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Asymmetric Michael Addition Reaction under the Control of the
Evans Chiral Auxiliary (Il)

Fan, Huidan Zhang, Conghai Yan, Shengjiao Lin, Jun*
(Key Laboratory of Medicinal Chemistry for Natural Resources, Ministry of Education, School of Chemical Science and

Technology, Yunnan University, Kunming 650091)

Abstract Chiral auxiliaries controlled asymmetric reaction is one of the main methods in asymmetric synthesis. Under the
control of the Evans auxiliary and catalyzed by FeCl,, different Grignard reagents were added asymmetrically to the substrates
1 by the way of 1,4-Michael addition reaction, and a series of Michael addition products 2a~2h which containing two chiral
centers have been synthesized with higher stereoselectivity. Among them, compounds 2d and 2e achieved high diastereospeci-
fically up to 98% de. The results showed that the steric hindrance of the Grignard reagents is the main factor which influences

the stereoselectivity of Micheal addition.

Keywords asymmetric Michael addition; Evans chiral auxiliary; diastereoselectivity
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HAr T &9, ERATHE 4 2 mr s, ki
RERA Evans FEBDFN TR A e n Ak R 1
BT A Y (de=95%) I 7 18 (R IRl |, A
RIETLE Evans 1 B4 B 0 F A& B kAT
Michael “AREFEVE IR N, — 20 s B 15 21 B A A
F-PEH L Michael IRG=# 1) 7%, SR HAS R 2= a4 BH
HI#% BGIR T Evans F1HEBh I ] Michael 5244 1 1
TN, — 3 R INVAF BN & AN F b L e &4
2a~2h (Scheme 1). [AJA, b 5 W AR AR 2 2F (1) T I,
RIL FeCly B ARALESE I CuBreSMe, b} [ W [ 72 2 J% 37,
PIEPEIEA RS . &V Eq. 1.
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Ph,
CN “— _ RMgBrFeCly O N 0
ST N R A 0
_ NY THF, Ny, -78 C, 3 h N
0 o R
1 2a~2i

1 &R5E

Evans - Bh 7006} 428 il B 8 (1 37 A 8 B 48 50
BE, (R)-4- R HE-BEMRE-2- il 77 FAT 1 2 i PRI F I R B
e B ) ST AR 3 R P 4 ) 28 S, AR SR 5T o 4k R
AR F A, 75 a,f- A1 Michael 52K B
i, HEGIANT — A H R F PO, 8B
S AR B ) R R A AR S SR, 4381 Michael 244 1
(Scheme 1). 7& FeCly AL, SKH 8 FiAN ) 2% [ A2 BHIY)
Grignard & 7 4F 4 25 i W 5 R 1 AT R XK
Michael Jilj, 7 Evans FH:BIF IS, Se2il5mar
MEPEEREBURY), — 0 RNAFE] T — R VAR W SCHRHR
I EA ST U0 9 Michael =4 2a~2h. IF
AT T de N 75%~98% M HEXT W T AR RENE, Pl

HH 65%~T5%. SLHLE A THR 1.

ME 1 AT LLEH, BRI FIAN ], EA
XSRS N A S SEARTE B = A AN [T R s i), B f e
YIRS I P AN ). b, R T e B 0 ik
7 2a~2¢, 2f, 2g AEXTBRIEEENE de (54 75%~T7%
(# 1, Entries 1~3, 6 fi17). 75 & R FARF I~ 42 h
d.efHN 85%(F 1, Entry 8). Iy JRIFHEMIFR R ILAIR 2
FHEA AR TR 1100 0 e S5z 7 DUk 1) 1 K e 1 S St Pl P
(£ 1, Entries 4, 5, de=98%). Wt W, SEZRFI 2
T A7 FL 2 ke 2 Sz B G g P 1 2 S PR 2%

WS ORI, AE I S 3 A% 28 (1) CuBreSMe, i
WHVRRASFIAL (R 1, Entries 1, 2), FoR8 M AREPENE
A w1, o SR 0 s NV TGV EREAT, 1 HLS
ARFRI R BRI, GBI TR AR R, AT FeCls X1k
SN B R BEATEYE, R LA s S AR 3R AT 1) [ Hsf
P2 1 5. AL 3 R A Xof Pt B PR

IHRE =) AR ST AR Y, ARG TR T AR A
W) 2¢ IR, 3L X AR AT S B LI 1, AR e e
17T [ QI A 0, CCDC 54 7907371,

#F 1 Grignard {715 Michael 3244 1 [FIAXS FRIN AR 2 3 45 S

Table 1 Enantioselective Michael addition results of Grignard reagents to the compound 1

Entry Compd. Cat. R m.p./C Yield/% dr del%
FeCl, 143~144 75 731 76
1 2a CuBreSMe, Et — 30 6.8 .1 74
Tl — 0 — —
FeCl; 70 761 77
2 2b n-Pr 113~114
CuBr+SMe, 52 7.0:1 75
3 2¢ FeCl; i-Pr 168~169 65 12:1 85
4 2d FeCls E} 200~201 68 100 1 98
5 2e FeCl, @ 144~145 70 100 : 1 98
6 2f FeCl, QCHZ— 169~70 70 7.0:1 75
7 2g FeCl, QCHZ— 68~69 65 7.6:1 77
8 2h FeCl, 106~107 69 12:1 85
“de {HHH "HNMR JU5E, WK ARA tHAER BAALELE, WK de 25T 100%.
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Figure 1 X-ray single crystal diffraction spectrum of 2¢
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NMR A BruckDRX500 R AZ i AL 4= A0 32, TMS 4 A,
CDCl; Z:E 351, et E Fl HORIBA A ] High-
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W) B EvEAL T 4277, Michael 324K 1 A st =
Hfl; WA, AR FEalon s o A el gy
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JE BRI AT e K A FE 75 I
2.2 F¥FFR Michael 70K K Kz
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I I (2a) 6 B R ). BT A ) % TR R FG A (15
mmol, 50 mL) % RUKIBAAM T, Ny (R FARSEAEUKA N

162 http://sioc-journal.cn/

© 2012 Chinese Chemical Society & SIOC, CAS

BEFE 30 min 2 f5H £ —78 C N HEHHE 15 min, 12
WIEE% 1 (3.1 g, 9.6 mmol) A 0.25 mmol JE/K =
SR DY R (100 mL)FBL 1058 R J5 4R a1 %
FAFTBERE 3 h, AR SSEEIN pH A 7 (G2l
W, AU REAE RO R, MR S KB A PUZ, K
IR RAN T, Tl 28 R R 2500, SRR ™ . BRI
FEZWT IR CBR) - VA M) - (5 5E)=30 :
1 15145 Histb &4 2a.

(2R,3R)-2-[(4'R)-4'- 2K FE g ML 5E -2 il -3')- i Ik -3- %
HIREQa): AT, 77K 75%. [ald =—56.5 (c=
0.01, CHCly), m.p. 143~144 C; '"H NMR (CDCls, 500
MHz) 6: 0.76 (t, J=7.3 Hz, 3H, CH3), 1.72~1.79 (m, 2H,
CH,), 3.10~3.12 (m, 1H, CH), 4.47 (d, J=8.9 Hz, 1H,
CH), 4.73 (t, J=9.0 Hz, 1H, CH), 5.28 (d, J=6.3 Hz, 1H,
CH,), 5.43 (d, J=5.8 Hz, 1H, CH,), 6.88~7.41 (m, 10H,
ArH); *C NMR (CDCl,, 125 MHz) 0: 12.1,27.1, 43.8, 48.2,
58.2, 70.5, 115.8, 127.4, 128.1, 128.5, 128.9, 129.7, 137.9,
138.1, 153.6, 164.8; IR (KBr) v: 3514, 3417, 3034, 2251,
1773, 1714, 1360, 761, 709 cm™'; HRMS (ESI) caled for
Co1HyoN,05 [M]™ 347.1396, found 347.1399.

(2R 3R)-2-[(4'R)-4"- R FE-WEMLJE-2'- Il -3']- e ik -3- 2K
JLCBQ@D): AGEE, 2R 70%. [o]p =—41.1 (c=
0.01, CHCLy), m.p. 113~114 ‘C; 'H NMR (CDCls, 500
MHz) d: 0.69 (t, J=7.3 Hz, 3H, CH3), 1.02 (q, J=7.4 Hz,
2H, CH,), 1.47~1.52 (m, 1H, CH,), 1.73~1.78 (m, 1H,
CH,), 3.11~3.16 (m, 1H, CH), 439 (q, J=3.4 Hz, 1H,
CNCH), 4.65 (t, J=9.0 Hz, 1H, CH), 5.20 (d, J=6.5 Hz,
1H, COOCH,), 5.37 (d, J=6.5 Hz, 1H, COOCH,), 6.85~
7.33 (m, 10H, ArH); °C NMR (CDCl;, 125 MHz) ¢: 14.0,
20.6, 36.0, 43.8, 46.7, 58.2, 70.5, 115.9, 127.4, 128.1,
128.4, 128.9, 129.6, 138.1, 138.3, 153.6, 164.9; IR (KBr) v:
3535, 3415, 3033, 2250, 1777, 1713, 1382, 756, 709 cm " ';
HRMS (ESI) calcd for Cp,H,,N,05 [M]™ 361.1552, found
361.1551.

(2R,3R)-4-FI JL-2-[(4'R)-4"- AR F W Mg -2'- Wi -31- ¥k
L3RR EQe): AL, 7R 75%. [alp =—37.5
(¢=0.01, CHCl3), m.p. 168~169 C; '"H NMR (CDCls,
500 MHz) 6: 0.69 (d, J=6.5 Hz, 3H, CH;), 1.15 (d, J=6.4
Hz, 3H, CH;), 2.21~2.24 (m, 1H, CH), 2.89 (q, J=5.2
Hz, 1H, CH), 4.41 (q, J=3.6 Hz, 1H, CNCH), 4.64 (t, J=
9.0 Hz, 1H, CH), 5.33~5.34 (m, 1H, CH,), 5.44~5.45 (m,
1H, CH,), 6.84~7.39 (m, 10H, ArH); *C NMR (CDCl;,
125 MHz) 8: 20.8, 21.3, 31.7, 42.4, 52.8, 58.0, 70.5, 115.9,
127.6, 127.8, 128.7, 129.5, 137.6, 138.1, 153.5, 165.0; IR
(KBr) v: 3527, 3417, 3038, 2248, 1783, 1715, 1387, 748,
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706 cm”'; HRMS (ESI) caled for Cy»H,N,O5 [M]™
361.1552, found 361.1552.

(2R,3R)-3- I [ F-2-[(4'R)-4'- K F= - W e Az -2'- [l -3']-
WAL RN EQ): AaEE, PR 68%. [alb =
—8.5 (¢=0.01, CHCLy), m.p. 200~201 C; 'H NMR
(CDCls, 500 MHz) 6: 0.89~1.97 (m, 8H, CH,), 2.45 (q, J=
7.8 Hz, 1H, CH), 2.98 (q, J=3.7 Hz, 1H, CH), 4.46 (q, J=
3.7 Hz, 1H, CH), 4.49 (t, J=9.1 Hz, 1H, CH), 5.28 (q, J=
4.6 Hz, 2H, CH,), 6.81~7.41 (m, 10H, ArH); *C NMR
(CDCls, 125 MHz) 6: 25.3,25.7, 31.1, 32.1, 44.0, 44.2, 51 4,
58.0, 70.5, 115.9, 127.7, 127.8, 128.4, 128.7, 138.0, 138.1,
153.5, 164.6; IR (KBr) v: 3527, 3415, 3034, 2248, 1777,
1715, 1321, 747, 707 cm™'; HRMS (ESI) caled for CoyHos-
N,O; [M]~ 387.1709, found 387.1720.

(2R,3R)-3-¥F CLHE-2-[(4'R)-4'- K H— T Mk e -2 i -3']-
PAL-3-KIL N (2e): AER, 77K 70%. [alb =
—22.5 (¢=0.01, CHCl;), m.p. 144~145 ‘C; '"H NMR
(CDCls, 500 MHz) d: 0.68~1.97 (m, 10H, CH,), 2.1~2.3
(m, 1H, CH), 2.97 (q, J=4.6 Hz, 1H, CH), 4.42 (t, J=7.7
Hz, 1H, CNCH), 4.64 (q, J=7.7 Hz, 1H, CH), 5.33 (t, J=
3.7 Hz, 1H, COOCH,), 5.47 (d, J=2.2 Hz, 1H, COOCH,),
6.84~7.40 (m, 10H, ArH); *C NMR (CDCl;, 125 MHz)
9 26.4.31.1, 31.5, 40.8, 41.5, 51.7, 58.0, 70.5, 115.9,
127.5, 127.8, 128.7, 129.5, 137.5, 138.1, 153.5, 165.1; IR
(KBr) v: 3527, 3420, 3032, 2249, 1779, 1714, 1359, 763,
706 cm~'; HRMS (ESI) caled for ChsHyeN,O; [M]~
401.1865, found 401.1865.

(2R,3R)-4-3F C.HE-2-[(4'R)-4'- K e~ W e -2 il -3'] -
PRI ZEIETHE N AGER, F 70%. [a]d =
—18.6 (c=0.01, CHCl;), m.p. 169~170°C; '"H NMR
(CDCl;, 500 MHz) o: 0.59~1.87 (m, 13H, CH/CH,),
3.30~3.33 (m, 1H, CH), 446 (dd, J=5.6, 3.5 Hz, 1H,
CNCH), 4.71 (t, J=9.1 Hz, 1H, CH), 5.20 (dd, J=6.9, 3.6
Hz, 1H, COOCH,), 5.42 (d, J=3.5 Hz, 1H, COOCH,),
6.91~7.41 (m, 10H, ArH); >C NMR (CDCl;, 125 MHz)
9: 26.1, 26.3, 26.8, 32.0, 32.2, 34.3, 34.6, 41.3, 44.2, 58.2,
70.4, 115.9, 126.1, 127.5, 128.1, 128.2, 128.5, 128.6, 128.9,
129.2, 129.7, 138.1, 138.4, 153.5, 164.8; IR (KBr) v: 3531,
3412, 3031, 2250, 1780, 1711, 1380, 762, 708 cm™'; HRMS
(ESI) caled for CyHxsN,O3 [M] 4152022, found
415.2035.

(2R,3R)-2-((4'R)-4'- 4 Fh— g w5 -2'- i -3")- e ik - 3,4
THREETIEQe): AR, PR 69%. [alp =—14.2
(¢=0.01, CHCl3), m.p. 68~69 ‘C; '"H NMR (CDCls, 500
MHz) §: 3.05~3.10 (m, 1H, CH,), 3.54~3.59 (m, 1H,
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CH,), 4.08~4.14 (m, 1H, CH), 4.379 (q, J=3.7 Hz, 1H,
CNCH), 4.63 (t, J=9.1 Hz, 1H, CH), 5.15 (d, J=6.0 Hz,
1H, COOCH,), 5.34 (q, J=5.1 Hz, 1H, COOCH,), 6.92~
7.39 (m, 15H, ArH); *C NMR (CDCls, 125 MHz) J: 40.7,
43.6, 48.6, 58.2, 70.6, 115.8, 126.0, 126.1, 126.9, 127.1,
127.4,128.2,128.5, 128.7, 128.8, 128.9, 129.1, 129.2, 129.7,
129.8, 127.6, 137.9, 153.4, 164.7; IR (KBr) v: 3531, 3407,
3030, 2249, 1780, 1711, 1380, 760, 706 cm™'; HRMS (ESI)
caled for CoHxN,05 [M]™ 409.1552, found 409.1564.
(2R,3R)-3-(2'-Z53£)-2-[(4'R)-4'- IR I ML e 2 - -3']-
BAL3-RIE N IEh): R, R 69%. [alh =
—20.0 (¢=0.01, CHCL), m.p. 106~107 ‘C; 'H NMR
(CDCls, 500 MHz) &: 4.05~4.10 (m, 1H, CH), 4.24 (t, J=
8.5 Hz, 1H, CNCH), 5.31 (q, J=4.0 Hz, 1H, CH), 5.60 (d,
J=17.5 Hz, 1H, COOCH,), 6.20 (d, J=9.8 Hz, 1H,
COOCH,), 6.57~8.16 (m, 15H, ArH); °C NMR (CDCl;,
125 MHz) §: 41.9, 46.8, 58.3, 70.5, 116.2, 123.3, 125.2,
125.7, 125.8, 126.0, 126.2, 127.0, 128.0, 128.3, 128.8,
128.9, 129.0, 129.3, 129.4, 129.8, 131.8, 134.2,134.6,
137.3, 139.0, 153.6, 164.6; IR (KBr) v: 3428, 3055, 2248,
1779, 1713, 1381, 785, 706 cm'; HRMS (ESI) calcd for
CaoHpN,O5 [M+Na]" 469.1523, found 469.1528.
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