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Scheme 1 Syntheses of chiral pyrrolidinylmethanol derivatives from L-proline
2. R=Ph; 3. R=1-Naphthyl; 4. R=Ph; 5. R =1-Naphthyl.
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1.1 KFEN=E

L-WZIR ( FHRRR ARG RAF]) 3 O HERE | ABH UK PR - 28 W (Alfa 3X70)) 5 X
AR LR T ( Aldrich 3077) ). DUSIWRIRG | 2R A0 2R 4% 0 AL IR AR B XR-1 A& 54 ; Perkin Elmer
343 H I ; Bruker EQUINOX 55 ZLAMGHE(; Varian INOVA 400 IR ; PE-2400 JC & /4T
1X; Waters 2487 S RKAR TR ; Chiralcel OD, AS F-PEAFEFE.
1.2 HEYHERK
1.2.1 N-FE-L-JH AR F B o6 TERCA W BEE M ICK SRS TR 1) 250 mL =80UH S, mA
2.30 g(20 mmol) L-JiZ LA 120 mL . VKR HIZE 0 ~5 °C, #EIHiHE, N 5. 2 mL(60 mmol) 7
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ZREACTAN, [H13E 8 h, WA B E IR, A TCKIKIRHN 6.4 g(60 mmol), [IY5, fN 2.3 mL (20
mmol ) FIZEFALTE, ARSI 12 h. T UERR Z 1A Na,CO, , RS ZEIEH, B @ E kY 4.55 ¢, Ml
ARG AL T 5 RO
1.2.2 (S)-N-FH 2k bt ¥ 8 (1) A K 7 N, R F, 76250 mL =FEEE T IMA 2.0 ¢
LiAIH, FIJG/K THF 100 mL, B4, 750 °C R _E— 4 i3 2™ 519 50 mL THF 3%, 1% 28 h.
TN 10 mL KK . SRJEIMA 50 mL 2 mol/L ZE AR W AN 200 mL 7K. Hh3E, /- AHLZ, K
JZHSEDTHEN(20 mL x3) , FHICKGREREN 1. L8, WUERR LB, BAYHEERAE S, D=4
e/ T (RFREE 150 1) SHBEMEH], A TC BB 1.95 ¢, [a], = —69.2°(neat) , JG2241E 95. 2%
ece. (Phlaly= -72. 7O HERIET ). W L-IHEREMLAY 1 =2 8% K 51.0%.
1.2.3 (S)-N-FH2-a B Wi, a- Z KEFE(2) A K FERAREE ., KA TS | Wik
i 219 250 mL =S, A 0. 96 g(40 mmol ) BEXFIFPRLAL , 75 N, AP T, 12127 4. 2 mL(40
mmol ) B ZE VR K 100 mL THF FTRA TR, PRUER N o RA. Smsese, F S h. sKIg%4,
1.2, 1 FR AR AR BT 20 mL THF 7, 78 0 °C Rk ikH . AEEE, Hidko h. ik
WA, A 30 mL AN G LS T, BEdk, 0k AN, FSEDTAEB(30 mL x3), &AL
A, JOKBRRREE T, g, WURZZIBbR ], 158 ORI = . HIJOK QB SS, 158106
B K (2)3.63 g, m.p. 113~115C, [a], = +72.8°(c 1, CH,CL) (3CHE® {H m. p. 115 ~116 C;
[a],=+67.0°). M L-IHEMRBEY 2 10 =20 57 %H 52.8%.
1.2.4 (S)-N-FH2-ms )t -, a-—(a-Z ) FE3) WA KR 5 6 mL(40 mmol) Hi7E a-HZELE
TRIE, HARERER 1.2.3 97, S8R E O K (3)3.42 g, m.p. 172 ~174 C, [a], = +205°(c 2,
CHCl,), '"H NMR, &: 6.83 ~8.71(m, 19H, Ar—H), 4.98(s, 1H, OH), 4.42(s, 1H, "C2—H),
2.94(s, 2H, PhCH,), 2.30 ~2.65(m, 2H, C5—2H), 1.82 ~1.10 (m, 4H, C3—2H, C4—2H);
“C NMR, 6. 26.5, 31.6, 55.8, 60.5, 69.6, 69.8, 123.6, 125.2, 126.0, 126.8, 127.3, 127.9,
128.6, 128.7, 129.2, 132.6, 134.6, 135.0, 139. 4, 141.7; JLE/IWLIME (% , CyHyyNO FHEAR)
C 86.58(86.65), H6.43(6.59), N3.25(3.16). M L-JiEMREMLEY 3 9= H=% N 38.6%.
1.2.5 (S)2-#% ft-a,a-— KL FE(4) 4 7] 250 mL =HUHEPHIA 10.3 g(0. 03 mol) fLEY)
2.0.13 g RN 20% WS EALAE-5¢ . 100 mL B EEH 4 mL(0. 035 mol) vKFEERR, S5 )E 1 0.1
MPa, Zi, BEAPEFE, FHE M T ISR, 36 h e b dE, g, MR 1 mol/L E A ALANIA T
P2 pH A 9 ~ 10, MR ZSHEE. ST AH0(30 mL x3) , GIFAHUME, JoKBRREE T4, g,
WEFE R, 157,32 ¢ ML=, HIEC kLTSS 5, 14 6.56 g kB 4(HEREEK), =% 86.5%,
m.p. 74 ~75C, [a],=-69°(c3, CHCLy) (CH*'fH 74.0 ~74.8 °C, [a], = -68°).
1.2.6 (S)2-#%t-a,a-= (a-F &) FE(5) A& /&  LL13.3 g(0.03 mol) tb&5% 3 MR, 1%
12594 0E, BEaEK9.43 ¢, 7% 89.0%. m.p. 75 ~76 C, [a], = —70°(c 2, CHCL,).
'"H NMR, 6: 7.7 ~7.1(m, 14H, Ar-H), 4.2(t, 1H, "CH), 3.1 ~2.9(m, 2H, C5—H,), 1.9 ~1.5
(m, 5H, C3—2H, C4—2H, NH). “C NMR, 8. 25.5,27.7,46.5,72.8,83.2, 123.7, 124.2, 124.7,
125.1, 127.3, 128.2, 128.6, 128.8, 134.6, 135. 1. JCE/IHrEZ{E (% , C,sH,,NO H351H) . C 84.78
(84.95), H6.63(6.56), N4.02(3.96).
1.3 ZZEE5EBEHNMK RN

DIEAL T 3 Ak — BB SR R N S R 8], 7E Schlenk HIA 0. 1 mmol (44. 3 mg) fEAL
3, HASE®S K, BINA 4.6 mL ICKPH, BHIZE 0 C, MN8N 15% 1 2 F5EFEC 5
VW 4.6 mL(4 mmol) , #EFE 30 min. BEHZE 10 °C, FHHHZEA A FEE 0. 204 mL(2 mmol ). FEILIRE
THERE20 b A, FFEER, 4Ebifk 4 h, H TLC WM. 70 CF, JIA 10 mL 1 mol/L HCI K
JN, R ERAEEL(10 mL x4) , &IFAHAH, JoK Na,SO, T4, ik, WERIEERELEF. FA
YR RCAE JZHT 5385, BRI R IE bt/ Z MR Sl (AR 4: 1), 1R TCEMAR 1-35E-1-PIE 252. 2 mg,
FEHR92.0% , HPLC A e. e. {H M 79. 6% .
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Table 1 Enantioselective addition of diethylzinc

to benzaldehyde”

Catalyst e.e.' (%)
Entry ) Yield® (%)

(molar fraction, % ) (config. )

1 1(5) 86.2 36.1(S)
2 2(5) 91.9 49.9(S)
3 3(5) 99.5 79. 6(S)
4 4(5) 44.1 31.0(S)
5 5(5) 88.9 21.4(S)

a. The reactions were run at — 10 °C for 20 h, then warmed to
r.t. gradually with stirring for 4 h; n(benzaldehyde): n(Et,Zn) =
1.0:2.0, solvent: toluene/hexane ( volume ratio =1:1); b. based
on isolated product; c. the e. e. values were determined by HPLC;
d. the configurations were determined by comparising the sign of

specific rotations with the known compounds.

T ZHZE(F2 H No.9). [FINS, HUREEAEAR A s RS AIm;, X Sz AR 52 i AN K 2.

Table 2 Enantioselective addition of diethylzinc to aldehydes with catalyst 3

e (%)t IR,
No. Substrate Yield()e &%) » 'H NMR, &
(config. ©) v/cm

1 PhCHO 99.5 80(S) 3370 0.91(t, J=7.4 Hz, 3H, CHy), 1.71—1.85(m, 2H, CH,),
2.26(s, 1H, OH), 4.57(t, J=6.6 Hz, 1H, C* H), 7.26—
7.38(m, 5H, Ph—H)

2 p-MeOC4H,CHO 79.5 62(S) 3 396 0.79(t, J=7.4 Hz, 3H, CH;), 1.56—1.75(m, 2H, CH,),
1.94(s, 1H, OH), 3.59(s, 3H, OCH,), 4.42(t, J=6.6 Hz,
1H, C*H), 6.75—7.17(m, 4H, Ph—H)

3 p-MeC,H,CHO 65.2 32(8) 3377 0.91(t, J=7.4 Hz, 3H, CHy), 1.71—1.87 (m, 2H, CH,),
1.93(s, 1H, OH), 2.35(s, 3H, CH,), 4.55(t, J=6.3 Hz,
1H, C*H), 7. 14—7.26(m, 4H, Ph—H)

4 p-FC4H,CHO 100. 0 68(S) 3363  0.87—0.92(m, 3H, CH;), 1.66—1.85(m, 2H, CH,), 1.94
(s, 1H, OH), 4.58(t, J=6.3 Hz, 1H, C* H), 6.98—7.36
(m, 4H, Ph—H)

5 0-BrCgH,CHO 100. 0 66(S) 3359  0.97—1.02(m, 3H, CH,), 1.66—2.03 (m, 2H, CH,), 2.16
(s, 1H, OH), 4.98—5.03 (m, 1H, C* H), 7.09—7.54 (m,
4H, Ph—H)

6 p-BrCgH,CHO 97.7 65(S) 3361  0.89(t, J=7.4 Hz, 3H, CHy), 1.67—1.82(m, 2H, CH,),
2.09(s, 1H, OH), 4.54(t, J=6.4 Hz, IH, C*H),7.18—7.47
(m, 4H, Ph—H)

7 p-CIC4H,CHO 100. 0 82(S) 3361  0.88(t, J=7.4 Hz, 3H, CH,), 1.65—1.81 (m, 2H, CH,),
2.22(s, 1H, OH), 4.55(t, J=6.5 Hz, 1H, C* H), 7.23—
7.31(m, 4H, Ph—H)

8  0-MeOC4H, CHO 81.5 64(S) 3369  0.81(t, J=7.1 Hz, 3H, CH,), 1.61—1.75(m, 2H, CH,),
1.94(s, 1H, OH), 3.60(s, 3H, OCH,), 4.45(t, J=6.3 Hz,
1H, C*H), 6.84—7.18(m, 4H, Ph—H)

9 (E)-PhCH= CHCHO 92.4 75(S) 3365  0.96(t, J=7.4 Hz, 3H, CHy), 1.65—1.83(m, 2H, CH,),
2.00(s, 1H, OH), 3.82—4.55(m, 1H, C* H), 5.82—6. 64
(m, 2H), 7.24—7.35(m, 5H, Ph—H)

10 1-Naphthaldehyde 65.0 66(S) 3381  0.91(t, J=7.4 Hz, 3H, CHy), 1.71—1.85(m, 2H, CH,),

2.22(s, 1H, OH), 4.52(t, J=6.5Hz, IH, C*H), 7.26—8. 1
(m, 7H, Ph—H)

a. Isolated yield after flash column chromatography on silica gel; b. the e. e. values were determined by HPLC; c. the configurations were de-

termined by comparing the sign of specific rotations with the known compounds.
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ﬁiﬁ@ﬁ@ﬁﬂﬂ%ﬂﬁﬁﬁﬁ 67.1% e.e. ; JI THF VR RIRT, 155 61.8% e. e ; FAEE P SR I 2051
1451 78.3% e.e. F179.6% e.e.. VLBV RN T ABELEERZIAELK. ?fsﬁﬁ{ﬁ'&f ~20 ~0 CH, X%
PR ZE RS AR, AT EE IR 3 HCN 5% ~15% ), e. e ZBALAR/IN.

Table 3 Effects of solvent, reaction temperature and the amount of catalysts on the asymmetric

addition of diethylzinc to benzaldehyde with catalyst 3

Entry  Catalyst( molar fraction, % ) Solvent ( volume ratio) t/°C? Yield( % )* e.e. (%) (config. ¢)
1 3(5) Hexane -10 86. 4 67.1(S)
2 3(5) Benzene/hexane(1:1) -10 90.2 78.3(S)
3 3(5) THF/ hexane(1: 1) ~10 91.8 61.8(S)
4 3(5) Toluene/hexane(1: 1) 0 92.4 79.4(S)
5 3(5) Toluene/hexane(1: 1) -20 92.6 79.0(S)
6 3(5) Toluene/hexane(1: 1) -10 99.5 79.6(S)
7 3(10) Toluene/hexane(1: 1) -10 93.5 79.6(S)
8 3(15) Toluene/hexane(1: 1) -10 98.6 79.4(S)

a. The reactions were run at — 10— 0 °C for 20 h then warmed to r. t. gradually with stirring for 4 h; b. based on isolated product; c. the

e.e. were determined by HPLC; d. the configurations were determined by comparing the sign of specific rotations with known compound%
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Synthesis of Chiral Pyrrolidinylmethanol Derivatives and Its Catalysis
in the Asymmetric Addition of Diethylzinc to Aldehydes

LIU Wen-Min, WANG Ping-An, JIANG Ru, ZHANG Sheng-Yong "
( Department of Chemistry, School of Pharmacy, the Fourth Military Medical University, Xi'an 710032, China)

Abstract Chiral 8-amino alcohols, using L-proline as raw material, were synthesized by esterization, protec-
tion of amino-group, Grignard reaction and catalytic hydrogenolysis. They were used as chiral catalysts in the
asymmetric addition of diethylzinc to aldehydes. The effects of the amount structure of and the catalysts, sol-
vent and reaction temperature on enantioselectivity were also studied. When the molar fraction of catalyst 5%
was relative to aldehyde was used, wth toluene as solvent at — 10 C, (S)-N-benzyl-2-( di-a-naphthyl-
hydroxymethyl ) pyrrolidine (3) was successfully applied to the catalytic enantioselective addition of diethylzinc
to aldehydes to give sec-alcohols in a good to high yields up to 82% enantiomeric excesses.

Keywords [L-Proline; Asymmetric addition; Chiral B-aminoalcohols; Catalysis; Diethylzinc
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