR (400 MHz, CDCl5) 8: 8.59 (s, 2H),
7.83 (d, J=8.2 Hz, 2H), 7.53~7.47 (m, 2H), 7.35~7.27
(m, 4H), 7.01 (d, J=8.4 Hz, 2H), 6.86~6.81 (m, 2H),
4.72~4.58 (m, 2H), 3.78 (s, 3H); C NMR (100 MHz,
CDCly) 6: 163.5, 159.4, 149.3, 141.8, 137.1, 133.3, 132.7,
130.0, 128.4, 128.0, 127.3, 127.3, 126.6, 124.6, 114.2,
87.9, 55.4, 41.0; IR (KBr) v: 3033, 1727, 1506, 1396,
1230, 975, 754 cm ! HRMS (ESI+) calcd for Cs;,H,0I,NOs
[M+H]" 751.9425; found 751.9427.

3.2.4 ABER T4 Sa~5d 6946 &

ERAGT, H N SRR 5E-3,4-[(R)-3,3-
1,1 B 25 -2,2'- 5 R - ok I % (4) (1.0 mmol)s A
HLIAER(3.0 mmol). Pd,(dba); (55 mg, 0.05 mmol). S-Phos
(50 mg, 0.1 mmol)FIBERRHH(1.3 g, 6.0 mmol)E T 25 mL
B RS, A 10 mL FH2RAT T mL K, hn#zE 50 C,
FFE SN 5 h, TLC Al B 5E 5, R R %R, KRS
AT, B AN 20 mL /K, T ECH BEAREL
(15 mL X 4), &IHAHA, B HKEE, LK
Na,SO, T4, HEEN B[V LR LER) @ V(A )=
1:20] Sa~5Sc) KM & HR) : VA mE)=1: 4]
(5d)1F HA574).

N-X F 480 3 46 3 -3 4-[(R)-3,3"- - A JE-1,1- Bk 25 -
2,2 AL TR BE W (5a): AR, PR 63%.
m.p. 216~217 C; [a]5 +261.1 (¢ 0.60, CDCly); 'H
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NMR (400 MHz, CDCl;) J: 8.04 (s, 2H), 7.97 (d, J=8.2
Hz, 2H), 7.56~7.51 (m, 6H), 7.43~7.42 (m, 6H), 7.36 (t,
J=1.5 Hz, 2H), 7.29~7.25 (m, 2H), 6.91 (d, J=8.5 Hz,
2H), 6.73 (d, J=8.6 Hz, 2H), 4.25 (d, J=14.8 Hz, 1H),
4.19(d, J=14.8 Hz, 1H), 3.77 (s, 3H); *C NMR (100
MHz, CDCls) 0: 163.2, 159.2, 148.7, 138.0, 136.2, 134.4,
132.5, 132.1, 132.0, 130.2, 129.7, 128.7, 128.4, 128.3,
128.1, 127.3, 126.8, 126.7, 125.0, 113.9, 55.4, 40.2; IR
(KBr) v: 3044, 1717, 1672, 1506, 1396, 1233, 743 cm .
HRMS (ESI") caled for C,uH3NOs [M+H]" 652.2119,
found 652.2120.

N-XF AR FE N HE-3,4-[(R)-3,3- (4-FRFL IR FE)-1,1'-
B25-2,2- AR E - TR BE W % (Sb): iR A E A, PR
65%. m.p. 198~200 °C; [a]f +35.9 (¢ 0.60, CDCl;); 'H
NMR (400 MHz, CDCLy) §: 8.12 (s, 2H), 8.00 (d, J=8.2
Hz, 2H), 7.71~7.68 (m, 4H), 7.66 (d, J=3.8 Hz, 8H),
7.58~7.53 (m, 2H), 7.48 (t, J=7.6 Hz, 4H), 7.38 (ddd,
J=7.4,25,1.3 Hz, 4H), 7.31 (d, J=8.4 Hz, 2H), 6.87 (d,
J=8.7 Hz, 2H), 6.63~6.57 (m, 2H), 4.19 (s, 2H), 3.67 (s,
3H); “C NMR (100 MHz, CDCl3) 6: 163.1, 159.1, 148.8,
141.0, 140.8, 138.1, 135.1, 133.9, 132.5, 132.1, 130.6,
129.7, 128.9, 128.7, 128.5, 127.5, 127.4, 127.0, 126.8,
126.7, 125.2, 113.8, 55.3, 40.3; IR (KBr) v: 3022, 1717,
1672, 1506, 1385, 1241, 754 cm ', HRMS (ESI") calcd
for Cs¢H3sNOs [M+H]" 804.2745, found 804.2743.

N- o B AR 3 56 3 3,4-[(R)-3,3- - (3,5- AR R
Be)-1,1- 1628 -2,2"- Ak - SRt i (Se): 8 i 44
FEE 75%. mp. 209~211 C; [a]ld +65.7 (¢ 0.60,
CDCly); 'H NMR (400 MHz, CDCly) §: 8.21 (s, 2H), 8.03
(d, J=8.2 Hz, 2H), 7.90 (t, J=1.6 Hz, 2H), 7.84 (d, J=1.6
Hz, 4H), 7.79 (d, J=1.3 Hz, 4H), 7.77 (s, 4H), 7.60~7.55
(m, 2H), 7.48 (s, 2H), 7.46 (s, 4H), 7.44 (s, 2H), 7.40 (d,
J=1.1 Hz, 1H), 7.38 (d, J=1.3 Hz, 2H), 7.36 (d, J=2.2
Hz, 3H), 7.35 (d, J=1.1 Hz, 1H), 7.34 (s, 1H), 6.63 (d, J=
8.6 Hz, 2H), 6.23 (d, J=8.7 Hz, 2H), 4.17 (d, J=14.9 Hz,
1H), 3.43 (s, 3H); *C NMR (100 MHz, CDCl;) §: 163.0,
158.8, 148.7, 141.8, 141.3, 138.1, 136.9, 134.2, 132.5,
1322, 132.1, 129.2, 1289, 128.5, 128.3, 128.2, 127.6,
127.6, 127.5, 126.9, 126.7, 125.8, 125.3, 113.7, 55.1, 39.9;
IR (KBr) v: 3033, 1717, 1661, 1506, 1385, 1218, 754
em ', HRMS (ESI") caled for CesHyNOs [M+H]™
956.3371, found 956.3369.

N-Xof FAR JE S 323 4- {(R)-3,3'- —-[4-(9H-H:E-9-3E)
IRFE]-1,1-BR 55 -2,2"- AR - R B iR (Sa): e
RMEAK, F2F 78%. m.p. 247~249 C; [als +58.6 (c

2688 http://sioc-journal.cn/
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0.60, CDCl3); '"H NMR (400 MHz, CDCl;) J: 8.24~8.19
(m, 6H), 8.09 (d, J=7.6 Hz, 2H), 7.80 (d, J=6.4 Hz, 4H),
7.70~7.59 (m, 10H), 7.52~7.46 (m, 8H), 7.36~7.28 (m,
4H), 6.91 (d, J=6.8 Hz, 2H), 6.32 (d, J=6.8 Hz, 2H), 4.32
(d, J=14.0 Hz, 1H), 4.22 (d, J=14.8 Hz, 1H), 3.27 (s,
3H); *C NMR (100 MHz, CDCly) d: 162.9, 159.0, 148.8,
141.1, 138.3, 137.6, 135.1, 133.7, 132.6, 132.0, 131.9,
131.7, 129.8, 128.6, 128.3, 127.6, 127.1, 127.0, 126.8,
126.1, 125.2, 123.5, 120.4, 120.1, 113.7, 110.3, 54.8, 40.5;
IR (KBr) v: 3056, 1727, 1528, 1440, 1318, 1230, 743
cm '; HRMS (ESI') caled for CegHuN;Os [M+H]™
982.3275, found 982.3276.
323 FHDRBLEIELTA 4 6a—~6d 4945 K

AR Sa~5d (1.0 mmol)FIH/K AICI,
(5.0 mmol)E T 15 mL B R MIEH, A 10 mL < H
fif, 10 min JI#AZE 145 C A 40 min, TH* 200 Hz, %
FEEIE, RIEAERF I 20 mL ZFR B85 F120 mL K,
S AN, KA R ZBEREL(15 mL X 4), &HH
BUAH, PRI ShoKBEds, oK T, Ak
BN LR ZER) @ VA HEF)=1 : 20] (6a~6¢c) M [V(—
WD) L VA WEH)=1 : 4)6d), 5 HIMLEY 6a~
6d.

34-[(R)-3,3'- " ZFHL-1,1- B 25 2,2"- AL - ke
T (6a): & (A, F7% 41%. mp. 249~250 C;
[a]? +313.9 (¢ 0.60, CDCl); 'H NMR (400 MHz,
CDCLy) §: 8.11 (s, 2H), 8.03 (d, J=8.0 Hz, 2H), 7.63 (d,
J=8.0 Hz, 4H), 7.58 (t, J=7.4 Hz, 2H), 7.50~7.39 (m,
8H), 7.33 (d, J=8.4 Hz, 2H), 6.53 (s, 1H); *C NMR (100
MHz, CDCls) d: 162.5, 148.5, 138.4, 136.1, 134.3, 132.5,
132.2, 132.1, 130.2, 128.5, 128.4, 128.2, 127.4, 126.8,
126.7, 125.0; IR (KBr) v: 3052, 1732, 1683, 1506, 1418,
1312, 1201, 758, 687 cm '; HRMS (ESI") caled for
C3sH»NO, [M+H]" 532.1543, found 532.1545.

3,4-[(R)-3,3'- = (4- R L R I )-1,1- B 28 -2,2- %K
Fe1- B R BE iz (6b): ¥R BB AR, FE 2 30%. mup.
245~247 C; [a]s —24.7 (¢ 0.60, CDCly); 'H NMR
(400 MHz, CDCl3) 6: 8.16 (s, 2H), 8.16 (s, 2H), 8.03 (d,
J=8.2 Hz, 2H), 8.03 (d, J=8.2 Hz, 2H), 7.88~7.63 (m,
13H), 7.75~7.66 (m, 12H), 7.60~7.54 (m, 2H), 7.62~
7.51 (m, 2H), 7.45 (t, J=7.6 Hz, 4H), 7.51~7.25 (m,
12H), 7.41~7.29 (m, 6H), 6.38 (s, 1H), 6.38 (s, 1H); "°C
NMR (100 MHz, CDCl;) 0: 162.5, 148.6, 140.9, 140.8,
138.4, 135.0, 133.8, 132.6, 132.2, 132.1, 130.7, 128.9,
128.5, 127.5, 127.4, 127.3, 127.1, 126.9, 126.7, 125.2; IR
(KBr) v: 3052, 1744, 1661, 1489, 1330, 1201, 754 cm .
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HRMS (ESI") caled for CyHyoNO, [M+H]" 684.2169,
found 684.2171.

3,4-[(R)-3,3'-(3,5- R HEIRFE)-1,1-BKF5-2,2- 5
B- kB % (6c): HEEE, 2% 61%. m.p. 253~
255 C; [aly —47.9 (¢ 0.60, CDCly); 'H NMR (400
MHz, CDCl) 6: 8.27 (s, 2H), 8.08 (d, J=8.4 Hz, 2H),
7.89~7.88 (m, 6H), 7.79~7.77 (m, 8H), 7.62 (d, J=6.8
Hz, 1H), 7.60 (d, J=6.8 Hz, 1H), 7.47~7.42 (m, 11H),
7.39~7.34 (m, 5H), 6.42 (s, 1H); C NMR (100 MHz,
CDCly) 6: 171.3, 162.5, 148.6, 141.9, 141.2, 138.5, 136.7,
134.1, 132.6, 132.3, 1322, 128.9, 128.6, 128.2, 127.6,
127.0, 126.7, 125.9, 125.3; IR (KBr) v: 3033, 1738, 1506,
1318, 1207, 842, 743 cm '. HRMS (ESI") caled for
CeoH3sNO4 [M+H]" 836.2795, found 836.2793.

3,4-{(R)-3,3'- - [4-(9H-MR M -9-HE) R B -1,1'- B 2% -
2,2'- A - TR R (6d): R, PR 22%.
m.p. 284~286 C; [a]5 —26.6 (¢ 0.60, CDCly); 'H
NMR (400 MHz, CDCl;) &: 8.25 (s, 2H), 8.16 (d, J=7.7
Hz, 4H), 8.09 (d, J=8.2 Hz, 2H), 7.88 (d, J=8.4 Hz, 4H),
7.69 (d, J=8.4 Hz, 4H), 7.65~7.57 (m, 6H), 7.45 (dd, J=
11.4, 4.1 Hz, 6H), 7.38 (d, J=8.4 Hz, 2H), 7.30 (dd, J=
11.0, 3.9 Hz, 4H), 6.48 (s, 1H); °*C NMR (100 MHz,
CDCl3) 6: 162.4, 148.5, 141.1, 138.6, 137.7, 135.0, 133.5,
1327, 132.1, 131.8, 128.6, 127.7, 127.1, 126.8, 126.2,
125.2, 123.6, 120.4, 120.1, 110.1; IR (KBr) v: 3056, 1750,
1518, 1440, 1318, 1218, 743 cm ', HRMS (ESI") calcd
for CeoH3eN304 [M+H]" 862.2700, found 862.2702.

4 Bh#1 $l(Supporting Information) Frib &4 'H
NMR Fl °C NMR B, (&4 1 SR g 5. ix
Sl AT DL A B MAS T X 33 (http://sioc-journal.cn/) b R
.
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