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Summary - This paper describes the synthesis and structure-activity relationships of a series of 2,5-diaryltetrahydrofurans, as 
specific and potent antagonists at the rabbit washed platelet activating factor (PAF) receptor. The methoxyl groups in the known PAF 
antagonist L-652,731 were replaced with functional groups present in PAF and in the ‘PAF-like’ antagonists. Activity was generally 
retained or enhanced when one aryl ring in L-652,731 was elaborated; however incorporation of these functional groups into both of 
the aryl rings greatly reduced or abolished activity, These results are discussed in relation to a putative model for the PAF receptor. 

PAF antagonist / diaryltetrahydrofuran / PAF receptor modelling 

Introduction 

Platelet activating factor (PAF) 1 is a phospholipid 
derivative which acts as a potent mediator of nume- 
rous physiological responses [ 11. PAF is believed to 
act via specific high affinity receptors, and antagonists 
of PAF are currently under investigation as potential 
therapies for such conditions as asthma and septic 
shock [2]. To date, a large number of PAF antagonists 
have been described in the literature, and are of many, 
widely varying, structural types. One series of anta- 
gonists bears a structural resemblance to PAF, eg, 
CV3988 2 [3]. Other, ‘non-PAF-like’, antagonists 
include the natural products Ginkgolide B [4] and 
kadsurenone [5] and the synthetic compounds WEB 
2086 (Apafant) [6] and L-652,731 3 [7]. More 
recently a highly potent series of antagonists has been 
described by workers at British Biotechnology [8]. 

Much effort has been directed towards attempts to 
find a common pharmacophore amongst these appar- 
ently diverse chemical entities, and to develop a 
model for the binding of PAF and its antagonists to 
the receptor. A simple hypothesis, first put forward by 
Braquet et al [9] for the binding of Ginkgolide B, has 
been successively modified and refined in the light of 

*Current address: Department of Enzyme Medicinal Chemis- 
try I, GIaxoWellcome Medicines Research Centre, Gunnels 
Wood Road, Stevenage, Herts, SGl 2NY, UK 

new results [lo-151. A model was developed which 
consisted of a pair of negative electrostatic potential 
regions likened to ‘cache-oreilles’ or ‘ear-muffs’. The 
receptor was postulated to be a multipolarized cylin- 
der, with a set of ‘cache-oreilles’ lo-12 A apart, at 
180” to each other, and a hydrophobic pocket inside 
the cylinder [lo, 141. 

We have developed a series of potent trialkoxy- 
phenyl PAF antagonists, eg, 4 [ 161, and have found 
that symmetrical molecules, eg 5 (Sawyer et al, unpub- 
lished results), incorporating two of these moieties 
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joined ‘tail to tail’, show enhanced PAF antagonism in 
rabbit washed platelets (pK, values of 6.16 and 7.30 
for 4 and 5 respectively). These results led us to 
speculate that two PAF receptors may be closely asso- 
ciated in the membrane, or that two PAF molecules 
act together on the same receptor complex. This hypo- 
thesis appeared reasonable considering the tendency 
of phosphatide molecules such as PAF to associate 
into micelles or other aggregates in solution. 

A structural feature common to PAF and to the 
antagonists 2 and 4 is a chain terminating in a quater- 
nary nitrogen atom, which is absent in L-652,731 3. 
Hence we postulated that two nitrogen terminated 
chains incorporated into the structure of L-652,731 3 
may have increased affinity by locating the quaternary 
N+ binding sites for the putative two PAF molecules, 
as may be the case with 5. The suggestion that 
L-652,731 may be a ‘loose fit’ on the receptor and that 
tighter binding may be achieved by incorporating an 
appropriate charged substituent has also been made by 
Corey [17]. In this paper we describe the synthesis 
and antagonistic activity at the rabbit washed platelet 
PAF receptor, of a series of analogues of L-652,731 3 
which incorporate polar N-terminated chains and also 
lipophilic alkyl chains to mimic those present in PAF. 
Results obtained with our series of antagonists, eg, 4 
[ 161, suggested that it would be wise to limit the lipo- 
philic chain length to six carbon atoms, since longer 
alkyl chains may lead to problems of non-specificity 
(characterized by a general inhibition of cellular func- 
tions in our bio-assay). 

Analogues lla-21, which could be regarded as 
analogous to the ‘mono’ series, eg 4, in which the 
substituents on one of the trimethoxyphenyl rings of 3 
were extended, were synthesized first and then both 
trimethoxyphenyl rings were elaborated to provide 
27a-29b, analogues of the ‘bis’ series, eg, 5. The 
intermediates in the syntheses were also assayed for 
PAF antagonism, so as to provide further structure- 
activity (SAR) information. 

Chemistry 

The unsymmetrically substituted diaryltetrahydro- 
furans lla-21, ie, compounds retaining one 3,4,5- 
trimethoxyphenyl ring, were synthesized as shown in 
scheme 1, starting from 3-benzyloxy-4,5-dimethoxy- 
benzoic acid [ 181 and 3,5-dibenzyloxy-4-methoxy- 
benzoic acid 1191. Thus the acids 6 were converted in 
high yield, via the acid chlorides, to the P-ketoesters 
7, which were alkylated with 3,4,5-trimethoxyphen- 
acyl bromide. Subsequent hydrolysis and decarboxy- 
lation afforded the required 1,4-diketones 9 in modest 
yield, together with 6 and 10. Reduction to the 1,4- 
diol followed by cyclization with TFA as reported in 

R 

a Me 
b C%Ph 

A!- 

a Me 
bH 
c Me(C%), 

AU asymmetric compounds are racemic mixtures 

Reagents: a) (COC1)2, C6H6; b) EtOAc, LiNPr$ -60°C; c) NaH, EtzO; 

d) 3.4.5.trimethoxyphenacyl bromide; e) NaOH, H20, EtOH; 

D HCI; g) NaBH4, EtOH; h) CF3COzH; 

i) Hz. W/C; j, Me(CHzbBr, KzC03, DMF; 

k) NEt3, C6% 1) NMe3, MeCN; m) KzC03, DMF; 

n) Gbromohexanoyl chloride, C6H6, pyridine; o) thiazole, 100°C 

Scheme 1. 
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the literature [20], gave a mixture of cis and tram 25 
diaryltetrahydrofurans 11 and 12. In the case of lla 
and 12a (R = Me), separation was accomplished by 
means of preparative HPLC, the yields being 5 1% of 
the trans isomer lla and 9% of the cis isomer 12a. In 
the case of llb and 12b however, the major trans 
isomer crystallized from the mixture. Hydrogenolysis 
afforded the phenols 13 and 14. Hexylation of 
13a gave 15, whereas hexylation of 13b afforded 
a mixture of 13c (42%) and the 1,3-dihexyloxy- 
compound 16 (17%). The phosphocholine moiety was 
introduced into 13a and 13c by means of the cyclic 
reagent 17 [21, 221. The phenols 13a and 13c were 
also alkylated using the chloride 19 [23], since a 
4-methylthiazolyl-terminated chain appeared to be an 
acceptable replacement for a quaternary nitrogen in 
the series exemplified by 4 [ 161. An example of a 
quaternary thiazolium salt 21 was provided by acyl- 
ation of 13c with 6-bromohexanoyl chloride, followed 
by quatemization using thiazole. 

For the synthesis of the symmetrically substituted 
analogues (scheme 2) a different approach was 
adopted, namely the oxidative coupling of two mole- 
cules of an appropriately substituted acetophenone. 
The coupling methodology described [20] for the 
synthesis of 3 gave poor results with compounds 24, 
but after some experimentation, successful coupling 
was achieved via the trimethylsilyl enol ethers 25a 
and 25b, which furnished the 1,4-diketones 26a 
and 26b in moderate to good yield upon treatment 
with methyllithium and copper(I1) triflate [24]. The 
diketones 26a,b were reduced and cyclized to the 
tetrahydrofurans 27a,b, as for compounds 9. The 
major tram isomers were separated from the minor 
cis congeners by means of preparative HPLC. After 
deprotection, the dihydroxy compounds 28a and 28b 
were alkylated by means of 5-(3-chloropropyl)-4- 
methylthiazole 19 to afford the symmetrical ‘bis-PAF’ 
analogues 29a and 29b. The dihexyloxy compound 30 
was prepared by hexylation of 28a. All compounds 
were synthesized as racemic mixtures. The aceto- 
phenone coupling methodology was also employed 
for synthesis of the parent compound L-652,73 1, 3. 
Two simple model compounds, 31a and 31b, devoid 
of the tetrahydrofuran ring, were also prepared 
(scheme 3), starting from 2-methoxyresorcinol. 

Pharmacology 

The methods used to evaluate compounds at the rabbit 
platelet receptor have been detailed in a previous 
paper [ 161. Briefly, the ability of the test compounds 
to antagonize PAF-induced aggregation of rabbit 
washed platelets was determined. In a primary assay, 
an IC,, value was obtained, by measuring the aggrega- 

&I$Ph &yPh 

2.44n, h 2% b 

OCH,Ph 

Reagents: a) PhCH2Br. K2CO3, DMF; b) NaOH, H20, MeOH; 

c) (Coa2; d) LiCH(CO2SiMe& then H+. & 

e) MeLi, MaSiCI, then HCI; D M&Xl, NEt3, MeCN; 

g) MeLi. THF, then Cu0!3J2CF3)2; h) NaBH& 

i) CF3C02H; j) H2. Pd/C; 

k) Me(CH2XBr. KzC03r DMF; I) 19, K2C03. DMF 

Scheme 2. 

tions produced by an ED,, dose of PAF at a range of 
antagonist concentrations. The IC,, value of an inter- 
nal reference antagonist 32 [16] was also determined 
each time, so as to give an IC,, ratio value for each 
compound. Full dose-response curves were then 
obtained and pK, values determined, according to the 
method of Schild. 
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For 31a b-c+ 
For3lb d 

OR’ 

31 

318 R’ = Me(C%),,, Rz = P(O)(O-)CH2CH&el 

31b R’ = Me(CH&, R2 = 

Reagents: a) RlBr, K2CO3, DMF; b) 17, NEt3, C&J 

c) NMe3, M&N; d) 19, KfZO3, DMF 

Scheme 3. 

Results and discussion 

Considering the unsymmetrical analogues (table I), 
the replacement of one methoxyl group of 3 with a 
benzyl group (lla) or a hexyl chain (15) results in an 
increase in potency, albeit small. However, if both Ri 
and R* are hexyl (16), no enhancement is seen. The 
two phosphocholine analogues 18a and 1%~ both 
show significant loss of potency relative to their 
methoxy analogues 3 and 15. This is in keeping with 
previous studies on phosphocholine compounds in 
which modifications elsewhere have generally led to 
loss of affinity [25]. The thiazole-containing phospho- 
choline replacements which had been successfully 
employed in 4, here led to enhancements in potency 
of 0.4 log units (20a and 20~) relative to their 
methoxyl counterparts 3 and 15 respectively. Thia- 
zolium salt 21 is also a potent compound. Thus the 
incorporation of one lipophilic chain and one N-termi- 
nated chain into L-652,731 3 (ie, 20~) has led to an 
increase of 1 log unit in potency. Whilst this increase 
is modest, and it should be borne in mind that these 
compounds are racemic mixtures, these results lend 
some support to the hypothesis that the affinity of 
3 may be increased by incorporating ‘PAF-like’ 
moieties. 

The primary I& assay indicated that the cis 
analogues 12a and 14a were significantly less potent 
than their trans counterparts, consistent with previous 
reports [17] and so full pK, values were not deter- 
mined for these compounds. 

The symmetrically substituted analogues (table II), 
in contrast to the above, showed a striking loss of 

activity. The ‘bis’ analogue 29b of the potent ‘mono’ 
compound 2Oc was essentially inactive. Only 29a 
which contains two thiazolyl chains and no hexyl 
chains, showed modest activity. The compound 31b 
(table III), devoid of the tetrahydrofuran and second 
trialkoxyphenyl rings, was inactive, clearly indicating 
the necessity of one or more of the latter. 

Independently of Braquet et al [lo-151, we had 
attempted to develop a simple working model for the 
rabbit platelet PAF receptor, which is obviously diffi- 
cult in view of the flexibility of both PAF and our 
series of antagonists, eg, 5. Indeed, the receptor itself 
may be a rather flexible structure with multiple 
conformations [26]. However, the symmetrical 
appearance of the more rigid antagonist L-652,731 3, 
which contains a pair of ‘cache-oreilles’, led us to 
suggest a model incorporating both this structure and 
two PAF molecules (fig 1) and accommodating our 
antagonist 5, which may be regarded as containing 
both ‘cache-oreille’ and ‘PAF-like’ moieties (fig 2). 
(This makes the assumption that PAF and these anta- 
gonists bind at the same site.) The L-652,731 mole- 
cule was proposed to bridge across the two putative 
PAF binding sites, with the oxygen ‘cache-oreilles’ of 
the two trimethoxyphenyl groups corresponding to the 
glyceryl oxygen atoms in the PAF molecules. 
Between the two regions of negative potential there is 
a deep hydrophobic cleft, which can accommodate the 
long alkyl chains in the PAF molecules. The linking 
chain in 5 is also accommodated within this region, 
provided the molecule adopts the conformation 
depicted in figure 2. This view is supported by the 
reported [27] high affinity of an analogue of 3 in 
which the central tetrahydrofuran ring is replaced by a 
lipophilic cyclopentane ring with a pendant propynyl 
chain. The two N-terminated chains are proposed to 
extend onto the same face of the putative membrane- 
bound receptor complex. It is emphasized that these 
modes of overlay represent only one of several possi- 
bilities; however they appeared to form a plausible 
basis for the design of the extended L-652,731 mole- 
cules reported herein. 

The results obtained (table II) therefore cast doubt 
upon the validity of this approach, appearing to 
suggest the non-equivalence of the two aryl rings in 3, 
a finding supported by more recent papers from the 
Merck group, describing potent non-symmetrical 
analogues of 3 [28, 291. Both rings appear to be 
necessary however (activity of 2Oc compared to 31b). 
Any model will however, need to explain the 
enhanced affinity of 5 over 4. Compound 5 could 
adopt different conformations from that depicted in 
figure 2, in particular, a fully extended, linear confor- 
mation is probable. This would also be compatible 
with the ‘cache-oreilles’ model, the distance between 
the central oxygen atoms forming the ‘cache-oreilles’ 
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Table I. Activity of unsymmetrically substituted (+)-trans-2,5diaryltetrahydrofurans. 

Figure indicates relative stereochemistry. All compounds are racemic. 

Compound RI R2 MP (“C) Formula PG 

3(L652,73 1) 
lla 
llb 
13a 
13b 
15 
13c 
16 
18a 
18c 
20a 
2oc 
21 

Me 
Me 
PhCH, 
Me 
H 

MePQ 
Me(CHd5 
MeWG 
Me 

Me(CHd, 
Me 

Me(CH2h 
Me(CH2h 

Me 
PhCH, 
PhCH, 
H 
H 
Me 
H 

MWHd5 
PC 
PC 
A 
A 
B 

138-140a 
Oil 

141-142 
Oil 

129-132 
Oil 

70-73 
Oil 

138-141 

Oil 
Oil 

c 

c2,H3,N0,,P*1 .2H,O 

C,&NO,oP~H,O 
CZsH3,N0,S.1.5H20 
C3,H,,N0,S.0.5H20 
C3,H,,ClN0,S.0.5H20 

6.8 
7.2 
7.2 
6.3 
6.2 
7.4 
8.1 
6.8” 
4.3 
5.7 
7.2 
7.8 
7.5 

aLit [20] 140-141 “C; bpA, value; Chygroscopic lyophilisate, no sharp mp. 

IT = P(O)0OCHzCHzN+Mea 

l-N 

being ca 11.2 8, in an extended conformation of 5. 
Further studies are in progress in order to elucidate the 
precise manner in which either one or two PAF mole- 
cules are related to the ‘cache-oreilles’ model and to 
compound 5. 

Experimental protocols 

Biological assays 

The detailed experimental protocols have been fully described 
previously [ 161. 

Chemistry 

Melting points were determined on an Electrothermal appar- 
atus and are uncorrected. tH-NMR spectra were recorded at 

200 MHz using a Bruker AM200 instrument. Mass spectra 
were obtained at 70 eV on a Kratos MS-25 spectrometer and 
IR spectra were recorded on a Perk&Elmer 580 instrument. 
Chemical shifts are quoted in ppm relative to tetramethylsilane. 
TLC was performed using Merck pre-coated silica gel plates. 
Column chromatography was performed using ‘flash’ tech- 
nique on Merck silica gel 60 (230-400 mesh). High perfor- 
mance liquid chromatography (HPLC) was carried out using 
silica columns (analytical or preparative as appropriate) on a 
Waters instrument, compounds being detected by their UV 
absorbance at 254 nm. 

Compound 3 has been described in the literature [7]. All 
other analogues are novel. 

Ethyl-(3-benzyloxy-4,5-dimethoxy)benzoylacetate 7a 
To a suspension of 3-benzyloxy-4,5-dimethoxybenzoic acid 6a 
[18] (26.3 g, 0.091 mol) in dry benzene (100 mL) was added 
oxalyl chloride (17 mL, 0.195 mol) and DMF (0.3 mL). The 
mixture was stirred for 45 min at room temperature, then 
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Table II. Activity of symmetrically substituted (f)-trans-2,5-diaryltetrahydrofurans. 

Compound RI R2 MP (“C) Formula PKB 

27a 
27b 
28a 
28b 
30 

29a 
29b 

Me 
Me(W), 

Me 
M4CHd5 
Me(CH& 

Me 
M4CHd5 

PhCHz 
PhCH, 

H 
H 

Me 
A 
A 

118-120 
Oil 

156-158 
Oil 
Oil 
Oil 
Oil 

a 
Ib 

6.4~ 
I 
I 

6.2 
I 

Qrsoluble in assay medium; b1 = inactive at lo-5 M; CPA, value. 

Table III. Activity of 1,2,3-trisubstituted benzenes. 

Compound 

31a 
31b 

RI 

MeWW17 
MeW& 

R2 

PC 
A 

MP (“Cl 

262-265 
Oil 

Formula 

C3oHd06P 
GoH,NW 

PKB 

NSa 
Ib 

aNon-specific inhibition of platelet aggregation; binactive at 10-s M. 

Fig 1. Putative overlay of L-652,731 3 and two PAF mole- 
cules (shown with alkyl chains truncated to six carbons). 

30 min at 60 ‘C. After cooling, the solution was decanted from 
a small oily phase and the solvent evaporated, giving acid 
chloride [ 181 as a yellow solid which was directly converted to 
the P-ketoester 7a as follows: lithium diisopropylamide was 
generated by the slow addition of n-butyllithium (114 mL of 
1.6 M solution in hexane, 0.182 mol) to diisopropylamine 
(25.5 mL, 0.182 mol) in dry THF (150 mL) at -70 “C. This 
solution was stirred for 10 min, then dry ethyl acetate 
(8.94 mL, 0.091 mol) was added, maintaining the temperature 
below 60 “C. After a further 10 min, a solution of the acid 
chloride in dry THF (150 mL) was added over 10 min. After 
30 min at -60 “C, 6M HCl(55 mL) was added and the mixture 
allowed to warm to room temperature. The product was 
extracted with Et,O, the extracts washed with aqueous 
NaHCO,, dried (Na2S04) and the solvent removed. Purification 
by chromatography (EtOAc/hexane, 2:5) gave 7a as a colour- 
less oil (30.4 g, 93%); tH-NMR (CDCl,), 1.20 (3H, t, J = 7 Hz, 
CH,CH,), 3.82 (6H, s, 2 x OMe), 3.86 (2H, s, COCH2), 4.10 
(2H, q, J = 7 Hz, CH,CH,), 5.10 (2H, s, PhCH,), 7.2-7.4 
(7H, m, aromatic); IR (film) 1740, 1680 cm-t; m/z 358 (M+); 
anal GOW& CC, HI. 



Fig 2. Putative overlay of 5 with two truncated PAF mole- 
cules. 

(f)-Ethyl-2-(3-benzyloxy-4,5-dimethoxybenzoyl)-4-(3,4,5- 
trimethoxyphenyl)-4-oxobutanoate 8a 
Sodium hydride (60% dispersion, 3.5 g, 87.5 mmol) was 
washed free of oil using dry Et,O, under N2, and suspended in 
fresh Et*0 (50 mL). To this suspension was added a solution of 
‘7a (30.4 g, 85 mmol) in dry Et,0 (150 mL). When initial effer- 
vescence had subsided, the mixture was refluxed gently for 2.5 h, 
then cooled to room temperature. A solution of 3,4,5-t& 
methoxyphenacyl bromide (24.6 g, 85 mmol) in dry Et,0 
(150 mL) was added and heating continued at reflux for 4 h. After 
cooling, the mixture was washed with water, dried (Na,SO,) 
and the solvent removed. Chromatography (EtOAc/hexane, 
2:3) afforded 8a (40.0 g, 83%) as a viscous gum; tH-NMR 
(CDC&) 6: .1.20 (3H, t, J = 7 Hz, CH,CH&, 3.67-3.73 (2H, m, 
COCH*), 3.90-3.98 (15H, 5s, 5 x OMe), 4.17 (2H, q, J = 7 Hz, 
C&CH,), 5.03 (lH, t, J = 7 Hz, COCH), 5.18 (2H, s, PhCH,), 
7.2-7.5 (9H, m, aromatics); IR (CHC&) 1730, 1675 cm-r. 

1-(3-Benzyloxy-4,5-dimethoxyphenyl)-4-(3,4,5-trimethoxyphe- 
nyl)butan-I ,4-dione 9a 
The ester 8a (39.5 g, 69.8 mmol) in EtOH (100 mL) was stirred 
vigorously with 5% aqueous NaOH (112 mL, 140 mmol), at 
room temperature for 7 h. The resulting yellow suspension 
was acidified to pH 3 using 2M HCl, and heated to reflux 
for 15 min. Water (100 mL) was added and the solution 
refrigerated for crystallization. The first crop was filtered 
off, dissolved in CHCl, and washed with 5% NaHCO,. 
The solution was dried over Na$O, and the solvent removed. 
Recrystallization from aqueous EtOH afforded 9a (9.1 g, 
26%), mp 156-158 “C; *H-NMR (CDCl,) 6: 3.40 (4H, s, 2 x 
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Cl-&CO), 3.94.0 (15H, m, 5 x OMe), 5.19 (2H, s, PhCH,), 
7.25-7.55 (9H. m. aromatics): m/z 494 (M+); anal CZ8H3,,08 
(C,H). .” ” 

On standing, the mother liquor from the first crystallization 
slowly deposited a second crystalline solid, which was identi- 
fied as 4-(3,4,5-trimethoxyphenyl)-4-oxobutanoic acid 10 (5.5 g, 
29%), mp 113-115’C (lit [30] 117-118’C). The mother 
liquors also contained 3-benzyloxy-4,5-dimethoxybenzoic acid 
6a. 

(f)-cis-2-(3-Benzyloxy-4,5-dimethoxyphenyl)-5-(3,4,5-tri- 
methoxyphenyl)tetrahydrofuran 12a and (k)-trans-2-(3-benzyl- 
oxy-4,5-dimethoxyphenyl)-5-(3,4,5-trimethoxyphenyl)tetra- 
hydrofuran Ila 
The diketone 9a (9.0 g, 18.2 mmol) was suspended in dry 
EtOH (150 mL) and sodium borohydride (1.60 g, 42 mmol) 
was added. The mixture was heated at 70 “C for 80 min, cooled 
and quenched by adding saturated aqueous ammonium 
chloride, and extracted three times with Et,O. The extracts 
were washed with saturated NaCl solution, dried (Na,SO,) and 
the solvent evaporated to give the diastereomeric mixture of 
(f)-l-(3-benzyloxy-4,5-dimethoxyphenyl)-4-(3,4,5-t~methoxy- 
phenyl)butan-1,4-diols as a viscous gum, used directly in the 
next step. tH-NMR (CDCl,) 6: 1.70-1.95 (4H, m, CH,CH,), 
3.80-3.85 (15H, m, 5 x OMe), 4.584.68 (2H, m, 2 x CHOH), 
5.10 (2H, s, PhCH,), 6.50-6.60 (4H, m, aryl), 7.25-7.50 (5H, 
m, Ph); m/z 498 (M+). To a solution of this diol (8.8 g, 
17.7 mmol) in CHC& (70 mL) was added a mixture of tri- 
fluoroacetic acid (7 mL) and CHC13 (70 mL). After stirring at 
room temperature for 80 min, solid sodium carbonate (18 g) 
was added and the mixture stirred for a further 30 min. The 
solids were filtered off and the solvent evaporated. This residue 
showed two spots on TLC, Rfs 0.33 and 0.37 (EtOAc/hexane, 
1:l). The mixture was chromatographed on a column of silica 
(200 g), eluting with EtOAc/hexane (1:2). This failed to sepa- 
rate the two components effectively, however. The recovered 
mixture (6.8 g) was then subjected to preparative HPLC (silica 
column, 25 mm diameter) using EtOAc/hexane (1:3), injecting 
the mixture in batches of 200 mg. The first eluted component 
was the pure trans isomer lla (4.32 g, 51%), obtained as a 
viscous gum. tH-NMR (CDCI,) 6: 1.86-2.06 (2H, m, ring 
CH& 2.34-2.52 (2H, m, ring, CH,), 3.85-3.92 (15H, m, 5 x 
OMe), 5.10-5.22 (4H, m, PhCH, + 2 x CHO), 6.6-6.7 (4H, m, 
aryl), 7.25-7.50 (5H, m, Ph); m/z 480 (M+); anal C28H3207 
CC, HI. 

The second eluted component (0.80 g) was contaminated 
with a small quantity of lla and so the preparative HPLC was 
repeated on this material to give essentially pure cis isomer 12a 
(0.76 g, 9%) as a gum; tH-NMR (CDCl,) 6 1.88-2.05 (2H, m, 
ring CH,), 2.30-2.50 (2H, m, ring CH,), 3.83-3.88 (15H, m, 
5 x OMe), 5.00 (2H, m, 2 x CHO), 5.10 (2H, s, PhCH,), 
6.62-6.72 (4H, m, aryl), 7.25-7.50 (5H, m, Ph); mlz 480 (M+); 
ma1 G&W7 CC, HI. 

(~)-trans-2-(5-Hydroxy-3,4-dimethoxyphenyl)-5-(3,4,5-trime- 
thoxyphenyl)tetrahydrofuran 13a 
The trans benzyl compound lla (1.56 g, 3.25 mmol) in EtOH 
(60 mL) was hydrogenated at atmospheric pressure and 
ambient temperature, using 5% palladium on carbon (300 mg) 
as catalyst. When H, uptake had ceased, the mixture was 
filtered through Celite and the solvent evaporated, giving 13a 
as a gum (1.20 g, 94%) which showed a single component on 
TLC and HPLC (EtOAc/hexane, 2:5). ‘H-NMR (CDClJ 6: 
1.90-2.06 (2H, m, ring CH,), 2.362.52 (2H, m, ring CH*), 
3.80-3.90 (15H, m, 5 x OMe), 5.17 (2H, m, 2 x CHO), 6.54- 
6.66 (4H, m, aryl); m/z 390 (M+); anal C,,H,,O, (C, H). 
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phenyl)tetrahydrofuran 14a -. - 
This comnound was obtained bv hvdroeenolvsis of 12a as 
described- above. The product i4a” cry&llized from 
EtOAc/hexane (75% yield); mp 102-104 “C; rH-NMR 
(CDCl,) 6: 1.88-2.05 (2H, m, ring CH,), 2.30-2.48 (2H, m, 
ring CHP), 3.80-3.90 (15H, m, 5 x OMe), 4.98 (2H, m, 2 x 
CHO), 6.56-6.72 (4H, m, aryl); m/z 390 (M+); anal C2,H2607 
CC, I-0. 

(~~-trans-2,3-Dimethoxy-5-[5-(3,4,5-trimetho~phenyl)-2-tetra- 
hydrofuranyi~phenyl2-(trimethylammonio)ethylphosphate 18a 
To (+)-trans-2-(5-hydroxy-3,4-dimethoxyphenyl)-5-(3,4,5-~i- 
methoxyphenyl)tetrahydrofuran 13a (585 mg, 1.5 mmol) in dry 
benzene (4 mL) was added triethylamine (0.21 mL, 1.5 mmol), 
and the mixture stirred, under Nar at 0 “C as a solution of 
2-chloro-2-oxo-1,3,2-dioxaphospholane 17 [22] (214 mg, 
1.5 mmol) in dry benzene (0.5 mL) was added, dropwise. The 
mixture was stirred at room temperature for 3 h, the precipita- 
ted triethylamine hydrochloride filtered off, and the solvent 
evaporated. The residual gum was dissolved in drv MeCN 
(2 mL) and treated with a solution of trimethylamine to.5 g) in 
MeCN (2 mL). The mixture was heated at 65 “C in an auto- 
clave for 20 h: After cooling, the solvent was removed and the 
gummy residue chromatographed on silica (25 g) eluting with 
CHClJMeOH/H,O (60:35:5). The purified product was taken 
up in acetone, and on standing, crystallization occurred. The 
white solid, hydrated 18a, was rapidly filtered off, washed with 
acetone and dried in vacua over P,05 (324 mg, 37%); mp 
138-141 “C; rH-NMR (DMSO-$) 6: 1.75-1.97 (2H, m, ring 
CH,), 2.30-2.48 (2H, m, ring CH,), 3.12 (9H, s, N+Me,), 
3.50-3.59 (2H, m, CH,N), 3.66 (3H, s, OMe), 3.71 (3H, s, 
OMe), 3.79 (9H, s, 3 x OMe), 4.10-4.23 (2H, m, CH,O), 5.10 
(2H, m, 2 x CHO), 6.69 (3H, s, aryl), 7.14 (IH, s, aryl); m/z 
556 (M+ + 1); anal CP,H,,NO10P.1.2H,0 (C, H, N). 

(f)-trans-2-(3-He,~yloxy-4,5-dimethoxyphenyl)-5-(3,4,5-tri- 
methoxyphenyl)tetrahydrofuran 15 
To the phenol 13a (280 mg, 0.72 mmol) in dry DMF (15 mL) 
was added K,CO, (0.39 g, 2.83 mmol) followed by a solution 
of 1-bromohexane (0.12 g, 0.72 mmol) in dry DMF (5 mL). 
The mixture was heated at 80 “C for 5 h, then cooled, poured 
into water and extracted with Et,O. The extracts were washed 
with water, dried over Na$O, and the solvent evaporated. 
Chromatography on a column of silica (EtOAc/hexane. 1:3) 
afforded the* pure 15 as a gum (160 mg, 47%); rH-NMR 
(CDCl,) 6: 0.90 (3H. t. J = 7.0 Hz. CH,). 1.38-1.55 (6H. m. 
(CH,)& 1.73-1.9‘0 (2H: m, OCCH,:), 1.92-2.10 (2H, m, ring 
CH,), 2.38-2.55 (2H, m, ring CH,), 3.83-3.88 (15H, 2s, 5 x 
OMe), 4.02 (2H, t, J = 6.7 Hz, OCHJ, 5.20 (2H, m, CHO), 
6.61-6.65 (4H, 2s, aryl); anal C2,H3a07 (C, H). 

(~)-trans-2-{4,5-Dimethoxy-3-[3-(4-methylthiazol-5-yl)propoxy]- 
phenyl}-5-(3,4,5-trimethoxyphenyl)tetrahydrofiran 20a 
The phenol 13a (0.28 g, 0.72 mmol) in dry DMF (4 mL) was 
treated with K,CO, (0.30 g, 2.17 mmol) followed by a solution 
in DMF (1 mL) of 5-(3-chloropropyl)-4-methylthiazole 19 
(0.13 g, 0.72 mmol). The mixture was heated at 80 “C for 6 h, 
then cooled and poured into water. Extraction with Et,0 (X 3) 
followed by washing with water, drying (Na,SOJ and 
evaporation of the solvent gave a residue which was purified 
by chromatography (EtOAc/hexane, 2:l). This afforded pure 
20a (160 mg, 42%) as a gum; rH-NMR (CDC&) 6: 1.89-2.01 
(2H, m, ring CH,), 2.04-2.20 (2H, m, CCH,C), 2.35-2.54 
(5H, m and s, MeC and ring CH,), 3.03 (2H, t, J = 7.5 Hz, 
OCCCH,), 3.82, 3.85, 3.88 (15H, 3s, 5 x OMe), 4.15 (2H, t, 

J = 6 HZ, OCH,), 5.18 (2H, m, CHO); 6.55 (4H, s and d, J < 
1 Hz, aryl); 8.55 (lH, s, S-CH); anal C28H35N07S.1.5H20 
CC, H, N). 

Compounds 7b-9b were synthesized as described for 7a-9a. 

Ethyl-(3,5-dibenzyloxy-4-methoxy)benzoylacetate 7b. Yield 94%, 
oil; rH-NMR (CDCl,) 6: 1.25 (3H, t, J = 7 Hz, CH,CH,), 3.85 
(2H, s, CH,CO), 3.96 (3H, s, OMe), 4.18 (2H, q,-J =‘7 Hz, 
CHCH,). 5.15 (4H. s. 2 x PhCH,). 7.25-7.50 (12H. m. aroma- 
tic): m/z>34 (M;). 

(f)-Ethyl-2-(3,S-dibenzyloxy-4-methoxybenzoy~)-4-(3,4,5- 
trimethoxyphenyl)4-oxobutanoate 8b. Yield 66%, mp 132- 
134 “C; tH-NMR (CDCl,) 6: 1.18 (3H, t, J = 7 Hz, CH,CH& 
3.62 (2H, d, J = 7 Hz, CH,CO), 3.88-3.94 (9H, m, 3 x OMe), 
3.96 (3H, s, OMe), 4.15 (2H, q, J = 7 Hz, CH,CH,), 4.97 (lH, 
t,J= 7 Hz, CHCO), 5.18 (4H, s, 2 x PhCH,), 7.2-7.5 (14H, m, 
aromatics); m/z 642 (M+); anal C37H38010 (C, H). 

I-(3,5-Dibenzylo,~-4-methoxyphenyl)-4-j- 
butan-1,4-dione 9b. Yield 35%, mp 129-131 “C; rH-NMR 
(CDClJ 6: 3.28-3.42 (4H, m, 2 x CH,CO), 3.91 (9H, s, 3 x 
OMe), 3.95 (3H, s, OMe), 5.18 (4H, s, 2 x PhCH,), 7.25-7.50 
(14H, m, aromatics); m/z 570 (M+); anal C34H3408 (C, H). 

(+)-trans-2-(3,5-Dibenzyloxy-4-methoxyphenyl)-5-/3,4,5-tri- 
methoxyphenyZ)tetrahydrofuran Ilb 
The diketone-9b was reduced using NaBH, as described for 9a, 
vielding (f)-l-(3,5-dibenzvloxv-4-methoxvnhenvl)-4-(3.4.5- 
trimeth:x phenyljbutan-1,4-dial,- 
(CDC&) g 

97%, -gum; * ’ ‘H:NMR 
1.77 (4H, br s, CH,CH*), 3.8-3.9 (12H, m, 4 x 

OMe), 4.60 (2H, br s, 2 x CHOH), 5.10 (4H, s, 2 x PhCH,), 
6.53 (2H, s, a&), 6.61 (2H, s, arvl), 7.25-7.50 (lOH, m, 2 x 
Ph); &z/z 574 -(M+). To a solut& of the diol (13.88 g, 
24.18 mmol) in CHCl, (100 mL) was added a mixture of 
trifluoroacet<c acid (10 ;ni) and CHCl, (100 mL). After 1 h 
45 min stirring, the mixture was worked up as for lla. The 
trans isomer llb crystallized directly from an EtOAc/hexane 
solution of the crude reaction product. Two further recrystalli- 
zations gave pure llb shown by HPLC to be free of the cis 
isomer. Yield 5.58 g (41%), mp 141-142 “C; rH-NMR (CDClJ 
6: 1.79-2.02 (2H, m, ring CHJ, 2.3c2.47 (2H, m, ring CH& 
3.84 (3H, s, OMe), 3.87-3.91 (9H, m, 3 x OMe), 5.10 (2H, m, 
2 x CHO), 5.15 (4H, s, 2 x PhCH,), 6.60 (2H, s, aryl), 
6.70 (2H, s, aryl), 7.25-7.50 (lOH, m, 2 x Ph); m/z 556 (M+); 
and G&O7 CC, HI. 

(~)-trans-2-(3,5-Dihydroxy-4-methoxyphenyl)-5-(3,4,5-trime- 
thoxyphenyl)tetrahydrofuran 13b 
Compound llb (5.25 g, 9.45 mmol) was hydrogenated in 
EtOH (200 mL), using 5% palladium on carbon (1 g) at atmo- 
spheric pressure and ambient temperature. Workup as for 13a 
gave initially a gum, which was found to crystallize from 
EtOAcihexane. Recrystallization afforded pure 13b (2.75 g, 
77%), mp 129-132 “C; rH-NMR (CDC&) 6: 1.85-2.03 (2H, m, 
ring CHJ, 2.32-2.50 (2H, m, ring CHJ, 3.85-3.90 (12H, m, 
4 x OMe), 5.12 (2H, m, 2 x CHO), 5.50 (2H, s, 2 x OH), 6.55 
(2H, s, aryl), 6.62 (2H, s, aryl); m/z 376 (M+); anal C,&,40, 
CC, HI. 

(~~-trans-2-(3,5-Dihexyloxy-4-methoxyphenyl)-5-(3,4,5-trimethoxy- 
phenyl)tetrahydrofuran 16 and (k)-trans-2-(3-hexyloxy-5- 
hydroxy-4-methoxyphenyl)-5-(3,4,5-trimethoxyphenyl)tetrahy- 
drofuran Z3c 
The dihydroxy compound 13b (2.50 g, 6.65 mmoi) in dry DMF 
(30 mL) was stirred as K,C03 (2.75 g, 19.9 mmol) was added, 
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followed by a solution of 1-bromohexane (1.10 g, 6.67 mmol) 
in dry DMF (15 mL). The mixture was heated at 80 “C under 
Nz, for 4 h. After cooling, aqueous ammonium chloride was 
added, and the mixture extracted with EtOAc. The extracts 
were washed with water (X 3), then with saturated NaCl, dried 
over Na,SO, and the solvent evaporated. The residue contained 
two new compounds which were separated by chromatography 
(EtOAc/hexane, 1:2). The first eluted component was the 
dihexyl derivative 16 (0.60 g, 17%) a colourless oil; tH-NMR 
(CDCl,) 6: 0.92 (6H. t. J = 7 Hz. 2 x CH,). 1.25-1.57 (12H. m. 
I?! x (C&),), 1.69-1.89 (4H, m, 2 x OC&,C), 1.9&2.08 (2H: 
m, ring CHJ, 2.35-2.52 (2H, m, ring CH2), 3.83, 3.85, 3.88 
(12H, 3s, 4 x OMe), 4.03 (4H, t, J = 7 Hz, 2 x OCH,), 5.15 
(2H, m, CHO), 6.60, 6.62 (4H, 2s, aryl); anal C,rH,,O, 
(C, H). The second eluted compound was the mono-hexvl 
derivative 13c (1.30 g, 42%), obtained as an oil which crystal- 
lized on urolonaed standing. mn 70-73 “C: tH-NMR (CDCl,) 
6: 0.90 (jH, t, 7 = 7 HZ, CH,Cj, 1.30-1.85 (8H, m, 4 ;( &I$, 
1.90-2.05 (2H, m, ring CH,), 2.362.52 (2H, m, ring CH,), 
3.83-3.90 (12H, m, 4 x OMe), 4.02 (2H, t, CH,O), 5.16 (2H, 
m, 2 x CHO), 5.75 (lH, s, OH), 6.55 (IH, d, aryl), 6.62 (3H, m, 
aryl); m/z 460 (M+); anal C,,H,,O, (C, H). 

(~))-trans-3-Hexylo.~y-2-methoxy-5-[5-(3,4,5-trimethoxyphe- 
nylj-2-tetrahydrofuranyl]phenyl 2-(trimethylammonio)ethyl 
phosphate 18~ 
The phenol 13c (460 mg, 1 mmol) and triethylamine (101 mg, 
1 mmol) in dry benzene (3 mL) were stirred at 0 “C under N2 
as 2-chloro-2-oxo-1,3,2-dioxaphosphokme 17 (143 mg, 1 mmol) 
in dry benzene (1 mL) was added. Following 3 h stirring at 
room temperature, the mixture was filtered and the filtrate 
evaporated to dryness. This residue was dissolved in MeCN 
(3 mL) containing trimethylamine (0.6 mL) and heated in an 
autoclave at 65 “C for 21 h. After solvent removal, this mate- 
rial was subjected to column chromatography on silica 
(CHC1,/MeOH/H20, 60:35:5). The non-crystalline material 
thus obtained was further purified by passage-through a column 
of Amberlite MB-3 mixed-bed ion-exchange resin (10 mL). 
eluting with water. The appropriate fractiogs were combine’d 
and lyophilized to give 18~ as a white hygroscopic solid 
(270 mg, 42%); rH-NMR (D,O) 6: 0.85 (3H, t, CH,C), 
1.15-1.75 (8H, m, 4 x CH& 1.75-1.95 (2H, m, ring CH,), 
2.20-2.48 (2H, m, ring CH,), 3.20 (9H, s, NMe,), 3.60-3.70 
(2H, m, CH,N), 3.70-3.85 (12H, m, 4 x OMe), 3.854.02 (2H, 
m, CH,O), 4.41 (2H, br s, CH,OP), 5.12 (2H, m, 2 x CHO), 
6.70 (2H, s, aryl), 6.78 (lH, s, aryl), 7.08 (lH, s, aryl); m/z 626 
(M+ + 1); anal C,,H,,NO,aP.H,O (C, H, N). 

(~))-trans-N-{5-13-Hexyloxy-2-methoxy-5-(5-~3,4,5-trimetho~- 
phenyl)-2-tetrahydrofuranyl)phenoxycarbonyl]pentyl}thiazo- 
hum chloride 21 
The phenol 13c (420 mg, 0.91 mmol) was dissolved in a 
mixture of dry benzene (4 mL) and dry pyridine (0.15 mL). 
The solution was stirred and cooled to 0 “C, then 6-bromo- 
hexanoyl chloride (300 mg, 1.41 mmol) in dry benzene (1 mL) 
was added dropwise. The mixture was then stirred at room 
temperature for-20 h, washed with water, 5% aqueous NaHCO, 
and saturated aaueous NaCl. dried (Na,SO,). filtered and the 
solvent evaporafed. Purification by chromatography on silica 
(EtOAc/hexane, 2:5) gave (+)-trans-2-[3-(6-bromohexanoyl- 
oxy)-5-hexyloxy-4-methoxyphenyl]-5-(3,4,5-trimethoxyphenyl)- 
tetrahydrofuran as a colourless oil (430 mg, 74%); tH-NMR 
(CDC13) 6: 0.90 (3H, t, J = 7 Hz, CH,C), 1.3-1.9 (14H, m, 7 x 
CH,), 1.88-2.07 (2H, m, ring CH,), 2.38-2.52 (2H, m, ring 
CH,), 2.60 (2H, t, J = 7 Hz, CH,CO), 3.44 (2H, t, J = 7 Hz, 
CH,Br), 3.83 (3H, s, OMe), 3.85 (3H, s, OMe), 3.89 (6H, s, 2 x 

OMe), 4.03 (2H, t, J = 7 Hz, CH,O), 5.18 (2H, m, 2 x CHO), 
6.61 (2H, s, aryl), 6.68 (IH, d, J= 2 Hz, aryl), 6.89 (lH, d, J = 
2 Hz, aryl); IR (film) 1755 cm-r. This material (400 mg, 
0.63 mmol) was dissolved in thiazole (2.5 mL) and heated, 
under N,, at 100 “C for 4 h. After cooling, the excess thiazole 
was evaporated under reduced pressure. The residual gum was 
taken up in water and applied to a column of Amberlite CG400 
(Cll form). The product was eluted with water; the aqueous 
eluates were lyophilized to give a product which still contained 
some impurities, by TLC analysis. Further purification was 
effected by column chromatography on silica, eluting with 
CHCl,/MeOH/H20 (60:35:5). This afforded a gum which was 
dissolved in water and lyophilized, to give pure 21 as a hygro- 
scopic white solid (390 mg, 57%); tH-NMR (CDCl,) 6: 0.90 
(3H, t, J = 7 Hz, CH,C), 1.25-2.15 (14H, m, 7 x CH,), 1.98- 
2.15 (2H, m, ring CH,), 2.37-2.50 (2H, m, ring CH,), 2.60 (2H, 
t, J = 7 Hz, CH,CO), 3.78 (3H, s, OMe), 3.83 (3H, s, OMe), 
3.88 (6H, s, 2 x OMe), 4.02 (2H, t, J = 7 Hz, CH,O), 4.90 (2H, 
t, J = 7 Hz, CH,N), 5.16 (2H, m, 2 x CHO), 6.61 (2H, s, 
phenyl), 6.68 (lH, d, J= 2 Hz, phenyl), 6.85 (IH, d, J= 2 Hz, 
phenyl), 8.11 (lH, m, thiazolyl), 8.48 (lH, m, thiazolyl); IR 
(CHCI,), 1757 cm-i; m/z 642 (M+-Cl); anal C35H,,CINOBS. 
0.5H,O (C, H, N). 

(f)-trans-2-{5-Hexylo.~y-4-methoxy-3-[3-~4-methylthiazol-5- 
yl)propoxy]phenyl}-5-(3,4,5-trimethoxyphenyl)tetrahydrofuran 
2oc 
To a solution of the phenol 13c (0.50 g, 1.09 mmol) in dry 
DMF (6 mL) was added K,CO, (0.45 g, 3.26 mmol) and 5-(3- 
chloropropyl)-4-methylthiazole (0.19 g, 1.09 mmol) in dry 
DMF (1 mL). The mixture was heated at 80 “C for 5 h, then 
cooled and poured into water. The mixture was extracted with 
EtOAc (X 3), the extracts washed with water, dried (Na,SO,) 
and the solvent evaporated. The product was isolated by 
column chromatography (EtOAc/hexane, 2:l). Further purifica- 
tion on a second column (EtOAc/hexane, 1: 1) gave pure 
product 2Oc (20 mg, 3%) as a‘colourless viscous gum, together 
with a significant quantity of slightly impure material; rNMR 
(CDCI,) 6: 0.92 (3H, t, J = 7.3 Hz, CH,), 1.25-1.58 (6H, m, 
(CH,),), 1.71-1.88 (2H, m, OCCH2C4), 1.9c2.00 (2H, m, ring 
CH,); 2.02-2.18 (2H, m, CH,CCS), 2.35-2.50 (5H, m and s, 
ring CH, and MeC), 3.01 (2H, t, J = 7.5 Hz CH,CS), 3.85, 
3.83, 3.88 (12H, 3s, 4 x OMe), 4.05 (4H, 2t, J = 6.7 Hz and 
6.0 Hz, 2 x ArOCH,), 5.16 (2H, m, CHO), 6.60 (4H, s and d, 
J < 1 Hz, aryl), 8.54 (lH, s, SCH); m/z 599 (M+); anal 
C,,H,,NO,S.O.SH,O (C, H, N). 

2-Methoxy-3-octadecyloxynhenyl 2-(trimethylammonio)ethyl 
phosphate 31a . . _ . 
To a solution of 2-methoxvresorcinol (0.98 g, 7 mmol) in dry 
DMF (25 mL) was added’K,CO, (2.96 g, 21 mmol) followed 
by 1-bromooctadecane (2.33 g, 7 mmol). The mixture was 
heated at 80 “C for 5 h, then cooled and poured into 1M HCl 
(100 mL). The product was extracted with Et,O, the extracts 
washed with NaCl, dried (NaVSOa) and the solvent evaporated. 
The mixture of mono- and bislalkylated products was separated 
bv column chromatoeranhv (EtOAc/hexane, 1:6), the second 
ejuted component beyng’ the required 2-methoxy-3-octadecyl- 
oxyphenol (1.24 g, 45%); mp 4345 “C; anal CZ5HU03 (C, H). 
To the phenol (430 mg, 1.1 mmol) in dry benzene (2 mL) was 
added at 0 “C, under N2, triethylamine (112 mg, 1.1 mmol) 
followed bv 2-chloro-2-oxo- 1,3,2-dioxaohospholane 17 (158 mg, 
1.1 mmol). The mixture was then stirred at room temperature 
for 2 h. after which the triethvlamine hvdrochloride was rapidly 
filtered off and washed with benzene. Evaporation of the 
filtrate gave the intermediate cyclic phosphate as a white solid 
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(500 mg). This was suspended in dry MeCN (2.5 mL) and a 
solution containing trimethylamine (0.3 g) in MeCN (1.5 mL) 
was added. The mixture was heated in an autoclave at 6% 
65 “C overnight. After cooling, the white solid product was 
filtered off, washed with MeCN and dried over P,O,. This 
material was chromatographed on a small silica column, 
elutmg with CHClJMeOH/H,O (60:35:5) to vield uure 31a 
(190 mg, 31%) as a white waxy solid, mp 262-265 ‘“C (dec); 
iH-NMR (D,O) 6: 1.00 (3H. br t. CHC). 1.2-1.9 (32H. br m. 
16 x CH,), 3.15 (9H, s, ‘NMe,), 3.53y3.67 (2H, br‘m, d&N): 
3.80- 4.00 (5H, br m, OMe and OCH,), 4.28-4.42 (2H, br m, 
CH,OP), 6.60 (lH, m, aryl), 7.03 (2H, m, aryl); m/z 557 (M+); 
anal C3,,H5a06P (C, H, N). 

5-[3-(3-Hexyloxy-2-methoxyphenoxy)propyopyl]-4-methylthiazole 
31b 
2-Methoxyresorcinol (280 mg, 2 mmol) was alkylated succes- 
sively with 1-bromohexane and with chloride 19 under the 
conditions described for 13c and 2Oc respectively, giving 31b 
(200 mg, 28% overall) as a colourless gum; 1H-NMR (CDCl,) 
6: 0.91 (3H, t, CH,), 1.3s1.55 (6H, m, (CH,),), 1.80 (2H, 
quintet, J = 7 Hz, OCCH*), 2.12 (2H, quintet, J = 7 Hz, 
OCCH,), 2.40 (3H, s, CH,CN), 3.00 (2H, t, J = 7 Hz, CH,CS), 
3.88 (3H, s, OMe), 4.02 (4H, m, 2 x OCH,), 6.49-6.60 (2H, m, 
aryl), 6.93 (lH, t, J = 8 Hz, aryl), 8.56 (lH, s, thiazolyl); m/z 
363 (M+); anal C2aH2sN03S (C, H, N). 

Methyl 3-hexyloq-5-hydroxy-4-methoxybenzoate 22b 
A mixture of methyl 3,5-dihydroxy-4-methoxybenzoate ( 174 g, 
0.88 mol), K&O3 (60.9 g, 0.44 mol), DMF (700 mL) and 
1-bromohexane (146.1 g, 0.88 mol) was heated at 80 “C for 5 h 
then cooled and poured into water. The aqueous mixture was 
extracted with Et,0 (2 x 1000 mL) and the combined ethereal 
solutions were extracted with ice-cold 1 M NaOH solution (2 x 
500 mL). The basic extracts were acidified with 2M HCl and 
the crude product was extracted into Et,0 (2 x 500 mL). 
Evaporation of the dried extracts gave an orange oil (162 g). 
Flash chromatography using CH&/IvIeOH (50: 1) gave 71.4 g 
(29%) of 22b as a colourless oil which crystallized on standing: 
mp 46-48 “C; tH-NMR (CDC&) 6: 0.90 (3H, t, J = 7 Hz, CH,), 
1.2s1.55 (6H, m, (CH,),) 1.68-1.87 (2H, m, OCCH& 3.85 
(3H, s, COOMe), 3.93 (3H, s, OMe), 3.98 (2H, t, J = 7 Hz, 
OCH,C), 6.95 (lH, br s, OH), 7.20 (lH, d, J < 1 Hz, aryl), 7.28 
(lH, d, J < 1 Hz, aryl); IR (KBr) 3400, 1707 cm-i; m/z 282; 
anal C5HZ205 (C, H). 

3-Benzyloxy-5-hexyloxy-4-methoxybenzoic acid 23 
A mixture of methyl 3-hexyloxy-5-hydroxy-4-methoxy- 
benzoate 22b (50.8 g, 0.18 mol), K&O3 (24.8 g, 0.18 mol), dry 
DMF (170 mL) and benzyl bromide (45 g, 0.27 mol) was 
heated at 80 “C for 5 h then cooled and poured into water. The 
aqueous mixture was extracted with Et,0 (2 x 250 mL) and the 
combined extracts were washed with water (2 x 150 mL), dried 
(Na,SO,) and evaporated in vacua to an orange oil (65.9 g). 
Flash chromatography using CH,ClJhexane (3:l) gave 50.3 g 
(75%) of methyl 3-benzyloxy-5-hexyloxy-4-methoxybenzoate 
as a pale yellow oil which crystallized on standing: mp 46- 
49 “C; ‘H-NMR (CDCl,) 6: 0.93 (3H, t, J = 7 Hz, CH,), 
1.22-1.58 (6H, m, (CH,),), 1.72-1.91 (2H, m, OCCH,), 3.90 
(3H, s, COOMe), 3.95 (3H, s, ArOMe), 4.05 (2H, t, J = 7 Hz, 
OCH,), 5.14 (2H, s, PhCHJ, 7.35 (7H, m, aryl); IR (KBr) 
1713 cm-t; m/z 372 (M+); anal CqTHTnO, (C, H). The methvl -- _” _ 
ester (47.4 g, 0.127 mol) was dissolved in MeOH (700 mL) at 
50 “C. To this was added IM NaOH solution (210 mL) and the 
mixture was refluxed for 2 h then cooled and evaporated in 
vacua to 250 mL. The residue was acidified with acetic acid 
and the product extracted into EtOAc (2 x 250 mL). The 

combined extracts were washed with water (2 x 100 mL), dried 
(Na,SO,) and evaporated in vacua to a white solid. 
Recrvstallization from EtOAc/hexane (1: 1) gave 33 a (73%) of 
23 ai white crystals; mp 163-105 OC; tH:NMR (@X&j 6: 
0.93 (3H, t, J = 7 Hz, CH,), 1.24-1.60 (6H, m, (CH,),), 
1.75-1.85 (2H, m, OCCH,), 3.95 (3H, s, OMe), 4.08 (2H, t, J = 
7 Hz, OCH2), 5.20 (2H, s, PhCH,), 7.22-7.55 (7H, m, aryl), 
10.45 (lH, br, COOH); IR (KBr) 1686 cm-t; m/z 358 (M+); 
ana1 G&W5 CC, HI. 

3’-Ber1zyloxy-5~-hexyloxy-4’-methoxyacetophenone 24b 
3-Benzvloxv-5-hexvloxv-4-methoxvbenzoic acid 23 (33 a, 92 
mmol) ‘was’ stirreda with dry THF’ (600 mL) under n‘itrog& at 
0 “C. To this was added 1.4 M MeLi solution (260 mL, 364 
mmol) and stirring at 0 “C continued for 2 h after which time 
chlorotrimethylsilane (230 mL) was added at 0 “C. The 
mixture was allowed to come to room temperature and 1M HCl 
(600 mL) was added. The resulting 2-phase system was stirred 
at room temperature for 30 min then the organic layer was 
separated and the aqueous phase extracted with Et,0 (2 x 
260 mL). The combined organic solutions were washed with 
water (2 x 200 mL). dried (NaSO,) and evauorated in vacua to 
a red oil (33 g). Flash chromatography using EtOAc/hexane 
(1:5) gave 23 g (71%) of 24b as a colourless oil; iH-NMR 
(CDCl,) 6: 0.93 (3H, t, J = 7 Hz, CH,), 1.24-1.60 (6H, m, 
(CH,),), 1.77- 1.90 (2H, m, OCCH*), 2.49 (3H, s COCH3), 
3.90 (3H, s, OMe), 4.04 (2H, t, J = 7 Hz, OCH,), 5.13 (2H, s, 
PhCH,), 7.20-7.50 (7H, m, aryl); IR (KBr) 1660 cm-t; m/z 356 
Of+); anal G&Q CC, HI. 

I-(3-Benzyloxy-5-hexyloxy-4-methoq~phenyl)-l -trimethylsilyl- 
oxyethene 25b 
The acetophenone 24b (23 g, 64.6 mmol) was dissolved in dry 
MeCN (90 mL). Triethvlamine (7.8 a. 77.4 mmol) was added 
followed by chlorotrimethylsil&re 78.4 g, 77.4’ mmol). A 
solution of sodium iodide (11.6 g, 77.4 mmol) in dry MeCN 
(100 mL) was added dropwise and the mixture was then stirred 
at room temperature for 15 min. The solvent was removed in 
vacua to give an orange oil (3 1 g). Flash chromatography using 
EtOAc/hexane (1:lO) gave 13.3 g (48%) of 25b as a colourless 
oil; iH-NMR (CDCl,) 6: 0.27 (9H, s, SiMe,), 0.91 (3H, t, J = 
7 Hz, CH3), 1.22-1.58 (6H, m, (CH,),), 1.73-1.90 (2H, m, 
OCCH,), 3.88 (3H, s, OMe), 4.02 (2H, t, J = 7 Hz, OCH,), 
4.38 (lH, d, J = 2 Hz, C=CH), 4.75 (lH, d, J = 2 Hz, C=CH), 
5.15 (2H, s, PhCH,), 6.82 (2H, 2s, aryl), 7.20-7.45 (5H, m, 
aryu. 

I ,4-Bis(3-benzyloxy-5-hexyloxy-4-methoxyphenyl)b~tan-l,4- 
dione 26b 
A 1.4M MeLi solution (22.1 mL, 30.9 mmol) was added to dry 
THF (180 mL) under N2 at -70 ‘C. A solution of 25b (13.3 g, 
30.9 mmol) in dry THF (50 mL) was added dropwise and 
stirring continued for 10 min. A solution of copper(II)trifluoro- 
methanesulphonate (18.6 g, 51.4 mmol) in dry isobutvronitrile 
(290 mL) was added dropwise keeping the temperature below 
60 “C. The mixture was stirred for 0.5 h at -70 “C. keut at 
room temperature for 2 h, evaporated in vacua to one ‘third 
volume then poured onto water and extracted with EtOAc (2 x 
100 mL). The combined extracts were dried (Na,SO,) then 
evaporated in vacua to a purple solid (22 g). Flash chromato- 
araphy using EtOAc/hexane (1:4) gave 6.5 g (59%) of 26b as a 
&hitetesolid,mp 94-96 “C; tH-NMR (CDCl;) &: 0.92 (6H, t, J = 
7 Hz. 2 x CH,). 2 x 
(4H, in, 2 x 

1.22-1.58 
OCCH,), 

(12H. m. (CH,),). 1.72-1.92 
3.31 (4H, s; CH,CH,j, 3.96 (6H, s, 2 x 

OMe), 4.05 (4H, t, J = 7 Hz, 2 x OCHJ, 5.15 (4H, s, 2 x 
PhCH,), 7.22-7.52 (14H, m, aryl); IR (KBr) 1674 cm-i; m/z 
(FAB) 711 (M+ + 1); anal C44H5408 (C, H). 



(~)-trans-2,5-Bis(3-benzyloxy-5-hexyloxy-4-methoxyphenyl)- 
tetrahydrofuran 27b 
To a suspension of 26b (6.4 g, 9 mmol) in absolute EtOH 
(100 mL) under N, was added NaBH, (1.1 g, 29.2 mmol). The 
mixture was heated at 70 “C until the solid dissolved and for 
80 min thereafter, then cooled and evaporated in vacua. The 
residue was treated with excess NH&l solution then extracted 
with Et,0 (2 x 50 mL). The combined extracts were washed 
with brine (50 mL). dried (NaSO,) and evauorated in vacua to 
give 6.2 ‘g (97%) of _ 1,4-b$3-benzyioxy-5-hexyloxy-4- 
methoxyphenyl)butan-1,4-diol as a yellow oil. This was used 
without further purification; IH-NMR (CDCl& 6: 0.90 (6H, t, 
J = 7 Hz, 2 x CH,), 1.25-1.55 (12H, m, 2 x (CH,),), 1.63-1.88 
(8H, m, 2 x OCCH* and CH,CH,), 3.85 (6H, s, 2 x OMe), 3.95 
(4H, t, I = 7 Hz, 2 x OCHJ, 4.55 (2H, m, 2 x CHOH), 5.11 
(4H, s, 2 x PhCH,), 6.53 (4H, s, aryl), 7.29-7.48 (lOH, m, 
aryl); IR (KBr) 3400 cm-l. The diol (6 g, 8.6 mmol) was 
dissolved in CHC& (35 mL) and stirred at room temperature as 
a solution of trifluoroacetic acid (10% v/v in CHCls, 35 mL) 
was added. After stirring at room temperature for 1.5 h, solid 
Na,COs (8.5 g) was added and stirring was continued for a 
further 0.5 h. Solids were removed by decanting and the 
solution was evaporated in vacua to a brown gum (6.i g). Flash 
chromatogranhv gave 4.3 E (72%) of cisitrans mixture. HPLC 
on a silica cbl&k using vhexanehtOAc (15:l) gave 1.9 g of 

%: 
ure trans isomer 27b as a colourless gum; IH-NMR (CDCl,) 

0.92 (6H, t, J = 7 Hz, 2 x CH3); 1.35-1.58 (12H, m, 2 x 
(CH,),), 1.72-1.95 (6H, m, ring CH, and 2 x OCCH& 2.25- 
2.44 (2H, m, ring CHJ, 3.85 (6H, s, 2 x OMe), 4.04 (4H, t, 
J = 7 Hz, 2 X OCH,), 5.13 (6H, m, 2 x PhCH, and 2 x ring 
CHO), 6.62 (4H, 2s, aryl), 7.25-7.52 (lOH, m, aryl); m/z 696 
(M+); anal &H,,O, (C, H). 

(f)-trans-2,5-Bis(3-hexyloxy-5-hydroxy-4-methoxyphenyl)- 
tetrahydrofuran 28b 
A mixture of 27b (0.45 g, 0.65 mmol), EtOH (20 mL) and 
5% Pd/C (25 mg) was hydrogenated at 760 mmHg and 
ambient temperature. Filtration of the catalyst and evaporation 
of the filtrate gave a colourless gum. Flash chromatography 
using EtOAc/hexane (1:5) gave 0.24 g (72%) of 28b as a 
colourless gum; lH-NMR (CDC13) 6: 0.90 (6H, t, J = 7 Hz, 
2 x CH3), 1.22-1.58 (12H, m, 2 x (CH,),), 1.72-2.03 (6H, m, 
ring CH, and 2 x OCCH,), 2.30-2.50 (2H, m, ring CH*), 3.92 
(6H, s, 2 x OMe), 4.04 (4H, t, J = 7 Hz, 2 x OCH,), 5.12 (2H, 
m, 2 x ring CHO), 5.86 (2H, s, 2 x OH), 6.55 (2H, d, J < 1 Hz, 
aryl), 6.60 (2H, d, J i 1 Hz, aryl); anal C3,,HU07.0.25H,0 
CC, I-0. 

(~)-trans-2,5-Bis{5-hexyloxy-4-metho~-3-[3-(4-methylthiazol- 
5-yl)propoxy]phenyl} tetrahydrofuran 29b 
A mixture of 28b (103 mg, 0.2 mmol), 5-(3-chloropropyl)- 
4-methylthiazole 19 (70 mg, 0.4 mmol), K&O3 (0.16 g, 
1.16 mmol) and dry DMF (3 mL) was heated at 80 “C for 5 h 
then poured onto water and extracted with EtOAc (2 x 10 mL). 
The combined extracts were washed with water (3 x 10 mL), 
dried and evaporated in vacua to a brown gum (120 mg). Flash 
chromatography using EtOAc/hexane (1:2) gave 64 mg (40%) 
of 29b as a colourless gum; rH-NMR (CDC13) 6: 0.90 (6H, t, 
J = 7 Hz, 2 x CHs), 1.25-1.58 (12H, m, 2 x (CH,),); 1.72-2.0 
(6H, m, 2 x OCCH, and ring CH,), 2.02-2.23 (4H, m, 2 x 
OCCH2), 2.38 (8H, m and s, 2 x Me-thiazolyl and ring CH2), 
3.03 (4H, t, J = 7.5 Hz, 2 x CH,CS), 3.83 (6H, s, 2 x OMe), 
3.95-4.08 (8H, m, 4 x OCH& 5.15 (2H, m, 2 x CHO), 6.57 
(2H, s, aryl), 6.62 (2H, s, aryl), 8.55 (2H, s, 2 x SCH); m/z 794 
tM+); anal C,&N,O,SyH,O (C, H, N). 
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3’Benzyloxy4’,5’-dimethoxyacetophenone 24a 
To a mixture of bis(trimethvlsilvl)malonate (3.95 a. 15.9 mmol) 
and dry Et,0 (40 ‘mL) ai -65 “C was added i-butyllithium 
(1.6 M, 9.6 mL, 15.4 mmol), dropwise, over 10 min. The 
mixture was allowed to come to 0 ‘C and a solution of 3-ben- 
zyloxy-4,5-dimethoxybenzoyl chloride [ 181 (2.2 g, 7.18 mmol) 
in dry Et,0 (30 mL) was added. After stirring for a further 2 h 
at room temperature, aqueous NaHCO, was added and the 
layers separated. The aqueous layer was acidified, extracted 
with Et,0 and the extracts combined with the original organic 
layer. The solvent was evaporated and the residue heated in 
dioxan (30 mL) at reflux for 2 h. Evanoration of solvent 
followed by flash chromatogranhv afforde624a (1 .l g, 54%) as 
a white soiid, mp 88-91 ‘C: iH-NMR (CDC&) 6: 2.45 (3H, s, 
MeCO). 3.92 (3H. s. OMe). 3.95 (3H. s. OMe). 5.10 (2H. s. 
PhCH,); 7.10-7.50 (7H, m:‘aryl); ‘IR (KBr) 1676 cm-i; anal 
CdW4 CC, H). 

Compounds 25a-29a were synthesized analogously to their 
hexyl counterparts 25b-29b. 

I-(3-Benzyloxy-4,5-dimethoxyphenyl)-l-trimethylsilyloxy- 
ethene 25a. 47% yield; lH-NMR (CDCl,) 6: 0.22 (9H, s, 
Me,Si), 3.95 (6H, 2s, 2 x OMe), 4.38 (lH, d, J = 1.5 Hz, 
CH=C), 4.78 (lH, d, J = 1.5 Hz, CH=C), 5.12 (2H, s, PhCH,), 
6.81 (lH, d, J = 2 Hz, aryl), 6.85 (lH, d, J = 2 Hz, aryl), 
7.22-7.45 (5H, m, Ph). 

1,4-Bis(3-benzyloxy-4,5-dimethoqphenyl)butan-l,4-dione 26a. 
54% yield; mp 155-156 “C; 1H-NMR (CDC1.s) 6: 3.41 (4H, s, 
CH,CH,), 3.92 (6H, s, 2 x OMe), 3.93 (6H, s, 2 x OMe), 5.17 
(4H, s, PhCH,), 7.23-7.50 (14H, m, aryl); IR (KBr) 1688 cm-l; 
m/z 570 (M+); anal C34H3408 (C, H). 

(+)-trans-2,5-Bis(3-benzyloxyy-4,5-dimethoxyphenyl)tetrahy- 
drofuran 27a. Cisltrans isomers were separated by recrystal- 
lization of the less soluble trans isomer twice from EtOAc/ 
hexane (1:2). HPLC confirmed no cis present. 22% yield; mp 
118-120 “C; lH-NMR (CDCl,) 6: 1.90 (2H, m, ring CH,), 2.38 
(2H, m, ring CH,), 3.88 (12H, s, 4 x OMe), 5.22 (6H, m and s, 
2 x PhCH,-and 2 x CH@, 6.62 (2H, d, J < 1 Hz , aryl), 6.67 
(2H. d. J < 1 Hz. arvl). 7.22-7.49 (10H. m. 2 x Ph): anal 
&i,,6, (C, H). ’ - ” 

\ 

(~)-trans-Bis(5-hydroxy-3,4-dimethoxyphenyl)tetrahydrofuran 
28a. 66% yield; mp 156-158 “C; iH-NMR (CDC&) 6: 
1.85-2.03 (2H, m, ring CHJ, 2.41-2.48 (2H, m, ring CH2), 
3.38 (12H, s, 4 x OMe), 5.13 (2H, m, 2 x CHO), 5.80 (2H, s, 
2 x OH), 6.55 (2H, d, J < 1 Hz, aryl), 6.63 (2H, d, J < 1 Hz, 
aryl); IR (KBr) 3439 cm-l; m/z 376 (M+); anal C20H2407 
tc, HI. 

(~)-trans-2,5-Bis{4,5-dimethoxy-3-[3-(4-methylthiazol-5- 
yl)propoq]phenyl} tetrahydrofuran 29a. iH-NMR (CDC&) 6: 
1.87-2.02 (2H, m, ring CH,); 2.05-2.20 (4H, m, OCCH,), 
2.32-2.51 (8H, m and s, 2 x Me-thiazolyl and ring CH2), 3.03 
(4H, t, J = 7.5 Hz, OCCCH,), 3.85 (6H, s, 2 x OMe), 3.87 (6H, 
s, 2 x OMe), 4.06 (4H, t, J = 6.7 Hz, OCH,), 5.16 (2H, m, 2 x 
CHO), 6.57 (2H, d, J < 1 Hz, aryl), 6.62 (2H, d, J < 1 Hz, aryl), 
8.55 (2H, s, SCH); m/z 654.2434 (M+), talc for C34H42N207S2 
654.2437. 

(~)-trans-2,5-Bis(3-hexyloxy-4,5-dimethoxyphenyl)tetrahydro- 
furan 30 
This compound was synthesized from 28a as described for 15, 
using two equivalents of 1-bromohexane. 39% yield; 1H-NMR 
(CDCl,) 6: 0.90 (6H, t, J = 7 Hz, 2 x CH& 1.25-1.52 (12H, m, 
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2 X (CHJJ, 1.73-1.89 (4H, 2 x OCCH2), 1.91-2.08 m, (2H, m, 
ring CH,), 2.35-2.52 (2H, m, ring CH,), 3.84 (6H, s, 2 x OMe), 
3.88 (6H, s, 2 x OMe), 4.02 (4H, J = 7 Hz, 2 x OCH,), t, 5.19 
WI, m, 2 x CHO), 6.61 (4H, s, aryl); m/z 544 (M+); anal 
C32fW7 CC> HI. 
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