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BEREIRE 250.0 °C 3 /7 70. 2 kPa; B H20. 7 mL/min; A& 1. 0 mL/min; ZR 3 & 24. 5 cm/sec ; X5
it 10. 0 mL/min; 43 i b 20. 05 A A FHR ¥ : 50 C R %F 4 min, DL 1.0 °C/min (1) 3 2 T} i 2]
120 °C , 4345 1 min, ) 20. 0 °C/min (R TE E180 C ,{%4F 3 min,
1.2 XWHZE
12,1 AEAHEm (M) egbm S5 CHE20 ], 6 5 N LB 137.0 mL(117.8 g, 1.2 mol) |
Ba(OH),-8H,0(1.3 g,4.0 mmol) ¥t = 7, F 40 fk % BTAC (455.0 mg,2. 0 mmol) {K &N A 500 mL
=HH, FHEE 70 °CJ5 LA R S Z A 34.0 mL 4-53E2- T (35.2 g,0.4 mol) , N5 )5 T
70 CRYRZAii bt N 30 min, ¥ 2 50, A f5 UK B FR R SN 7R 28 pH (ER 7. 0, I8 HeokS 1 U 4
102 ~ 105 °C (1333 Pa) ( SCEE™ {f 95 ~ 125 °C, 1333 Pa) /84, 14k S @ 14 33.6 g, 72 % 56% ,
"H NMR (400 MHz,CDCl,) ,5:5.85 ~5.84(m,1H),2.62(t,J=6.0 Hz,2H) ,2.26(t,J =6.0 Hz,2H) ,
2.05~2.04(m,3H),1.90 ~1.89(m,3H) ,1.82(s,3H) ;*C NMR (100 MHz,CDCL,),5:191.7 ,159.7,
142.5,129.0,128.8,31.9,27.9,23.8,22.9,22. 5; HRMS ( ESI) #li${HC  H,,O(M + H) *; 151. 1123 ; il
E{H 151. 1116,
1.2.2 H#AHEFE(N) AR SECH19], Bk CuCl(5. 3 mg,0. 054 mmol) , T R e i4
(R)-DTBM-SEGPHOS(63.9 mg,0. 054 mmol) FIZH057 NaOz-Bu(51.9 mg,0. 54 mmol ) Ji A 45 775 5 1Y
100 mL 5 He J i 48 v, il s N, B 880K o BCHH W Aar A5 7 (811, 0 mg, 5. 4 mmol) %5 T 20. 0 mL JG7K
SEEE, IR H NGRS B N S, B H B 5 WETHER 5.0 MPa F 50 °C F by 24 he 3 EJET
R, 2 AT Z T (VR CER) VA IhEE) =1:30) $2AEIER BT AR 616. 0 mg, 2R 75% , &T
PE GC A3 B LA T & ee (- 92% o [ @] = +23.8°(¢ =0.53,CHCL,) (SCHRME™ [« ]y = +21.0°,
¢=7.7,CHCL,) ;'"H NMR (500 MHz, CDCL,),8:2.69 (dt,J =15.4,4.4 Hz,1H) ,2.49 ~2.45(m,1H),
2.27 ~2.19(m,1H),2.00(t,J=7.5 Hz,1H) ,1.97 ~1.96 (m,1H) ,1.95 ~1.94(m,3H),1.88 ~ 1. 81
(m,1H),1.75(d,J=1.2 Hz,3H),1.36 ~1.26 (m,1H) ,0.98(d,J =6.3 Hz,3H) ;"*C NMR (125 MHz,
CDCL,), 5:204.4 ,141.9,131.9,50.9, 32.8, 31.6, 28.6, 23.0, 22. 1, 21. 8; HRMS ( ESI) # it {4
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C,oH, O(M+H) *:153. 1279 ; M 2 {H 153. 1275,
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K, LA 2 0 S WK, G 1A DU JCK G EREA T8 , 1 JERR 25951 , 28 0F O be I S 45 i 4 4l
TR AR A 1. 40 g, 723 90% , 2 F-VE GC oM Xt wefhc it B de i 92% . [a]}) = -85.8°(c =
1.00,EtOH) (k™' [a]Y = —104.2°,¢ =0.99, MeOH) ;' H NMR (400 MHz, CDCl, ) ,5:4.67 (t,] =
4.9 Hz,1H) ,2.34 ~2.27(m,1H) ,2.23 ~2.16(m,1H) ,1.80 ~1.70 (m,2H) ,1.75(s,3H),1.67 (s,
3H),1.60 ~1.47(m,3H) ,1.46 ~1.35(m,1H) ,1.08(d,J =6.9 Hz,3H) ;"*C NMR (100 MHz, CDCI, ) ,
8:132.7,126.5,68.2,39.5,31.9,26.7,22.2,21.6,20.5,19. 8; HRMS (ESI) i C, H,;O(M + H) *;
155. 1436 3l E {H 155. 1429 ,
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H, B4 5 O, FHE R 2.0 MPa T2 RN 4 ho 23 U8R L AbsR], HIJOK Mk . HasBRLE A, 3RaR
Y1 MeCN T 45 fh 3R 215 50 R [ 44 1. 25 g, 723 88% , & T GC ZpbradE X Wik it & de {1h 93% .,
[a]® = -42.4°(c =1.00, EtOH) ( 3¢k [a]3 = —47.1°,¢ =2.70,EtOH );'H NMR (400 MHz,
CDCl,) ,8:3.42(s,1H) ,2.23 ~2.13(m,1H),1.97(d,J =11.5 Hz,1H) ,1.71 ~1.58(m,2H) ,1.45(d,
J=8.2Hz,2H),1.17 ~1.07 (m,1H),1.06 ~0.85(m,9H),0.82(d,J =6.8 Hz,3H);"” C NMR
(100 MHz,CDCl,),§:71.5,50.1,45.0,34.5,31.6,25.8,23.1,22.2,21.0,16.0; HRMS ( ESI) ¥ £ &
C,oH,,O(M +Na) * ;179. 1406 ; Jlll 5 {f 179. 1401 ,
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Table 1 Scope of copper catalyst and its loading for asymmetric hydrogenation of piperitenone

Entry Cu catalyst/Molar fraction Yield /% ee/ %
1 [Cu(NOy) (PPhy),1/1% 70 88
2 Cu(NO;),/1% 18 12
3 Cu(0Ac),/1% - -
4 CuCl/1% 64 90
5 CuCl2% 65 87
6 CuCl/5% 69 88
7 CuCl/0.5% 55 40
8 CuCl/0. 1% 42 11

Reaction conditions; Cu catalyst, (R)-DTBM-SEGPHOS(1 mol equiv to Cu), NaOz-Bu(10 mol equiv to Cu) , i-PrOH,H, (5.0 MPa), 18 h.
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Fig. 1 The chiral ligands for asymmetric hydrogenation of piperitenone
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Table 2 Scope of chiral ligand for asymmetric hydrogenation of piperitenone

Entry Ligand Yield/% ee/ %
1 (R)-BINAP 22 59
2 (R)-DM-BINAP 36 64
3 (R)-PIPPHOS 8 31
4 (R)-SEGPHOS 48 65
5 (R)-DM-SEGPHOS 59 83
6 (R)-DTBM-SEGPHOS 64 90

Reaction conditions ;: CuCl(1% molar fraction) , ligand(1% molar fraction) , NaOt-Bu( 10 mol equiv to Cu) , i-PrOH, H, (5.0 MPa), 18 h.
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3 2 e & 254k, TR E R, F 0 &8 5 HHE 58 A m T kst . W,
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5 6 1] FREE - e A I A AN R 645

BRI
®3 R BzAEFE X A E A AR A X R E L R R B 5 0m
Table 3 Scope of time and solvent for asymmetric hydrogenation of piperitenone

Entry Time/h Solvent Yield/ % ee/ %
1 18 i-PrOH 64 90
2 24 i-PrOH 75 92
3 36 i-PrOH 76 91
4 48 i-PrOH 75 90
5 24 Toluene 52 59
6 24 THF 43 48
7 24 MeOH 61 67
8 24 C,H;OH 58 64
9 24 t-BuOH 66 78

Reaction conditions: CuCl (1% molar fraction), (R )-DTBM-SEGPHOS (1% molar fraction), NaOt-Bu (10 mol equiv to Cu), H,
(5.0 MPa).
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Asymmetric Synthesis of L-menthol

WANG Lin“* , LI Huanyong”, TAN Wei’, WANG Sanyong”, LI Chunrong’, YANG Dinggiao
(“Analytical and Testing Center , Ji'nan University , Guangzhou 510632 , China ;
" Guangdong Food Industry Institute ,Guangzhou 510308 , China ;
*School of Chemistry and Environment ,South China Normal University , Guangzhou 510006 , China )

Abstract L-menthol was synthesized from the starting materials of 4-hydroxy-2-butanone and mesityl oxide in
four steps consisting of aldol condensation, asymmetric hydrogenation, reduction of carbonyl group, and
ruthenium catalyzed hydrogenation. The total yield is 33% and the diastereomeric excess is 93%.
Furthermore, the effects of copper catalysts and their loading, chiral ligands, reaction time and solvents on the
asymmetric hydrogenation of piperitenone were discussed in details. The intermediates and target compound
were identified and characterized by '"H NMR, "C NMR and HRMS.
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