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Abstract - -  (-3Butyl-4-hydroxyphthalide 1 was first synthesized 

enantioselectively by using a chiral aryllithium reagent and its 

absolute stereochemistry at C-3 was determined to be S-conf~guration 

(3-Butyl-4-hydroxyphthalide - 1 was isolated from the rhizome of Ligusticum 

wallichii Franch  [Japanese name 'senkyu') of which phenolic constituents was 

known to have the effect of increasing coronary flaw". Although the structure 

of thls compound was shown to possess structure 1, its stereochemistry hasn't 

been clear yet. In this paper we wish to describe the first total synthesls of 

- in a h ~ g h  optlcal yield2' and the absolute stereochemistry of this 

phthalide. 

We considered two approaches for the asymmetrlc synthesls of (-)-1 as shown in 

Scheme 1. In the first approach(&) a chiral center may be introduced by the 

asyrnmetrlc reduction of the ketone 2 with chiral reductant. In the second 

approachiB), the asymmetric induction would be performed by the reaction of 

chiral aryllithlum reagent 4 with aldehyde, followed by oxidation. 



1) RCHO 

2) Oxidation 
0 

(A) (B) 

2 - 1 - 4 

R=Alkyl group 
Z*=Chiral ortho-directing group 

Scheme 1 

It is known that asymmetric reduction of the prochiral aryl ketone with ( S )  - 

BINAL-H 5 reported by Noyori et ai.=' provides an alcohol of S-configuration 

with hlgh enantiaselectivlty. The asymmetric synthesrs of ( - 1  was examlned as 

shown in Scheme 2. 

The reduction of the ester 6 " wlth IS)-BINAL-H afforded (-1 -3-butylphtalide 1 
contain~ng S-configuration"' at C-3 in 83%ee2'. On the other hand, in the case 

of ester 8 no (S)-3-butyl-4-methoxyphthalide 9 was obtained. Thls result 

suggested that fairly bulky (S)-BINAL-H 5 couldn't approach to the acyl group by 

steric interference with two ortho-substltuents in the ester 8 . 

Scheme 2 

Previously the asymmetric synthesis of (S) - ( - )  -1 was accomplished via the 

llthlation with the halogen-metal exchange of chlral amlnal obtained from 0- 

bromobenzaldehyde with (S)-2-(anrlrnomethy1)pyrrolidine 10 by Asami and 

Mukaiyama'"'. As the regloselective directed lithiation of aromatlc compounds by 

the chelatlon effect was well knownd', the dlrected ortho llthlation of the 
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chiral aminal 12 containing a methoxy group at m-posltion was examined as shown - 
In Scheme 3. 

The chiral amlnal 12 was easily obtained by condensation of m-methoxy- - 
benzaldehyde 11 with 10. Then the directed ortho lithlation of the aminal 12 
wlth n-BuLi, followed by reaction wlth valeraldehyde and then hydrolysis under 

mlld conditions afforded the optically active lactol (-1-13. The deslred 

compound (-)-1 was obtained in 8 4 % e e 2 '  by the demethylationLO' of ( - ) - 9  obtained 

by the oxidation of the lactol 12 with Aq,O " I .  

OMe 1) n-BuLi 
H 

10 - 

M O  3) HCI 

OH 

Scheme 3 

It was speculated that (-)-1 has S-configuration at C-3 according to the 

mechanisum proposed by Asami and Mukaiyama'"' . That is, the dlrected ortho 

lithiation of aminal first occurred to give a rlgld tricyclic flve membered ring 

(Figure 1) and then the aldehyde approaches from the less hindered front side in 

the manner shown in Figure 2 to avoid steric repulsion between the alkyl group 

of the aldehyde and the pyrrolidine rlnq illustrated with arrow in Figure 3. 

Further, the phthalide (-)-1 was converted to 1 the triflate 14 ' " '  to 

confirm the absolute configuration of (-)-1. The optical rotation of the 

resultant phthalide 1 was identical wlth that of the authentic phthallde (-)-L . 
Consequently, it was possible to determine the absolute stereochem~stry of 1 to 

be S-configuration at C-3 position. 



Figure 2 

Figure 1 

Figure 3 

EXPERIMENTAL 

Melting points were measured on a YANACO micro melting point apparatus and are 

uncorrected. Infrared spectra were recorded on a Hitachi 270-300 spectra- 

photometer. Nuclear magnetic resonance spectra were obtained wlth a JEOL FX-200 

spectrometer using tetramethylsilane as an Internal standard. Mass spectra were 

determined on a JEOL DX-300 spectrometer. Optical rotations were taken on a 

JASCO DIP-360 using a 1OOmm cell. 

Methyl 2-valerylbenzoate 5 

The esterification"' of 2-valerylbenzoic acidL"' prepared from phthalic 

anhydride with dibutylcadmium gave methyl 2-valerylbenzoate - 6 : i r ( K B r ) v , . . ,  

1726, 1700 c m ~ '  ; >H-nmr (CDC1,) 6 0.94 (3H, t, J=7.3Hz). 1 .40 (2H, tq, J=7.3. 

7.3Hz). 1.72 (2H, tt. Jz7.5, 7.3H7.j. 2.80 (2H, t, J=7.5Hz), 7.35 (lH, dd, J=7.3, 

1.5Hz), 7.48 (lH, ddd, 5.7.3. 7.3, 1 .5Hz), 7.56 (lH, ddd, J.7.3, 7.3, 1 .5Hz). 

7.89 (1H. dd, 7.3, 1 .5Hz) ; ms m/z 220 M )  , 163 (M-C,H,) . 

Methyl 3-methaxy-2-valerylbenzoate 5 
A solution of diazamethane in ether was gradually added to a stirred solution of 

3-methoxy-2-valerylbenzolc acid" (2.09. 8.46mmol) in ether at 0 % .  The mixture 



HETEROCYCLES, VoI. 29, No. 5, 1989 

was continued to stlr at 0 % for 1 h, then at room temperature far 1 h and 

evaporated to give a residue. The residue was purifled by flash column 

chromathoqraphy (SiO, ;eluent,AcOEt:n-hexane=l:3) to glve a colorless or1 of 

methyl 3-methoxy-2-valerylbenzoate 8 (1.659. 78%) : ir (KBr) v ,,, , 1726. 1466, 

1280, 1060 c m  ' : 'H-nmr (CDC1,) 6 0.94 (3H, t, J-7Hz) , 1.12-1 .95 (4H, rn) , 2.81 

(2H. t, J=7Hz), 3.81 (3H, s ) ,  3.84(3H, s ) ,  7.09 (lH, dd, J=8, lHz), 7.39 (lH, dd, 

J=8, 8Hz). 7.57 (1H. dd, J=8, 1Hz) ; ms m/z 250 (M), 193 (M-C,H,) . 

IS) - (-)  -3-Butylphthallde 1 

A solution of (S)-BINAL-H 5 (0.4M in THF) was prepared in situ from LiAlH, 

(39m9, 1.03mmol) , abs.EtOH (1 .05mmol) and (S) - (-) -2.2'dlhydroxy-1 ,l ' -  

binaphthyl"' (300mq, 1.05mmol) under argon atomosphere" '. 1.OM THF solution of 

methyl 2-valerylbenzoate 5 (68mg. 0.3lmmol) was injected into the stirred 

solution of (S)-BINAL-H 2 at -80 % . The reaction mixture was stirred at t h ~ s  

temperature for 3 h and qenched by additlon of 2N HC1 at -80 "i: and then 

extracted with ether 2 times. The combined organic layer was washed with brine, 

dried (MqSO,) and evaporated to a residue. After (S) - I-) -2,2'-dihydroxy-1 ,l ' -  

binaphthyl was removed from the residue by recrystalllsation (n-hexane-CHCl,), 

the resldue was purified by flash column chromathoqraphy (SiO, ; eluent, 

AcOEt:CHCl, =2:3) to give a colorless oil of (S) - (-) 3-butylphthalide 2 (18mg. 

30% . optical yield 83%ee2') : [ a  I ,  49.3' (c=0.4, CHCl,), [lit.'x1 [a10 - 

59.Y (c.0.2, CHC1,)I ; ir (KBr) v ,,., 1764 c m ~ '  : 'H-nmr (CDC1,) S 0.91 (1H. t, 

J=7.1Hz) , 1.20-2.31 (6H, m) , 5.48 (lH, dd, J=7.8, 4.2Hz) . 7.44 (1H. dd, 5.7.4. 

1 .OHz), 7.52 (lH, dd, J=7.6. 7.4Hz). 7.67 (lH, ddd, J-7.6, 7.6, 1 .OHz) , 7.93(1H, 

d, J=7.6Hz) : rns m/z 190 M I ,  133 (M-C,H,) . 
3-~3-Methoxyphenyl)2-pheny1-1,5,6,7-tetrahydro-3H-pyrro[1,2-c]imidazole 2 
A solution of m-methoxybenzaldehyde (2.09. 14.69mmol) and (S) - (+)  -2-  

(anilinomethyl) pyrrolidine E1 " ' (2.599. 14.69mrnol) in benzene (20ml) was 

refluxed far removal of water azeotropically under argon atomosphere for 3 h. 

The mixture was evaporated and then recrystallized from ether to give 3-(3- 

methoxyphenyl)-2-phenyl-1,5,6,7-tetrahydr-3Hpyrro[l,2c]midazle - 12 (3.959. 

91%) : mp 78-80'C ; [a l o  138.5' (c=0.3, CH,Cl,) ; I r  (KBr) v ,.., 1602, 1504, 

1368, 1278, 1042 ; 'H-nmr (CDC1,)S 1.70-2.20 (4H. m), 2.78 (IH, dd, J=18, 9Hz). 



3.21 (lH, dd, J=9, ~Hz), 3.33 (lH, m), 3.72 ( i ~ ,  dd, ~ ~ 7 ,  7 ~ ~ 1 ,  3.76 (3H, s ) ,  

3.89 (1H. m), 5.28 (IH, s ) ,  6.45 (2H, d, J=8Hz), 6.65 ( l ~ ,  dd, J=7, 7Hz), 6,78 

(1H, dd, 5.8, ZHz), 6.88 (lH, d, J=~Hz), 6.91 (IH, d, j=eHZ), 7.12 (lH, 

J=7Hz), 7.18 (2H. dd, J=8, 8Hz) ; ms m/z 294 ( M )  , 189. 

()-3-Butyl-l-hydroxy-4-methoxy-2-oxa1ndane 12 
A solution of n-BuLi (1.6M in hexane, 2.13ml) was injected into a stirred 

solution of (-)-3-(3-methoxyphenyl)-2-phenyl-1,5,6,7-tetrahydr0-3H-pyrr0[1,2- 

c] imidazole 12 (1 .0g. 3.40mmol) in dry ether (10ml) under argon atomosphere at 

room temperature. The mixture was stirred at room temperature for 4 h and then a 

solution of valeraldehyde (0.54ml. 5.10rnmol) in dry ether (2ml) was injected at - 

80 " C .  The mixture was stirred at -80 % for 3 h and quenched with sat.NH,Cl at 

this temperature. The ethereal layer was hydrolyzed with 2%HC1 at 0 -C for 1 h 

and then was extracted wrth ether 2 times. The ethereal layer was washed with 

water, drled (MgSO,) and evaporated to glve a residue. The resldue was purlfled 

by flash column chromathography (SiO, ; eluent, AcOEt:benzene=l:5) to give a 

colorless 011 of i - )3-butyl l-hydroxy-4-rnethoxy-2-oxaindane 2 (250rn9, 33%, a 

mixture of diastereoisomers) : [ u  ] -45.9~ (c=0.1, CHCl,) ; lr (KBr) p ,,,,,, 3416, 

1604, 1486, 1266 c m ~ '  ; 'H-nmr (CDC1,) 8 0.88 and 0.90 (3H, t. J=7.3Hz and t, 

J=7.3Hz, respectively), 1 .lo-1.55 (4H, m), 1.55-1.80 (lH, m), 1 .90-2.15 (lH, m), 

3.52 and 3.58 (lH, d, J=8.3 and d, J=7.6Hz, respectrvely, D,O exchangeable), 

3.82 and 3.83 (3H. s and s ) ,  5.22 and 5.49 (1H. dd, J=7.8, 2.9Hz and m. 

respectively) , 6.36 and 6.46 (lH, d, J=7.6Hz and m, respectively) , 6.82 (1H. d, 

J=7.8Hz), 7.00 (lH, d, J=7.3Hz) , 7.30 (lH, dd, J=7.8, 7.3Hz) ; ms m/z 222 (M') , 

166. 

(-)-3-Butyl-4-hydroxyphthalide 1 
A solution of (-)-3-butyl-1-hydroxy-4-methaxy-2-oxaindane 12 (137mg. 0.6lmmol) 

in MeOH (2.5ml) was added to a stirred solution of Ag,OJ' (667m9, 2.88mmol) in 

H,O (3ml) -MeOH (O.5ml) at room temperature. The mixture was stirred for 1 h and 

filtered through a celite. The flltrate was evaporated to give a residue. After 

2N H,SO, (3ml) was added to the resldue at 0 " C ,  the mlxture was extracted with 

ether 2 tlmes. The ether layer was washed with brine, dried (MgSO.) and 

evaporated to give a residue. The residue was purlfied by flash column 
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chromathagraphy (SiO, ; eluent, AcOEt:n-hexane=l:l) to give (-)-3-butyl-4- 

methoxyphthalide 9 (103mg. 76%) : [a l -69.Y (c=0.2, CHC1,) : =r (KBr) v .,,, 

1770, 1492. 1274 : 'H-nmr (Acetone-d,) 6 0.88 (3H, t, J=6.8Hz), 1 .lo-1.45 (4H. 

mi. 1.57 -1.83 (1H. m), 2.10-2.37 (lH, m) . 3.97 (3H, s) . 5.53 (lH, dd, J=7.6, 

3.1Hz). 7.32 [lH. d, J=7.8Hz), 7.38 (lH, d, J=7.8Hz), 7.56 (lH, dd, J=7.8, 

7.8Hz) ; ms m/z 220 M , 163 (M-C,H:,) . 

A solution af BBr,'O1 (0.8M in CH,Cl,, 0.9ml) was added to a solution of ( - )  -3- 

butyl-4-methoxyphthalide 9 (75mg. 0.34mmol) in dry CH,Cl, (lml) at -30 'C . The 

mixture was stirred at 3 0  -C for 1 h and then at room temperature for 2 h. The 

mlxture was poured lnto ire-water and extracted with CHCl, 2 tlmes. The combined 

organic layer was washed with brine, dried (MgSO,) and evaporated to give a 

resldue. The resldue was recrystall~zed from benzene to give a colorless needle 

of 3-butyl-4-hydroxyphthalide 1 (61mg. 87%, optical y~eld 84%ee) : mp 188-190% 

: In 1 -88.7~ (c=0.38, EtOH) , i t .  [ a  ] ,, -105.i' (EtOH) 1 : ir (KBr) v ,.,. 
3224, 1720 : 'H-nmr (Acetone-d,) 6 0.89 (3H, t, J=7.3Hz), 1.20-1.50 (4H. m) , 

1.65-1.90 (lH, mi, 2.15-2.40 (lH, m), 5.57 (lH, dd, J=7.6, 2.9Hz), 7.18 (lH, dd, 

J=7.8, 1 .OHz) , 7.31 (lH, dd, J=7.6. 1 .OH=], 7.42 (lH, dd, J=7.8, 7.6Hz) ; ms m/z 

206 W )  , 149 (M-C,H,) . 

Convertlan of ( - )  -1 to (-)-7 

Trifluoromethanesulfonic anhydride (0.2m1, 1.20mmol) was added to a solution of 

( -13-buty l -4-hydroxyphtha l ide  (206mg, 1.00mmol) and dry pyrldine (0.24m1, 

3.00mmol) in dry-CH,Cl, (lml) at 0 'C . The mixture was stirred at 0 -C for 10mm 

and then at room temperature for lh. The mixture was poured lnta iced 2%HC1 and 

extracted with ether. The organic layer was washed with water 2 times and brine, 

dried (Na,SO,) and evaporated to give a yellow oil of 3-butyl-4-trifluaromethane 

sulfonyloxyphthalide 14 (283mg. 84%) : 'H-nmr (CDC1,) 6 0.91 (3H, t, J=7.1Hz), 

1.15-1.50 (4H, m) , 1.65-1.90 (lH, m) , 2.10-2.35 (lH, m) , 5.70 (lH, dd, J=8.1, 

3.OHz), 7.58 (1H. dd, 5.8.1, 1 .2Hz), 7.66 (lH, dd, J=8.1, 7.3Hz). 7.95 (lH, dd, 

Jz7.3, 1.2Hz) . Without purification of 14, farmlc acid (0.06ml. 1.67mmol) was 

added to a solutlon of the triflate (283mg. 0.84mmol), bis(tripheny1- 

phosphinel-palladium(U )chloride (30mg. 0.04mmol) and tributylamlne (0.6ml. 

2.51mmol) In dry DMF (1.8ml) under argon atomosphere at room temperature""'. The 

mlxture was heated at 110 OC for 3h and then filtered. The filtrate was washed 



with sat.NaHCO,, 2%HC1, water and brine, dried (MgSO,) and evaporated to give a 

residue. The residue was purified by flash column chromathography (SiO, ; 

eluent, Ac0Et:n-hexane=l:8) to give a colorless oil of (-1-3-butylphthalide 1 

(128mg. 81%) : [ a  1 ,> -49.1' (c=0.2, CHC1,) : the other spectral data was 

identical with those of the preceding (-1-7 - . 
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