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Lignans of the 3-hydroxy-l-aryltetralin series 1 and 2 have been synthesised in good yields in a highly 
diastereoselective manner. The stereochemistry at C-1, C-2 and C-3 of 1 and 2 was completely controlled by 
an electrophilic addition of oxodiperoxymolybdenum(pyridine)hexamethylphosphoric triamide (MoOPH) 
to the metal enolates of a,$disubstituted y-butyrolactones 4 and the Friedel-Crafts type intramolecular 
cyclisation of 3. This method was applied to the stereoselective synthesis of (+)-cycloolivil le. 

Introduction 
Currently, lignans ' of the 3-hydroxy-1 -aryltetralin series 1 and 
2 are of considerable interest because some of them, including 
cycloolivil le, have been isolated from the stem bark of Oleu 
europueu L . ,2 Stereospernium ktintliiunur.ti Cham, which shows 
intriguing biological activity (e.g. diuretic, antiseptic, antifebrile 
and antirheumatic). In spite of the significance of this bio- 
logical activity, there is but a single reported synthesis of this 
series of lignans, in which trachelogenin diacetate was oxidised 
with lead tetraacetate to a-acetoxy-trachelogenin diacetate, a 
compound which was then converted into the corresponding 
3-hydroxy- 1 -aryl tetralin derivative by a Friedel-Crafts type 
cyclisation and subsequent r ed~c t ion .~  This method, however, is 
applicable only to a limited range of the compounds, since 
u-hydroxy-a,P-dibenzyl lactones are not easily accessible. In 
connection with our interest in new compounds from lignan 
derivatives having interesting biological activity,M we have 
studied the synthesis of this series of lignans. Here, we report 
our results for the first stereoselective synthesis of 3-hydroxy-l- 
aryltetralin lignans 1 and 2. 

Results and discussion 
Synthetic strategy 
Scheme 1 illustrates the main features of our synthetic strategy 
involving: the three-component reaction of 5, 6 and but-2- 
enolide, the stereoselective electrophilic addition of MoOPH 
to the metal enolate of 4 and conversion of the resulting inter- 
mediate into the desired products 1 and 2. We have already 
reported that electrophilic attack on the metal enolate of p- 
substituted a-benzyl-y-butyrolactone took place predomin- 
antly from the upper face to afford the trcms-product in spite 
of the presence of the P-substituent; the shielding of the bot- 
tom face by the phenyl moiety of the a-benzyl group, as a 
result of conformational rigidity induced by I ,3-allylic strain, 
would be effective in allowing preferential attack of an electro- 
phile from the upper face.'"' We envisaged that electrophilic 
attack on the metal enolate of 4 would occur in the same 
manner from the upper face in spite of the presence of the p- 
substituent (Fig. 1 in Scheme 1). Thus, the relative stereo- 
chemistry of the contiguous carbon centres of 3, C-2 and C-3, 
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Fig. 2 X-Ray crystal structure of le 

would be defined by the electrophilic attack on the metal eno- 
late of 4 to furnish a predominance of the trcms-product 3; the 
stereoselectivity and chemical yield would be affected by the 
protecting group introduced for the a-hydroxy group. The rela- 
tive stereochemistry of the C-1 and C-2 carbon centres of 1 
and 2 would be defined by the FriedelLCrafts type intra- 
molecular cyc~isation of 3.” 

Synthesis of 3-hydroxy-1 -aryltetralin lignans 1 and 2 
Following the above strategy, we initially synthesised the requis- 
ite substrate 4 from O-silylated cyanohydrin 5 (Scheme 2). The 
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9a-d 8a 72% from 5a 
8b 71%from 5b 
8c 72Y0 from 6c 
8d 75% from 5d 
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4al R = TMS (70% from 8s) 
Sa, R = MOM (64% from 8a) 
4a3 R = Ac (55% from 8a) 

R = Me (61% fron 8a) 
4bl R = TMS (85% from 8b) 
4cl R = TMS (73% from 8c) 
4dl R = TMS (87% from 8d) 

Scheme 2 Reupi t s :  i. LDA, but-2-enolide, substituted benzyl 
bromide 6; ii, Bu,NF-AcOH; iii .  L-Selectride; iv, TMSCI, imidazole; v, 
MOMCI, Pr’,NEt; vi, Ac,O, Et,N; vii, MeI, NaH 

conjugate addition of the lithium salt of 5a. prepared by 
reaction of 5a with lithium diisopropylamide (LDA), to 
but-2-enolide in THF at -78 “C, followed by trapping of the 
resulting enolate with 3,4-methylenedioxybenzyl bromide gave 
7a. Without isolation of 7a, the mixture was treated with tetra- 
butylammonium fluoride (Bu,NF) to afford the truns-y- 
butyrolactone 8a in 72% yield from 5a. Reduction of the 
carbonyl group of 8a with L-Selectride@ proceeded stereo- 
selectively to give the alcohol 9a as the sole product (87%”’” In 
order to examine the effect of the protecting group on the oxy- 
gen atom of the a’-hydroxy group, the hydroxy group of 9a thus 
obtained was protected by trimethylsilyl (TMS), methoxyme- 
thy1 (MOM), acetyl (Ac) and methyl (Me) groups to afford the 
desired substrate 4a,, 4a,, 4a3 and 4a, in 80, 73, 63 and 70% 
yields, respectively. 

With the four types of requisite substrate 4 in hand, we exam- 
ined hydroxylation of the metal enolates of y-butyrolactones 
4 using oxodiperoxymolybdenum(pyridine)hexamethylphos- 
phoric triamide (MoOPH) as an oxidising reagent (Scheme 3). 
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Scheme 3 ReagcJnts: i, KN(SiMe,),, MoOPH; ii ,  Bu,NF; iii, TFA- 
CH,CI,; iv. LiAIH,-THF; v. H,, Pd-C 

We had previously observed that the electrophilic addition pro- 
ceeded more efficiently with the potassium enolate of a,P- 
dibenzyl-y-butyrolactone than with the corresponding lithium 
and sodium enolates.’ Thus, the potassium enolate of 4a, was 
prepared by treatment of 4a, with potassium bis(trimethylsily1)- 
amide [KN(SiMe,),] in THF at -78 “C. Addition of MoOPH 
powder in one portion to this reaction mixture resulted in 
smooth hydroxylation to afford a-hydroxylated compounds. 
Without isolation of these products, the residue was treated 
with Bu,NF-AcOH in CH2CI, to furnish 3a, (R = H) in 86% 
yield as a single isomer; the structure of 3a, (R  = H )  was deter- 
mined by 200 MHz ‘H NMR spectroscopy (4.2% of NOE was 
observed between Ha and Hb, H,., the results of which are 
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Table 1 Reaction of the metal enolate of 4 with MoOPH" 

Yield  XI)^ Selectivity 
Entry Substrate (3  + 3') (3:3') 

~~~ ~ ~~ 

1 4al 86 >99: I 
2 4% 50 >99: 1 

4 4% 42 >99: 1 
5 4bl 86 >99: 1 
6 4c, 89 >99: 1 
7 4dl 95 >99: 1 

3 4% 29 >99: 1 

The reaction was carried out in THF at -78 "C. Isolated yield. 

shown in Scheme 3). Careful examination revealed that the 
relative stereochemistry between C-2 and C-3 (cycloolivil's 
numbering) was completely controlled by this electrophilic add- 
ition, none of the diastereoisomer 3'al (R = H) being isolated. 
In contrast, although 4a,, 4a, and 4a, also underwent highly 
stereoselective hydroxylation the chemical yields of the desired 
product [3a2 (R = MOM), 3a, (R = Ac) and 3a, (R = Me)] were 
very low (50,29 and 42%) (entries 1 - 4  in Table 1). 

Since a TMS group is a suitable protecting group for the a'- 
hydroxyl group, we next examined the hydroxylation of com- 
pounds 4bl-d,, analogous to 4a, in order to clarify the generality 
of this reaction. Compounds 4bl-d, were prepared starting 
from the 0-silylated cyanohydrin 5b-d (see Scheme 2). The 
hydroxylation of 4b,-d, proceeded smoothly, with similar high 
diastereoselectivities and chemical yields (Scheme 3, entries 5-7 
in Table 1). 

We next examined the conversion of the dibenzyl type com- 
pound 3 into the desired 1-aryltetralin lignans 1 and 2. Treat- 
ment of 3a, with trifluoroacetic acid (TFA) in CH2C12 at 0 "C 
gave the I-aryltetralin lactone 2a (84%), the structure of which 
was determined by 200 MHz 'H NMR ana1ysis.t Reduction of 
2a with LiAIH, in THF afforded 1-aryltetralin trio1 l a  (91%) 
and, in a similar manner, 2b-d and lb-d were obtained from 
3b,-d, in good yields (Scheme 3). 

Synthesis of (2)-cycloolivil le 
(+)-Cycloolivil le  was synthesised by a similar procedure from 
a,; 4, itself was prepared from 5d in 4 steps (65% overall yield; 
Scheme 2). The hydroxylation of 4dl proceeded in a highly stereo- 
selective manner as expected to afford 3d, (95%); the relative 
stereochemistry between C-2 and C-3 was determined by 400 
MHz 'H NMR spectroscopy (5.7% of NOE was observed 
between Ha and H,, H,,, the diastereoisomer 3'd, not being iso- 
lated). The resulting a-hydroxylated product 3d, underwent the 
Friedel-Crafts type intramolecular cyclisation by treatment with 
TFA to afford the 3-hydroxy-1-aryltetralin lignan lactone 2d as 
a single isomer. Reduction of the lactone ring of 2d followed by 
deprotection of the hydroxy groups on the benzene ring gave 
(2)-cycloolivil l e  $ in 86% yield (reduction: 90%, deprotection: 
96%; Scheme 3); the structure of l e  was unambiguously deter- 
mined by X-ray crystallographic analysis (Fig. 2). 

Conclusion 
We have described the first stereoselective synthesis of 3- 
hydroxy-I-aryltetralin lignans 1 and 2 by using highly stereo- 
selective electrophilic addition to the metal enolate of 4 fol- 
lowed by Friedel-Crafts type intramolecular cyclisation. The 
stereoselectivity observed in this reaction originates from the 

t A large coupling constant (Jab 12.1) observed between H-1 and H-2 
in 2a strongly supported that the stereochemistry at C-1 and C-2 of 
2a was twis .  

The 'H and I3C NMR spectra of the synthetic product le obtained 
here were consistent with those of (+)-cycloolivil reported in refs. 2 
and 3. 

conformational rigidity of the metal enolate of 4 induced by 
1,3-allylic strain. This method is applicable to the stereoselective 
synthesis of a variety of 3-substituted I -aryltetralin lignans and 
related compounds having potential biological activity. 

Experimental 
Mps were determined in open capillary tubes on a Yamato MP- 
21 melting point apparatus and are uncorrected. IR spectra 
were obtained using a Perkin-Elmer 1640 IR spectrometer. 'H 
NMR (200 MHz) spectra were recorded on a Bruker AC-200 
instrument and 'H NMR (400 MHz) and 13C NMR (100 MHz) 
spectra were recorded on a JEOL GSX-400 instrument using 
Me,Si as the internal standard. J Values are given in Hz. Mass 
spectra were obtained on a Hitachi M-2000A spectrometers. 
Column chromatography was performed with silica gel (Merck 
7734 and 9385, Kiesel gel 60, 230-400 mesh). THF was dried 
over 4 A molecular sieves and used without further purification. 
All other solvents were used as received. 

Preparation of trans-3-(3,4-methylenedioxybenzyl)-4-(3,4- 
dimethox y benzoy I)-y-but yrolactone 8a 
LDA (0.35 mol) was prepared by addition of butyllithium (1.6 M 
in hexane; 220 cm3, 0.35 mol) to a solution of diisopropylamine 
(49.0 cm3, 0.35 mol) in THF (200 cm3) at -78 "C under a nitro- 
gen atmosphere and the mixture was stirred for 20 min at 0 "C. 
To the mixture, re-cooled to -78 "C, was successively added 
dropwise 5aS" (90.0 g, 0.29 mol) in THF (100 cm3), but-2- 
enolide (9.20 cm3, 0.29 mol) in THF (100 cm') and 3,4- 
methylenedioxybenzyl bromide (63.0 g, 0.29 mol) in THF (50 
cm3) at the same temperature for 7 h. The mixture was quenched 
by addition to it of saturated aqueous ammonium chloride. The 
organic layer was separated, and the aqueous layer was 
extracted with AcOEt. The combined organic layers were 
washed with water and brine, dried (MgSO,) and evaporated to 
provide the crude product 7a as an oil. To a solution of the oil in 
CH2CI2 (700 cm3) was added 1 M Bu,NF in THF (130 cm', 0.29 
mol) at 0 "C. After 30 min, the solution was washed with water, 
10% citric acid and brine, dried (MgSO,) and evaporated to 
afford a crude product, which was crystallised from MeOH to 
give 8a (80.2 g; 72% yield from 5a) as the sole product; mp 140- 
141 "C (AcOEt-acetone) (Found: C, 65.69; H, 5.12. Calc. for 
C21H2,0,: C, 65.62; H, 5.24%); v,,,(KBr)/cm-' 1772 and 1665; 
6,(CDC13) 2.93 (dd, 1 H, J7.2,  14.2), 3.06 (dd, 1 H, J 5.5, 14.2), 
3.42-3.63 (m, 1 H), 3.92 (s, 3 H), 3.96 (s, 3 H), 4.01-4.23 (m, 
2 H), 4.32-4.51 (m, 1 H), 5.85 (d, 1 H, J 1.3), 5.88 (d, 1 H, 
J 1.4), 6.53 (dd, 1 H, J 1.8, 7.8), 6.59 (d, 1 H, J 1.6), 6.62 (d, 
1 H, J 8.0), 6.84 (d, 1 H, J 8.4), 7.30 (dd, 1 H, J 2.0, 8.4) and 

and 135 (35). 
7.36 (d, 1 H, J 2.0); I H / Z  384 (M+, 37'%1), 192 (IOO), 165 (61) 

Preparation of (3R*,4R*)-3-(3,4-methylenedioxybenzyl)-4- 
~a(S*)-a-trimethyIsiIyloxy-3,4-dimethoxybenzyI~-y- 
butyrolactone 4a, 
To a solution of the ketone 8a (10.0 g, 26.1 mmol) in THF ( 150 
CM') was added dropwise L-Selectride@ (1.0 M in THF; 28.6 
cm3, 28.6 mmol) at -78 "C, and stirring was continued for 5 h at 
-20°C. The mixture was quenched by the addition to i t  of 
AcOH (1.73 cm3, 28.7 mmol) and concentrated. The residue 
was diluted with AcOEt (100 cm') and washed with water and 
brine, dried (MgSOJ and evaporated to provide a crude prod- 
uct, which was purified by silica gel column chromatography 
using hexane-CHC1,-AcOEt ( 1  : 1 : 1)  as eluent to afford 9a (8.76 
g, 87%). The alcohol 9a (2.20 g, 5.70 mmol) and imidazole (466 
mg, 6.84 mmol) were dissolved in DM F (1 0 cm3) and to the ice- 
cooled mixture was added trimethylsilyl chloride (0.868 cm3, 
6.84 mmol); the resulting mixture was stirred at room temper- 
ature for 12 h and then poured into water and extracted with 
AcOEt. The combined extracts were washed with water, 10% 
aqueous citric acid, saturated aqueous NaHCO, and brine, 
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dried (MgS04) and evaporated. The resulting crude oil was 
purified by silica gel column chromatography using hexane- 
CHC13-AcOEt ( 5 : 5 :  1) as eluent to afford 4a, (2.12 g, 80%) as 
a colourless syrup; vmax(KBr)/cm-' 2958 and 1761; SH(CDC13) 
0.05 (s, 9 H), 2.43-2.59 (m, 1 H), 2.70-2.95 (m, 3 H), 3.83 (s, 3 
H), 3.88(s, 3 H), 3.924.12(m,2 H),4.62(d, 1 H, J5.l) ,  5.90(d, 
lH,J1.5),5.93(d,I  H,J2.7) ,6 .43(~,3H),6.45(dd,I  H,J1.7, 
8.7), 6.61 (s, 3 H), 6.63 (d, 1 H, J8.5), 6.72 (dd, 1 H, J 1.6, 8.3) 
and 6.79 (d, 1 H, J 8.2); m/z 458 (M', 53'%1), 368 (23), 240 (96) 
and 135 ( 100). 

Preparation of (3R*,4R*)-3-(3,4-methylenedioxybenzyl)-4- 
~a(Sk)-a-methoxymethoxy-3,4-dimethoxybenzyI~-y- 
butyrolactone 4a2 
The alcohol 9a (1.70 g, 4.40 mmol) and diisopropylethylamine 
( 1.38 cm', 7.92 mmol) were dissolved in DM F (1 0 cm3) and to 
the ice-cooled mixture was added chloromethyl methyl ether 
(0.50 cm3, 6.60 mmol). The resulting mixture was stirred at 
room temperature for 12 h after which it was poured into 
water and extracted with AcOEt. The combined extracts were 
washed with water, 10% aqueous citric acid, saturated aqueous 
NaHCO, and brine, dried (MgS04) and evaporated to provide 
a crude oil. This was purified by silica gel column chroma- 
tography using hexane-CHC1,-AcOEt ( 5 :  5: I )  as eluent to 
afford 4a2 (1.38 g, 73%) as a white solid; mp 137-138 "C 
(AcOEt-hexane) (Found: C, 64.42; H, 6.18. Calc. for C23H2608: 
C, 64.18; H, 6.09%); vmaX(KBr)/cm-' 1760; dH(CDCI3) 2.51-2.71 
(m, 1 H), 2.82-3.08 (m, 3 H), 3.41 (s, 3 H), 3.83 (s, 3 H), 3.88 (s, 

5.99 (m, 2 H) and 6.50-6.87 (m, 6 H); rn/z 430 (M+, 25(%1), 368 
(6), 151 (93) and 135 (100). 

3 H), 4.53 ( s ,  2 H), 4.97 (d, 2 H, J 7.3), 4.57 (d, 1 H, J 6.5), 5.88- 

Preparation of (3R*,4R*)-3-(3,4-methylenedioxybenzyl)-4- 
~a(SX)-a-acetyloxy-3,4-dimethoxybenzyl~-y-butyrolactone 4a, 
The alcohol 9a (1.90 g, 4.92 mmol), acetic anhydride (0.835 cm3, 
8.86 mmol) and triethylamine (1.37 cm3, 9.84 mmol) were dis- 
solved in DMF (10 cm3) and to the ice-cooled mixture was 
added dimethylaminopyridine (60.1 mg, 0.492 mmol). The 
resulting mixture was stirred at room temperature for 12 h after 
which it was poured into water and extracted with AcOEt. The 
combined extracts were washed with water, 10% aqueous citric 
acid, saturated aqueous NaHCO, and brine, dried (MgSO,) and 
evaporated to provide a crude solid product. This was purified 
by recrystallisation from AcOEt-hexane to afford 4a, (1.32 g, 
63'51) as a white solid; mp 158-1 59 "C (AcOEt-hexane) (Found: 
C, 64.45; H, 5.76. Calc. for C23H2408: C, 64.48; H, 5.65); 
v,,,(KBr)/cm-' 1755 and 1740; G,(CDC13) 2.13 (s, 3 H), 2.65- 
3.04 (m, 4 H), 3.82 (s, 3H), 3.87 (s, 3 H), 3.88411 (m, 2 H), 
5.77 (d, 1 H, J 6.2), 5.93 (d, 1 H, J 1.4), 5.95 (d, 1 H, J 1.4), 
6.48-6.61 (m, 3 H), 6.69 (d, 1 H, J7.9), 6.74 (dd, 1 H, J 1.8,8.4) 
and 6.81 (d, 1 H, J 8.3); i d z  428 (M', 38%), 368 (16), 167 (100) 
and 135 (66). 

Preparation of (3R*,4R*)-3-(3,4-methylenedioxybenzy1)-4- 
~a(Sk)-a-methoxy-3,4-dimethoxybenzyI~-y-butyrolactone 4a, 
The alcohol 9a (1.89 g, 4.92 mmol) and methyl iodide (0.915 
cm3, 14.7 mmol) were dissolved in D M F  (10 cm3) and to the ice- 
cooled mixture was added sodium hydride (235 mg, 5.88 
mmol). The resulting mixture was stirred at room temperature 
for 1 h after which it was poured into water and extracted with 
AcOEt. The combined extracts were washed with water, 10'51 
aqueous citric acid, saturated aqueous NaHCO, and brine, 
dried (MgSO,) and evaporated to provide a crude oil. This was 
purified by silica gel column chromatography using hexane- 
CHC1,-AcOEt ( 5 :  5 :  1) as eluent to afford 4a4 (1.37 g, 70%) as 
a colourless syrup (Found: C, 65.88; H, 6.01. Calc. for 
C22H2407: C, 65.99; H, 6.04%); u,,,(KBr)/cm-' 1769; 

3.73-3.96 (m, 2 H), 3.86 (s, 3 H), 3.89 (s, 3 H), 4.03 (d, 1 H, J 
6.9), 5.91 (d, 1 H, J l S ) ,  5.93 (d, 1 H, J 1.4) and 6.52-6.92 (m, 6 
H): rn/z400(M',25'%)), 181 (100)and 135(13). 

d ~ ( c D C l 3 )  2.47-2.72 (m, 1 H), 2.83-3.19 (m, 3 H), 3.23 (s, 3 H), 

Hydroxylation of the metal enolate of 4 with MoOPH: prepar- 
a tion of (3S* ,4R*)-3-hydroxy-3-(3,4-me t hy lenediox y benzy l>4- 
(a(Sk)-a-hydroxy-3,4-dimethoxy benzyll-y-butyrolactone 3a, 
A solution of 4a, (2.80 g, 6.11 mmol) in T H F  (20 cm3) was 
added to the solution of KN(SiMe,), (Aldrich, 2.57 g, 12.2 
mmol) in T H F  (50 cm3) at -78 "C and the mixture was stirred 
for 30 min at the same temperature. To the mixture was added 
MoOPH (3.25 g, 9.17 mmol) in one portion. After being stirred 
for 30 min, the mixture was quenched by addition to it of satur- 
ated aqueous sodium sulfate ( 1  5 cm3). The organic layer was 
separated and the aqueous layer was extracted with AcOEt. 
The combined organic layer and extracts were washed with 2 M 
HCI, water and brine, dried (MgSO,) and evaporated in vuciio. 
The residue was dissolved in CH,C12 (30 cm3) and to the ice 
cooled solution was added Bu4NF (6.72 cm3, 6.72 mmol). After 
being stirred for 6 h, the reaction mixture was poured into water 
and the organic layer was separated and washed with 10% 
aqueous citric acid, water and brine, dried (MgSO,) and evap- 
orated to afford 3a,. This was purified by silica gel column 
chromatography using hexane-CHC1,-AcOEt ( 5  : 5 : 3)  as elu- 
ent to give 3a, (86%) as a colourless crystalline solid; mp 17 1 - 
172 "C (CH2C12) (Found: C, 62.77; H, 5.53. Calc. for C2,H2,OR: 
C, 62.68; H, 5.51%)); vmax(KBr)/cm-' 3506 and 1774; G,(CDC13) 
2.73(ddd, 1 H,J5.2,7.2,9.8),3.11 (d, 1 H, J13.5),3.19(d, 1 H, 
J 13.5), 3.21 (d, 1 H, J 2.4), 3.25 (s, 1 H), 3.68 (dd, 1 H, J 7.3, 
9.7), 3.82 (dd, 1 H, J 5.1, 9.7), 3.88 (s, 3 H), 3.90 (s, 3 H), 4.84 
(dd, 1 H, J 2.3, 9.8), 5.96 (s, 2 H) and 6.71-6.91 (m, 6 H); ndz 
402 (M+, 21%), 386 (9) and 135 (100). 

Preparation of (3Sk,4R*)-3-hydroxy-3-(3,4-methylenedioxy- 
benzyl)-4-(a(S*)-a-methoxymethoxymethy1-3,4- 
dimethoxybenzyll-y-butyrolactone 3a2 
A solution of 4a, (350 mg, 0.814 mmol) in T H F  ( 5  cm3) was 
added to a solution of KN(SiMe3), (342 mg, 1.63 mmol) in 
T H F  (10 cm3) at -78 "C and the mixture was stirred for 30 min 
at the same temperature before MoOPH (431 mg, 1.22 mmol) 
was added to i t  in one portion. After being stirred for 30 min, 
the mixture was quenched by the addition to it of saturated 
aqueous sodium sulfate ( 5  cm3). The organic layer was separ- 
ated and the aqueous layer was extracted with AcOEt. The 
combined organic layer and extracts were washed with 2 M HCI, 
water and brine, dried (MgS04) and evaporated to afford 3a,. 
This was purified by silica gel column chromatography using 
hexane-CHC1,-AcOEt ( 5 : 5 :  1) as an eluent to give 3a, (178 
mg, 50%) as a colourless crystalline solid; mp 167-168 "C 
(AcOEt-hexane) (Found: C, 61.77; H, 5.63. Calc. for C2,H,O9: 
C, 61.88; H, 5.87'5)); v,,,(KBr)/cm-' 3469 and 1779; S,(CDCI,) 
2.81(ddd,1 H,J8.1,9.5,9.7),3.16(~,1 H),3.27(d,l H,J12.9), 
3.35 (d, 1 H, J 12.9), 3.44 (s, 3 H), 3.53 (dd, 1 H, J8.1,9.5), 3.81 
(dd, 1 H, J9.5,  9 3 ,  3.87 (s, 3 H), 3.88 (s, 3 H), 4.53 (d, 1 H, 
J 6.3), 4.62 (d, 1 H, J 6.2), 4.88 (d, 1 H, J 9.9), 5.95 (s, 2 H), 
6.70-6.89 (m, 4 H), 6.87 (dd, 1 H, J 1.6, 7.9) and 6.95 (d, 1 H, 
J 1.5); F H / Z  446 (M", 76'5)), 21 1 (60) and 135 (100). 

Preparation of (3S*,4R*)-3-hydroxy-3-(3,4-methylenedioxy- 
benzyl)-4-(a(S*)-a-acetyloxy-3,4-dimethoxy benzyll-y- 
butyrolactone 3a, 
A solution of 4a, (347 mg, 0.810 mmol) in T H F  (5 cm3) was 
added to a solution of KN(SiMe3)2 (342 mg, 1.63 mmol) in 
T H F  (10 cm3) at -78 "C and the mixture stirred for 30 niin at 
the same temperature. To the mixture was added MoOPH (43 1 
mg, 1.22 mmol) in one portion. After being stirred for 30 min, 
the mixture was quenched by the addition to it of saturated 
aqueous sodium sulfate (5 cm3). The organic layer was separ- 
ated and the aqueous layer was extracted with AcOEt. The 
combined organic layer and extracts were washed with 2 M HCI, 
water and brine, dried (MgSO,) and evaporated to afford 3a, 
(104 mg, 29%) yield) as a colourless crystalline solid; mp 183- 
184°C (AcOEt-hexane) (Found: C, 62.09; H, 5.38. Calc. for 
C23H24OY: C, 62.16; H, 5.44%~); vmaX(KBr)/cm-' 3456, 1750; 
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G,(CDCI,) 1.76 (s, 3 H), 2.57 (d, 1 H, J 13.4), 2.95 (br s, 1 H), 
2.97-3.25 (m, 1 H), 3.49 (d, 1 H, J 13.3), 3.91 (s, 3 H), 3.93 (s, 3 
H),4.01(dd,l H,J9.1,9.1),4.26(dd,l H,J5.9,9.0),5.17(d,l 
H, J 5.1), 5.90 (s, 2 H), 6.46 (dd, 1 H, J 1.7, 7.9), 6.56 (d, 1 H, 
J 1.6), 6.65 (d, 1 H, J7.9), 6.86 (d, I H, J 1.3) and 6.89 (s, 2 H); 
m/z 444 (M', 1.6%) and 428 (100). 

Preparation of (3F,4Sk)3-hydroxy-3-(3,4-methylenedioxy- 
benzyl)4~a(S*)-a-methoxy-3,4-dimethoxybenzyl~-y- 
butyrolactone 3a4 
A solution of 4a4 (324 mg, 0.810 mmol) in THF (5  cm3) was 
added to a solution of KN(SiMe,), (342 mg, 1.63 mmol) in THF 
(10 cm3) at -78 "C and the mixture stirred for 30 min at the 
same temperature. To the mixture was added MoOPH (43 1 mg, 
1.22 mmol) in one portion. After being stirred for 30 min, the 
mixture was quenched by the addition to it of saturated aqueous 
sodium sulfate (5 cm3). The organic layer was separated and the 
aqueous layer was extracted with AcOEt. The combined 
organic layers and extracts were washed with 2 M HCI, water 
and brine, dried (MgSO,) and evaporated to afford 3a4. This was 
purified by silica gel column chromatography using hexane- 
CHCI,-AcOEt (5 : 5 : 1) as eluent to give 3a4 (141 mg, 42%) as a 
syrup (Found: C, 63.30; H, 5.78. Calc. for C22H24OS: C, 63.45; 
H, 5.81); v,,,(KBr)lcm-' 3458 and 1776; dH(CDC13) 2.60-2.78 
(m, 1 H), 3.08-3.31 (m, 3 H), 3.21 (s, 3 H), 3.56(dd, 1 H, J7.8, 
9.2), 3.77 (dd, 1 H, J9.2, 1 l.O), 3.88 (s, 3 H), 3.89 (s, 3 H), 4.40 
(d, 1 H, J 9.7), 5.95 (s, 2 H), 6.66-6.90 (m, 5 H), 6.91 (d, 1 H, 
J 1.4); i d z  416 (M+, 41%), 181 (100) and 135 (66). 

Compounds 8 M  
Compounds 8b-d were prepared in a manner similar to that 
used for the synthesis of 8a. 

benzoy1)-y-butyrolactone 8b. Obtained in 71 %I yield; mp 1 17- 
118 "C (AcOEt) (Found: C, 63.69; H, 5.33. Calc. for C22H220,: 
C, 63.76; H, 5.35%)); v,,,(KBr)lcm-' 1781 and 1665; d,(CDCI3) 

(m, 1 H), 3.71 (s, 6 H), 3.77 (s, 3 H), 3.954.18 (m, 2 H), 4.36- 
4.51 (m, 1 H), 6.06 (s, 2 H), 6.29 (s, 2 H), 6.80 (d, 1 H, J 8.1), 
7.23 (d, 1 H, J 1.7) and 7.28 (dd, 1 H, J 1.8, 8.1); m/z 414 (M+, 
63%), 208 (100) and 151 (61). 

trans-3-(3 &Met h y lened iox y benz y 1)-4-( 3-fu roy I)- y - bu t yro- 
lactone 8c. Obtained in 72% yield; mp 96-97°C (AcOEt- 
acetone) (Found: C, 64.84; H, 4.50. Calc. for C,,H,,O,: C, 
64.97; H, 4.49%)); v,,,(KBr)/cm-' 1759 and 1667; d,(CDCI,) 
2.93 (dd, I H, J 7.5, 14.2), 3.07 (dd, 1 H, J 5.4, 14.3), 3.42 (ddd, 
1 H, J5.4,7.5,8.9),3.67(dd, I H, J8.6, 17.3),4.19(dd, 1 H, J 
8.4, 8.4), 4.37 (dd, 1 H, J 8.7, 8.7), 5.91 (s, 2 H), 6.55 (dd, 1 H, 
J 1.6, 7.8), 6.60-6.71 (m, 3 H), 7.40-7.42 (m, 1 H) and 7.73 
(s,  1 H); mlz  314 (M', 45%)), 219 (8), 192 (90) and 135 (100). 
trans-3-(3-Methoxy-4-benzyloxybenzyl)-4-(3-methoxy-4- 

benzyloxybenzy1)-y-butyrolactone 8d. Obtained in 75%" yield; 
mp 164-165°C (AcOEt) (Found: C, 73.76; H, 5.67. Calc. for 
C,4H&: C, 73.90; H, 5.84%); v,,,(KBr)/cm-' 1774, 1662 and 
1585;d,(CDC13)3.00(brd,2 H, J6.2), 3.42-3.61 (m, 1 H), 3.71 
( s ,  3 H), 3.90 (s, 3 H), 3.974.17 (m, 2 H), 4.25-4.42 (m, 1 H), 
5.04 (s, 2 H), 5.22 (s, 2 H), 6.53 (dd, 1 H, J 1.9, S.l), 6.63 (d, 1 H, 
J 2.7), 6.66 (d, 1 H, J 8.3), 6.81 (d, 1 H, J 8.4), 7.14 (dd, 1 H, J 
2.0,8.4), 7.21-7.49 (m, 11 H); i d :  552 (M', 1000/0) and461 (13). 

trans-3-(3,4,5-Trime t hox y benzyl)4(3,4-me t hylenedioxy- 

2.96 (dd, I H, J 7.2, 14.2), 3.08 (dd, 1 H, J 5.5, 14.2), 3.48-3.68 

Compounds 4b,-d, 
Compound 4b,-dl were prepared in a manner similar to that 
used for the synthesis of 4a,. 

(3R" ,4R*)-3-(3,4,5-TrimethoxybenzyI)-4-~a(S*)-a-tri- 
methyIsilyIoxy-3,4-methylenedioxybenzyl~-y-butyrolactone 4bl. 
Obtained in 85% yield as a syrup; v,a,(KBr)lcm-l 1740; 
dH(CDC13)0.05 (s, 9 H), 2.45-2.64 (m, 1 H), 2.78 (dd, 1 H, J4.7, 
12.1), 2.79-2.94 (m, 1 H), 3.00 (dd, 1 H, J4.7,  11.9), 3.81 (s, 3 
H),3.82(~,6H),3.86-4.05(m,2H),4.58(d, 1 H,J5.6),5.96(d, 
1 H, J 1.3), 5.98 (d, 1 H, J 1.3), 6.30 (s, 2 H), 6.62 (s, 3 H), 6.64 

(dd, 1 H, J 1.5, 6.3), 6.72 (d, 1 H, J 8.4); i i dz  386 (M+, 40%) and 
I51 (100). 

methyIsilyloxy-3-furyI~-y-butyrolactone 4c,. Obtained in 73% 
yield as a syrup; vmax( KBr)/cm-' 1771 ; G,(CDCI,) 0.05 (s, 9 H), 
2.42-2.62 (m, 1 H), 2.72-2.84 (m, 1 H), 2.85-3.01 (m, 2 H), 3.96 
(dd, 1 H, J 9.4, 17.5), 3.99 (dd, I H, J 9.4, 19.4), 4.60 (d, 1 H, J 
5.6), 5.92 (d, 1 H, J 1.2), 5.94 (d, 1 H, J l.3), 6.17 (d, I H, J l.O), 
6.59 (dd, I H, J 1.5,7.8), 6.63 (s, 1 H), 6.72 (d, 1 H, J 7.8), 7.23 
(d, 1 H, J 0.6) and 7.39-7.49 (m, 1 H); 17dz 388 (M+, 16'%), 135 
(79) and 73 (100). 

(3R" ,4R*)-3-(3-Methoxy-4-benzyloxy benzy1)-4-la(S*)-a-tri- 
methyIsilyloxy-3-methoxy-4-benzyloxy benzy 11-y-but yrolactone 
4d,. Obtained in 87%) yield as a syrup; v,,,(KBr)/cm-'l771; 

12.8), 2.81-2.96(m, 1 H), 2.97 (dd, 1 H, J5.5,  12.8), 3.79(s, 3 
H) ,3 .83(~ ,3H) ,3 .92(d ,2H,J7 .4) ,4 .58(d , l  H,J5.4),5.IO(s, 
2H) ,5 .13(~ ,2H) ,6 .42(dd , l  H,J1.9,8.1),6.58(dd,l H,J1.8, 
7.6), 6.69 (d, 1 H, J 6.3), 6.72 (s, 1 H), 6.77 (d, I H, J 8.1) and 
7.23-7.50 (m, 10 H); ink 626 (M+, 37"/;1), 413 (25) and 91 (100). 

(3R*,4R*)-3-(3,4-Methylenedioxybenzy1)-4-~a(S*)-a-tri- 

&(cDCI,)0.04(~, 9 H),2.41-2.60(m, I H), 2.71 (dd, 1 H, J4.8, 

Compounds 3bl-dl 
Hydroxylation of compounds 4bl-4d, was carried out under 
reaction conditions similar to those used in the synthesis of 4a, 
to afford the a-hydroxylated products 3bl-d,, respectively. 

( 3 F  ,4R * )-3-H y drox y -34 3,4,5- t r ime thox y benz y l ) 4  I a(Sk)-a- 
hydroxy-3,4-methyIenedioxybenzyI~-y-butyrolactone 3bl. Ob- 
tained in 86%) yield; mp 1 19-1 20 "C (AcOEt-hexane) (Found: 
C, 61.22; H, 5.53. Calc. for C22H2409: C, 61.1 1; H, 5.59%); 
vmax(KBr)/cm-' 3434 and 1773; dH(CDCI3) 2.64-2.81 (m, 1 H), 
3.10(d, 1 H, J2.6), 3.16(d, 1 H, J 13.2), 3.25(d, 1 H, J 13.2), 
3.26(s, 1 H), 3.64(dd, 1 H, J7.6,9.5), 3.81 (dd, 1 H, J4.7, 1 l.O), 
3.85(s,3 H),3.86(~,6H),4.88(dd, 1 H,J2.5,9.7),5,96(~,2 H), 
6.55 (s, 2 H), 6.76 (s, 2 H)and 6.82 (s, 1 H); mk432 (M+,24%,), 
414 (12) and 181 (100). 

~a(S*)-a-hydroxy-3-furyl~-y-butyrolactone 3c,. Obtained in 
89% yield; mp 121-122 "C (AcOEt-hexane) (Found: C, 61.19; 
H, 4.76. Calc. for C1,H1607: C, 61.44; H, 4.87%); v,,,(KBr)l 
cm-I 3418 and 1736; d,(CDCl,) 2.74 (ddd, 1 H, J4.8, 7.1, 9.3), 
3.12 (s, 2 H), 3.16 (d, 1 H, J 2.8), 3.19 (s, 1 H), 3.81 (dd, 1 H, J 
7.1,9.9), 3.89(dd, 1 H, J4.8,9.8),4.96(dd, 1 H, J2.7,9.4), 5.96 
(s, 2 H), 6.40 (s, 1 H), 6.69-6.86 (m, 3 H) and 7.42 (s, 2 H); ni lz 

(3Sk,4R*)-3-Hydroxy-3-(3-methoxy-4-benzyIoxybenzyl)-4- 
(a(F)-a-hydroxy-3-methoxy-4-benzyloxy benzyll-y-butyro- 
lactone 3d,. Obtained in 95% yield; mp 118-1 19 "C (AcOEt- 
hexane) (Found: C, 71.78; H, 5.92. Calc. for C34H340~: C, 
71.56; H, 6.01%); vmax(KBr)/cm-' 3423 and 1755; d,(400 MHz, 

(d, 1 H, J 13.4), 3.24 (d, 1 H, J2.4), 3.39 (s, I H), 3.58 (dd, 1 H, 
J7.4,9.7),3.76(dd,l H,J5.2,9.7),3.87(~,6H),4.83(dd,l  H, 
J 2.4,9.8), 5.13 (s, 2 H), 5.14 (s, 2 H), 6.74 (dd, 1 H, J 2.0, 5.4), 
6.76 (dd, 1 H, J 1.9,5.2), 6.82 (d, 1 H, J2.3), 6.84(d, I H, J2.3), 
6.86 (dd, 1 H, J 1.9,4.0) and 7.26-7.45 (m, 10 H); ndz 570 (M+, 
3 .O%), 300 (4), 270 (8) and 9 1 ( I  00). 

(3Sk,4R*)-3-Hydroxy-3-(3,4-methylenedioxybenzyl)-4- 

332 (M+, 3.4%~) and 135 (100). 

CDCI,)2.70(ddd,1 H,J2.6,3.7,4.9),3.13(d,l H,J13.4),3.20 

Intramolecular Friedel-Crafts type cyclisation of 3: preparation of 
(1 F,2F,3S*)-1-(3,4-dimethoxypheny1)-2-hydroxymethy1-3- 
hydroxy-6,7-methylenedioxy tetralin-3-carboxylic acid lactone 2a 
The lactone 3a, ( I  .60 g, 3.98 mmol) was dissolved in CH,CI, (24 
cm3) and the solution cooled in an ice bath. TFA (2.4 cm') was 
added to the stirred solution and stirring was continued for 12 
h. The reaction mixture was then poured into water, and the 
organic layer was separated, washed with saturated aqueous 
NaHCO, and brine, dried (MgS04) and evaporated in vmio  to 
afford 2a (1.34 g) as a white solid (84%). Recrystallisation of 
this from AcOEt-hexane furnished pure 2a; mp 247-248°C 
(THF-AcOEt) (Found: C, 65.80; H, 5.25. Calc. for C2,H2#0,: 
65.62; H, 5.24%)); v,,,(KBr)/cm-' 3387 and 1771; d,(CDCI3) 
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2.39 (s, 1 H), 2.44-2.62 (m, 1 H), 3.08 (d, 1 H, J 17.0), 3.22 (d, 1 
H, J l7.1), 3.83 (s, 3 H), 3.89 (s, 3 H), 4.10 (dd, 1 H, J7.0, 8.3), 
4.18 (d, 1 H, J 12.l), 4.35 (dd, 1 H, J8.5, 10.7), 5.88 (d, 1 H, J 
1.3), 5.90(d, 1 H, J 1.3), 6.33 (s, 1 H), 6.61 (br s, 1 H), 6.66(s, 1 
H), 6.75 (dd, 1 H, J 1.8, 8.2) and 6.85 (d, 1 H, J 8.2); m/z 384 
(M', IOO'XJ), 368 (36), 335 (29) and 291 (23). 

Cyclisation of the other compounds 3b,-d, was carried out 
under similar reaction conditions to afford the 1 -aryltetralin 
lactones 2b-d. 

methyl-3-hydroxy-6,7,8-trimethoxytetralin-3-carboxylic acid 
lactone 2b. Obtained in 90%) yield; mp 204-205 "C (AcOEt) 
(Found: C, 63.92; H, 5.38. Calc. for C22H2208: C, 63.76; H, 
5.35%); v,,,( KBr)/cm-' 3384 and 1756; GH(CDC13) 2.06 (s, 1 H), 
2.26-2.46 (m, 1 H), 3.05 (d, 1 H, J 16.8), 3.22 (d, 1 H, J 16.8), 
3.22 (s, 3 H), 3.75 (s, 3 H), 3.87 (s, 3 H), 4.12-4.25 (m, 2 H), 4.40 
(dd, I H, J8.3, 10.7), 5.93 (s, 2 H), 6.49-6.65 (m, 3 H) and 6.74 
(d, 1 H, J 7.9); i d z  414 (M', 100%)) and 135 (30). 

(1 R*,2Sk,3Sk)-1-(3-Furyl)-2-hydroxymethyl-3-hydroxy-6,7- 
methylenedioxytetra1in-3-carboxylic acid lactone 2c. Obtained 
in 91% yield; mp 201-202 "C (AcOEt-hexane) (Found: C, 65.03; 
H, 4.62. Calc. for C17H1406: C, 64.97; H, 4.49%); v,,,(KBr)/ 
cm-' 3492 and 1760; 6,(CDC13) 2.27 (s, 1 H), 2.39-2.60 (m, 1 
H), 3.06 (d, I H, J 17.0), 3.19 (d, 1 H, J 17.1), 4.134.41 (m, 3 
H), 5.91 (s, 2 H), 6.15 (s, 1 H), 6.51 (s, 1 H), 6.66 (s, 1 H )  and 
7.45 (m, 2 H); i d z  314 (M', loo%), 296 (14) and 252 (22). 

(1 IJYr,2s*,3S*)-f -(3-Methoxy-4-benzyloxybenzyl)-2-hydroxy- 
methyI-3-hydroxy-6-methoxy-7-benzyloxytetralin-3-carboxylic 
acid lactone 2d. Obtained in 93% yield; mp 128-129 "C (THF- 
AcOEt) (Found: C, 73.85; H, 5.64. Calc. for C34H3207: C, 
73.90; H, 5.84%); v,,,(KBr)/cm-' 3484 and 1760; d ~ ( c D c I 3 )  
2.29 (s, 1 H), 2.36-2.57 (m, 1 H), 3.07 (d, 1 H, J 17.0), 3.21 (d, 1 
H, J 16.9), 3.72 (s, 3 H), 3.88 (s, 3 H), 4.014.19 (m, 2 H), 4.32 
(dd, 1 H, J8.5, 10.7), 4.83 (d, 1 H, J 12.6),4.93 (d, 1 H, J 12.6), 
5.18 (s, 2 H), 6.34 (s, 1 H), 6.48 (br s, 1 H), 6.60 (dd, 1 H, J 1.7, 
9.9), 6.68 (s, 1 H), 6.82 (d, 1 H, J 8.2) and 7.08-7.54 (m, 10 H); 
ni/z 552 (M+, 13%)), 181 (4) and 91 (100). 

(1 s* ,2P,3S*)-1-(3,4-Methylenedioxyphenyi)-2-hydroxy- 

Reduction of the lactone ring of 2: preparation of (lS*,2Sk,3S*)- 
1 -(3,4-dimethoxyphenyI)-2,3-bis(hydroxymethy1)-3-hydroxy- 
6,7-methylenedioxytetralin 1 a 
To an ice-cooled suspension of LiAIH, (1 .OO g, 26.32 mmol) in 
T H F  (50 cm3) was added a solution of 2a (2.50 g, 6.51 mmol) in 
T H F  (50 cm3), and the resultant mixture was stirred at room 
temperature for 12 h. The reaction mixture was ice cooled and 
quenched by successive addition of water (1 cm3), 15% aqueous 
NaOH (1 cm3) and water (3 cm'). The mixture was stirred for 6 
h after which the insoluble material was filtered off, and the 
filtrate was concentrated in vuctiu to afford la (2.30 g, 91%)) as a 
white solid. Recrystallisation of this from EtOH-hexane fur- 
nished pure la; mp 184-185 "C (EtOH-hexane) (Found: C, 
65.23; H, 6.1 1. Calc. for CzlH2407: C, 64.94; H, 6.23%)); 
v,,,(KBr)/cm-' 3330; G,(CDCI,) 1.99 (ddd, 1 H, J 2.5, 5.2, 
11.5), 2.47 (br s, 1 H), 2.72 (d, 1 H, J 16.7), 2.92 (br t, 1 H, J 
6.2), 3.07 (d, 1 H, J 14.6), 3.1 1 (s, 1 H), 3.55-3.88 (m, 4 H), 3.82 
(s, 3 H), 3.88 (s, 3 H), 4.01 (d, 1 H, J 11,4), 5.78-5.90 (m, 2 H), 
6.21 (s, 1 H), 6.57 (s, 1 H), 6.62 (d, 1 H, J 1,8), 6.75 (dd, 1 H, J 
1.9, 8.2) and 6.83 (d, 1 H, J 8.2); m/z 388 (M', 33'%), 339 (57) 
and 309 (100). 

Reduction of the other compounds 2 M  was carried out 
under reaction conditions similar to those described above to 
afford the 1 -aryltetralin trio1 1 b-d. 

(1 sk,2S*,3S*)-1-(3,4-Methylenedioxyphenyl)-2,3-bis- 
(hydroxymethyl)-3-hydroxy-6,7,8-trimethoxy tetralin-3-car- 
boxylic acid lactone 1 b. Obtained in 8 1 Yi yield; mp 1 16-1 17 "C 
(AcOEt-hexane) (Found: C, 63.07; H, 6.29. Calc. for C22H260n: 
C, 63.15; H, 6.26%); v,,,(KBr)/cm-' 3330; S,(CDC13) 1.83-1.95 
(m, 1 H), 2.73 (s, 1 H), 2.73 (d, 1 H, J 16.l), 2.88-3.00 (m, 2 H), 
3.04 (d, 1 H, J 16.1), 3.20 (s, 3 H), 3.62 (dd, 1 H, J 6.7, l l . l ) ,  
3.70-3.97 (m, 3 H), 3.74 (s, 3 H), 3.84 (s, 3 H), 4.00 (d, 1 H, 

J9.4), 5.89 (m, 2 H), 6.45 (s, 1 H), 6.58 (d, I H, J I S ) ,  6.63 (dd, 
1 H, J 1.6, 8.0) and 6.71 (d, 1 H, J 7.9); i d z  418 (M', 93'X)), 369 
(78) and 339 (100). 

hydroxy-6,7-methylenedioxytetralin-3-carboxylic acid \actone 
lc. Obtained in 71%) yield; mp 98-99 "C (AcOEt-hexane) 
(Found: C, 64.32; H, 5.99. Calc. for C,,HI8O6: C, 64.14; H, 
5.70%); v,,,(KBr)/cm-' 3388; GH(CDC13) 1.90 (ddd, 1 H, J 2.7, 
5.2, 11.2), 2.49 (br s, 1 H), 2.71 (d, 1 H, J 16.6), 2.83 (br s, 1 H), 
3.02 (d, 1 H, J 16.6), 3.1 1 (s, 1 H), 3.60-3.97 (m, 4 H), 4.05 (d, 1 
H, J 11.2), 5.86 (s, 2 H), 6.10 (s, 1 H), 6.43 (s, 1 H), 6.57 (s, I H) 
and 7.35-7.50 (m, 2 H); i d z  388 (M', 35'%), 300 (31), 296 (68) 
and 239 (100). 

bis(hydroxymethy1)-3-hydroxy-6-methoxy-7-benzyloxy tetralin 
Id. Obtained in 90% yield; mp 181-182 "C (AcOEt-hexane) 
(Found: C, 73.25; H, 6.64. Calc. for C34H3,@7: C, 73.36; H, 
6.52%); v,,,(KBr)/cm-' 3386; d,(CDC13) 1.94 (dm, 1 H, J 8.9), 
2.49 (br s, 1 H), 2.71 (d, 1 H, J 16.7), 2.97 (br s, 1 H), 3.05 (d, I 
H, J 16.6), 3.10 (s, 1 H), 3.42-3.93 (m, 4 H), 3.73 (s, 3 H), 3.84 
(s, 3 H), 3.94 (d, 1 H, J 1 I S ) ,  4.84 (s, 2 H), 5.17 (s, 2 H), 6.21 (s, 
1 H),6.5O(d,lH,J1.8),6.58(~,1 H),6.60(dd,I H,J1.8,8.1), 
6.80 (d, I H, J 8.1) and 7.10-7.52 (m, 10 H); nil: 556 (M+, 
loo%), 507 (33) and 137 (100). 

(1 R*,2S*,3Sk)-1-(3-FuryI)-2,3-bis(hydroxymethyl)-3- 

(1 S*,2S*,3S*)-1-(3-Methoxy-4-benzyloxybenzy1)-2,3- 

Preparation of (+)-cycloolivil 1 e 
A mixture of Id (750 mg, 1.35 mmol) and Pd-C (200 mg) in 
MeOH (10 cm3) and T H F  (10 cm3) was shaken for 3 h under a 
hydrogen atmosphere (1 atm). The insoluble materials were fil- 
tered off and the filtrate was evaporated in vuc'z~u to give le as a 
white solid (486 mg, 96%); mp 173-174 "C (EtOH-AcOEt) 
[lit.,2 168-170 "C (EtOH), lit.,3 170-171 "C (acetone-hexane)] 
(Found: C, 63.98; H, 6.17. Calc. for C20H2407: C, 63.82; H, 
6.43%; v,,,(KBr)/cm-' 3426; 6,(400 M Hz, CD,OD) 2.03 (ddd, 
1 H, J 1.3, 2.0, 5.8), 2.61 (d, 1 H, J 16.7), 3.21 (d, 1 H, J 16.7), 
3.56 (dd, 1 H, J4.4, 1 l.O), 3.58 (d, 1 H, J 1 l.O), 3.74-3.84 (m, 2 
H),3.77(~,3H),3.79(~,3H),3.8O(dd, 1 H,J2.6, 11.0),4.01(d, 
lH,J11 .7) ,6 .18(s , lH) ,6 .63(~ ,1  H),6.67(dd,l H,J1.9,8.0), 
6.70 (d, 1 H, J 1.9) and 6.75 (d, 1 H, J 8.0); 6,(100 MHz, 

113.94, 116.03, 117.35, 123.57, 126.42, 133.55, 138.47, 145.29, 
146.10, 147.49 and 149.1 1; mlz 376 (M+, 29%), 327 (64), 297 
(1 00) and 137 (567). 

CD3OD) 39.93,44.89,47.56, 56.41, 60.86, 69.42, 74.97, 112.96, 

X-Ray analysis of 1 e 
Crystal data. C20H2407, M, 376.40, u = 8.401 (3), 

b = 13.576(4), c = 15.755(2) A, a = 90.00(0)", = 91.46(2)", 
y = 90.00(0)", V = 1796.3(9) A3, monoclinic, P2,lu, Z = 4, 
D, = 1.39 g cm-3, F(000) = 800, p = 0.878 cm-'. The diffraction 
experiment was carried out using a colourless transparent, 
columnar crystal, recrystallized from a solution of aqueous 
acetonitrile, with dimensions of 0.4 x 0.2 x 0.2 mm. The dif- 
fractometer AFC 5R (RIGAKU) was used with graphite- 
monochromated Cu-Ka ( A  = 1.541 8 A) radiation. The unit-cell 
dimensions were determined from angular setting of 25 reflec- 
tions (20 values in the range of 70-90"). 2733 Unique reflections 
(20 = <130) were measured, of which 2703 with IF,I > = 2.0a(F0) 
were considered reliable. N o  absorption correction was applied. 
The structure was solved by a direct method using SHELXS- 
86" and subsequent difference Fourier method. The refine- 
ment of atomic parameters was carried out using SHELXL- 
93 l 3  with anisotropic thermal parameters for non-H atoms. All 
hydrogen atoms were located geometrically and fixed. The final 
R1 and wR,  were 0.0536 and 0.1475, respectively. Detailed crys- 
tallographic results (atomic coordinates, bond lengths and 
bond angles and thermal parameters) have been deposited with 
the Cambridge Crystallographic Data Centre.$ Any request for 

$ For details of the scheme, see Instructions for Authors, J.  Clwrtr. Suc., 
Perkin Truns. I, 1996, Issue 1.  
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this material should be accompanied by a full bibliographic 
reference together with reference no. 207/53. 

Acknowledgements 
We thank Dr A. Kinumaki, Dr T. Da-te and Dr K. Aoe of our 
company who carried out the 400 MHz 'H NMR and 100 MHz 
I3C N MR and X-ray crystallographic analyses. 

References 
1 ( a )  C .  B. S.  Rao, Chemistry uf Lignuns, Andhra University Press, 

Andhra Pradesh, 1978; (h)  D. C .  Ayres and J. D. Loike, Lignuns, 
Cambridge Univ. Press, Cambridge, 1990; (c) R. S.  Ward, Cheni. 
Suc. Rev., 1982, 11, 75; ( d )  R. S.  Ward, Tetruhedron, 1990.46, 5029; 
( e )  S.  Yamamura, Synth. Org. Chem. Jpn., 1985, 43, 583; ( , f )  
H. Ohmizu and T. Iwasaki, Synrh. Org. Chem. Jpn., 1995,53, 593. 

2 H. Tsukamoto, S. Hisada and S .  Nishibe, Cheni. Phurm. Bull., 1984, 
32, 2730. 

3 R. Bodo. B. Nyasse and B. L. Sondengam, Plunta Medicu, 1985,45, 
464. 

4 (u)  S. Nishibe, M. Chiba, A. Sakushima, S. Hisada, S. Yamanouchi, 
M. Takido, U. Sankawa and A. Sakakibara, Chent. Pharm. Bull., 
1980, 28, 850; (h )  S. Nishibe, H. Tsukamoto, S. Hisada, 
S. Yamanouchi and M. Takido, Chen?. Pharrn. Bull., 1981. 29,2082. 

5 ( a )  K. Khamlach, R. Dhal and E. Brown, Tetrahedron Letr., 1989, 
30, 2221; (h )  K. Khamlach, R. Dhal and E. Brown, Heterocycles, 
1990, 31, 2195; (c) K. Khamlach, R. Dhal and E. Brown, Tetru- 
hedrun, 1992,48, 101 15. 

6 (a) T. Ogiku, S. Yoshida, H. Ohmizu and T. Iwasaki, J.  Org Chen?., 
1995, 60, 1148; (h)  T. Ogiku, S. Yoshida, M. Takahashi, T. Kuroda, 
H. Ohmizu and T. Iwasaki, J.  Org Chenz., 1995,60,4585. 

7 ((0 M. Takahashi, T. Ogiku. K. Okamura, T. Da-te, H. Ohmizu, 
K. Kondo and T. Iwasaki, J C h i ,  SOL'.. Pwkin Trmc I ,  1993. 32, 
1473; ( h )  M. Takahashi, T. Kuroda, T. Ogiku, H.  Ohmizu, K. Kondo 
and T. Iwdsaki, Heterocyclcv, 1993, 36, 1867. 

8 T. Kuroda, M. Takahashi, T. Ogiku. H.  Ohmizu. T. Nishitani, 
K. Kondo and T. Iwasaki, J Org. Cheni., 1994, 59, 7353. 

9 ( a )  Y. Moritani. T. Ukita, T. Nishitani, M. Seki and T. Iwasaki, 
Tetruhedrun Lett., 1990, 31, 3615; ( h )  Y. Moritani, C. Fukushima, 
T. Ogiku, T. Ukita, T. Miyagishima and T. Iwasaki, Tctruhetlron 
Lett., 1993, 34, 2787. 

10 Koga and Tomioka reported diastereof'dcial differentiation in the 
alkylation of the enolates of a,P-disubstituted 6-valerolactones; the 
facial preference is markedly affected by the em-allylic substituent, 
as a result of 1,3-allylic strain. High diastereoselectivity was 
observed only when the e.vo-allylic substituent is much bulkier than 
the P-substituent: see, K. Tomioka, H.  Kawasaki, K. Yasuda and 
K. Koga, J Am. Chem. Soc., 1988, 110, 3597. 

1 1 We previously reported that the acid-catalysed intramolecular 
Friedel-Crafts type cyclisation of a'-hydroxy-dibenzyl lactone 
afforded only a single stereoisonier; the relative stereochemistry 
between the C-1 and C-2 carbon centres was trcms: see, ref. 5 and 
T. Ogiku, S. Yoshida, T. Kuroda, M. Takahashi, H. Ohmizu and 
T. Iwasaki, Bull. Chem. Suc. Jpn., 1992,65, 3495. 

12 G. M. Sheldrick, SHELXS-86: A program for the solution of crystal 
structures, University of Gottingen. Germany. 

13 G. M. Sheldrick, SHELXS-93: A program for the refinement of 
crystal structures, University of Gottingen. Germany. 

Puper 6/01 096B 
Received 14th Febrziury 1 996 

Accepted 9th Airgtist 1996 

J: Chem. Soc., Perkin Trans. I ,  1996 2753 


