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Bruker Avance-500 7 % i : 4z 35 1 (¥ LA
CDCI A EE 5, TMS A 2 HE Y 5, £8[F Bruker 2
Fl); MICROMASS Quattro Premier % i 3% 4% ( 3€ [#
waters 2V ) ) 3 LC-20A 755 RRAH 0 1% A ( H A 5
/N, Daicel Chiralpak AD-H, Chiralcel OD-H Tk
R (HARRIEB AT . IR SARARAT A= o L1t
RIEGEY) FHEBOR (1) A FRA R ™ i, Al
FVEE S T A S B 4
1.2 R3FFR Michael X & 5z

T 5 mL BB AR A S s B8 2 M
(29.8 mg, 0.2 mmol) , ##4L7](0.01 mmol) , B R
(46.6 mg, 0.24 mmol) , "G H ki 3.0 mL, FEHFE
IV 12~18 h, TLC Wil W 5855, SrEet: 2

M43, Hex : EtOAc(9 : 1) PEM, 53]/ 5 3a-m.
0
(0]

cat. O‘O
R XNO2

R

10-( 2-Ail - 1-2K 3L 2 L) -10H- -9 3a.
A mp=145~147 °C, [ SCHRE™ mp=146.8~
149.0 °C ]; "H NMR (500 MHz, CDCl,) & 8.07 (d,
J =8.0Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.67-
7.59 (m, 2H), 7.53-7.46 (m, 2H), 7.45-7.40 (m,
2H), 7.17-7.13 (m, 1H), 6.95 (t, J = 7.5 Hz,
2H), 6.05 (d, J = 8.0 Hz, 2H), 4.89 (dd, J =
9.0,13.0 Hz, 1H), 4.60 (dd, J = 7.0, 13.0 Hz,
1H), 4.55 (d, J = 3.5 Hz, 1H), 4.08-4.04 (m,
1H) ; HPLC (Daicel Chiralpak AD-H, V| : V,pou =
97 : 3, 0.6 mL/min, 254 nm), t;: 45.9 min ( ma-
jor), 51.6 min (minor). [a],”= +23.9 (¢ = 0.50
in CHCL,) , SCHRME' [a],®= +25.4 (¢ = 0.48 in
CHCL,).

10-[ 1-( 2980 A8 3 ) -2- A 3k & 5 ] -10H-J-9-if
3b: HEGEAR; mp = 117~119 «C; "H NMR (500
MHz, CDCl,) & 8.13 (d, J = 7.5 Hz, 1H), 8.07
(d, J = 7.5 Hz, 1H), 7.66-7.61 (m, 1H), 7.57-
7.49 (m, 3H), 7.48-7.44 (m, 1H), 7.26-7.18 (m,
2H), 6.88-6.78 (m, 2H), 6.07 (t, J = 7.5 Hz,

1H), 4.74 (dd, J =8.0, 13.5 Hz, 1H), 4.60 (d,
J =29.0, 1H), 4.54 (dd, J = 8.0, 13.5 Hz, 1H),
4.39-4.35 (m, 1H) ; HPLC ( Daicel Chiralpak AD-H,
Vi * Vipon = 97 + 3, 0.6 mL/min, 254 nm), tg:
54.4 min (major), 64.1 min (minor). [a],” =
+ 17.5 (¢ = 0.55 in CHCL,).

10-[ 1-(2-5 A3k ) -2- A 5k & & | -10H-F&-9-
3c: AR, mp = 123 ~124 C, [ CHk(E™>
mp = 126.2 ~126.7 C]; '"H NMR (500 MHz,
CDCl,) 88.18 (d, J = 7.5Hz, I1H), 8.15(d, J =
7.5 Hz, 1H), 7.70-7.64 (m, 2H), 7.54-7.51 (m,
1H), 7.47-7.43 (m, 1H), 7.42-7.35 (m, 2H),
7.23-7.19 (m, 1H), 7.02 (t, J = 7.5 Hz, 1H),
6.80 (d, J = 7.0 Hz, 1H), 6.23 (d, J = 8.0 Hz,
1H), 4.72 (bs, 1H), 4.66 (d, J = 3.5 Hz, 1H),
4.44-4.38 (m, 2H) ; HPLC ( Daicel Chiralpak AD-H,
Viee " Vieon = 97 © 3, 0.6 mL/min, 254 nm), t;:
33.4 min (major), 53.9 min (minor) . [a],” =
+18.6(¢ = 0.60 in CHCL,), CHRME™ [a],” =
+14.8 (¢ = 0.54 in CHCI;).

10-[ 1-(2-P 28 2 ) -2- il 2 £ 2 |- 10H-JE-9-Fif]
3d; FAFE K, mp = 100~ 102 °C, [ 3CHk >
mp = 62.8~65.6 C]; '"H NMR (500 MHz, CDCI,)
5 8.22-8.18 (m, 2H), 7.80 (bs, 1H), 7.71-7.68
(m, 1H), 7.61 (d, J = 6.5Hz, 1H), 7.55 (t, J =
7.5 Hz, 1H), 7.49-7.45 (m, 1H), 7.38 (t, J = 7.5
Hz, 1H), 7.17-7.13 (m, 1H), 7.07 (t, J = 7.5
Hz, 1H), 6.72-6.71 (m, 1H), 6.25 (dd, J = 1.5,
8.0 Hz, 1H), 4.73 (bs, 1H), 4.72 (s, 1H), 4.36
(d, J = 6.0 Hz, 2H) ; HPLC ( Daicel Chiralpak AD-
H, V... * Vipoou = 97 * 3, 0.6 mL/min, 254 nm) , t,:
42.3 min (major), 61.9 min (minor). [a],” =+ 8.0
(¢ = 0.53 in CHCL,), XCHAE™ [a],®= +7.1
(¢ =0.74 in CHCL,).

10-[ 1-(3-F A 3k ) -2- il 5k & & ] -10H-J&-9- B
3e: (A {K; mp = 128 ~ 130 C, [ SCHk(E
mp = 123.8 ~126.9 C]; 'H NMR (500 MHz,
CDCl;) 88.09 (d, J =7.5Hz, I1H), 8.02 (d, J =
7.5 Hz, 1H), 7.69-7.59 (m, 2H), 7.55-7.40 (m,
4H), 6.98-6.82 (m, 2H), 5.88 (d, J = 7.5 Hz,
1H), 5.80-5.76 (m, 1H), 4.86 (dd, J = 8.5, 13.5
Hz, 1H), 4.59 (dd, J = 8.5, 13.5 Hz, 1H), 4.55
(d, J = 3.5Hz, 1H), 4.08-4.02 (m, 1H); HPLC
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(Daicel Chiralpak AD-H, V. : Vipoyn = 97 + 3, 0.6
ml/min, 254 nm), t;: 65.9 min (major), 71.9 min
(minor). [a],”= + 28.5 (¢ = 0.52 in CHCl,), X
BRI [ o], = +26.3 (¢ = 0.58 in CHCL,).

10-[ 1-(3-1R 2K KL ) -2- fil§ 3 2 FE ]-10H- 4 -O-fili
3. AEEAE; mp = 120~ 121 C, [ CHkE
mp = 114.7 ~117.1 C]; 'H NMR (500 MHz,
CDCl,) 88.11 (d, J = 7.5Hz, 1H), 8.02 (d, J =
7.5 Hz, 1H), 7.69-7.60 (m, 2H), 7.56-7.41 (m,
4H), 7.27 (d, J = 9.0 Hz, 1H), 6.83 (t, J =8.0
Hz, 1H), 6.14 (s, 1H), 6.01(d, J = 7.5 Hz,
1H), 5.96 (d, J =7.5Hz, 1H), 4.85 (dd, J =8.5,
13.5 Hz, 1H), 4.59-4.54 (m, 2H), 4.04-3.98 (m,
1H); HPLC (Daicel Chiralpak AD-H, V,_ : V.pou =
97 : 3, 0.6 mL/min, 254 nm), ty: 59.6 min ( ma-
jor), 73.7 min (minor). [a],”= +35.2 (¢ = 0.42
in CHCL,) , CHRfE ™' [a],”= +31.0 (¢ = 0.58 in
CHCL,).

10-[ 1-(3-H B8 3K ) -2- fiff 3 2 3L - 10H--9-
Wi 3g: FAGER; mp = 107~109 C, [ SCHk{E ™
mp = 111.5 ~ 113.9 CJ; 'H NMR (500 MHz,
CDCl;) 88.06 (d, J =8.0Hz, I1H), 7.97 (d, J =
8.0 Hz, 1H), 7.66- 7.58 (m, 2H), 7.52-7.47 (m,
2H), 7.43-7.38 (m, 2H), 6.95 (d, J =7.5 Hz,
1H), 6.82 (i, J =7.5 Hz, 1H), 5.86 (d, J =7.5
Hz, 1H), 5.77 (s, 1H), 4.85 (dd, J =9.0, 13.0
Hz, 1H), 4.57 (dd, J =7.0, 13.5 Hz, 1H), 4.52
(d, J =3.5Hz, 1H), 4.01-3.98 (m, 1H), 2.02 (s,
3H); HPLC (Daicel Chiralpak AD-H, V,_ * V.pon =
97 : 3, 0.6 mL/min, 254 nm), t;: 36.1 min ( ma-
jor), 53.0 min (minor). [a],”= + 37.1 (¢ = 0.45
in CHCL,) , SCHRME™ [a] = +33.2 (¢ = 0.60 in
CHCI,).

10-[ 1-(4-F8 K3 ) -2- i & & % ] -10H-F&-9- B
3h: (AR mp = 165~167 C, [ SCHAE™
mp =170.1 ~172.0 °C]; 'H NMR (500 MHz,
CDCl;) 8 8.08 (d, J = 7.5Hz, 1H), 8.00 (d, J =
7.5 Hz, 1H), 7.67-7.60 (m, 2H), 7.53-7.42 (m,
4H), 6.64 (d, J = 7.5 Hz, 2H), 6.02-5.99 (m,
2H), 4.87 (dd, J =9.0, 13.0 Hz, 1H), 4.59-4.52
(m, 2H), 4.06-4.02 (m, 1H); HPLC ( Daicel
Chiralpak AD-H, V,_. * Vipon = 97 + 3, 0.6 mL/min,

hex

254 nm) , tz: 53.3 min (major), 58.6 min (minor).
[a],®= +33.5 (¢ = 0.65 in CHCl,), SCHR{E"™
[a],™= +31.0 (¢ = 0.46 in CHCL,).

10-[ 1-(4-50 3K ) -2- A 5 & ] -10H-J&-9- B
3i: A, mp = 170~ 172 °C, [ SCEAE™
mp = 168.7 ~171.2 C]; '"H NMR (500 MHz,
CDCl,) 8 8.11 (d, J = 8.0Hz, 1H), 8.03 (d, J =
8.0 Hz, 1H), 7.68-7.59 (m, 2H), 7.54-7.44 (m,
3H), 7.40 (d, J = 7.5 Hz, 1H), 6.95 (d, J = 8.5
Hz, 2H), 6.02 (d, J = 8.0 Hz, 2H), 4.85 (dd,
J =8.5,13.0 Hz, 1H), 4.57-4.52 (m, 2H), 4.06-
4.02 (m, 1H); HPLC ( Daicel Chiralpak AD-H,
View ¥ Vipoy = 97 + 3, 0.6 mL/min, 254 nm), t;:
41.9 min (major), 47.5 min (minor). [a],” =
+243 (¢ = 0.50 in CHCL,), SCHRME™ [a],* =
+21.7 (¢ = 0.40 in CHCI,).

10-[ 1-(4-H B3 ) -2- fif 3k 2 3k - 10H--9-
Wil 3j. FAREE; mp = 158~160 °C, [ CHk{E
mp = 156.0 ~ 158.1 C]; '"H NMR (500 MHz,
CDCl;) 8 8.08 (d, J = 7.5Hz, I1H), 8.00 (d, J =
7.5 Hz, 1H), 7.67-7.58 (m, 2H), 7.53-7.49 (m,
2H), 7.45-7.38 (m, 2H), 6.76 (d, J =8.0 Hz,
2H), 5.96 (d, J =8.0 Hz, 2H) , 4.84 (dd, J =9.0,
13.0 Hz, 1H), 4.57-4.52 (m, 2H), 4.05-4.00 (m,
1H), 2.22 (s, 3H); HPLC (Daicel Chiralpak AD-
H, Vi.. : Vibou= 97 : 3, 0.6 mL./min, 254 nm) , t;:
34.0 min (major), 36.3 min (minor). [a],” =
+28.9 (¢ = 0.56 in CHCL), SCHA(E™ [a],” =
+25.4 (¢ = 0.62 in CHCI,).

10-[ 1-(4-ff 5L 22 3K ) -2- Aif 3k 2 FE ] -10H-18-9-
Wi 3k: FEER; mp = 189~191 C, [ SCHk{E ™
mp = 194.5~196.1 C]; '"H NMR (500 MHz,
CDCl;) 8 9.90 (d, J = 7.5 Hz, 1H), 7.85-7.69
(m, 6H), 7. 58-7.48 (m, 3H), 6.46 (d, J = 8.5
Hz, 2H), 5.47 (dd, J = 5.0, 13.5 Hz, 1H), 5.06
(dd, J = 10.0, 13.5 Hz, 1H), 4.95 (d, J = 4.0
Hz, 1H), 4.15-4.10 (m, 1H); HPLC ( Chiralpak
AD-H, V.. ¢ Vipoy =70 : 30, 1.0 ml/min, 254
nm), t;: 12.7 min (major), 16.9 min ( minor).
[a],®= +25.1 (¢ = 0.55 in CHCL,), SCHR{H">
[a],”= +21.2 (¢ = 0.42 in CHCI,).

10-[ 1-(4-HAHE R BE ) -2- il HE & 55 ] -10H-JE -
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9- M 31, FEFEAR; mp = 117~119 C, [ SCH{E 0
mp = 119.8 ~ 122.7 C]; '"H NMR (500 MHz, i O‘O
cat.
CDCL,) $8.07 (d, J = 8.0 Hz, 1H), 7.99 (d, J = _ANO; O‘O —
Ph +
7.5 Hz, 1H), 7.66-7.65 (m, 2H), 7. 50-7. 38 (m, 2a CH,C1, NO,

4H), 6.47 (d, J = 8.5 Hz, 2H), 595 (d, J = 8.5
Hz, 2H), 4.83 (dd, J = 9.0, 13.0 Hz, 1H), 4.55
(dd, J = 8.0, 13.0 Hz, 1H), 4.49 (d, J = 3.5 Hz,
1H), 4.03-3.97 (m, 1H), 3.68 (s, 3H); HPLC
(Chiralcel OD-H, V,. : V.poy =70 : 30, 1.0 mL/
min, 254 nm) , tg: 21.5 min (major), 29.2 min (mi-
nor). [a],”= +20.8 (¢ = 0.38 in CHCI,), 3CHk
"' [a],®= +18.7 (¢ = 0.74 in CHCL,).

10-[ 1-Fh 2 -2~ fifj 3 £ 3 ]-10H-FE-9-f 3m.;
PR A mp = 123~125 C, [ SCHER(E™ mp =
127.3~130.8 C]; 'H NMR (500 MHz, CDClL,) &
8.30 (t, J = 8.5 Hz, 2H), 7.67-7.60 (m, 2H),
7.57-7.42 (m, 4H), 4.45 (dd, J = 9.0, 13.0 Hz,
1H), 4.35 (d, J = 2.5 Hz, 1H), 4.27 (dd, J =
5.0, 13.0 Hz, 1H), 2.73-2.65 (m, 1H), 1.62-1.48
(m, 2H), 1.44-1.35 (m, 2H), 1.20-1.02 (m,
3H), 0.97-0.75 (m, 2H), 0.45-0.25 (m, 2H);
HPLC (Chiralpak AD-H, V,_ : V,poq =80 : 20, 1.0
ml/min, 254 nm), t;: 8.9 min (major), 9.4 min
(minor). [a],”= +63.6 (¢ = 0.40 in CHCL,), X
BRIE™ [a],®= +61.0 (¢ = 0.24 in CHCL,).

2 HR5®

2.1 4L F 1a-g B ARITFR Michael TR R M

P 1a-g T UE 52K &0 5 B Y
ANKIFR Michael AL B, VA H B MR, =
RN, HEAEE IR, 25 ILER 1.

M 1 RMEEHRAT IAFHH DU 458 . 7 F0 (B
IORAAE AT A — 5 B Joe 2 RRITUR 41 £k il BE 08 2 0
55 B9 AS X R Michael fil B B, 5 %) 80% ~
92% )72, Hrh BRI 1f A A s AR B T
) 0 Bl e B (85% ee, entry 6), 7= A
R, SE IR B, X b SCERIRIE " A A
FE FE YRR S A
2.2 RN EEHRK

B E R AR 1f TR S B
] 1% AN % K Michael Il B2 0, 25 285 541 LT BE
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& 1 RAHEEZ B EE A A X 7R Michael il
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Table 1 Asymmetric Michael addition of nitrostyrene

and anthrone”

Entry Catalyst  Yield/%" Y%ee’ Conf.*
1 1a 80 69 R
2 1b 92 61 R
3 1c 90 53 S
4 1d 87 65 S
5 le 90 27 N
6 1f 89 85 S
7 1g 88 55 S

a. All of the reactions were performed with nitroalkenes
0.20 mmol, anthrone 0.24 mmol; b. Isolated yield;
c. Determined by HPLC analysis ( Chiralpak AD-H) ;
d. The configuration was established by comparison with

the optical rotation from the literature"*"..

PR FH k5 DR 30 S By S AR SR B PR AR e, LA
PAFTAF AR R, G5 R I EK 2.

HIZR 2 G5 R AT DL . (1) 3500 O Y Sz AR
Vet WE S, Herp S W e R0 U0 1 S v 5
Y53 T H 1) ee {H (entries 1,8). F B A EJTIHE
FIRBREPE R, e Z @G RIE 5 (2) BEIRXT I
ISR e PRV A I, TR IR IR R
0 °C, I A ST AR EFEAE B 2 B AIK (entry 11vs entry
1) 5 (3) AL HE H 10% (BERE 450 #m &
2098 % 2 5% , FON X A B (EA I N T 6%
(entries 9,10 vs entry 1), SN =KL 20% (/R H
S3E0) MR IG . (HJE 5 S AR T ik
JNE B AR ARG, PRI, B4 5% (EEJR A 73850 1Y
TEALT &, DA R A K 2 7 TR R 44 v s o 7 36
(4) 25 SN0 B A, BESCNAR R R SRAE T,
SN (7= 2 TS AR S B PEHA BT T B 28 TR,
et B B AR AL VIR R . 5% (BEJR A 7340 1Y
HEALT) 1f, S B i), 2RO
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Table 2 Screening of Reaction Conditions for the Asymmetric Michael Addition Reaction®

Entry Solvent Cat.ammount/ ( % mol) Temp./C Yield/%" / Yoee’
1 CH,Cl, 10 rt 92 85
2 toluene 10 rt 80 71
3 CH,CN 10 75 41
4 C,H,Cl, 10 82 83
5 THF 10 Tt 90 63
6 EA 10 83 75
7 Et,0 10 85 67
8 CHCI, 10 rt 93 85
9 CH,(Cl, 5 rt 92 91

10 CH,(Cl, 20 rt 95 91
11 CH,Cl, 10 85 55
12 CH,Cl, 5 1t 87 82

a. All of the reactions were performed with nitroalkenes 0.20 mmol, anthrone 0.24 mmol; b. Isolated yield; c. Determined by

HPLC analysis ( Chiralpak AD-H) ; d. Solvent was double.

2.3 R B

Kb 2 A HEAL A5 PR R T AR TR AR B A 2607

R /\/N02

% 3 B REEEEHRIIFR Michael in & & M

e LI AITFR Michael JIAG S N, 75 2848 4k

RIS, ZPR I 3.

5 mol%
cat. 1f

CH,Cl,

rt

Table 3 Asymmetric Michael Addition Reactions of Anthrone to Various Nitroalkenes®

b

A

Entry R Product Yield/%" Poee
1 Ph 3a 90 91
2 2-F-Ph 3b 97 99
3 2-Cl-Ph 3c 90 96
4 2-Br-Ph 3d 92 87
5 3-F-Ph 3e 92 94
6 3-Br-Ph 3f 93 88
7 3-CH, Ph 3g 91 99
8 4-F-Ph 3h 92 90
9 4-Cl-Ph 3i 91 95

10 4-CH,-Ph 3j 95 91
11 4-NO,-Ph 3k 90 87
12 4-OMe-Ph 3l 91 91
13 ¢CH,,- 3m 80 86

a. All of the reactions were performed with nitroalkenes 0.20 mmol, anthrone 0.24 mmol in toluene 3 mL; b. Isolated yield; c. De-

termined by HPLC ( Chiralpak AD-H, Chiralcel OD-H).
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Thiourea Derivatives Organocatalyzed Asymmetric Michael
Addition Reaction of Anthrone with Nitroalkenes

WANG Li-ming, CHEN Zhe, ZHAO Mei-jun, JIN Ying~
( Department of Pharmacy, Jilin Medical University, Jilin 132013, China)

Abstract: The (thio) urea derivatives as organocatalysts were applied in asymmetric Michael addition reaction of

anthrone with different nitroalkenes. The effect of solvent, temperature and catalyst loading ammount were investiga-

ted. The optimized conditions were confirmed to include CH,Cl, as the solvent with a 5% loading of catalyst 1f at rt.
The desired products were obtained in 80% ~97% yield with up to 99%ee.

Key words: thiourea derivatives; organocatalysis; asymmetric Michael addition; anthrone; B-nitroalkenes
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