




















































































































































































































































































Results and Discussion 

2.4.3 Choice of reaction conditions 

2.4.3.1 Effect of solvent 

The addition of different co-solvents to the aqueous medium is now recognised to 

profoundly affect the enantioselectivity of enzyme-catalysed hydrolyses. Klibanov and co­

workers studied the variation of enantioselctivity with added co-solvent of some proteolytic 

enzymes in the hydrolysis of esters of N-acetyl-L- and D-amino acids a decade ago:74 

Subsequently, the same group have made progress in rationalising the dependence of prochiral 

selectivities in enzyme-catalysed esterification and hydrolysis reactions; both experimental83 

and molecular modelling work84 was used. The authors conclude that prochiral selectivity 

(and indeed any other type of selectivity) is a function of the ease of desolvation of the 

substrate, in this instance the desolvation of the transition states of prowS and pro-R 

orientations of the prochiral substrate. In fOmUng the acyl-enzyme complex, the two 

orientations would displace different amounts of bound water from the enzyme into the 

surrounding medium. An apolar medium would favour repulsion of the water molecules more 

than a polar medium. Hence, the medium would favour the desolvation of the faster reacting 

orientation to different degrees, depending on its ability to dissolve the water released. 

Anthonsen studied the effect of adding various co-solvents in the hydrolysis of 

racemic secondary butanoate esters catalysed by CALB.8l Addition of many co-solvents of 

varying polarity led mostly to a decrease in the enantioselectivity of the reaction. However, 

certain solvents, in particular acetone and tert-butanol gave great enhancement of 

enantioselectivity. For both the latter solvents, addition of 25-30% solvent to the buffered 

reaction mixture gave optimal selectivity. Addition of 30% acetone to the esterification of the 
l. . 
corresponding free alcohol with vinylbutyrate and CALB led to a significant increase in 

. . 
enantioselectivity. This work has subsequently been reviewedl75 by Anthonsen and Jongejan, 

although no further explanations for the observed changes in selectivity was offered. 

2.4.3.2 Choice of acylating agent 

The process of esterification is reversible. In a resolution, the reaction of the faster 

reacting enantiomer approaches equilibrium more rapidly than the slower reacting enantiomer. 
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The net rate of reaction therefore slows, the concentration of the slower reacting enantiomer 

continuing to slowly decrease. When the faster reaction reaches equilibrium, the enantiomeric 

excess of the ester product will begin to drop as incorporation of the undesired ester 

enantiomer continues. Prolonged reaction will see hydrolysis of the ester and incorporation of 

the undesired enantiomer of the alcohol. A voiding this reversal of reaction may be achieved 

either by using a large excess of acyl donor or, more commonly, an acyl donor which 

circumvents reversal of reaction. 176 The most commonly used irreversable acyl donor is vinyl 

acetate. On acetylation of an alcohol, the by-product formed is vinyl alcohol, which 

immediately tautomerises to acetaldehyde, so preventing attack of the alcohol formed on the 

product ester. Consequently, vinyl acetate was used in all cases in this work as acyl donor. 

2.4.4 Asymmetrisations of 2-allyl-propane-l,3-diol (105) 

Monoacetylation of 2-allyl-propane-l.3-diol has been accomplished in the literature; 

both methods via lipase-catalysed hydrolysis of the diacetate (152). Sih et al. 177 used (S)-(-)-
I 

(153) which formed to prepare microbial growth factor (-)-A-factor (-)-(154) whilst Mori and 

Chiba178 subsequently employed the asymmetrisation as the key step in their synthesis of (S)­

(-)-paraconic acid (S)-( -)-(155), a related compound to (-)-(154) (Scheme 56). 

HO ..... ""· 

~ (-)-(154) 
(i) 

MO\O~ 
(S)-( -)-(153) 

I .1' 1 :',' .. l 
(S)-( -)-(155) 

Reagents and conditions: (i) PPL, 0.1 M phosphate buffer (PH 7);177 lipase MY, acetone, Triton X-IOO, water. 
I I 

sodium hydroxide aJiquots (PH 7).178 

Scheme 56 
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Results and Discussion 

Studies on the asymmetrisation of 2-allylpropane-l,3-diol (105) used a much higher 

wt.% of Novozyme 43~ than the polymerisation reactions to limit reaction times to within a 

few hours. As Anthonsen81 had shown that addition of tert-butanol as co-solvent to a 

Novozyme 435®-catalysed hydrolysis improved enantioselectivity, it was decided that fert­

butanol would be used as a co-solvent. Also, as much of our polymerisation work has 

compared substrate-only (solvent-free) and toluene-based systems, a system using toluene as 

solvent and another where vinyl acetate acted as solvent and acylating agent were used. Other 

solvents tested were THF and, in view of the effects seen in polymerisations on addition of 

triethylamine, the latter was used both as solvent and as an additive in catalytic amounts. 

Indeed, Schick et al. had shown that without addition of triethylamine to the asymmetrisation 

of cis-2-cyclopentene-l,4-diol, the reaction proceeded very slowly.120(a) Also, Turner and co­

workers had found that, as well as a drop in yield, Lipozyme~ showed a lower 

enantioselectivity for the ring-opening of 2-phenyl-4-benzyl oxazolin-5(4H)-one in the 

absence of a catalytic amount oftriethylamine.8o 

The reactions detailed in Table 28 were stirred until no further 2-allylpropane-l ,3-diol 
i 

(105) remained, whereupon' the reactions were stopped and the monoacetates (153) and 

diacetate (152) were isolated using flash column chromatography. All reactions performed 

used the same amounts of diol (105), Novozyme 435® and vinyl acetate as acylating agent. 

Inspection of the first three entries in Table 28 indicates that the progressive addition 

of triethylamine to the reaction in THF has an effect. Whilst all required approximately one 

hour for complete consumption of the diol (105), the presence of triethylamine clearly allows 

more rapid progression to the diacetate (152), even though the rate of formation of the 

monoacetate (153) appears largely unchanged. Triethylamine may act either by activating the 

lipase or by preventing deactivation of the lipase, the two cases being subtly different. 

Acetaldehyde, the tautomerised by-product of acetylation using vinyl acetate may act as an 

alkylating agent by forming Schiff s bases on s-amino groups of lysine residues.179 In so 
• . j 

doing, a positive charge is removed from the enzyme, leading to possible deactivation. The 

triethylamine might prevent this deactivation, an effect manifested as a faster reaction rate. 

Addition of toluene, tert-butyl methyl ether or no solvent (entries 4.6) lead to a similar 

situation to the use of THF alone (entry I), where there is an approximately 2:1 excess of 

monoacetate (153) over diacetate (152) when diol (105) has been completely consumed, 
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indicating that the rates of formation of monoacetate in each case and diacetate in each case 

are very similar. 

At 0 °C the rate of reaction slows dramatically, as expected, but the formation of much 

more diacetate (152) than monoacetate (153) suggests that the second acetylation is more 

rapid than the asymmetrisation step (entries 7-9). 

solvent system reaction temp. I % yield of 
time/h °c monoaeetate 

(153) 
THF 1.0 2S 40 

THF I cat. 1.0 2S 20 
triethylamine 

THFI 1.0 2S 11 
triethylamine 

THF I tert-butyl 1.2 25 ·33 . 
methyl ether 

toluene 0.75 20 42 

no added solvent 1.0 20 39 

THF 6.0 0 30 

THF I tert-butyl 6.0 0 26 
methyl ether 

THF I tert-butanol 7.0= 0 11 

'artificially low yield, due to some spillage of reaction mixture; 
:starting material still present. 

Table 28 

% yield of 
diaeetate 

(152) 
24 

42 

S6 

18 

19 

22 

40 

41 

20 

. . , 

overall 0/0 
yield 

64 

62 

67 

SIT 

61 

61 

70 

67 

31 

The recovered monoacetates (153) were derivatised using enantiomerically pure (R)-

(+)-a-methoxy-a-trifluoromethylphenylacetyl chloride in the presence ofDMAP, forming the 

two diastereomeric esters (RR)- and (SR)-(156). 

Mosher180 first suggested using (R)-(+)-a-methoxy-a-trifluoromethYlphenylacetYI 

chloride as a derivatising agent for chiral aicohols; the (RR) and (SR) diastereomers formed 

usually have non-equivalent NMR spectra, and use of IH or, more usually and simply, 19F 

NMR spectroscopy may show the ratio of the two diastereomers present and hence the ratio of 

enantiomers present prior to derivatisation. 
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Results and Discussion 

Synthesis of the racemic alcohol (±)-(153) using acetic anhydride in pyridine followed 

by derivatisation with (R)-(+)-a.-methoxy-a.-trifluoromethylphenylacetyl chloride gave a 

standard for NMR studies. 19F NMR spectroscopy showed resonances for the eE3 nuclei of 

(RR)-(156) and (SR)-(156) in the 19F NMR spectrum at -70.8 and -71.9 ppm. A third smaller 

signal at -71.4 ppm was attributed to the slight excess of the derivatising agent used. Ratios of 

the two ester signals for the various reactions are given in Table 29. 

solvent system temperature I area of area of 0/0 ee of 
°C signal at- signal at- (153) 

·70.8ppm . 71.9 ppm 
THF 25 ,<\ 1.00 2.33 40 

THF / cat. triethylamine 25 1.00 2.53 43 

THF / triethylamine 25 1.00 1.73 27 

THF / tert-butyl methyl ether 25 1.00 2.79 47 

toluene 20 2.86 1.00 48 

no added solvent 20 1.00 1.78 28 

THF 0 1.11 1.00 5 

THF / tert-butyl methyl ether 0 1.32 1.00 14 

THF / tert-butanol 0 5.00 1.00 67 

Table 29 ., . 

Interestingly, despite the formation of increasing amounts of diacetate (152) with 

increase in triethylamine dose, ~e optical purity of the monoacetate (153) decreases, implying 

that the more rapidly formed enantiomer of (153) is also the more rapidly consumed for 
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diacetate (152) formation. Discrete study of the selectivity of the second acetylation step 

could be performed by resolving the racemic monoacetate (:)-(153) under identical conditions 

to those used in entries 1-3, halting each reaction at the same conversion. Derivatisation and 

analysis of the remaining starting material could then be accomplished as above. 

Addition of tert-butyl methyl ether and the absence of solvent (Figure 16(a» at 

p.mbient temperature appear to give similar selectivity for CALB as when THF alone is used. 
! . 

Most interesting, however, is the apparent reversal of prochiral selectivity on use of 

toluene alone as the reaction medium. The result could be viewed as an artefact if inadequate 

amounts of derivatising agent were present; as the chiral monoacetate (153) reacts with a 

chiral agent, the rates of reaction of each enantiomer of (153) need not be identical. Therefore, 

faster reaction of the less abundant enantiomer could lead to the artificial appearance of 

reverse selectivity. This seems not to be the case, as the signal at ·71.4 ppm can clearly be 

seen (Figure 16(b». The apparent reversal of selectivity could otherwise be explained by 

different extents of conversion of the monoacetate (153) into diactetate (152) between 
, 

systems: if the less abundant enantiomer of (153) formed reacts more slowly in the second 

acetylation step (as appears to be the case from entries 1·3) and much more diacetate is 

present in one system than another, the apparent selectivity towards that enantiomer is higher. 

However, when entries 5 and 6 are compared, it is seen that the extent of reaction in both 

hases is almost identical, precluding this possibility. 
" " 

Reverse selectivity appears to have occurred again in entries 7-9, when the 

temperature was lowered to 0 °C, possibly indicating that the effect of toluene and lowering of 

temperature on the enzyme are similar. The two THF systems (entries 1 and 7) and tert-butyl 
I I , ! .' 

methyl ether systems (entries 4 and 8) show a virtual swapping over of the ratio of 
I 

monoacetate:diacetate making comparison of selectivity impossible. That is, the apparent 

reversal of selectivity with temperature may be due to: 

• Change in prochiral selectivity, enantioselectivity remaining the same 

• Same prochirality, the enantiopreference swapping 

• Complimentary change in both prochiral selectivity and enantiopreference 

Again, separation of these issues could be achieved by studying the resolution of 

racemic mono acetate (±)-(IS3) at different temperatures, and halting the reaction at the same 
, " I. _~,. ' • 

conversion. Unfortunately, time did not allow such a set of trials to be canied out. 
I . " 
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The concept of a switching of enantiopreference is not novel, the effect having been 

documented by Klibanov et al. recentIy.82 y-Chymotrypsin was used to catalyse the 

transesterification of methyl 3-hydroxy-2-phenylpropionate with propanol. In comparatively 

non-polar solvents such as toluene, hexane and octane y-chymotrypsin showed a strong 

preference for the (S) enantiomer of methyl 3-hydroxy-2-phenylpropionate whilst in polar 

solvents such as acetone and propanol, the same enzyme showed a moderate preference for 

the (R) enantiomer. The result is linked again by the authors to the desolvation energies of the 

transition states of the reactions. 

The acetylation performed at 0 °C in the presence of tert-butanol was incomplete after 

7 hours. Isolation of the monoacetate (153) and diacetate (152) confirmed this, an overall 

yield of 31 % being achieved. No further reaction appeared to occur within the last 2 hours of 

the reaction, suggesting that the lipase had been slowly deactivated over the course of the 

reaction, presumably by the tert-butanol. However, again the diacetate was present in about a 

two-fold excess, making the system unviable in spite of the comparatively high enantiomeric 

excess of (153) (Figure 16(c». 

~ I 
--j~ - V ---'00 I 011 I I 01<1 I 

I , I , 
110 - /I~ 
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.,-
( 

'00 
I I 

110 11 ~, 

(b) 
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2.4.5 Resolution of (±)-2-AUyl-3-benzyloxypropan-l-01 (157) 

2.4.5.1 Synthesis of substrate (157) 

During investigations into the synthesis of (±)-2-(2',3'-epoxypropyl)propane-l,3-dio~ 

(110), 2-allyl-l,3-dibenzyloxypropane (111) was synthesised in order to prevent ring opening 

of the epoxide in (110) by attack of the nucleophilic alcohol groups present. By using less 

sodium hydride in the procedure, deprotonation of predominantly one alcohol group of (105) 

prior to benzylation with benzyl chloride was targeted, giving the monoprotected derivative 

(±)-(157) as the main product (Scheme 57). 

(i) ... 

:: t ' . 
(±)-(157) 

Reagents and conditions: (i) a. sodium hydride, THF,O °C to ambient temperature, 30 mins; b. DMF, benzyl 

chloride, 0 °C to ambient temperature, 15 h, 71 %. 

Scheme 57 

The racemic alcohol (±)-(157) was envisioned to be a good substrate for CALB, and 

suitable for attempting kinetic reolution by acetylation. Time permitted a single foray into this 

field, i. e. a resolution of (±)-(157) catalysed by Novozyme 43~ using vinyl acetate in THF 

(Scheme 58). 

(i) ... 

(±)-(157) (R)-(158), (8)-(158) 

Reagents and conditions: (i) vinyl acetate, THF, Novozyme 43'-, ambient temperature, 1 h. 

Scheme 58 

The reaction was halted at -50% conversion (estimated by TLC). Isolation and 

characterisation gave 50 J..tmol of acetate (158) and S3 J..tmol of recovered alcohol. 

Determination of ee was in this instance performed by chiral shift NMR using [Eu(hfc )3] 

(113). Addition of 10 mol% [Eu(hfc)31 (113) to the recovered alcohol (157) gave a separation 
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in the 'H NMR spectrum of the signal at - 5.8 ppm (Figure 17(b» corresponding to the 

RCHCH2CHCH2 proton. Integration of the two signals showed a ratio of - 3.5: 1 (Figure 

17(a», implying that the resolved alcohol had'an ee of 56%. As the conversion was - 50%, no 

attempt was made to determine the ee of the acetate (158). 

Figure 17 

2.4.6 Concluding remarks 

The work performed here has thrown light on some potentially interesting properties 

of CALB under different temperature and solvent conditions, although much remains 

unanswered. To fully understand the apparent changes in selectivity, further work mentioned 

earlier in this chapter needs to be performed. Trials in a wider range of solvents are also 

required in order to see trends in selectivity. 

Unfortunately, whilst the variation m selectivity of ALB seems gr at, no 

asymmetrisations or resolutions attempted were selective enough to be synthetically u cful. 
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3.1 CONCLUSIONS 

The prime objective of the present work was the elucidation of the mechanism of 

polymer assembly operating during the solvent-free enzymatic polyesterification of adipic 

acid (3) with butane-l,4-diol (4), catalysed by lipase B from Candida antarctica. The 

synthesis and polymerisation of key oligomers formed during the process in the presence of 

the lipase led to the conclusion that transesterification is disfavoured under the solvent-free 

conditions used; comparison with a solvent-based procedure showed that transesterification 

could occur. In this way, a suggested predominant pathway for polymer formation was 

proposed (Scheme 23), with a more limited and regulated assembly than the accepted "step" 

polymerisation route of conventional high temperature systems (Scheme 2). 

Differences in the physical characteristics of polymer synthesised using the enzymatic 

method compared to the conventional high temperature processes have also been explained by 

examination of the polymer using techniques such as MALDI-TOF mass spectrometry. 

Further studies on the solvent-free enzymatic process led to employment of new 

additives which appear to protect the lipase from the harmful deactivating effects of the highly 

polar reaction medium, enabling recovery and subsequent recycling of the immobilised lipase. 

The phenomenon of leaching of free enzyme off its support has been shown to occur and it is 

highly probable that a small amount (ca. 10%) only is available for leaching, regardless of the 

polarity of the surrounding medium. A trend of heightened deactivation of the lipase with 

increasing medium polarity has been shown to exist and possible explanations for this trend 

have been provided. 

Exploiting the mild temperature conditions of the solvent-free enzymatic 

polyesterification procedure, attempts were made to synthesise polyesters containing 

functionality which would be lost in the conventional high temperature process. Attempts to 

polymerise unsaturated acids revealed that they could act as their own acid catalyst at 60 oc, 
giving polyesters. Unfortunately, the lipase did not further catalyse the polymerisation, 

possibly because of the high acidity of the substrates. 
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Diols and diacids / diesters containing epoxide groups and pendant unsaturation were 

shown to be substrates for CALB, indicating the potential use of lipases in speciality polymer 

synthesis. Attempts to form regulated dendritic and chiral polyesters were less successful, in 

the former case because of the slowness of the polymerisations due to poor substrate 

acceptability and in the latter case because of the poor enantioselectivity ofCALB. 

Further studies on the selectivity of CALB revealed only a modest selectivity in the 

asymmetrisation of a 2-substituted propane-l ,3-diol; interestingly, this selectivity appears also 

to switch from pro-R to pro-S in the presence of different solvents. Explanations for this 

behaviour from various authors has been cited. 

In summary, the faith shown by Baxenden Chemicals Ltd. in their enzymatic process 

appears to have been well-founded. Certainly, the substrate range for CALB has been shown 

to be wide, and the additive experiments performed suggest that substrates which polymerise 

but deactivate the lipase (e.g. diethylene glycol (82» may still have potential applicability to 

the enzymatic system. 

The much lower temperatures used are still the predominant advantage of the 

enzymatic system, and along with the lack of inorganic catalyst provides a process which is 

much more environmentally sound than the conventional systems. The presence of free 

leached lipase in the final product may be a disadvantage, as this may catalyse the hydrolysis 

of the polyester, leading to poor product stability; overcoming this obstacle is facile, however: 

flash heating of the product at 200°C denatures the lipase completely, leading to good 

hydrolytic stability for the materials tested so far. The presence of lipase in the product might 

have a distinct advantage in applications where biodegradability was deemed an advantage: 

why not exploit the lipase in the preparation and disposal of the polymer? 

3.2 FUTURE WORK 

The semi-quantitative oligomer polymerisation studies have provided an insight into 

the mechanism of polymerisation catalysed by CALB. The poor initial solubility of adipic 
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acid (3) in the diol at the start of the process make conventional kinetic analysis of the rates of 

polymerisation of the various oligomers impractical. However, by employing a large excess of 

diol in the reaction (which is effectively the situation at the start of the process) a mimicking 

of the conditions in the solution phase of the reaction may be obtained. As the mixture is 

homogeneous, classical Michaelis-Menten kinetics181 may be used to determine the initial rate 

of reaction. This work is currently being studied by A. Taylor, and may give further useful 

information on the key early steps of the enzymatic polyesterification process. 

Whilst Novozyme 435® has proven useful in the synthesis of unusual polymers 

possessing additional functionality both on and pendant from the backbone, the low 

enantioselectivity of CALB for chiral primary alcohols has also been demonstrated. Clearly, 

other lipases could be employed to attempt combined polymerisation-resolution reactions. 

Scale-up of the successful preparations of epoxy-functionalised and unsaturated 

polyesters could give enough material for applications testing and a more thorough range of 

cross-linking experiments. 

Whilst the use of CALB in the synthesis of dendrimers was unsuccessful in the 

preliminary trials attempted in the present work, use of starting monomers where the 

functional groups for polyester formation lay further from the sterically-hindered branching 

centre might prove better substrates for the lipase. Such materials could be generated simply 
" II 

via homologation of shorter chained substrates. 
I 
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General Experimental Methods 

All starting materials were purchased directly from commercial suppliers and used 

, without further purification unless otherwise stated. Butane-} ,4-diol and hexane-} ,6-diol were 

gifts from Baxenden Chemicals Ltd. 

Novozyme 435® contains Lipase B from the fungus Candida antarctica, an organism 

which lives near hot springs in Antarctica, hence the tolerance of the lipase for high 

temperatures. Novozyme 435® is prepared using recombinant DNA technology; the gene 

coding for the lipase is transferred from a strain of Candida antarctica into the host organism 

Aspergillus oryzae. The enzyme produced is immobilised by adsorption onto a macroporous 

acrylic resin. 103 Novozyme 435® was purchased from Novo Nordisk Ltd., Denmark. 

Chirazyme® was purchased from Boehringer Mannheim GmbH. 

All aqueous inorganic reagents were previously prepared to the stated concentrations 

or as saturated aqueous (sat. aq.) solutions. Brine refers to a saturated aqueous solution of 

sodium chloride. 

Petrol refers to the light petroleum fraction ofb.pt. 40-60 °C, and was distilled prior to 

use; diethyl ether and THF were distilled from sodium benzophenone ketyl; dichloromethane 

was distilled from calcium hydride. Acetonitrile, DMF, DMSO, methanol, pyridine and 

toluene were purchased from Aldrich Chemical Co. as anhydrous solvents and stored under 

nitrogen. Triethylamine was distilled from potassium hydroxide and stored over potassium 

hydroxide pellets under nitrogen. Benzene was dried over sodium wire. 

TLC was performed on Merck 60F - 254 (0.25 mm thickness) glass-backed silica 

plates; visualisation was achieved using either ethanolic p-anisaldehyde, ceric ammonium 

molybdate or potassium permanganate followed by heating or by UV light. Flash column 

chromatography was performed using Merck 60 - silica gel (0.040-0.063 mm particle size). 

IH and l3C NMR spectra were recorded on Bruker AC200, Varian 300 Gemini 2000, 

Bruker AMX400 or Varian Inova 600 spectrometers. Chemical shifts are referenced to 
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tetramethylsilane (TMS) or the residual protonated solvent peak. Coupling constants are in Hz 

and quoted to the nearest 0.5 Hz. Where necessary, spectra were assigned on the basis of 

DEPT and COSY 2-D NMR experiments. 19p NMR spectra were recorded on a Bruker 

WM250 spectrometer. 

Low resolution mass spectra were obtained from double-focussing magnetic sector 

VG7070E (CI, FAB) or Trio 1000 (EI) mass spectrometers. For CI spectra, the camer gas is 

specified. High resolution mass spectra were obtained on a VG7070E mass spectrometer. 

MALDI-TOF spectra were recorded on a micromass TofSpec machine, using an alpha cyano 

layered matrix, polyester concentration in solution added -I mgmL·l in THF. 

Optical rotations ~ere obtained using an AA-lOOO 'optical activity' polarimeter. 

Infra-red spectra were recorded on a Perkin Elmer 881 spectrophotometer by the 

method stated. 

Elemental analysis was performed on a Carlo Erba Model 1106 CHN elemental 

analyser. 

Melting points were obtained on a Gallenkamp apparatus and are uncorrected. 

m-CPBA purification: disodium hydrogen phosphate (3.58 g, 25.2 mmol) and potassium 

dihYdrogen phosphate (0.39 g, 2.9 mmol) were dissolved in water (330 mL). Half of the 

solution was added to 57-86% pure m-CPBA (8.30 g, < 41 mmol) and the mixture filtered. 

The residue was dissolved in dichloromethane (100 mL) and the organic solution washed with 

the remainder of the phosphate buffer solution, dried (magnesium sulphate), filtered and 

concentrated in vacuo to give pure m-CPBA as a white fluffy solid (5.13 g, 29.7 mmol). 

Methyl iodide purification: methyl iodide was passed through a plug of activated alumina and 

distilled at atmospheric pressure (b.pt. 42°C) then stored at -40 °C under argon, protected 

from light. 

Jones reaaent preparation: chromium (VI) oxide (20.0 g, 0.20 mol) was added slowly to 8 M 

sulphuric acid (100 mL, 0.80 mol) with stirring until it had fully dissolved. 
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OPC was performed at Baxenden Chemicals Ltd. using a Waters 510 series HPLC 

pump with THF as the mobile phase. The columns (polymer Laboratories Ltd.) were of 

dimensions 600 x 7.5 mm and packed with PL gel (polystyrene I divinylbenzene material, 

particle size 10 J.lm and pore size 50 I 100 A (unless 500 A specified». The detector was a 

Waters model 401 differential refractometer, and estimates of molecular weight data were 

made using Waters Millennium OPC software from calibration against commercial 

polystyrene samples. 

A solution of the polymer in THF is passed down the OPC column, which is packed 

with a polymer gel. Smaller molecules tend to spend more time in pores in the gel than the 

larger components, giving the former a longer elution time; hence, the technique relies on 

separation of species by virtue of their molecular volume. A differential refractometer 

monitors the elution of the components, giving a plot of intensity versus retention time. 

Because the relationship of molecular volume with retention time is logarithmic, the smaller 

components are much better resolved than the larger molecules. Discrete small oligomers can 

therefore be inciividually identified. As molecular weight is approximately proportional to 

molecular volume for structurally similar oligomers I polymer the correlation may be made in 

the systems studied in the present work. 

Estimates of the number average (M.,) and weight average (Mw) molecular weights are 

obtained by calibration against commercial polystyrene samples. As the correlation is 

approximate, an experimental error of ± 10% is usually to be expected. Mn is effectively the 

mean molecular weight, whereas Mw is the modal average. A further value obtained from 

OPC is the Mw I Mn value, referred to as dispersity. This gives a measure of the spread of 

different weight components; hence, if Mw = Mn, the dispersity is 1, and the material is said to 

be monodisperse. 

Mw is defined as LM·n·/Ln· 1 1 1 

Mn is defined as 

where i molecular species of mass M are each present in abundance n. 
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Synthesis of key oligomers (Section 2.1.2). 

4-(tert-Butyldimethylsilyloxy )butan-l-ol (42). 

I~DMSO~OH I 
Triethylamine (l0.5 mL) and DMAP (820 mg, 6.71 mmol) were added to a stirred solution of 

butane-l,4-dioI4 (12.1 g, 134 mmol) in dichloromethane (100 mL) under an atmosphere of 

nitrogen at 0 °c. After 5 minutes, a solution of TBDMSCI (11.14 g, 73.9 mmol) in 

dichloromethane (60 mL) was added dropwise at 0 0(: and the mixture stirred at ambient 

temperature for 16 hours. Volatile components were removed in vacuo and the resulting 

colourless oil was purified by flash column chromatography using gradient elution (1:9 - 1:3 

ethyl acetate:hexane) to give the monoprotected derivative 42 as a colourless oil (12.1 g,59.3 

mmol, 80% based on TBDMSCl); Rr (l:1 ethyl acetate:hexane) 0.45; (Found: MH+, 205.1625. 

C lOH240 2Si requires MH, 205.1624); vmax (thin film)/cm-1 3354 (br., O-H str.), 2934, 2860 (C­

H str.), 1471, 1255, 1101 (C-O str.), 837 (SiM~ Si-C def.); 8H (200 MHz; CDCI3) 0.03 (6 H, 

s, SiMc2), 0.85 (9 H, s, SiCMc3), 1.57-1.60 (4 H, m, SiOCH2ClhClhCH2-OH), 2.85 (1 H, br. 

s, OH), 3.58-3.61 (4 H, m, CHrOH, Cfu-OSi); 8c (75.5 MHz; CDCh) -5.58 (S~), 18.15 

(Si,CMe3), 25.78 (SiCMc3), 29.66, 29.93 (~H2CHrOH, ~H2CHrOSi), 62.57, 63.26 ~Hr 

OH, ~HrOSi); m/z (CI+, NH3) 205 (MH+, 100%),91 (12). 

4' -(tert-Butyldimethylsilyloxy )butyl 6-hydroxyhexanoate (43). 

THF (3 x 8 mL) was added with stirring to sodium hydride (60% dispersion in mineral oil, 

0.43 g, 10.8 mmol) under an atmosphere of nitrogen and the supernatant liquid withdmwn 

after each addition. THF (2 mL) was then added and a solution of 42 (2.00 g, 9.8 mmol) in 

THF (8 mL) was added dropwise at 0 °C. After 5 minutes, a solution of s-caprolactone 26 
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(750 mg, 6.57 mmol) in THF (3 mL) was added at 0 °C and the solution stirred for 3 hours at 

ambient temperature. Water (20 mL) was added and the solution extracted with diethyl ether 

(3 x 50 mL). The combined ethereal layers were dried (magnesium sulphate) and filtered 

through Celite®. Evaporation of the solvent in vacuo gave the crude material as a colourless 

oil. Purification by flash column chromatography using gradient elution (1:4 - 1:2 ethyl 

acetate:petrol) gave the alcohol 43 as a colourless oil (953 mg, 3.00 mmol, 46%); Rr (1: 1 ethyl 

acetate:petrol) 0.35; (Found: MH+, 319.2303. C16H340 4Si requires MH, 319.2304); Vmax (thin 

film)/cm-1 3449 (br., O-H str.), 2935,2861 (C-H str.), 1732 (C=O str.), 1471, 1255, 1097 (C­

O str.), 837 (SiMe2 Si-C def.); 5H (200 MHz; CDC13) 0.03 (6 H, s, SiM.GV, 0.83 (9 H, s, 

SiC~3)' 1.49-1.64 (l0 H, m, HOCH2(CH2)3CH2COOR, SiOCH2(C~)2CH20COR), 2.24 (2 

H, t, J 7.5, CH2COOR), 3.54 -3.61 (4 H, m, CH20H,· C~OSi), 4.00 (2 H, t, J 6.5, 

CH20COR); 5c (75.5 MHz; CDCI3) -5.51 (S~) 18.17 (Si,CMeJ), 25.81 (SiCMc3), 24.47, 

24.57, 25.20, 29.12, 32.20 (HOCH2(CH2)3CH2COOR, SiOCH2(CH2hCH20COR), 34.15 

(CH2COOR), 62.43, 62.56 (CH20H, CH20Si), 64.26 (CH20COR), 173.94 (eOOR); mlz (CI+, 

NH3) 319 (MH+, 10%),205 (MH+-SiCH2(Me)(CMe3), 100), 187 (Mlt- SiCH2(Me)(CMe3)­

H20, 100), 115 (SiMe2(CMe3)+, 69). 

11-(tert-Butyldimethylsilyloxy)-7-oxa-6-oxo undeeanoic acid (44). 

o 

1BDMSO~O~OH 

A solution of PDC (418 mg, 1.11 mmol) in DMF (1.5 mL) was added to a solution of 43 (100 

mg, 0.32 mmol) in DMF (0.5 mL) under an atmosphere of nitrogen and the mixture stirred for 

18 hours at ambient temperature. Water (20 mL) was added to the reaction mixture and the 

solution extracted with diethyl ether (3 x SO mL). The ethereal extracts were combined, dried 

(magnesium sulphate), filtered through Celitell and volatile components were removed in 

vacuo. Dissolution into diethyl ether (100 mL) and further washing with ammonium chloride 

solution (sat. aq.) (10 mL) was required to remove DMF. The ethereal solution was dried 

(magnesium sulphate), filtered through Celitell and the solvent removed in vacuo to give the 
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acid 44 as a colourless oil (30.2 mg, 95 J.1mol, 30%); Rr(4:1 ethyl acetate:petrol) 0.7; (Found: 

MH+, 333.2098. C16H320 4Si requires MH, 333.2097); vmax (thin film)!cm
o

• 3600-2400 (br., 0-

H str.), 2954, 2860 (C-H str.), 1732, (C=O str.), 1462, 1255, 1097 (C-O str.), 837 (SiMe2 Si-C 

def.); OH (200 MHz; CDCI3) 0.03 (6 H, s, S~) 0.84 (9 H, s, SiC~), 1.36-1.61 (8 H, m, 

HOOCCH2(CH2)2CH2COOR, SiOCH2(C~nCH20COR), 2.21-2.38 (4 H, m, 

HOOCCH2CH2CH2CH2COOR), 3.58 (2 H, t, J 6.5, CH20Si), 4.04 (2 H, t, J 6.5, C~OCOR); 

Oc (75.5 MHz; CDCI3) -5.46 (Sihk2) 18.18 (Si,CMe3), 25.81 (SiC~), 24.21, 25.15, 28.23, 

29.10 (HOOCCH2(CH2)2CH2COOR, SiOCH2(CH2)2CH20COR), 33.39, 33.81 

(HOOCCH2CH2CH~H2COOR) 62.57 (CH20Si), 64.33 (CH2OCOR), 173.51 (eOOR), 

178.36 (COOH); mlz (CI+, NH3) 333 (MH+,22%), 187 (SiCH2(Me)(CMe3)OC4H9+' 100). 

Adipic anhydride (45).73 

Acetic anhydride (150 mL, 1.59 mol) was added to adipic acid 3 (50.0 g, 342 mmol) under an 

atmosphere of argon, and the mixture heated under reflux for 4 hours. Vacuum distillation at 

150 mbar was then used to remove ca. 100 mL of distillate, b.pt. 78-90 °C. Short-path 

distillation at 5 mbar using a Bunsen flame was then employed to remove ca. 30 mL of further 

excess starting material and by-products, b.pt. SO-60°C. Heating was maintained until the 

stillhead temperature reached 80°C. The crude product was then distilled at 5 mbar, using a 

Bunsen flame, collecting the fraction b.pt. <160°C as a pale yellow-brown viscous liquid (ca. 

30 mL). Purification by vacuum distillation (b.pt. 110°C I 5 mbar [lit.73 98-100 °C I 0.1 

mmHg]) gave adipic anhydride 45 as a colourless viscous liquid (11 mL, 15 g, 120 mmol, 

35%); OH (200 MHz; CDCl3) 1.88-2.09 (4 H, m, 2 x CH2CH2COOR), 2.65-2.86 (4 H, m, 2 x 

CH2CH2COOR). The anhydride 45 was stored under argon at -40 °C and used within 2 days. 
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4-Benzyloxybutan-l-ol (46). 

DMSO (200 mL) was added to sodium hydroxide pellets (6.38 g, 160 mmol) and stirred under 

an atmosphere of nitrogen for 30 minutes, giving a faintly yellow solution with a little 

suspended solid. A solution ofbutane-l,4-dioI4 (13.1 g, 145 mmol) in DMSO (50 mL) was 

added dropwise over 10 minutes at ambient temperature and stirring maintained for 1 hour. A 

solution of benzyl chloride (9.0 mL, 80 mmol) in DMSO (30 mL) was added dropwise and 

the mixture stirred for 15 hours at ambient temperature. The mixture was poured into ice­

water (400 mL) and extracted with diethyl ether (3 x 200 mL). The combined ethereal layers 

were dried (magnesium sulphate), filtered through Celitee and the solvent was removed in 

vacuo to give a colourless oil. Purification by flash column chromatography (3:2 ethyl 

acetate:hexane) gave the monoprotected derivative 46 as a colourless oil (11.8 g, 65.2 mmol, 

81% based on benzyl chloride); Rd3:2 ethyl acetate:hexane) 0.35; (Found: MH+, 181.1231. 

ClIH160 2 requires MH, 181.1229); Vmax (thin film)/cm-I 3355 (br., O-H str.), 2932, 2885, 

2859 (C-H str.), 1256, 1102 (C-O str.), 776, 712 (aromatic C-H def.); 3H (200 MHz; CDCI3) 

1.53-1.63 (4 H, m, BnOCH2(CH2)2CH20H) 2.90 (1 H, s, OID, 3.37-3.49 (4 H, m, 

BnOCH2CH2CH2CH20H), 4.41 (2 H, s, ArC~OR), 7.14-7.25 (5 H, m, ArID; 3c (75.5 MHz; 

CDC}3) 26.54, 29.87 (BnOCH2(CH2)2CH20H), 62.54 (CH20H), 70.36 (CH20Bn), 73.06 

(ArCH20R), 127.74, 128.48, 129.62, 138.24 (aromatic C); mlz (CI+, NH3) 181 (MH+, 30%), 

107 (MNH/-C7H7, 61),91 (C7H7+, 100). 
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Il-Benzyloxy-7-oxa-6-oxoundeeanoie acid (47). 

o 

f[f'O~O~OH 
V . 0 

Experimental 

Adipic anhydride 45 (12.4 g, 97 mmol) and p-toluenesulphonic acid (5.0 mg, 30 mmol) were 

added to a solution of 46 (17.5 g, 97.1 mmol) in benzene (15 mL) under an atmosphere of 

argon, and the mixture heated under reflux for 18 hours. One half of the mixture was 

separated· and concentrated in vacuo. The crude material was purified by flash column 

chromatography (2:1 ethyl acetate:petrol) to give the acid 47 as a colourless oil (1.97 g, 6.39 

mmol, 7%). Volatile components were removed in vacuo from the second half of the mixture, 

and the crude material dissolved in diethyl ether (50 mL) and extracted with potassium 

carbonate solution (sat. aq.) (150 mL). The aqueous layer was acidified to - pH 5 using 2M 

hydrochloric acid and back-extracted into diethyl ether (200 mL). The organic layer was dried 

(magnesium sulphate), filtered through Celite® and concentrated in vacuo to give the acid 47 

as a colourless oil (10.4 g, 33.7 mmol, 35%); Rr (4:1 ethyl acetate:petrol) 0.6; (Found: MH+, 

309.1702. C17H240S requires MH, 309.1702); Vmax (thin film)!cm"· 3600-2400 (br., O-H str.), 

2950,2867 (C-H str.), 1740-1710 (br., C=O str.), 740, 700 (aromatic C-H def.); ~H (200 MHz; 

CDC I) 1.63-1.74 (8 H, m, BnOCH2(CH2)2CH2OCOR, HOOCCH2(C&)2CH2COOR) 2.26-

2.40 (4 H, m, HOOCCH2CH2CH2CH2COOR), 3.47 (2 H, t, J 6, C&OBn), 4.06 (2 H, t, J 6, 

CH20COR), 4.48 (2 H, s, ArCH20R), 7.26-7.32 (5 H, m, ArH), 9.14 (I H, br. s, OH); ~c 

(75.5 MHz; CDCI3) 23.93, 24.13, 25.34, 26.05 (BnOCH2(.CH2)2CH10COR, 

HOOCCH2(CH2)2CH2COOR), 33.44, 33.67 HOOCCH2CH2CH~H2COOR), 64.18 

(CH20Bn), 69.61 (CH20COR), 72.80 (ArCH20R), 127.58, 127.64, 128.37 (aromatic .e), 

173.52, 178.92 (CO OR, COOH); mlz (CI+, NH3) 326 (MNH/, 8%), 309 (MH+, 2%), 203 

(39), 163 (MH+-C6HI00 4, 80), 128 (C6HsO/, 43), 108 (C7H70}t, 94), 91 (C7H:, 27). 
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1l.Hydroxy·7-oxa-6-oxoundecanoie acid (AD) (14). 

10% Palladium on charcoal (0.56 g) was added to a solution of 47 (3.73 g, 12.1 mmol) in 

ethyl acetate (100 mL) and the suspension stirred at ambient temperature under an atmosphere 

of hydrogen at atmospheric pressure for 48 hours. The mixture was filtered through Celite~ 

and the solvent removed in vacuo. Purification by dry flash chromatography76 (ethyl acetate) 

gave hydroxyacid 14 as a colourless oil (2.32 g, 10.6 mmol, 88%); Rr (4:1 ethyl 

acetate:petrol) 0.15 (Found: MNH/, 236.1500. CloHlSO, requires MNH4, 236.1498); (Found: 

C, 54.85; H, 8.35. Calculated for ClOHIsOs: C, 55.0; H, 8.3%); Vmax (thin film)!cm-1 3600-

2400 (br., O-H str.), 2954, 2880 (C-H str.), 1728 (br., C=O str.); 5H (200 MHz; CDCI3) 1.57-

1.73 (8 H, m, HOCH2(CH2)2CH20COR, HOOCCH2(C~)2CH2COOR), 2.29-2.40 (4 H, m, 

HOOCCH2CH2CH2CH2COOR), 3.66 (2 H, t, J 6, CH20H), 4.09 (2 H, t, J 6, C~OCOR), 

6.28 (2 H, hr. s, OH); 5c (75.5 MHz; CDCI3) 23.91, 24.10, 24.83, 28.63 

(HOCH2(CH2)2CH20COR, HOOCCH1(CH1)2CH2COOR), 33.71, 33.36 

(HOOCCH2CH2CH~H2COOR), 61.87 (CH20H), 64.12 (CH2OCOR), 173.67 177.93, 

(C,OOR, COOH); m/z (CI+, NH3) 236 (MNH/, 100%),218 (MNH/.H20, 53), 175 (MH+. 

CO2, 12), 145 (C6H90/, 52), 128 (C6HaO/, 43); OPC analysis: elution time 15.2 minutes. 

1,6-Hexanedioie acid di(4'-benzyloxybutyl) ester (48). 

o ~ 
~o~o~o~~ o 0 

A solution of alcohol 46 (1.69 g, 9.38 mmol) in toluene (S mL) and Novozyme 435~ (35 mg) 

were added to adipic acid 3 (0.70 g, 4.79 mmol) in a modified Dean and Stark apparatus and 

the mixture stirred at 60 °C for 20 hours. Volatile components were removed in vacuo and the 
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crude material purified by flash column chromatography (2:3 ethyl acetate:petrol) to give the 

diester 48 as a colourless oil (1.82 g, 3.87 mmol, 81%); Rr (3:2 ethyl acetate:petrol) 0.8; 

(Found: MNH/ 488.3012. C2gH3g06 requires MNH4 488.3012); vrnax (thin film)/cm-' 2950, 

2860 (C-H str.), 1736 (br., C=O str.), 1099 (C-O str.), 737, 698 (aromatic C-H def.); 0'1 (200 

MHz; CDC13) 1.59-1.88 (12 H, m, 2 x BnOCH:z(CHv:zCH20COR, 2 x C~CH2COOR), 2.30 

(4 H, t, J 6, 2 x CH2COOR), 3.48 (4 H, t, J 6, 2 x C~OBn), 4.08 (4 H, t, J 6.5, 2 x 

CH20COR), 4.48 (4 H, s, 2 x ArCH20R), 7.25-7.47 (10 H, m, ArID; Oc (75.5 MHz; CDCI) 

24.26,25.40,26.13 (BnOCH2(CH2)2CH20COR, CH2CH2COOR), 33.75 (CH2COOR). 64.09 

(C.H20Bn), 69.65 (CH20COR), 72.84 (ArCH20R), 127.59, 128.37, 129.59 (aromatic C). 

173.39 (COOR); m/z (CI+, NH3) 488 (MNH/, 17%), 181 (C,H,OC4HsOH2+' 73), 163 

(C,H70C4Hg+, 38), 108 (C7H70H+, 64), 91 (C7H,+, 23). 

1,6-Hexanedioic acid di(4'-hydroxybutyl) ester (IS). 

o 
HO~O~O~OH 

o 

10% Palladium on charcoal (3.0 mg) was added to a solution of 48 (24.0 mg, 51 Jlmol) in 

THF (0.5 mL) and stirred at ambient temperature under an atmosphere of hydrogen at 

atmospheric pressure for 19 hours. The solution was filtered through Celitel> and the solvent 

removed in vacuo. Purification by dry flash chromatography76 (ethyl acetate) gave the diol15 

as a colourless oil (9.4 mg, 32 ).lmol. 63%); Rr (ethyl acetate) 0.35; (Found: MH+, 291.1807. 

C14H2606 requires MH, 291.1808); Vrnax (thin film)/cm-' 3427 (O-H str.). 2945, 2873 (C-H 

str.), 1735 (C=O str.), 1060 (C-O str.); OH (200 MHz; CDCI) 1.60-1.89 (12 H. m. 2 x 

HOCH2(CH2)2CH20COR, 2 x CH2CH2COOR) 2.28-2.41 (4 H, m, 2 x CH2C~COOR), 3.68 

(4 H, t, J 6, 2 x CH20H), 4.13 (4 H, t, J 6.5, C~OCOR); Oc (75.5 MHz; CDC1) 24.25, 24.97, 

29.01, (HOCH2(CH2)2CH:zOCOR, CH:zCH:zCOOR), 33.78 (CH:zCOOR), 62.24 (CH:zOH), 

64.07 (CH20COR), 173.44 (COOR); mlz (CI+, NH) 308 (MNH.+, 9%), 291 (MH+, 16),218 

(MH+-C4H80H, 45), 145 (HO:zCC4HsC02+, 23), 91 (HOC.H.OH:z+, 78); OPC analysis: 

elution time 14.7 minutes. 

154 



16-Benzyloxy-5,12-dioxa-6,11-dioxohexadeean-l-01 (49). 

o ~ 
HO~O~O~~ 

o 

Experimental 

10% Palladium on charcoal (640 mg) was added to a solution of 48 (4.25 g, 9.03 mmol) in 

ethyl acetate (100 mL) and the suspension stirred at ambient temperature under an atmosphere 

of hydrogen at atmospheric pressure for 9 hours. The solution was filtered through Celite~ 

and the solvent removed in vacuo. Purification by flash column chromatography (1: 1 ethyl 

acetate:petrol) gave recovered starting material 48 (562 mg, 1.19 mmol, 13%) and the alcohol 

49 as a colourless oil (1.59 g, 4.18 mmol, 46%); Rr (3:2 ethyl acetate:petrol) 0.45; (Found: 

MNH4 +, 398.2543. C21H320 6 requires MNH4, 398.2542); Vrnax (thin film)!cm-1 3452 (O-H str.), 

2947, 2869 (C-H str.), 1731 (C=O str.), 1076 (C-O str.), 738, 699 (aromatic C-H def.); 8H 

(200 MHz; CDCI3) 1.63-1.72 (12 H, m, BnOCH2(Clh)2CH20COR, 

HOCH2(CH2)2CH20COR, ROOCCH2(CH2)2CH2COOR), 2.25-2.45 (4 H, m, 

ROOCCH2(CH2)2CH2COOR), 3.47 (2 H, t, J 6, ClhOBn), 3.64 (2 H, t, J 6, CH20H), 4.05-

4.26 (4 H, m, 2 x CH20COR), 4.50 (2 H, s, ArClhOR), 7.23-7.46 (5 H, m, ArID; 8c (75.5 

MHz; CDCI3) 24.31, 24.34, 25.05, 25.46, 26.19, 29.07 (BnOCH2~H2hCH20COR, 

HOCH2(~H2)2CH20COR, ROOCCH2(CHlhCH2COOR), 33.83, 33.86 

(ROOCCH2(CH2)zCH2COOR), 62.26 (CH20H), 64.28 (CH20Bn), 69.74 (2 x ~H20COR), 

72.94 (ArCH20R), 127.70, 128.46, 129.64, 138.59 (aromatic 0, 173.58 (2 x COOR); mlz 

(ct, NH3) 398 (MNH/, 8%), 381 '(MH\ 1), 292 (MH+-OC4HaOH, 11), 181 

(C7H70C4HsOHt, 18), 163 (C7H70C4Ha+, 47), 108 (C7H60\ 64). 
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23-Benzyloxy-7,12,19-triox8-6,13,18.trioxotrieoslDoie acid (SO). 

Alcohol 49 (560 mg, 1.47 mmol) and p-toluenesulphonic acid (5.3 mg, 28 J.111l01) were added 

to sodium-dried toluene (1 mL). Adipic anhydride 4S (135 fJ.L, 1.48 mmol) was added and the 

stirred mixture heated under reflux for 18 hours. TLC indicated a mixture of at least two 

products. The mixture was dissolved in diethyl ether (10 mL) and extracted with' potassium 

carbonate solution (sat. aq.) (15 mL) but TLC showed no products in the aqueous layer. The 

solvent was removed in vacuo and attempted recrystallisation from several solvents gave no 

identifiable products. 

23-Benzyloxy-6,13,18-trioxo-7,12,19-trioxatricosanoic acid methyl ester (S3). 

Freshly distilled thionyl chloride (10 fJ.L, 140 J.111l01) was added to adipic acid monomethyl 

ester S2, (8.0 mg, SO fJ.mol) under an atmosphere of nitrogen, and the mixture heated under 

reflux for 10 minutes. Excess thionyl chloride was removed in vacuo, and a solution of 

alcohol 49 (15.6 mg, 0.04 mmol) in dichloromethane (0.75 mL) was added. The mixture was 

heated under reflux for 15 hours. Further dichloromethane (5 mL) was added and the mixture 

washed with sodium bicarbonate solution (sat. aq.) (10 mL), brine (10 mL) and water (10 

mL). The organic phase was dried (magnesium sulphate) and filtered through Celitef). Volatile 

components were removed in vacuo and the crude material purified by elution through a plug 

of silica (1:4 ethyl acetate:petrol) to give ester S3 as a colourless oil (10.3 mg, 20 Jlmol, 48%); 

Rr (l: 1 ethyl acetate:petrol) 0.45; (Found: MH+, 523.2885. C2SH.209 requires MH, 523.2907); 

Vmax (CHCI3)/cm"1 2956, 2869 (C-H str.), 1730 (C=O str.), 1080 (C-O str.), 753, 699 (aromatic 
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C-H def.); BH (200 MHz; CDCI3) 1.57-1.83 (16 H, m, 3 x ClLCH20COR, 4 x 

CH2CH2COOR, BnOCH2CH2), 2.24-2.41 (8 H, m, 4 x C&COOR), 3.49 (2 H, t, J 6, 

CH20Bn), 3.66 (3H, s, MstOCOR), 4.05-4.17 (6 H, m, 3 x C&OCOR), 4.53 (2 H, s, 

ArCH20R), 7.25-7.48 (5 H, m, ArH); Be (75.5 MHz; CDCI]) 24.21, 25.14, 26.11 (3 x 

,CH2CH20COR, 4 x CH2CH2COOR, BnOCH~H2)' 33.49, 33.70 (4 x ,CH2COOR), 51.34 

(hkO), 63.71, 64.10, 69.64 (3 x CH20COR), 72.84 (ArCH20R), 127.60, 128.38, 128.80 

(aromatic ,C), 173.44, 173.50 (4 x COOR); mlz (FABj 523 (MH+, 3%), 215 

(Me02CC4HgC02C4Hg+, 53).201 (H02CC4HgCOlC4Hg+, 28), 55 (C4H7+, 24). 

23-Hydroxy-7,12,19-trioxa-6,13,18-trioxotricosaooie aeid methyl ester (54). 

OMe 

10% Palladium on charcoal (3.0 mg) was added to a solution of 53 (3.4 mg, 6.5 ~ol) in 

EtOAc (1 mL) and stirred at ambient temperature under an atmosphere of hydrogen at 

atmospheric pressure for 18 hours. The solution was then filtered through Celitee and volatile 

components removed in vacuo to give the alcohol 54 as a colourless oil (2.8 mg, 6.5 ~ol, 

100%); Rr (1: 1 ethyl acetate:petrol) 0.25; (Found: MH+, 433.2423. C21H3609 requires MH, 

433.2438); vmax (thin film)/cmol 3529 (br., O-H str.), 2932, 2864 (C-H str.), 1731 (br., C-o 

str.), 1076 (C-O str.); BH (200 MHz; CDCh) 1.62·1.75 (16 H, m, 3 x C&CH20COR, 4 x 

CHlCH2COOR, HOCH2CH2), 2.28-2.48 (8 H, m, 4 x C&COOR), 3.67 (2 H, t, J 6, C~OH 

and 3 H, s, ~O), 4.08-4.14 (6 H, m, 3 x C&OCOR); Be (100.6 MHz; CDCI3) 24.38, 24.43, 

25.14, 25.31, 25.45, 29.12, 29.69 (3 x ,CH2CH20COR, 4 x ,CH2CH2COOR, HOCH~H2)' 

33.67,33.88, 33.94 (4 x CH2COOR), 51.56 (McO), 62.22, 63.87, 64.19 (3 x ,CH10COR, 
I 

HO,CH2), 173.31, 173.35, 173.38, 173.80 (4 x ,COOR); mlz (FABj 433 (MH+, 12%), 343 

(MH+-HOC4HgOH, 10), 215 (Me02CC4HgC01C.H8+' 29); OPC analysis: elution time 13.9 

minutes. 
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MonobenzyJ adipate (56). 

Adipic anhydride 45 (1.65 mL, 17.5 mmol) and p-toluenesulphonic acid (5.0 mg, 32 flmol) 

were added to a solution of benzyl alcohol (2.00 g, 18.5 mmol) in benzene (5 mL) under an 

atmosphere of nitrogen, and the mixture heated under reflux for 18 hours. Volatile 

components were removed in vacuo, and the crude material dissolved in diethyl ether (20 

mL). The product was extracted with potassium carbonate solution (sat. aq.) (30 mL) and the 

aqueous phase acidified to - pH 5 using 5M hydrochloric acid then back-extracted with 

diethyl ether (100 mL). The combined organic phases were dried (magnesium sulphate), 

filtered through Celite~ and concentrated in vacuo to give the acid 56 as a colourless oil (835 

mg, 3.53 mmol, 20%); Rr (1:1 ethyl acetate:petrol) 0.35; (Found: MH+, 237.1128. C13HI60 4 

requires MH, 237.1127); Vmax (thin film)/cm"l 3500-2400 (br., O-H str.), 2930, 2853 (C-H 

str.), 1738 (C=O str., ester), 1710 (C=O str., acid), 1085 (C-O str.), 749, 697 (aromatic C-H 

def.); 5H (200 MHz; CDCI3) 1.62-1.79 (4 H, m, HOOCCH2(CH2)2CH2COOBn) 2.29-2.50 (4 

H, m, HOOCCH2CH2CH2CH2COOBn), 5.11 (2 H, s, ArCH20COR), 7.28-7.45 (5 H, m, 

ArID, 9.78 (1 H, br. s, OH); 5c (75.5 MHz; CDCI3) 23.90, 24.11 

(HOOCCH2(CH2)2CH2COOBn), 33.47, 33.72 (HOOCCH2CH2CH~H2COOBn), 66.18 
" ,1 ", 

(Ar.CH20COR) 128.24, 128.58, 129.06, 136.05 (aromatic C), 173.29, 179.58 (COOBn, 

COOH); m/z (CI+, NH3) 254 (MNH/, 100%), 237 (MH+, 33), 146 (MH+-C,H" 9), 108 

(C,H,OH+, 34), 91 (C7H7+, 9). 
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23-Benzyloxy-7,12,19-trioxa-6,13,18-trioxotricosanoic acid benzyl ester (55). 

Method 1. 4 A molecular sieves, Novozyme 435® (0.020 g) and a solution of acid S6 (310 mg, 

1.31 mmol) in benzene (1.5 mL) were added to a solution ofalcoho149 (476 mg, 1.25 mmol) 

in benzene (1.5 mL) under an atmosphere of nitrogen, and the mixture stirred for 14 hours at 

60°C. TLC indicated many components and attempted isolation by flash column 

chromatography proved fruitless. 

Method 2. A solution of alcohol 49 (323 mg, 0.85 mmol) in dichloromethane (5 mL) was 

added to a solution of DCC (186 mg, 0.90 mmol), DMAP (12 mg, 0.10 mmol) and acid S6 

(200 mg, 0.85 mmol) in dichloromethane (5 mL) and the mixture stirred at ambient 

temperature for 20 hours. Volatile components were removed in vacuo and purification by 

flash column chromatography using gradient elution (1:10 - 1:2 ethyl acetate:petrol) gave 

diprotected derivative S5 as a colourless oil (146 mg, 0.24 mmol, 28%); Rr (1 : 1 ethyl 

acetate:petrol) 0.9; (Found: MH+, 599.3230. C34H..609 requires MH, 599.3220); vmax (thin 

film)/cm-1 2951,2860 (C-H str.), 1734 (br., C=O str.), 738, 699 (aromatic C-H def.); 5H (200 

MHz; CDCI3) 1.62-1.75 (16 H, m, 3 x CH2CH20COR, 4 x CH2CH2COOR, BnOCH2CH2), 
t I' I 

2.25-2.44 (8 H, m, 4 x CH2COOR), 3.49 (2 H, t, J 6, CH20Bn), 4.06-4.14 (6 H, m, 3 x 

CH20COR), 4.50 (2 H, s, ArCH20R), 5.11 (2 H, s, ArCH20COR), 7.20-7.38 (10 H, m, ArH); 

5e (75.5 MHz; CDCI3) 24.36, 25.29, 25.53, 26.26 (3 x CH2CH20COR, 4 x CH2CH2COOR, 

BnOCH£H2), 33.86, (CH2COOBn, 3 x CH2COOR), 63.81, 64.21, 66.19, 69.78 (BnOCH2, 3 
f .••.. 

x CH20COR), 72.98 (ArCH20R), 77.20 (ArCH20COR), 127.62, 128.23, 128.40, 128.59, 

136.15, 138.58 (aromatic C), 173.32, (4 x COOR); mlz (FABj 599 (MH+, 1%), 201 

(H02CC4HsC02C4Hs+' 3), 91 (C7H7+, 100). 
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23-Hydroxy-7,12,19-trioxa-6,13,18-trioxotricosanoic acid (AB)2 (51). 

o . . 0 

HO~O~O~O~OH 
o 0 

10% Palladium on charcoal (20 mg) was added to a solution of 55 (120 mg, 0.20 mmol) in dry 

THF (3 mL) and the suspension stirred at ambient temperature under an atmosphere of 

hydrogen at atmospheric pressure for 2 hours. The mixture was filtered through Celite ® and 

the solvent removed in vacuo to give hydroxyacid 51 as a colourless oil (72.4 mg, 173 J.lmol, 

86%) which required no further purification; Rf (4:1 ethyl acetate:petrol) 0.2; (Found: MH+, 

419.2291. C2oH3409 requires MH, 419.2281); Vmax (thin film)/cm-1 3600-2400 (br., O-H str.), 

2959,2922,2854 (C-H str.), 1732 (C=O str., ester), 1713 (C=O str., acid), 1077 (C-O str.); OH 

(400 MHz; CDC13) 1.61-1.72 (16 H, m, CH2CH2COOH, 3 x CH2CH20COR, 3 x 

CH2CH2COOR, HOCH2CH2), 2.24-2.40 (8 H, m, CH2COOH, 3 x CH2COOR), 3.68 (2 H, t, J 

6, CH20H), 4.06-4.13 (6 H, m, 3 x CH20COR); Oc (100.6 MHz; CDCI3) 24.12, 24.30,24.35, 

24.39, 25.09, 25.31,29.06, 29.68 (~H2CH2COOH, 3 x ~H2CH20COR, 3 x CH2CH2COOR, 

HOCH£H2), 33.41, (~H2COOH), 33.87, 33.92 (3 x CH2COOR), 62.31 (HOCH2), 63.89, 

64.21 (3 x CH20COR), 173.32, 173.45, 173.49 (3 x COOR); m/z (FAB+) 419 (MH+, 22%), 

401 (MH+-H20, 7), 353 (15),201 (H02CC4HgC02C4Hg+, 23), 147 (H02CC4HgC02H/, 7), 55 

(C4H7+, 100); GPC analysis: elution time 14.3 minutes. 

Benzyl methyl adipate (57). 

, .. 
" , 

Benzyl alcohol (1.35 mL, 13.0 mmol) was added to a solution of adipic acid monomethyl 

ester 52 (2.00 g, 12.5 mmol), DCC (3.35 g, 16.3 mmol) and DMAP (170 mg, 1.39 mmol) in 
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dichloromethane (100 mL) under an atmosphere of argon at ambient temperature and the 

mixture stirred for 18 hours. The mixture was filtered and concentrated in vacuo. Purification 

by flash column chromatography using gradient elution (l: 10 - 1:4 ethyl acetate:petrol) gave 

the diester 57 as a colourless oil (2.74 g, 10.9 mmol, 88%); Rf (l:4 ethyl acetate:petrol) 0.75; 

(Found: MH+, 251.1286. C14H1S04 requires MH, 251.1283); Vmax (thin film)!cm- I 2953 (C-H 

str.), 1737 (C=O str.), 1080 (C-O str.), 737, 697 (aromatic C-H def.); 8H (200 MHz; CDC I) 

1.62-1.73 (4 H, m, BnOOCCH2(CH2)2CH2COOMe), 2.32-2.46 (4 H, m, 

BnOOCCH2CH2CH2CH2COOMe), 3.66 (3 H, s, COO~), 5.11 (2 H, s, ArCH20COR), 7.28-

7.42 (5 H, m, ArH); 8c (75.5 MHz; CDCI) 24.33 (BnOOCCH2(.CH2)2CH2COOMe), 33.63, 

33.87 (BnOOC.cH2CH2CH~H2COOMe), 51.47 (COO~), 66.19 (ArCH20COR) 128.23, 

128.59, 136.09 (aromatic .c), 173.16, 173.76 (.cOOMe, .cOOBn); mlz (CI+, NH3) 268 

(MNH/, 42%), 251 (MH+, 100), 160 (MH+-C7H7' 5), 145 (MH+-C7H7-Me, 7), 128 (MH+­

C7H70H-Me, 8), 108 (C7H70H+, 34), 91 (C7H/,28). 

7,12-Dioxa-6,13-dioxooctadecanedioic acid di(4-hydroxybutyl) ester (B(AB):z) (58). 

Butane-l,4-dioI4 (1.04 g, 11.5 mmol) and water (48 J.1L, 2.7 mmol- 4.68 glmol adipic acid) 

were added to adipic acid 3 (1.50 g, 10.3 mmol) and the mixture stirred at 40°C for 1 hour. 

Novozyme 435® (8.6 mg, = 0.835 g/mol adipic acid) was added and the mixture stirred for a 

further 2 hours at 40°C. The temperature was increased to 60 °C and stirring maintained 

under reduced pressure (100 ± 5 mbar) for 5.5 hours, whereupon a clear solution had formed; 

OPC analysis: Mn 307, Mw 678, Mw I Mn 2.2. The mixture was extracted into diethyl ether (50 

mL) and the solution decanted from the insoluble adipic acid. The ethereal solution was 

washed with potassium carbonate solution (sat. aq.) (2 x 10 mL) and water (5 mL), dried 

(magnesium s~lphate), filtered and volatile components removed in vacuo to give a colourless 

oil; OPC analysis: Mn 526, Mw 714, Mw! Mn 1.4. Preparative OPC was employed to remove 

BAB 15, giving a colourless oil, which OPC showed consisted of B(AB)2 58 plus small 
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amounts of higher weight B(AB)n-type oligomers; OPC analysis: elution time 13.7 minutes; 

Mn 880, Mw 969, Mw/Mn 1.1. 

Comparative polycondensation reactions (Section 2.1.3). 

Method 1: solvent-free systems 

Section 2,1,3,2 

Butane-l,4-dioI4 (1.04 g, 11.5 mrnol) and water (48 f.tL, 2.7 mmol, 1.9% w/w butane-l,4-diol 

ladipic acid, == 4,68 glmol adipic acid) were added to adipic acid 3 (1.50 g, 10.3 mmol) and the 

mixture stirred at 40°C for 1 hour. Novozyme 435® (8,6 mg, 0.34% w/w butane-l,4-

diol/adipic acid, == 0,835 g/mol adipic acid) was added and the mixture stirred for a further 4 

hours at 40°C, The temperature was increased to 60 °C and stirring maintained under reduced 

pressure (100 ± 5 mbar) for 17 hours, whereupon a clear, homogeneous material was formed; 

OPC analysis: Mn 1490, Mw 2227, Mw I Mn 1.5; constitution (by OPC) of AB 14: 3,0%, 

adipic acid 3: 0.3, butane-l,4-dioI4: 2.1. 

Section 2,1.3,3 

AB 14 (1.70 g, 7.8 mrnol) and water (37 f.tL, 2.1 mmol, 4.68 glmol AB) were stirred for 1 

hour at 40°C. Novozyme 435® (6.5 mg, == 0.835 glmol AB) was added and the mixture stirred 

for a further 4 hours at 40°C. The temperature was increased to 60 °c and stirring maintained 
I I:' . ..... . II 

under reduced pressure (100 ± 5 mbar) for 17 hours, whereupon a viscous, clear, 
, " 

homogeneous mixture had formed; OPC analysis: Mn 1008, Mw 1696, Mw I Mn 1.7; 

constitution of AB 14: 6.0%. 

AB 14 (25 mg, 0.12 mrnol), water (-1 f.tL, -55 J.1Il101, == 4.68 glmol AB) and butane-l,4-dioI4 
! , • I , 

. I .I.J 

(52 mg, 0.58 mmol) were stirred for 1 hour at 40°C. Novozyme 43~ (1.0 mg, • 0.835 glmol 

AB) was added and the mixture stirred for a further 4 hours at 40°C. The temperature was 

increased to 60 °C and stirring maintained under reduced pressure (100 ± 5 mbar) for 6 hours, 

whereupon a viscous, clear, homogeneous mixture had formed; OPC analysis: Mn 180, Mw 

336, Mw I Mn 1.9. 
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Section 2.1.3.4 

BAB 15 (1.19 g, 4.10 mmol) and water (19 JlL, 1.05 mmol,. 4.68 g/mol BAB) were stirred 
® ' 

for 1 hour at 40°C. Novozyme 435 (3.4 mg, • 0.835 g/mol BAB) was added and the mixture 

stirred for a further 4 hours at 40°C. The temperature was increased to 60 °C and stirring 

maintained under reduced pressure (100 ± 5 mbar) for 10 hours, giving a clear, homogeneous 

material; OPC analysis: starting material Mn 421, Mw 432, Mw I Mn 1.0; product Mn 432, Mw 

459, Mw I Mn 1.1. AB 14 (60 mg, 0.28 mmol) was added and the mixture stirred at 60°C for 4 

hours to give a clear colourless oil; OPC analysis: Mn 484, Mw 566, Mw I Mn 1.2. 

BAB 15 (33.4 mg, 0.012 mmol) and water (-0.5 mg, -0.028 mmol, == 4.68 g/mol BAB) were 

stirred in butane-l,4-dioI4 (51.8 mg, 0.058 mmol) for 1 hour at 40°C. Novozyme 435® (-0.1 

mg, == 0.835 g/mol BAB) was added and the mixture stirred for a further 4 hours at 40°C. 

The temperature was increased to 60 °C and stirring maintained under reduced pressure (100 

± 5 mbar) for 6 hours, whereupon a clear reaction mixture had formed. OPC analysis Mn 

165.92, Mw 295.63, Mw I Mn 1.78. 

Section 2.1.3.5 

(ABh 51 (50 mg, 0.119 mmol) and water (ca. 1 JlL, 56 Jlmol) were stirred for 1 hour at 40°C. 

Novozyme 435® (0.1 mg, == 0.835 g/mol (ABh) was added and the mixture stirred for a further 

4 hours at 40°C. The temperature was increased to 60 °C and stirring maintained under 

reduced pressure (100 ± 5 mbar) for 17 hours, giving a clear, homogeneous material; OH (300 

MHz; CDCI3) 1.50-1.75 (-11 H, m, HOCH2CH2, CH2CH2COOR, CH2CH20COR), 2.18-2.42 

(-6 H, m, CH2COOR), 3.68 (l H, t, J 6, CH20H), 3.96-4.18 (-6 H, m, CH20COR); Oc (75.5 

MHz; CDCI3) 24.11, 24.33, 25.10, 25.28 (HOCH~H2' ~H2CH2COOR, ~H2CH20COR), 
I, . \ . . I 'j, t'. ""I 

33.45, 33.81, (~H2COOR), 62.34 (~H20H), 63.86, 64.04 (~20COR), 173.39 ~OOR); 

OPC analysis: Mn 952, Mw 2056, Mw I Mn 2.2. 

Method 2: solvent-based systems 

Section 2.1.3.2: 

Adipic acid 3 (80.4 mg, 0.55 mmol) and Novozyme 435® (3.0 mg) were added to a solution of 

butane-l,4-dioI4 (49.6 mg, 0.55 mmol) in toluene (5 mL) and stirred at 60°C in a modified 
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Dean and Stark apparatus with activated 4 A molecular sieves for 21 hoW'S. Removal of the 

volatile components in vacuo gave a semi-crystalline white solid; OPC analysis: Mn 905, Mw 

1763, Mw / Mn 2.0. 
I 

Section 2.1.3 .3: 

AB 14 (120 mg, 0.55 mmol) and Novozyme 435® (3.0 mg) were added to sodium-dried 

toluene (5 mL) and stirred at 60°C for 22 hours in a modified Dean and Stark apparatus with 

activated 4 A molecular sieves. VolatHe components were removed in vacuo to give a semi­

crystalline white solid; OPC analysis: Mn 1471, Mw 3088, Mw I Mn 2.1. 

Section 2.1.3.4: 

BAB 15 (50 mg, 0.17 mmol) and Novozyme 435® (1.1 mg) were added to toluene (1 mL) and 

stirred at 60°C for 17 hours. Volatile components were removed in vacuo to give a semi­

crystalline colourless oil; OPC analysis: starting material Mn 421, Mw 432, Mw I Mn 1.0; 

product Mn 477~ Mw 1358, Mw I Mn 2.9 . 
. : 

Section 2.1.3.5: 

(AB)2 51 (12.1 mg, 29 /-Lmol) and Novozyme 43~ (0.1 mg) were added to toluene (0.3 mL) 

and stirred at 60°C for 17 hours in a modified Dean and Stark apparatus. Volatile components 
I 

were removed in vacuo to give a semi-crystalline colourless oil; OPC analysis: starting 

material Mn 629, Mw 507, Mw I Mn 1.2; product Mn 764, Mw 2129, Mw I Mn 2.8. 

Section 2.1.3.6: 

Novozyme 435® (0.1 mg) was added to a solution of B(AB)2 58 (6 mg) in toluene (0.5 mL) 

and the mixture stirred at 60°C for 6 hoW'S. Removal of volatile components in vacuo gave a 

semi-crystalline solid; OPC analysis: Mn 774, Mw 1348, Mw I Mn 1.7 . 

• • I 
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6-Benzyloxyhexan-l-ol (60). 

DMSO (60 mL) was added to sodium hydroxide pellets (6.96 g, 174 mmol) and stirred under 

an atmosphere of nitrogen for 15 minutes, giving a faintly yellow solution with some 

suspended solid. A solution ofhexane-l,6-dioI7 (17.1 g, 145 mmol) in DMSO (120 mL) was 

added over 10 minutes at ambient temperature and stirring maintained for a further 45 

minutes. A solution of benzyl chloride (9.2 mL, 80 mmol) in DMSO (30 mL) was added 
-

dropwise and the mixture stirred for 15 hours at ambient temperature. The mixture was poured 

into ice-water (400 mL) and extracted with diethyl ether (5 x 100 mL). The combined ethereal 

extracts were dried (magnesium sulphate), filtered through Celite® and the solvent was 

removed in vacuo giving the crude material as a colourless oil. Purification by flash column 

chromatography (3:2 ethyl acetate:hexane) gave the monoprotected derivative 60 as a 

colourless oil (6.95 g, 33.4 mmol, 42% based on benzyl chloride); Rr (3:2 ethyl 

acetate:hexane) 0.35; (Found: MH+, 209.1545. CI3H2002 requires MH, 209.1541); vm~ (thin 

film)/cm-I 3378 (br., O-H str.), 2935, 2860 (C-H str.), 736, 698 (aromatic C-H def.); aH (200 

MHz, CDCI3) 1.14-1.46 (8 H, m, BnOCH2(CH2)4CH20H), 2.18 (l H, s, OH), 3.29 (2 H, t, J 7, 

CH20Bn), 3.40 (2 H, t, J7.5, CH20H), 4.32 (2 H, s, ArCH20R), 7.08-7.17 (5 H, m, ArH); llc 

(75.5 MHz, CDCI3) 22.85, 23.43, 26.44, 29.78 (BnOCH2(CH2)4CH20H), 63.02 (CH20Bn), 

70.56 (.CH20H), 72.98 (ArCH20R), 127.54, 128.27, 129.51, 138.43 (aromatic C); mlz (CI+, 

NH3) 226 (MNH/, 55%), 209 (MH+, 100), 108 (C7H70H, 33), 91 (C7H:, 15). 
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12-Benzyloxy-6-oxa-5-oxododecanoic acid (62). 

Glutaric anhydride 61 (1.01 g, 8.85 mmol) and p-toluenesulphonic acid (5 mg, 30 J.1mol) were 

added to a stirred solution of60 (2.02 g, 9.70 mmoI) in benzene (30 mL) under an atmosphere 

of nitrogen, and the mixture heated under reflux for 18 hours. Volatile components were 

removed in vacuo and the crude product purified by flash column chromatography (3:7 ethyl 

acetate:petrol) to give the acid 62 as a colourless oil (1.46 g, 4.53 nunol, 52%); Rf (1: 1 ethyl 

acetate:petrol) 0.4; (Found: MH+, 323.1863. ClsH260S requires MH, 323.1858); vmax (thin 

film)!cm"1 3600-3100 (br., O-H str.), 2938, 2860 (C-H str.), 1734 (C=O str.), 737, 714 

(aromatic C-H def.); DH (200 MHz; CDCI3) 1.27-1.37 (4 H, m, 

BnOCH2CH2(CH2)2CH2CH20COR), 1.52-1.63 (4 H, m, BnOCH2CH2(CH2)2CH2CH20COR), 

1.88-1.95 (2 H, m, ROOCCH2CH2CH2COOH), 2.32-2.43 (4 H, m, 

ROOCCH2CH2CH2COOH), 3.45 (2 H, t, J 6.5, CH20Bn), 4.04 (2 H, t, J 6.5, CH20COR), 

4.49 (2 H, s, ArCH20R), 7.21-7.39 (5 H, m, ArH); Dc (75.5 MHz; CDCl3) 20.07, 20.26 

(BnOCH2CHzCHzCH2CH2CH20COR), 25.50, 25.59 (BnOCHzCH2(CH2)zCH2CH20COR), 

28.45 (ROOCCH:z,C.H2CH2COOH), 33.51, 33.06 (ROOCC.H2CH:z,C.H2COOH), 64.31 

(CH20Bn), 68.94 (CH20COR), 72.53 (ArCH20R), 127.34, 128.50, 129.67 (aromatic C), 

177.53, 173.82 (COOH, COOR); m/z (CI+, NH3) 340 (MNH/, 28%), 323 (MH+, 17), 232 

(19), 114 (CS~03+' 16), 108 (C7H70H+, 100),91 (C7H7+, 28). 

12-Hydroxy-6-oxa-5-oxododecanoic acid (63). 

10% Palladium on charcoal (15 mg) was added to a solution of 62 (329 mg, 1.02 nunol) in 

ethyl acetate (10 mL) and stirred at ambient temperature under an atmosphere of hydrogen at 
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atmospheric pressure for 19 hours. The solution was filtered through Celite® and volatile 

components removed in vacuo. Purification by flash column chromatography (4:1 ethyl 

acetate:petrol) gave acid 63 as a viscous colourless oil (169 mg, 0.73 nunol, 72%); Rf (4:1 

ethyl acetate:petrol) 0.45; (Found MNH/, 250.1653. CllH200S requires MNH4, 250.1655); 

Vmax (thin film)/cm-1 3600-2400 (br., O-H str.), 2940, 2863 (C-H str.), 1731 (br., C=O str.); OH 

(200 MHz; CDCl3) 1.31-1.68 (8 H, m, HOCH2(CH2)4CH20COR), 1.86-1.95 (2 H, m, 

ROOCCH2CH2CH2COOH), 2.33-2.40 (4 H, m, ROOCCH2CH2CH2COOH), 3.63 (2 H, t, J 

6.5, CH20H), 4.04 (2 H, t, J 6.5, CH20COR), 8.07 (2 H, br. s, OH); Oc (75.5 MHz; CDCl3) 

19.93, 20.16 (HOCH2CH2(CH2)2CH2CH20COR), 25.52, 25.65 

HOCH:&H2CH2CH:&H2CH20COR), 28.42 (ROOCCH:&H2CH2COOH), 32.95, 33.24 

(ROOCCH2CH£H2COOH), 62.55, 64.45 (HOCH2CH2CH2CH2CH2CH20COR) 173.26, 

177.39 (COOH, COOR); mlz (CI+, NH3) 250 (MNH/, 100%), 232 (MNH/-H20, 48), 116 

(CSHS03+' 18); OPC analysis: elution time 15.3 minutes. 

ll-Hydroxyundecanoic acid (19).102 

o 

OH 

II-Bromoundecanoic acid 64 (6.00 g, 22.6 nunol) and potassium hydroxide pellets (3.82 g, 

68.1 mmol) were dissolved in water (60 mL) and heated under reflux for 120 hours. The 

cooled solution was acidified to .... pH I using 4 M hydrochloric acid and the resultant white 

precipitate extracted into diethyl ether (2 x 100 mL). The combined etbereallayers were dried 

(magnesium sulphate), filtered and the solvent removed in vacuo to afford the hydroxyacid 19 

as a white amorphous solid which required no further purification (4.35 g, 21.5 nunoI, 95%), 

m.pt. 66.5-68.5 °C (lit. 102 65-67 °C); Rf (ethyl acetate) 0.25; (Found: MNH/, 220.1916. 

CllH220 3 requires MNH4, 220.1913); (Found: C, 65.45; H, 11.05. Calculated for ClIH220 3: C, 

65.3; H, 10.95%); vmax (Nujol)/cm-1 3300-2400 (br., O-H str.), 1713 (C=O str.), 1109 (C-O 

str.), 1069 (C-H str.); OH (200 MHz; CDC13) 1.26-1.48 (12 H, m, 

HOCH2CH2(CH2)6CH2CH2COOH), 1.48-1.75 (4 H, m, HOCH2C}L, C}LCH1COOH), 2.34 (2 

H, t, J 7.5, CH2COOH), 3.65 (2 H, t, J 6.5, CH10H); Oc (75.5 MHz; CDCI3) 24.62, 25.63, 
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28.95, 29.09, 29.26, 29.38 (HOCH2CH2(CH2)7CH2COOH), 32.67, 33.87 (HOCH~H2' 

CH2COOH), 63.03 (CH20H), 179.04 (COOH); m/z (CI+, NH3) 220 (MNH/, 100%), 202 

(MNH4+-H20, 18); GPC analysis: elution time 15.3 minutes. 

5-(tert-Butyldimethylsilyloxy )pentan-l-ol (66) and 1,5-di(terl-Butyldimethylsilyloxy) 

pentane. 

113DMSO~OH I I 113DMSO~0113DMS I 
Triethylamine (10.3 mL, 74 mmol) and DMAP (820 mg, 6.71 mmol) were added to a stirred 

solution of pentane-l,5-diol 65 (14.0 g, 134 mmol) in dichloromethane (100 mL) under an 

atmosphere of nitrogen at 0 °C. After 5 minutes a solution ofTBDMSCl (11.1 g, 73.9 mmol) 

in dichloromethane (60 mL) was added dropwise at 0 °C and the mixture stirred at ambient 

temperature for 16 hours. Volatile components were removed in vacuo and the resulting 

mixture purified by flash column chromatography using gradient elution (1:3 - 1: 1 ethyl 

acetate:petrol) to give the monoprotected derivative 66 as a colourless oil (10.1 g, 46.2 mmol, 

62% based on TBDMSCI) and diprotected derivative as a colourless oil (2.83 g, 8.51 mmol, 

23% based on TBDMSCI); Monoprotected derivative 66: Rf (1: 1 ethyl acetate:petrol) 0.5; 

(Found: MH+, 219.1781. Cl1H260 2Si requires MH, 219.1780); vmax (thin film)!cm-1 3347 (br., 

O-H str.), 2933, 2870 (C-H str.), 1471, 1255, 1100 (C-O str.), 837 (SiMe2 Si-C def.); 5H (200 

MHz; CDC}3) 0.02 (6 H, s, S~2)' 0.87 (9 H,'· s, SiC1k3), 1.35-1.64 (6 H, m, 

SiOCH2(CH2)3CH20H), 3.55-3.65 (4 H, m, CH20H, CH20Si); 5e (75.5 MHz; CDCI3) -5.38 

(Si~), 18.29 (SiCMe3), 21.99 (CH2CH2CH20Si), 25.91 (SiC1k3), 32.47 (CH2CH20H, 

CH2CH20Si), 62.91, 63.08 (CH20H, CH20Si); m/z (CI+, NH3) 219 (MH+, 100%), 92 (12). 

Diprotected derivative: Rf (I:1 ethyl acetate:petrol) 0.9; (Found: MH+, 333.2643. C17H4002Si2 

requires MH, 333.2645); Vmax (thin fllm)!cm"1 2932 (C-H str.), 1471, 1255, 1100 (C-D str.), 

835 (SiMe2 Si-C def.); 5H (200 MHz; CDCI3) 0.02 (12 H, s, 2 X S~2)' 0.87 (18 H, s, 2 X 

SiC~3)' 1.32-1.60 (6 H, m, SiOCH2(CH2)3CH20Si), 3.58 (4 H, t, J 6.5, 2 x CH2DSi); Oc 

(75.5 MHz; CDCI3) -5.33 (Si1k2), 18.32 (S~Me3)' 22.13 (CH2CH2CH20Si), 25.94 
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(SiC~3)' 32.66 (CH2CH20Si), 63.21 (CH20Si); mlz (CI+, NH3) 333 (MIt, 100%), 201 

(MH+-HOSiM~(CMe3)' 18). 

5-Benzyloxypentan-l-ol (67) and 1,5-di(benzyloxy)pentane. 

DMSO (200 mL) was added to sodium hydroxide pellets (6.38 g, 160 mmol) and stirred under 

an atmosphere of nitrogen for 30 minutes, giving a faintly yellow solution. A solution of 

pentane-l,5-diol 65 (15.1 g, 145 mmol) in DMSO (50 mL) was added dropwise over 10 

minutes at ambient temperature and stirring maintained for 1 hour. A solution of benzyl 

chloride (10.2 mL, 89 mmol) in DMSO (30 mL) was added dropwise and the mixture stirred 

for 15 hours at ambient temperature. The mixture was poured into .ice-water (400 mL) and 

extracted with diethyl ether (3 x 200 mL). The combined ethereal layers were dried 

(anhydrous magnesium sulphate), filtered through Celitetl and the solvent was removed in 

vacuo to give a colourless oil. Purification by flash column chromatography (3:2 ethyl 

acetate:hexane) gave monoprotected derivative 67 (12.6 g, 64.6 mmol, 73% based on benzyl 

chloride) and diprotected derivative (3.03 g, 10.6 mmol, 24% based on benzyl chloride) as 

colourless oils; Monoprotected derivative 67: Rc(l: 1 ethyl acetate:petrol) 0.4; (Found: MH+, 

195 1386. C12H1802 requires MH, 195.1385); Vmax (thin film)/cm"l 3398 (br., O-H str.), 2937, 

2862, (C-H str.), 1243, 1098 (C-O str.), 735, 698 (aromatic C-H def.); ali (300 MHz; CDCI3) 

1.40-1.50 (2 H, m, CH2CH2CH20H), 1.54-1.70 (4 H, m, BnOCH2C1i2CH2C1i2CH20H), 2.16 

(1 H, s, om, 3.49 (2 H, t, J 6.5, BnOCH2), 3.63 (2 H, t, J 6.5, C1i20H), 4.50 (2 H, s, 
, ... 

ArCH20R), 7.26-7.35 (5 H, m, ArH); ac (75.5 MHz; CDCI3) 22.39 (CH2CH2CH20H), 29.41, 

32.47 (BnOCH£H2CH£H2CH20H), 62.78 (CH20Bn), 70.28 (CH20H), 72.91 (ArCH20R), 

127.51, 127.64, 128.36, 138.65 (aromatic C); mlz (CI+, NH3) 195 (MIt, 100%), 108 

(C7H70H+, 23), 91 (C7H7+, 18). Diprotected derivative: Rr (1:1 ethyl acetate:petrol) 0.95; 

(Found: MH+, 285.1864. C19H2402 requires MH, 285.1855); vmax (thin film)/cm"l 3031,2937, 

2858, (C-H str.), 1240, 1099 (C-O str.), 735, 697 (aromatic C-H def.); ali (300 MHz; CDCh) 
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1.41-1.50 (2 H, m, BnOCH2CH2CH2), 1.59-1.68 (4 H, m, 2 x BnOCH2CH2), 3,,46 (4 H, t, J 

6.5, 2 x BnOCH2), 4.48 (4 H, s, 2 x ArCH20R), 7.25-7.36 (10 H, m, ArB); 8c (75.5 MHz; 

CDCl3) 22.79 (BnOCH2CH~H2)' 29.59 (BnOCH~H2)' 70.28 (BnOCH2), 72.81 

(ArCH20R), 127.43, 127.73, 128.31, 138.72 (aromatic C); m/z (CI+, NH3) 285 (MH+, 100%), 

108 (C7H70H+, 28), 91 (C7H/,42). 

S-Benzyloxypentanoic acid (68). 

Jones reagent was added dropwise over IS minutes to a solution of alcohol 67 (8.00 g, 41.2 

mmol) in acetone (150 mL) at 0 °C until an orange colour just persisted. The mixture was 
I 

stirred for 30 minutes at ambient temperature and the excess reagent destroyed by dropwise 

addition of methanol until a turquoise colour persisted. Volatile components were removed in 

vacuo, water (40 mL) was added to the residue and the mixture was extracted with ethyl 

acetate (2 x 200 mL). The combined organic layers were extracted With sodium bicarbonate 

solution (sat. aq.) (3 x 100 mL), and the combined aqueous layers acidified to - pH 4 using 2 

M hydrochloric acid, saturated with sodium chloride and extracted with ethyl acetate (3 x 150 

mL). The combined organic layers were dried (magnesium sulphate), filtered and 

concentrated in vacuo to give the acid 68 as a colourless oil (5.29 g, 25.4 mmol, 62%); Re(1:1 

ethyl acetate:petrol) 0.45; (Found: MH+, 209.1181. C12H1603 requires MH, 209.1178); Vmax 

(thin film)/cm-1 3700-2400 (br., O-H str.), 2940,2870 (C-H str.), 1702 (br., C=Q str.), 1102 

(C-O str.), 736, 698 (aromatic C-H def.); 8H (300 MHz; CDCI3) 1.65-1.78 (4 H, m, 

BnOCH2(CH2)2), 2.36-2.41 (2 H, t, J 7, CH2COOH), 3.48-3.52 (2 H, t, J 6, BnOCfu), 4.50 (2 

H, s, ArCH20R), 7.27-7.34 (5 H, m, ArH); 8c (75.5 MHz; CDCI3) 21.49 (BnOCH2CH~H2)' 
. . 

28.98 (BnOCH~H2)' 33.65 (CH2COOH), 69.73 (CH20Bn), 72.91 (ArCH20R), 127.57, 

127.65, 128.39, 138.50 (aromatic C), 179.47 (COOH); mlz (CI+, NH3) 209 (MH+, 81%), 191 

(MH+-H20, 12), 118 (MH+-C7H7' 100), 108 (C7H70H+, 23),91 (C7H,+, 17). 

170 



5-Benzyloxypentanoic acid, 5'-(tert-butyldimethyIsHyloxy)pentyl ester (69). 

~O~O~OTBDMS 
o 

Experimental 

A solution of alcohol 66 (4.76 g, 21.8 mmol) in dichloromethane (40 mL) was added to a 

suspension of acid 68 (4.54 g, 21.8 mmol), DCC (4.95 g, 24.0 mmol) and DMAP (27 mg, 2.2 

mmol) in dichloromethane (40 mL) at ambient temperature under an' atmosphere of nitrogen, 

and the mixture stirred for 20 hours at ambient temperature. The mixture was filtered and 

volatile components removed in vacuo. Purification by flash column chromatography (1:8 

ethyl acetate:petrol) gave the ester 69 as a colourless oil (7.39 g, 18.1 mmol, 83%); Rr (1:4 

ethyl acetate:petrol) 0.65; (Found: MH+, 409.2774. C23Rto04Si requires MH, 409.2774); Vmax 

(thin film)/cm-1 2933,2860 (C-H str.), 1738 (C=O str.), 1255, 1097 (C-O str.), 835 (SiMe2 Si­

C def.), 735, 697 (aromatic C-H def.); BH (300 MHz; CDCl3) 0.04 (6 H, s, S~2)' 0.89 (9 H, 

s, SiC~3)' 1.36-1.41 (2 H, m, SiOCH2CH2CH:v, 1.54-1.57 (2 H, m, SiOCH2CH2), 1.61-1.73 

(6 H, m, CH2CH20COR, BnOCH2(CH2)2), 2.32 (2 H, t, J 7, C~COOR), 3.48 (2 H, t, J 6, 

CH20Bn), 3.61 (2 H, t, J 6.5, CH20Si), 4.06 (2 H, t, J 6.5, CH20COR), 4.50 (2 H, s, 

ArCH20R), 7.27-7.35 (5 H, m, ArH); Be (75.5 MHz; CDCl3) -5.36 (S~2)' 18.29 (SiCMe3), 

21.77, 22.27 (SiOCH2(CH2)2), 25.91 (SiC~3)' 28.43, 29.16, 32.37 (CH2CH20COR, 

BnOCH2(CH2)2), 34.04 (CH2COOR), 62.90, 64.34 (CH20Bn, CH20Si), 69.85 (CH20COR), 

72.91 (ArCH20R), 127.53, 127.62, 128.38, 138.65 (aromatic C), 173.67 (COOR); m/z (CI+, 

NH3) 409 (MH+, 100%), 201 (CSHlOOSiMe2(CMe3t, 40), 191 (MH+­

HOCsHlOOSiMe2(CMe3), 24), 118 (22), 108 (C,H,OH+' 49),91 (C,H/,59). 
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5-Benzyloxypentanoic acid, 5'-hydroxypentyl ester (70). 

~O~O~OH 

TBAF (1.0 M solution in THF, 23.5 mL, 23.5 mmol) was added to a solution of 69 (7.39 g, 

18.1 mmol) in THF (120 mL) at ambient temperature, and the solution stirred for 5 hours at 

ambient temperature. Diethyl ether (200 mL) was added and the solution washed with brine 

(40 mL). The organic phase was dried (magnesium sulphate), filtered and concentrated in 

vacuo to give a pale yellow oil. Purification by flash column chromatography using gradient 

elution (1:3 - 1: 1 ethyl acetate:petrol) gave alcohol 70 as a colourless oil (4.26 g, 14.5 mmol, 

80%); Rf (1:4 ethyl acetate:petrol) 0.1; (Found: MH+, 295.1912. C17H2604 requires MR, 

295.1909); (Found: C, 69.25; H, 9.05. Calculated for C17H2604: C, 69.35; H, 8.9%); Vmax (thin 

film)!cm"l 3431 (br., O-H str.), 2940, 2863 (C-H str.), 1732 (C=O str.), 1240, 1098 (C-O str.), 

736, 698 (aromatic C-H def.); OH (300 MHz; CDCI3) 1.40-1.48 (2 H, m, HOCH2CH2CH2), 

1.55-1.78 (8 H, m, HOCH2CH2CH2CH2CH20COR, BnOCH2(CH2h), 2.33 (2 H, t, J 7.5, 

CH2COOR), 3.49 (2 H, t, J 6, CH20Bn), 3.63 (2 H, t, J 6, CH20H), 4.08 (2 H, t, J 6.5, 

CH20COR), 4.50 (2 H, s, ArCH20R), 7.27-7.35 (5 H, m, ArH); Oc (75.5 MHz; CDCI3) 21.75, 

22.18, 28.40, 29.12, 32.22 (HOCH2(.CH2)3CH20COR, BnOCH2(CH2)2), 34.01 (CH2COOR), 

62.59 (CH20H), 64.17 (CH20Bn,), 69.82 (CH20COR), 72.88 (ArCH20R), 127.53, 127.61, 

128.36, 138.56 (aromatic C), 173.68 (COOR); mlz (CI+, NH3) 295 (MH+, 100%), 187 (MH+. 

C7H70H, 23), 118 (MH+ -C7H7-CsHIOO, 92), 108 (C7Hi>H\ 17). 
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II-Benzyloxy-6-oxa-7-oxoundeeanoic acid (71). 

Jones reagent was added dropwise over 30 minutes to a solution of alcohol 70 (4.09 g, 13.9 

mmol) in acetone (100 mL) at 0 °c until an orange colour just persisted. The mixture was 

stirred for 30 minutes at ambient temperature and the excess reagent destroyed by dropwise 

addition of methanol until a turquoise colour persisted. Volatile components were removed in 

vacuo, water (20 mL) was added to the residue and the mixture was extracted with ethyl 

acetate (2 x 200 mL). The combined organic layers were extracted with sodium bicarbonate 

solution (sat. aq.) (3 x 100 mL), and the combined aqueous layers acidified to - pH 4 using 2 

M sulphuric acid, saturated with sodium chloride and extracted with ethyl acetate (3 x 200 

mL). The combined organic layers were dried (magnesium sulphate), filtered and 

concentrated in vacuo to give the acid 71 as a colourless oil (1.79 g, 5.86 mmol, 42%); Rr{l:1 

ethyl acetate:petrol) 0.3; (Found: MH+, 309.1706. C17H240S requires MH, 309.1702); vmax 

(thin film)/cm-1 3500-2400 (br., O-H str.), 2954, 2870 (C-H str.), 1733 (C=O str., ester), 1708 

(C=O str" acid), 1098 (C-O str.), 737, 698 (aromatic C-H def.); BH (300 MHz; CDCI3) 1.66-

1.78 (8 H, m, BnOCH2(CH2b RCOOCH2(CH2h), 2.31-2.45 (4 H, m, CH2COOH, 

CH2COOR), 3.49 (2 H, t, J 6, BnOCH2), 4.08 (2 H, t, J 6, CH20COR), 4.50 (2 H, s, 

ArCH20R), 7.26-7.34 (5 H, m, ArB); Be (75.5 MHz; CDC}3) 21.16, 21.68 (BnOCH2CH:&H2, 

eH2CH2COOH), 27.94, 29.05 (BnOCH:&H2' RCOOCH:&H2), 33.38, 33.93 (eH2COOR, 

eH2COOH), 63.71 (CH20Bn), 69.75 (CH20COR), 72.83 (ArCH20R), 127.52, 127.61, 

128.34, 138.49 (aromatic e), 173.67 (eOOR), 179.03 (COOH); mlz (CI+, NH3) 309 (MH+, 

4%),201 (MH+-C7H70H, 3), 191 (MH+-HOOCC4HsOH,6), 91 (C7H/, 100). 
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Il-Hydroxy-6-oxa-7-oxoundecanoic acid (72). 

HO~O~OH 
o 0 

10% Palladium on charcoal (0.30g) was added to a solution of 71 (1.33 g, 4.31 mmol) in ethyl 

acetate (30 mL) and the suspension stirred at ambient temperature under an atmosphere of 

hydrogen at atmospheric pressure for 60 hours. The mixture was filtered through Celite ® and 

the solvent removed in vacuo. Purification by dry flash chromatography76 using gradient 

elution (1:1 ethyl acetate:petrol- ethyl acetate) gave hydroxyacid 72 as a colourless oil (328 

mg, 1.50 mmol, 35%); Rf (1:10 glacial acetic acid:ethyl acetate) 0.25; (Found: MH+, 

219.1233. CIOH180S requires MH, 219.1233); vmax (thin film)/cm- I 3500-2400 (br., O-H str.), 

2951 (C-H str.), 1729 (C=O str., ester), 1713 (C=O str., acid); OH (400 MHz; CDCI) 1.57-

1.75 (8 H, m, HOCH2(CH2h, (CH2)2CH20COR), 2.29-2.40 (4 H, m, CH2COOH, 

CH2COOR), 3.66 (2 H, t, J 6.5, CH20H), 4.09 (2 H, t, J 6.5, CH20COR), 6.28 (2 H, br. s, 

OH); Oc (100.6 MHz; CDCI) 21.13, 21.28, 28.00, 31.84 (HOCH2(CH2)2' (CH2)2CH20COR), 

33.26, 33.91 (CH2COOH, CH2COOR), 62.28 (CH20H), 63.83 (CH20COR), 173.73, 177.83, 

(COOR, COOH); m/z (CI+, NH) 236 (MNH/, 24%), 219 (MH+, 10), 175 (MH+-C02, 8), 118 

(HOC4H8C02H+, 100), 101 (HOC4H8CO+, 24); OPC analysis: elution time 15.4 minutes. 

I1-Benzyloxy-6-oxa-7-oxoundecanoic acid, 5'-(tert-butyldimethylsilyloxy)pentyl ester 

(73). 

o . 
~O~O~O~OTBDMS 

o 0 

A solution of alcohol 66 (29.8 mg, 136 ~mol) in cllchloromethane (2 mL) was added to a 

solution of acid 71 (50.0 mg, 162 ~mol), DCC (37.1 mg, 180 ~mol) and DMAP (2.5 mg, 20 

~mol) in dichloromethane (2 mL) at ambient temperature under an atmosphere of nitrogen, 
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and the mixture stirred for 20 hours at this temperature. The mixture was filtered and volatile 

components removed in vacuo. Purification by flash column chromatography using gradient 

elution (petrol - 1:6 ethyl acetate:petrol) gave the diester 73 as a colourless oil (49.3 mg, 97 

J.lmol, 71%); Rdl:4 ethyl acetate:petrol) 0.45; (Found: MH+, 509.3303. C28H.806Si requires 

MH, 509.3298); Vmax (thin film)/cm-1 2956,2860 (C-H str.), 1738 (C=O str.), 1249, 1097 (C­

° str.), 835 (SiMe2 Si-C def.), 734, 697 (aromatic C-H def.); BH (300 MHz; CDCIJ) 0.05 (6 H, 

s, Si~2)' 0.91 (9 H, s, SiC~3)' 1.37-1.45 (2 H, m), 1.50-1.57 (2 H, m) and 1.63-1.78 (10 H, 

m, CH2CH2CH20COR, 2 x CH2CH20COR, 2 x CH2CH2COOR, BnOCH2CH2, SiOCH2CH2), 

2.31-2.36 (4 H, m, 2 x CH2COOR), 3.49 (2 H, t, J 6, CH20Bn), 3.62 (2 H, t, J 6.5, CH20Si), 

4.06-4.10 (4 H, m, 2 x CH20COR), 4.50 (2 H, s, ArCH20R), 7.28-7.35 (5 H, m, ArH); Be 

(75.5 MHz; CDCIJ) -5.39 (Si~2)' 18.25 (Si,CMeJ), 21.43, 21.71, 22.23, 28.06, 28.39,29.12, 

32.32 (SiOCH2(CH2)2, 2 x CH2CH20COR, 2 x CH2CH2COOR, BnOCH~H2)' 25.88 

(SiC~3)' 33.71,33.94 (2 x CH2COOR), 62.85 (CH20Bn), 63.73 (CH20Si), 64.41, 69.79 (2 

x CH20COR), 72.86 (ArCH20R), 127.50, 127.58, 128.34, 138.60 (aromatic C), 173.33, 

173.57 (2 x COOR); mlz (FAB~ 509 (MH+, 2%), 215 (4), 115 (SiMe2(CMe3t, 14), 91 

(C7H7+, 98). 

ll-Benzyloxy-6-oxa-7-oxoundecanoic acid, S'-hydroxypentyl ester (74). 

TBAF (1.0 M solution in THF, 80 J.lL, 80 J.lmol) was added to a solution of 73 (31.2 mg, 61 

J.lmol) in THF (1.5 mL) at ambient temperature, and the solution stirred for 19 hours at 

ambient temperature. Diethyl ether (20 mL) was added and the solution washed with water (3 

mL). The organic phase was dried (magnesium sulphate), filtered and concentrated in vacuo 

to give a colourless oil. Purification by flash column chromatography (1: 1 ethyl 

acetate:petrol) gave alcohol 74 as a colourless oil (18.6 mg, 47 J.lmol, 77%); Rr (1:1 ethyl 

acetate:petrol) 0.55; (Found: MNH.+' 412.2715. C22HJ406 requires MNH", 412.2699); Vmax 

(thin film)/cm-1 3446 (br., O-H str.), 2939, 2865 (C-H str.), 1733 (C=O str.), 1244, 1098 (C-O 
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str.), 736, 698 (aromatic C-H def.); BH (300 MHz; CDC I) 1.40-1.76 (14 H, m, 2 x 

CH2CH2COOR, 2 x CH2CH20COR, HOCH2(CH2)2, BnOCH2CH2),. 2.31-2.35 (4 H, m, 2 x 

CH2COOR), oJ.49 (2 H, t, J 6, BnOCH2), 3.65 (2 H, t, J 6.5, CH20H), 4.06-4.11 (4 H, m, 2 x 

CH20COR), 4.50 (2 H, s, ArCH20R), 7.28-7.35 (5 H, m, ArH); Be (75.5 MHz; CDCI) 21.44, 

21.74,22.22,28.08,28.41,29.13, 32.25, 33.75, 33.98 (2 x CH2CH20COR, HOCH2(CH2)2, 2 

x (CH2)2COOR, BnOCH~H2)' 62.64 (CH20H), 63.77 (CH20Bn,), 64.29, 69.82 (2 x 

CH20COR), 72.90 (ArCH20R), 127.54, 127.62, 128.37, 138.59 (aromatic C), 173.37, 173.65 

(2 x COOR); mlz (CI+, NH3) 412 (MNH/, 3%), 395 (MH+, 1), 265 (1), 187 (MH+­

C,H70C4HgCOOH, 3), 118 (HOC4HgCOOH+, 100%). 

17 -Benzyloxy-6,12-dioxa-7,13-dioxoheptadecanoic acid (75). 

o 
~o~O~O~OH 

o 0 0 

Jones reagent (2 drops) was added to a solution of alcohol 74 (15.2 mg, 39 J.1mol) in acetone 

(1 mL) at 0 °C whereupon an orange colour just persisted. The mixture was stirred for 15 

minutes at 0 °C and 15 minutes at ambient temperature and the excess reagent destroyed by 

dropwise addition of methanol (2 drops) whereupon a turquoise colour persisted. Volatile 

components were removed in vacuo, water (2 mL) was added and the mixture extracted with 

ethyl acetate (15 mL). The organic layer was dried (magnesium sulphate), filtered and 

concentrated in vacuo to give acid 75 as a colourless oil (13.2 mg, 32 J.1mol, 84%); Rr (ethyl 

acetate) 0.45; (Found: MH+, 409.2229. C22H320, requires MH, 409.2226); Vmax (thin film)/cm" 

1 3600-2400 (br., O-H str.), 2958, 2874 (C-H str.), 1735 (C=O str., ester), 1708 (C=O str., 

acid), 1098 (C-O str.), 739, 698 (aromatic C-H def.); BH (300 MHz; CDC 1) 1.64-1.73 (12 H, 

m, BnOCH2CH2, 2 x CH2CH2COOR, CH2CH2COOH, 2 x CH2CH20COR), 2.30-2.41 (6 H, 

m, 2 x CH2COOR, CH2COOH), 3.49 (2 H, t, J 6, BnOC&), 4.05-4.12 (4 H, m, 2 x 

CH20COR), 4.50 (2 H, s, ArCH20R), 7.26-7.35 (5 H, m, ArH); Be (75.5 MHz; CDCl) 21.17, 

21.38, 21.66, 27.91, 28.01, 29.04 (BnOCH~H2' 2 x CH2CH2COOR, CH2CH2COOH, 2 x 

CH2CH20COR), 33.l7, 33.68, 33.93 (2 x CH2COOR, CH2COOH), 63.76, 63.80, 69.79 
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(CH20Bn,2 x CH20COR), 72.87 (ArCH20R), 127.63, 127.72, 128.44, 138.56 (aromatic C), 

173.43, 173.78 (2 x COOR), 177.73 (COOH); mlz (CI+, NH3) 409 (MH+, 0.25%), 265 (0.5), 

218 (MH+-C7H70C4HsCO, 0.8), 191 (C7H70C4HsCO+, 1.2), 118 (HOC4HsCOOH+, 100). 

17-Hydroxy-6,12-dioxa-7,13-dioxoheptadecanoic acid (76). 

HO~O~O~OH 
000 

10% Palladium on charcoal (10 mg) was added to a solution of7S (12.1 mg, 30 f.1mol) in ethyl 

acetate (0.5 mL) and the suspension stirred at ambient temperature under an atmosphere of 

hydrogen at atmospheric pressure for 25 hours. The mixture was filtered through Celite ® and 

the solvent removed in vacuo to give hydroxyacid 76 as a colourless oil (5.5 mg, 17 f.1mol, 
- ' , ., ,. • ~ I 

57%); Rr (1:10 glacial acetic acid:ethyl acetate) 0.3; ~H (200 MHz; CDCI3) 1.64-1.75 (12 H, 
.. -, . 

m, HOCH2CH2, 2 x CH2CH2COOR, CH2CH2COOH, 2 x CH2CH20COR), 2.30-2.48 (6 H, m, 

2 x CH2COOR, CH2COOH), 3.69 (2 H, t, J 6.5, CH20H), 4.06-4.16 (4 H, m, 2 x CH20COR); 

~c (100.6 MHz; CDCI3) 20.94, 21.27, 21.45, 28.05, 29.69, 31.87 (HOCH~H2' 2 x 

CH2CH2COOR, CH2CH2COOH, 2 x CH2CH20COR), 33.00, 33.15, 33.74 (2 x CH2COOR, 

CH2COOH), 62.30 (CH20H), 63.85, 63.98 (2 x CH20COR); mlz (ct, NH3) 118 

(HOC4HsCOOH+, 100%). OPC analysis: elution time 14.8 minutes. 

S-Hydroxypentanoic acid (77). 

HO~OH I 
10% Palladium on charcoal (40.0 mg) was added to a solution of 68 (300 mg, 1.44 mmol) in 

ethyl acetate (10 mL) which had been passed through a plug of neutral alumina. The 

suspension was stirred at ambient temperature under an atmosphere of hydrogen at 

atmospheric pressure for 40 hours. TLC indicated the formation of a large amount of two non-
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polar components as well as some highly polar material. The mixture was filtered through 

Celite® and the solvent removed in vacuo. Purification by dry flash chromatography76 using 

gradient elution (1:1 ethyl acetate:petrol - ethyl acetate) gave only mixed fractions of non­

polar materials which were not characterised. 

Poly(12-hydroxy-6-oxa-5-oxododecanoic acid). 

AB mimic 63 (128 mg, 0.55 mmol) and Novozyme 435® (3.0 mg) were added to sodium-dried 

toluene (5 mL) and stirred at 60°C for 22 hours in a modified Dean and Stark apparatus with 

activated 4 A molecular sieves. Volatile components were removed in vacuo to give a semi­

crystalline white solid; OPC analysis: Mn 1657, Mw 3174, Mw I Mn 1.9. 

Poly(ll-hydroxyundecanoic acid). 

Method 1: II-Hydroxyundecanoic acid 19 (2.00 g, 9.89 mmol) and water (40 I-lL) were stirred 

at 70°C for 30 minutes. Novozyme 43~ (7.4 mg) was added and the mixture stirred at 70°C 

for 4 hours. Stirring was then maintained under reduced pressure (100 ± 5 mbar) at 70°C for a 

further 17 hours to give a colourless liquid which solidified to a hard white waxy solid; 8H 

(200 MHz; CDCI3) 1.20-1.45 (-9 H, m, (CH2)6CH2CH2COOH, (CH2)6CH2CH2COOR), 1.50-

1.75 (-3 H, m, HOCH2CH2' CH2CH2COOH, CH2CH2COOR), 2.25-2.38 (1.4 H, m, 

CH2COOH, CH2COOR), 3.64 (0.27 H, t, J 6.5, CH20H), 4.05 (1.00 H, t, J 6.5, CH20COR); 

Be (75.5 MHz; CDCI3) 24.67, 24.97, 25.88, 28.63, 29.19, 29.33 «.CH2)7CH2COOH, 

(CH2)7CH2COOR), 33.64, 34.37 (HOCH;zCH2' CH2COOH, ,CH2COOR), 63.05 (,CH20H), 

64.38 (CH20COR), 174.04 (COOR); OPC analysis: Mn 1437, Mw 2372, Mw I Mn 1.7. 

Method 2: Novozyme 435® (3.0 mg) was added to II-hydroxyundecanoic acid 19 (111 mg, 

0.55 mmol) and toluene (5 mL) and the mixture stirred at 60°C for 22 hours. Volatile 

components were removed in vacuo to give a white waxy solid; OPC analysis: Mn 533, Mw 

1336, Mw I Mn 2.5. 

I 
~ . " 
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Poly(ll-hydroxy-6-oxa-7 -oxoundecanoic acid). 

Method 1: ll-hydroxy-6-oxa-7-oxoundecanoic acid 72 (52.8 mg, 0.24 mmol) was dissolved 

in toluene (2.2 mL) and stirred at 60°C for 30 minutes. Novozyme 43~ (1.3 mg) was added 

and the mixture stirred at 60°C for 22 hours. Volatile components were removed in vacuo to 

give a colourless semi-crystalline material; OPC analysis: Mn 797, Mw 2347, Mw I Mn 2.9. 

Method 2: II-hydroxy-6-oxa-7-oxoundecanoic acid 72 (95 mg, 0.44 mmol) and water (3 ~L) 

were stirred at 40 °e for 1 hour. Novozyme 435~ (0.4 mg) was added and the mixture stirred at 

40 °e for 4 hours. Stirring was then maintained under reduced pressure (100 ± 5 mbar) at 60 

°e for a further 17 hours to give a colourless liquid. Samples were taken 1, 2, 4, 8 and 22 

hours after enzyme dosing; ope analysis (22 hours): Mn 887, Mw 1565, Mw I Mn 1.8. 

Equilibrium test experiment (Section 2.1.4.2). 

Butane-l,4-dioI4 (31.26 g, 0.346 mol) and water (1.46 mL, 0.08 mol) were added to adipic 

acid 3 (45.19 g, 0.309 mol) and the mixture stirred at 40°C for 1 hour. Chirazyme® (157 mg, 

0.21 % w/w butane-l ,4-diolladipic acid, == 0.508 glmol adipic acid) was added and the mixture 

stirred for a further 4 hours at 40 °e. The temperature was increased to 60°C and stirring 

maintained under reduced pressure (100 ± 5 mbar) for 17 hours. The mixture was stirred at 60 

°e for a further 8 hours at atmospheric pressure, then a partial vacuum (10 ± 3 mbar) was 

applied for 17 hours. Water (6.0 mL, 0.33 mol, 8% w/w butane-l,4-diolladipic acid) was 

added and the mixture stirred at 60°C at atmospheric pressure for a further 24 hours. A partial . . 
, j • ,I • 

vacuum (10 ± 3 mbar) was again applied for 24 hours. For OPC analyses, see Section 2.1.4.2. 

Polymerisation of diethyl adipate (79) with butane-l,4-diol (4) (Section 2.1.4.3). 

Butane-l,4-dioI4 (2.12 g, 23.5 mmol) and water (toO ~L) were added to diethyl adipate 79 

(4.25 g, 21.0 mmol) and the mixture stirred for 30 minutes at 40°C. Novozyme 435~ (17.5 

mg) was added and the mixture stirred at 40°C for 4 hours. The temperature was increased to 

60 °C and stirring maintained under reduced pressure (l00 ± 5 mbar) for 17 hours; OPC 

analysis: Mw 834, Mn 426, Mw I Mn 2.0. 
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Comparative polyol trials (Section 2.2.2.2) •. 

Adipic acid 3 (3.00 g. 21 mrnol) and water (100 J.tL) were added to the polyol under test (23.5 

mrnol) and the mixture stirred at 40°C for 1 hour. Novozyme 43S® (17.5 mg) was added and 

the mixture stirred at 40°C for 4 hours. The temperature was increased to 60 °C and stirring 

maintained under reduced pressure (100 ± 5 mbar) for 17 hours. 

Lipase recycling trials (Section 2.2.2.2). 

Adipic acid 3 (0.94 g. 6~6 mmol) and water (100 J.tL) were added to butane-l,4-dioI4 (0.67 g. 

7.4 mmol) and the mixture stirred at 40°C for 1 hour. A sample of Novozyme 43S® recovered 

from polyol trials (5.5 mg) was added and the mixture stirred at 40°C for 4 hours. The 

temperature was increased to 60 °C and stirring maintained under reduced pressure (100 ± 5 
( ~. t' • , " j.' 

mbar) for 17 hours. A control reaction using virgin Novozyme 43S® was run in tandem with 

the recycled lipases under test. 

Large scale polyol trials (Section 2.2.2.3). 

The polyol under test (0.346 mol) and water (1.46 mL, 0.08 mol) were added to adipic acid 3 

(45.19 g, 0.309 mol) and the mixture stirred at 40°C for 1 hour. Chirazyme® (157 mg) or 

Novozyme 43~ (230 mg) was added and the mixture stirred at 40°C for 4 hours. The 

temperature was increased to 60 °C and stirring maintained under reduced pressure (100 ± 5 

mbar) for 17 hours. The lipase used was removed by filtration and washed with hot acetone 

and dried under high vacuum for 2 hours at ambient temperature. The recovered lipase 

samples were subjected to kinetic assay activity measurements. 
, , , 

Enzyme kinetic assay method (Section 2.2.2.3).107 

Two vials, each containing oleic acid (4.000 g, 14.2 mmol) and hexan-l-01 (20 mL, 160 

mmol) were stirred at 40°C for 1 hour. To one was added a control dose of lipase and to the 

other the lipase sample under test (200 mg of each unless otherwise stated). The mixtures 

were stirred at 40°C for 1 hour. A 500 J.tL sample of each mixture was taken at this point and 
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then 15, 30, 45 and 60 minutes afterwards. Each sample was added to a solution of 

phenolphthalein (1 mL of a solution of 1 wt.% phenolphthalein in isopropanol) in isopropanol 

(20 mL) and titrated against 0.02 M sodium hydroxide solution. A plot of titre against time 

gives a SJIaight line for each sample; the ratio of the two gradients gives the activity of the test 

sample relative to the control. 

2-Chloro-l,3-propanediol (85).113 

HO~OH 
a 

Lithium aluminium hydride (2.74 g, 72.2 mmol) was added to THF (100 mL) at 0 °C with 

stirring under an atmosphere of nitrogen and stirring maintained for 30 minutes at 0 °C. 100% 

sulphuric acid (1.9 mL, 35.5 mmol) was added with extreme caution at 0 °C over 15 minutes. 

A solution of diethyl chloromalonate 86 (5.00 g, 26 mmol) in THF (30 mL) was then added 

dropwise at 0 °C. Stirring was maintained for 30 minutes at 0 °C and 14 hours at ambient 

temperature, whereupon TLC indicated the absence of starting material. Sodium sulphate 

solution (sat. aq.) (6 mL) was added and the inorganic salts were removed by filtration and 

washed with boiling THF (100 mL). The combined organic layers were dried (magnesium 

sulphate), filtered and concentrated in vacuo to give a colourless oil. IH NMR spectroscopy 

indicated that the diol 85 had not been formed. 

2-Chloro-l,3-dibenzyloxypropane (88). 

~O~O~ LV CI LV 

Benzyl alcohof (7.0 mL, 68 mmol)· was added to a solution of sodium hydride (60% 
/ 

dispersion in mineral oil, 2.85 g, 71.2 mmol) in DMF (100 mL) at 0 °C with stirring under an 

atmosphere of nitrogen, and stirring maintained for 30 minutes at ambient temperature. 1,2,3-
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trichloropropane 87 (3.6 rnL, 34 mmol) was added and the mixture heated under reflux for 11 

hours, whereupon TLC indicated only the presence of starting material. 

2-Chloro-l,3-diiodopropane (89). 

I~I 
CI 

Sodium iodide (50.5 g, 34 mmol) was added to a solution of 1,2,3-trichloropropane 87 (5.00 

g, 34 mmol) in acetone (250 rnL) at ambient temperature under an atmosphere of nitrogen. 

The mixture was heated under reflux for 16 hours, whereupon the mixture had become 

orange-red. IH NMR spectroscopy on the crude reaction mixture indicated that no iodine had 

been incorporated into the product. 

1,3-Di(trityloxy)-2-propanol (90). 

A solution of glycerol 83 (3.87g, 42.0 mmol) in DMF (20 mL) and triethylamine (12.5 mL, 90 
. ' ., 

mmol) were added to a stirred solution of trityl chloride' (24.0 g, 86.1 mmol) and DMAP (240 

mg, 1.96 mmol) in DMF (150 mL) under an atmosphere of nitrogen at 0 °C. The solution was 

stirred at 0 °C for 30 minutes then at ambient temperature for 12 hoUrs; completion of reaction 

was achieved by warming the mixture to 40°C for 90 minutes. The mixture was poured onto 

ice-water (200 mL) and extracted into dichloromethane (2 x 250 mL). The combined organic 

layers were washed with ammonium chloride solution (sat. aq.) (200 mL), water (600 mL) 

and dried (magnesium sulphate), filtered and concentrated in vacuo to give a pale yellow 

solid. Recrystallisation (ethyl acetate) gave the diprotected derivative 90 as white plates (18.9 

g, 32.7 mmol, 78%), m.pt. 171 °C; Rf (l:1 ethyl acetate:hexane) 0.8; (Found: C, 85.25; H, 6.3. 

Calculated for C41H3603: C, 85.4; H, 6.3%); vmax (Nujol)/cm-1 3486 (O-H str.), 305S, (C-H 
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str.), 1458, 1286, 1079 (C-O str.), 710,628 (C-H def., aromatic); aH (400 MHz; CDCI3) 2.28 

(1 H, d, J 5.5, OID, 3.24-3.26, 3.29-3.33, (2 x 2 H, m, 2 x CH20CPh3), 3.93-3.97 (1 H, m, 

CHOH), 7.21-7.26 (18 H, m, ArH), 7.37-7.39 (12 H, m, ArH); eSc (100.6 MHz; CDCI3) 64.53 

(CH20CPh3), 70.24 (CHOH), 86.65 (Ph~OR), 127.02, 127.83, 128.70, 143.86 (aromatic C); 

mlz (FAB) 577 (MH+, 0.09%), 243 (Ph3C+, 100), 165 (C13H9+, 32), 105 (C6HsCO+, 13). 

2-MethanesuJphonyloxy-l,3-di(trityloxy)propane (91). 

MetlUmesulphonyl chloride (2.60 g, 22.7 mmol) was added to a stirred solution of 90 (10.0 g, 

17.2 mmol) in pyridine (80 mL) under an atmosphere of nitrogen at 0 °c and the solution 

stirred at 0 °C for 30 minutes then at ambient temperature for 15 hours. The mixture was 

poured into ice-water (10 mL) stirred for 30 minutes at 0 °c, concentrated in vacuo and the 
, , , •• \ .! 

~esidue dissolved in diethyl eth~r (2 x 150 ~). The combined organic layers were washed 

with copper sulphate solution (sat. aq.) (3 x 30 mL) and water (20 mL) and the aqueous layers 

were back-extracted with diethyl ether (50 mL). The combined organic layers were dried 

(magnesium sulphate), filtered and concentrated in vacuo to give mesylate 91 as a white foam 

(11.3 g, 17.2 mmol, 100%) which required no further purification; Rr (3:7 ethyl 

acetate:hexane) 0.45; (Found: C, 76.9; H, 5.95. Calculated for C42H3S0SS: C, 77.0; H, 5.85%); 

Vmax (Nujol)/cm"l 3058 (C-H str.), 1448, 1353, (S=O str.), 1092 (C-O str.), 706, 632 (C-H def., 

aromatic); eSH (400 MHz; CDCI3) 2.95 (3 H, s, ~S020R), 3.34-3.42, (4 H, m, CH20CPh3), 

4.86 (1 H, quintet, J 5, CHOS02Me), 7.24-7.37 (30 H, m, ArH); eSc (100.6 MHz; CDCI3) r . , • . 

38.68 (~S020R), 63.01 (CH20CPh3), 80.77 (CHOS02Me), 87.20 (Ph3.c), 127.24, 127.97, 

128.65, 143.39 (aromatic C); mlz (FAB+) 654 (M+, 1.32%),577 (MHt-S02Me, 8),411 (M+­

Ph3C, 8), 243 (Ph3C+, 100), 165 (C13H/, 100), 105 (C6HsCO+, 99). 
, ' 
I 
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2-Chloro-l,3-di( trityloxy)propane (92). 

Anhydrous lithium chloride (1.95 g, 45.9 mrnol) and 12-crown-4 (2.45 mL, 15.3 mmol) were 

added to a stirred solution of91 (10.0 g, 15.3 mmol) in DMF (75 mL) under an atmosphere of 

nitrogen and the solution stirred at 100°C for 36 hours. The mixture was poured into ice­

water (250 mL) and extracted into dichloromethane (2 x 200 mL). The combined organic 

layers were washed with brine (100 mL), water (150 mL) and dried (magnesium sulphate), 

filtered and concentrated in vacuo to give a pale yellow solid. Recrystallisation 

(dichloromethane) gave the chlorinated derivative 92 as white needles (7.76 g, 13.0 mrnol, 

85%), m.pt. 181°C; Re(1:4 ethyl acetate:hexane) 0.8; (Found: C, 82.6; H, 6.15. Calculated for 

C41H3SCI02: C, 82.8; H, 5.95%); Vmax (CHC13)/cm"t 3063 (C-H str.), 1448, 1072 (C-O str.), 

704,632 (C-H def., aromatic); OH (300 MHz; CDCI3) 3.34-3.42 (4 H, m, CH20CPh3), 3.98 (1 

H, quintet, J 5.5, CHCI), 7.24-7.37 (30 H, m,ArH); Oc (75.5 MHz; CDCI3) 58.65 (CHCI). 

64.30 C.CH20CPh3). 86.82 (Ph3C), 127.12 127.91, 128.78, 143.82 (aromatic !:); mlz (FABl 

5941596 (M+, 0.3/0.1%), 517/519 (M+.C6Hs, 1.510.5),243 (Ph3C+, 100), 165 (C13H/, 40),105 

2-Chloro-l,3-propanediol (85).119 

, ' 

HO~OH 
CI 

2 M Hydrochloric acid (21 mL, 42 mmol) was added to a solution of 92 (2.70 g, 4.54 mmol) 

In ethanol (100 mL) and the solution stirred vigorously under reflux for 22 hours. Ethanol was 

removed in vacuo then the aqueous residue was saturated with sodium chloride and extracted 

with ethyl acetate (3 x 100 mL). The combined organic layers were dried (magnesium 

sulphate), filtered and concentrated in vacuo to give diol85 as a very pale yellow oil (412 mg, 
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3.73 mmol, 83%); Rf (1:1 ethyl acetate:hexane) 0.2; Vmax (thin film)!cm-1 3353 (br., O-H str.), 

2917,2873 (C-H str.), 1097 (C-O str.), 695 (C-CI str.); OH (300 MHz, DMSO-d6) 3.49-3.67 (4 

H, m, 2 x CH20H), 3.90 (1 H, quintet, J 5.5, CHCI), 4.98, (2 H, t, J 6, OH); oe (75.5 MHz, 

DMSO-d6) 62.59 (CH20H), 64.71 (~HCI). 

Polymerisation of diols (83), (84) and (85) (Section 2.2.2.5). 

Adipic acid 3 (0.43 g, 2.9 mmol) and water (20 ilL) were .added to the diol under test (3.3 

mmol) and the mixture stirred for 30 minutes at 40°C. Novozyme 435f} (2.5 mg) was added 

and the mixtures stirred for 4 hours at 40°C. The temperature was increased to 60 °c and 

stirring maintained under reduced pressure (100 ± 5 mbar) for 7 hours. 

Triethylamine dosing experiments (Section 2.2.3.1) 

Adipic acid 3 (10.00 g, 69 mmol), triethylamine (0.19 mL, 1.4 mmol) and water (0.32 mL) 
, ' 

were added to butane-l,4-dioI4 (6.92 g, 77 mmol) and the mixture stirred for 1 hour at 40°C. 

Novozyme 435® (51 mg) was added and the mixture stirred for 4 hours at 40°C. The 

temperature was increased to 60 °c and stirring maintained under reduced pressure (100 ± 5 

mbar) for 17 hours. An identical reaction was performed in tandem in the absence of 

triethylamine. The lipase from each reaction was removed by filtration, and that from the 

~ine-free reaction split into two eq~al portio~s,'~d ~~ iti repeat half-scale reactions ofth~ 
above; the lipase recovered from the amine-doped reaction was used in the same scale amine­

doped process. 

Comparative triethylamine! trioctylamine doped polymerisations. 

Adipic acid 3 (3.00 g, 21 mmol), triethylamine (0.06 mL, 0.4 mmol) and water (0.1 mL) were 

added to butane-IA-diol 4 (2.09 g, 23.5 mmol) and the mixture stirred for 1 hour at 40°C. 

Novozyme 435® (17.5 mg) was added and the mixture stirred for 4 hours at 40°C. The 

temperature was increased to 60 °c and stirring maintained under reduced pressure (100 ± 5 

mbar) for 17 hours. An identical reaction was performed in tandem in the presence of 

trioctylamine (0.19 mL, 0.4 mmol) instead of triethylamine. The lipase from each reaction 
! ' 
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was removed by filtration, washed and dried and used in repeat reactions of the above in the 

absence of amine. 

Test for free lipase leach in toluene (Section 2.2.3.2). 

Novozyme 43~ (3.0 mg) was stirred in anhydrous toluene (15 mL) at 60°C for 2 hours. The 

mixture was filtered and added to adipic acid 3 (500 mg, 3.4 mmol) and butane-I,4-diol 4 

(345 mg, 3.8 mmol) and the mixture stirred for 22 hours at 60 °e . 

. Toluene doping experiments. 

Adipic acid 3 (45.19 g, 309 mmol) and water (1.46 mL) were added to butane-I,4-diol 4 

(31.26 g, 347 mmol) and the mixture stirred for I hour at 40 °e. Novozyme 43~ (230 mg) 

was added and the mixture stirred for 4 hours at 40 °e. Identical reactions were performed in 

tandem in the presence of toluene (0.32 mL, Imol% wrt adipic acid; 1.65 mL, 5mol%; 6.60 

mL, 20mol%). The lipase samples were recovered and subjected to kinetic assay activity 

measurement. 

PTMEG (93) doping experiments (Section 2.2.3.3). 

Adipic acid 3 (45.19 g, 309 mmol) and water (1.46 mL) were added to butane-l,4-diol 4 

(31.26 g, 347 mmol) and the mixture stirred for 1 hour at 40 °e. Novozyme 435~ (230 mg) 

was added and the mixture stirred for 4 hours at 40 °e. Identical reactions were performed in 

tandem in the presence of PTMEG 93 (2.00 g, ..... lmol% wrt adipic acid; 4.00 g, ..... 2mol%; 

10.00 g, ..... 5mol%; 20.00 g, ..... 10mol%). The lipase samples were recovered and subjected to 

kinetic assay activity measurement. 
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Polytetramethylene ether dimethyl ether (94). 

MeO~O~oMe 
"'8 

Methyl iodide (25 mL, 0.40 mol) and silver (I) oxide (40.5 g, 0.18 mol) were added to a 

solution of -650 molecular weight PTMEG 93 (30.0 g, ..... 50 mmol) in acetonitrile (170 mL) 

under an atmosphere of nitrogen. The mixture was heated under reflux for 20 hours, cooled 

and filtered through Celite®, washing with ethyl acetate (2 x 20 mL). The solution was 

washed with sodium thiosulphate solution (sat. aq.), (20 mL) and dried (magnesium sulphate). 

Attempted decolourisation using Norit® followed by filtration was unsuccessful. 

Concentration of the solution in vacuo gave an orange-brown oil (26 g). Hexane (100 mL) 

was added and the solution decanted from the brown oily residue. The solution was filtered 

twice through Celite ® and twice through a pad of activated alumina to give a colourless 

solution which on concentrating in vacuo gave polyether 94 as a colourless oil (4.48 g, -6.6 

mmol, -13%); vmax (thin film)/cm-1 2944, 2857, 2738 (C-H str.), 1117 (C-O str.); 8H (300 

MHz; CDCI3) 1.58-1.64 (36 H, m, 2 x MeOCH2(CH2)2CH20R, 7 x ROCH2(C~)2CH20R}, 

3.33 (6 H, s, 2 x ~O), 3.34-3.44 (36 H, m, 18 x CH20R); 8c (75.5 MHz; CDCI3) 26.42 

(MeOCH~H2' ,CH2CH20R), 58.38 (~O), 70.53 (CH20R), 72.61 (MeO,CH2). 

Polytetramethylene ether dimethyl ether (94) doping experiments. 

Adipic acid 3 (8.66 g, 59.2 mmol) and water (0.28 mL) were added to butane-l,4-dioI4 (5.99 

g, 66.3 mmol) and the mixture stirred for 1 hour at 40°C. Novozyme 43~ (44.1 mg) was 

added and the mixture stirred for 4 hours at 40 °e. Identical reactions were performed in 

tandem in the presence of polytetramethylene ether dimethyl ether 94 (0.39 g, ..... lmol% wrt 

adipic acid; 3.85 g, -10mol%). The lipase samples were recovered and subjected to kinetic 

assay activity measurement, although meaningful results could not be obtained. 
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Unsaturated acid polymerisation trials (Section 2.3.2.1). 

Method 1: Butane-l,4-dioI4 (2.12 g, 23.5 nunol) and water (0.10 cm3
, 2.7 nunol) were added 

to the acid substrate (21.0 nunol) and the mixture stirred at 40 °C for 1 hour. Novozyme 435® 

(17.5 mg) was added and the mixture stirred for a further 4 hours at 40 °C. The temperature 

was increased to 60 °C and stirring maintained under reduced pressure (100 ± 5 mbar) for 17 

hoW'S (Table 30). 

substrate weight used I Mw Mn Mw /M• 
g 

maleic acid (101) 2.44 367 268 1.4 

fumaric acid (11) 2.44 150 140 1.1 

acetylene dicarboxylic acid 2.40 574 117 4.9 
(100) 

trans-3-hexenedioic acid (99) 3.03 251 182 1.4 

itaconic acid (98) 2.73 138 128 1.1 

Table 30 

substrate weight used I Mw Mn Mw/Mn 
mg 

maleic acid (101) 79 374 281 1.3 

fumaric acid (11) 79 132 122 1.1 

acetylene dicarboxylic acid 76 1166 496 2.3 
(100) 

trans-3-hexendioic acid (99) 98 603 229 2.7 

itaconic acid (98) 88 259 152 1.7 

Table 31 

Method 2: The acid substrate (0.68 nunot) was added to a solution of butane-l,4-diol 4 (69 

mg, 0.76 nunol) in toluene (5 mL) and stirred at 60 °C for 1 hour in a modified Dean and 

Stark apparatus with 4 A molecular sieves. Novozyme 435® (0.6 mg) was added and the 

mixture stirred for 22 hours. The mixture was concentrated in vacuo (Table 31). 
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Unsaturated diol polymerisation trials (Section 2.3.2.2). 

Method 1: The diol (23.5 mmol) and water (100 flL, 2.7 mmol) were added to adipic acid 3 

(3.00 g, 21.0 mmol) and the mixture stirred at 40°C for 1 hour. Novozyme 43S® (17.5 mg) 

was added and the mixture stirred for a further 4 hours at 40°C. The temperature was then 

increased to 60 °C and stirring maintained under reduced pressure (100 ± 5 mbar) for 17 hours 

(Table 32). 

substrate weight used I Mw Mn Mw/Mn 
g 

cis-but-2-ene-l A-diol (102) 2.07 358 207 1.7 

but-2-yne-l,4-diol (103) 2.02 175 158 1.1 

Table 32 

Method 2: Adipic acid 3 (100 mg, 0.68 mmol) was added to a solution of the polyol (0.76 

mmol) in toluene (5 mL) and stirred at 60°C for 1 hour in a modified Dean and Stark 

apparatus with 4 A molecular sieves. Novozyme 435® (0.6 mg) was added and the mixture 

stirred for 22 hours. The mixture was concentrated in vacuo (Table 33). 

substrate weight used I Mw 'Mn Mw/Mn 
mg 

cis-but-2-ene-l,4-diol (102) 67 841 315 2.7 

but-2-yne-l,4-diol (103) 65 326 145 2.3 

Table 33 

2-Allylpropane-I,3-diol (10S).134 

Lithium aluminium hydride (1.90 g, 50.1 mmol) was added to diethyl ether (50 mL) under an 

atmosphere of nitrogen at 0 °C and stirred for 30 minutes. A solution of diethyl allylmalonate 
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104 (8.00 g, 40.0 mrnol) in diethyl ether (30 mL) was added dropwise to the suspension at 0 

°C and the mixture stirred at ambient temperature for 18 hours. Sodium sulphate solution (sat. 

aq.) (4 mL) was added droPwise to the vigorously stirred mixture at 0 °C and the inorganic 

salts were removed by filtration and dissolved in water (40 mL). The aqueous mixture was 

saturated with sodium chloride and extracted with diethyl ether (2 x 250 mL). The combined 

organic layers were dried (magnesium sulphate), filtered and concentrated in vacuo to give a 

colourless oil. Purification by flash column chromatography using gradient elution (1: 1 ethyl 

acetate:hexane - ethyl acetate) gave the dioll05 as a colourless oil (3.52 g, 30.3 mrnol, 76%); 

Rf (1:1 ethyl acetate:hexane) 0.25; (Found: MH+, 117.0918. CJII202 requires MH, 117.0916); 

Vmax (thin film)/cm"1 3600-3100 (br., O-H str.), 3078, 2925 (C-H str.), 1640 (C=C str.), 1090 

(C-O str.); OH (200 MHz; CDCI3) 1.81-1.95 (1 H, m, CHCH20H), 2.03-2.10 (2 H, m, 

CH2CH=CH2), 2.77 (2 H, s, 2 x OH), 3.60-3.86 (4 H, m, 2 x CH20H), 5.01-5.04 (1 H, m) and 

5.06-5.13 (1 H, m, CH2CH=CH2), 5.80 (1 H, ddt, J 17, 10, 7, CH2CH=CH2); oe (75.5 MHz; 

CDCI3) 32.52 (~H2CH=CH2)' 41.83 (~HCH20H), 65.71 (~H20H), 116.62 (CH2CH=~H2)' 

136.29 (CH:z,CH=CH2); mlz (CI+, NH3) 134 (MNH/, 100%), 117 (MH+, 57), 99 (MH+-H20, 

42), 81 (MH+ -2H20, 28). 

Polyesterifications using diethyl allylmalonate (104) (Section 2.3.3.2). 

Method 1: Diethyl allylmalonate 104 (502 mg, 25.1 mrnol), butane-l,4-diol 4 (250 mg, 27.7 

mmol) and water (100 J.LL, 2.7 mrnol) were stirred at 40°C for 1 hour. Novozyme 43j® (2.1 

mg) was added and the mixture stirred for a further 4 hours at 40°C. The temperature was 

then increased to 60 °C and stirring maintained under reduced pressure (100 ± 5 mbar) for 17 

hours (Table 34). 

substrates system Mw Ma Mw/Ma 

diethyl allylmalonate (104) I Method 1 276 141 2.0 
butane-l,4-diol (4) (solvent-free) 

diethyl allylmalonate (104) I Method 2 447 131 3.4 
butane-l A-diol (4) (toluene-based), 

Table 34 

Method 2: Diethyl allylmalonate 104 (110 mg, 0.55 mmol) and butane-l,4-diol 4 (49.6 mg, 

0.55 mmol) were dissolved in toluene (5 mL) and stirred at 60°C for 1 hour in a modified 
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Dean and Stark apparatus with 4 A molecular sieves. Novozyme 435® (3.0 mg) was added and 

the mixture stirred for 22 hours. The mixture was concentrated in vacuo (Table 34). 

Poly(2-aUylpropanediyl adipate) (Section 2.3.3.2). 

Method 1 (enlSmatic): Adipic acid 3 (570 mg, 3.90 mmol), 2-allypropane-l,3-diollOS (500 

mg, 4.30 mmol) and water (-20 JlL) were stirred at 40°C for 30 minutes. Novozyme 435® (6.5 

mg) was added and the mixture stirred for a further 4 hours at 40°C. The temperature was 

increased to 60 °C and stirring maintained under reduced pressure (100 ± 5 mbar) for 17 hours 

. to give a viscous clear colourless mixture; BH (200 MHz; CDC}3) 1.62-2.38 (-12 H, m, 

(CH2)2COOR, CHCH20COR, CH2CH=CH2), 3.48-3.72 (-1 H, m, CH20H), 3.96-4.24 (-4 H, 

m, CH20COR), 5.05-5.11 (2 H, m, CH2CH=CH2)' 5.72-5.85 (1 H, m, CH2CH=CH2); 8e 

(100.6 MHz; CDC}3) 24.39, 32.58, 32.72, 33.75, 33.85, 37.06, 37.12, 40.26 «C,H2hCOOR, 

~HCH20COR, ~H2CH=CH2)' 60.30, 62.38, 63.75, 64.09 (~H20H, ~H20COR), 117.00, 

117.48 (CH2CH=~H2)' 134.86, 135.70 (~H=CH2)' 173.10 (~OOR); GPC analysis: Mn 863, 

Mw 1810, Mw I Mn 2.1. 

Method 2 (emymatic): Adipic acid 3 (100 mg, 0.68 mmol) was added to a solution of 2-

allylpropane-l,3-diollOS (79.0 mg, 0.68 mmol) in toluene (5 mL) and stirred at 60°C under 

nitrogen in a modified Dean and Stark apparatus with 4 A molecular sieves for 30 minutes. 

Novozyme 435® (3.7 mg) was added and the mixture stirred for a further 17 hours at 60°C. 

Removal of the volatile components in vacuo gave a semi-crystalline white solid; 8H (200 
I· \ ' 

MHz; CDC13) 1.572.52 (-15 H, m, CH2CH2COOR, CHCH20COR, CH2CH=CH2), 3.45-3.67 
. ' 

(-0.5 H, m, CH20H), 3.94-4.26 (-4 H, m, CH20COR), 5.02-5.16 (2 H, m, CH2CH=CH2), 

5.64-5.91 (1 H, m, CH=CH2); GPC analysis: Mn 878, Mw 1375, Mw I Mn 1.6. 

Method 3 (conventional): Adipic acid (126 mg, 0.86 mmol) 3 and 2-allylpropane-l,3-diol 

(150 mg, 1.29 mmol) 105 were charged to a 1 mL reactor. Titanium tetraisopropoxide (-12 

mg, -40 Jlmol, cat.) was added under an atmosphere of nitrogen, and the mixture stirred at 

200°C for 2 hours under a stream of nitrogen. The mixture was then stirred at 100 mbar at 

200°C for a further 4 hours, to give a yellow gel; BH (300 MHz; CDCI3) 1.63-2.36 (-11 H, m, 

(CH2)2COOR, CHCH20COR, CH2CH=CH2), 3.98-4.12 (-3.5 H, m, CH20COR), 5.04-5.10 

(2 H, m, CH2CH=CH2), 5.69-5.83 (1 H, m, CH=CH2); Be (75.5 MHz; CDCl3) 24.31 
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(ROOCCH2(CH2)2CH2COOR), 32.72, 33.74, 37.16 (CH2COOR, ~HCH20COR, 

~H2CH=CH2)' 63.87 (CH20COR), 117.51 (CH2CH~H2)' 134.93 (~H=CH2)' 173.14 

(COOR); OPC analysis: Mn 2091, Mw 5204, Mw / Mn 2.5. 

Poly(2-(1' ,2'-dihromopropyl)propanediyl adipate) (Section 2.3.3.3). 

Poly(2-allylpropanediyl adipate) (189 mg) was dissolved in ethyl acetate (20 mL) and the 

solution washed with sodium bicarbonate solution (sat. aq.) (2 x 4 mL), dried (magnesium 

sulphate), filtered and the solvent removed in vacuo to give hydroxyl-capped poly(2-

allylpropanediyl adipate) as a colourless oil (158 mg); OPC analysis: Mn 741, Mw 1702, Mw I 

Mn 2.3. This hydroxyl terminated material (49 mg) was dissolved in chloroform (2 mL) and a 

solution of bromine in chloroform (0.6 mL, 12 mmol in 10 mL) was added dropwise at 

ambient temperature until an orange colour persisted. The mixture was stirred for a further 15 
( ... , . 
minutes. Chloroform (3 mL) was added, the solution washed with sodium thiosulphate 

solution (sat. aq.) (2 mL), dried (magnesium sulphate), filtered and the solvent removed in 

vacuo to give a pale orange oil (115 mg); aH (300 MHz; CDCI3) 1.66-2.36 (-11 H, m, 

(CH2)2COOR, CHCH20COR, CH2CH(Br)CH2Br), 3.59-3.66 (1 H, m) and 3.89-3.93 (I H, m, 
, 

CH2CH(Br)CH2Br), 4.00-4.27 (-4.5 H, m, CH(Br)CH2Br, CH20COR); ae (75.5 MHz; 

CDCI3) 24.31 (~H2CH2COOR), 33.75, 35.57, 36.02, 36.50 (CH2COOR, ~HCH20COR, 

~H2CH(Br)CH2Br), 49.83 (CH2CH(Br)~H2Br), 62.59, 64.49 (~H(Br)CH2Br, ~H20COR), 

173 .09 (~OOR); OPC analysis: Mn 692, Mw 1656, Mw / Mn 2.4. 

Attempted cross-linking of Poly(2-(1',2'-dihromopropyl)propane-l,3-diyl adipate) 

(Section 2.3.3.3). 

Tributyltin hydride (0.18 mL, 0.65 mmol) was added to a stirred solution of poly(2-(1 '2'­

dibromopropyl)propane-l,3-diyl adipate) (114 mg) and AlBN (15.0 mg, 0.13 mmol) in 

toluene (5 mL) under an atmosphere of nitrogen at ambient temperature. The mixture was 

heated under reflux for 17 hours, whereupon a small amount of a black suspension was 

observed. The mixture was filtered and volatiles removed in vacuo. The residue was 

partitioned between acetonitrile (8 mL) and hexane (5 mL) and the acetonitrile layer washed 

with hexane (2 x 10 mL). Removal of acetonitrile in vacuo gave a colourless oil (64 mg); aH 
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(300 MHz; CDCI3) 1.10-2.45, ( .... 19 H, m), 3.46-4.20 (-6 H, m, CH20COR), 5.04-5.10 (2 H, 

m, CH2CH=CH2), 5.64-5.91 (1 H, m, CH=CH2); OPC analysis: Mn 358, Mw 1152, Mw / Mn 

3.2. 

Diethyl trans-3-hexenedioate (108). 

o OEt 
EtOJV-~ 

o 

DCC (7.22g, 35.0 mmol) and DMAP (100 mg, 0.82 mmol) were added to a solution of trans-

3-hexenedioic acid 99 (5.00 g, 34.7 mmol) and anhydrous ethanol (4.7 mL, 80 mmol) in dry 

dichloromethane (50 mL) under nitrogen at ambient temperature and the mixture stirred for 18 

hours. The mixture was filtered, washing with dichloromethane (20 mL). The organic solution 

was washed with 2 M hydrochloric acid (50 mL), sodium bicarbonate solution (sat. aq.) (50 

mL) and brine (50 mL), dried (magnesium sulphate), filtered and the solvent removed in 

vacuo to give the crude material as a pale yellow oil. Purification by flash column 

chromatography using gradient elution (hexane - 1:3 ethyl acetate:hexane) gave the diester 

108 as a colourless oil (2.04 g, 10.2 mmol, 29%); Rr (1:4 ethyl acetate:hexane) 0.65; (Found: 

M+, 200.1051. CIOH180 4 requires M, 200.1049); Vmax (thin film)/cm·1 2986,2942,2909 (C-H 

str.), 1738 (br., C=O str.), 1097 (C-O str.), 1025 (C-H str.); OH (200 MHz; CDCI3) 1.26 (6 H, t, 

J 7, 2 x COOCH~), 3.09 (4 H, dd, J 4, 1.5, 2 x CH2COOEt), 4.14 (4 H, q, J 7, 2 x 

COOCH2Me), 5.70 (2 H, tt, J 4, 1.5, 2 x CHCH2COOEt); oe (75.5 MHz; CDCl3) 14.04 

(COOCH~), 37.83 (CH2COOEt), 60.61 (COO.CH2Me), 126.03 (CHCH2COOEt), 171.68 

(COOEt); mlz (EI,) 200 (M+, 6%), 154 (M+-C2HsOH, 94), 127 (M+-C02Et, 94), 108 (M+­

fC2HSOH, 58). 

I ' .... 

193 



Experimental 

(±)-Diethyl trans-3,4-epoxyhexanedioate (109). 

~OEt 
EtO 0 

(:I:) 

m-CPBA (2.07 g, 12.0 mmol) was added to a solution of alkene 108 (1.59 g, 7.94 nunol) in 

dry dichloromethane (20 mL) at 0 °c under an atmosphere of argon, and the mixture stirred at 

ambient temperature for 91 hours. Dichloromethane (15 mL) was added and the mixture 

filtered. The solution was washed with sodium bisulphite solution (sat. aq.) (10 mL), sodium 

bicarbonate solution (sat. aq.) (40 mL) and brine (40 mL). The organic phase was dried 

(magnesium sulphate), filtered and the solvent removed in vacuo to give 109 as a pale yellow 

oil which gave yellow plates on standing (1.39 g, 6.43 nunol, 81%); Rf (1:4 ethyl 

acetate:petrol) 0.4; (Found: MH+, 217.1077. CU#160S requires MH, 217.1076); (Found: C, 

55.55; H, 7.5. Calculated for CIOHI60 S: C, 55.55; H, 7.5%); Vmax (thin film)/cm-1 2987 (C-H 

str.), 1728 (C=O str.), 1250 (C-O str., epoxide), 1097 (C-O str.); 3H (300 MHz; CDCIJ) 1.28 

(6 H, t, J7, 2 x COOCH~), 2.57-2.61 (4 H, m, 2 x CH2COOEt), 3.14 (2 H, ddd, J7, 2, 2, 2 

x CH(O)CH2COOEt), 4.19 (4 H, q, J 7, 2 x COOCH2Me); 3c (75.5 MHz; CDCIJ) 14.03 

(COOCH~), 37.36 (CH2COOEt). 53.71 (CH(O)CH2COOEt), 60.85 (COo.CH2Me), 170.23 
" I 'I." , 

(COOEt); mlz (CI+, NHJ) 234 (MNH/, 22%),217 ,(MH+, 79), 199 (MH+.H20, 100), 188 
~ , . . 

(± )-2-(2' ,3' -Epoxypropyl)propane-l,3-,diol (110). 

HOiOH 

(~O 

Method 1: m-CPBA (430 mg, 2.50 nunol) was added to a solution of 2-allylpropane-l ,3-diol. 

105 (230.8 mg, 1.99 nunol) in dichloromethane (10 inL) at 0 °C and stirred at ambient 

temperature for 48 hours. Dichloromethane (40 mL) was added and the mixture washed with 
" 
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sodium bisulphite solution (sat. aq.) (5 mL), sodium bicarbonate solution (sat. aq.) (2 x 10 

mL) and brine (5 mL), dried (magnesium sulphate), filtered and the solvent removed in vacuo 

to give a yellow oil. Mass spectrometry (CI+) indicated a large number of components of 

higher weight than the desired epoxide 110. 

2-Allyl-1,3-dibenzyloxypropane (111). 

THF (4 mL) was added to sodium hydride (60% dispersion in mineral oil, 207 mg, 5.12 

mmol) under an atmosphere of argon at 0 °c. A solution of diol10S,(150 mg, 1.29 mmol) in 

THF (2 mL) was added at 0 °C and the mixture stirred for 5 minutes at 0 °C and 30 minutes at 

ambient temperature. The mixture was cooled to 0 °c, then dry DMF (2 mL) was added 

followed by benzyl chloride (370 I-lL, 3.2 mmol) dropwise. The mixture was then stirred at 

ambient temperature for 15 hours. Water (1.5 mL) was added at 0 °c and the mixture 

extracted with diethyl ether (2 x 20 mL). The combined organic layers were dried (magnesium 

sulphate), filtered and concentrated in vacuo to give a yellow oil. Purification by flash column 

chromatography using gradient elution (petrol - 1:4 ethyl acetate:petrol) gave the dibenzylated 

derivative 111 as a colourless oil (293 mg, 0.99 mmol, 77%); Re(I:3 ethyl acetate:petrol) 0.9; 

(Found: MH+, 297.1854. C2oH2402 requires MB, 297.1855); vmax (thin film)/cm"' 3067,3031, 

2857 (C-H str.), 1640 (C=C str.), 1097 (C-O str.), 734, 695 (aromatic C-H def.); 8H (200 

MHz; CDCI3) 1.96-2.12 (1 H, m, CHCH20Bn), 2.20 (2 H, m, CH2CH=CH2), 3.47 (2 H, d, J 

1.5) and 3.50 (2 H, d, J 1.5, CH20Bn), 4.49 (4 H, s, ArCH20), 4.93-5.09 (2 H, m, 

~H2CH=CH2)' 5.76 (1 H, ddt, J 17, 11.5, 7, CH2CH=CH2), 7.24-7.35 (10 H, m, ArH); 8e 

(75.5 MHz; CDCI3) 33.18 (CH2CH=CH2), 39.38 (CHCH20Bn), 70.59 (,CH20Bn), 73.16, 

(AreH20), 116.25 (CH2CH=eH2), 127.49, 127.59, 128.36 (aromatic e), 136.74 

(CH~H=CH2)' 138.83 (aromatic C); mlz (CI+, NH3) 314 (MNH/, 22%), 297 (MH+, 100), 

205 (M+-C,H" 13), 108 (C,HsO+, 15),91 (C,H/,4). 
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(± )-I,3-DibenzyJoxy-2-(2',3' -epoxypropyl) propane (112). 

m-CPBA (88.0 mg, 0.51 mmol) was added to a solution of 111 (100 mg, 0.34 mmol) in dry 

dichloromethane (5 mL) at 0 °C under an atmosphere of nitrogen and the mixture stirred at 0 

°C for 1 hour then at ambient temperature for a further 42 hours. Dichloromethane (30 mL) 

was added and the solution washed with sodium bisulphite solution (sat. aq.) (5 mL), sodium 

hydrogen carbonate solution (sat. aq.) (to mL), and brine (5 mL). The organic solution was 

dried (magnesium sulphate), filtered and concentrated in vacuo to yield crude epoxide 112 as 

it pale yellow oil. Purification by flash column chromatography (1:3 ethyl acetate:petrol) gave 

tt2 as a colourless oil (56.1 mg, 0.18 mmol, 53%); Rf (1:3 ethyl acetate:petrol) 0.65; (Found: 

MH+, 313.1808. C2oH2403 requires MH, 313.1804); vmax (thin film)!cm"l 3087, 3064, 3032, 

2856 (C-H str.), 1258,914, 820 (C-O str., epoxide), 1093 (C-O str.), 736, 697 (aromatic C-H 

def.); OH (300 MHz; CDC13) 1.54-1.81 (2 H, m, CH2CH(O)CH2), 2.20 (1 H, quintet, J 6, 

CHCH20Bn), 2.41-2.44 (1 H, m) and 2.72 (1 H, dd, J 5,4, CH2CH(O)CH2), 2.94-3.02 (1 H, 

m, CH2CH(O)CH2), 3.46-3.61 (4 H, m, 2 x CH20Bn), 4.50 (4 H, s, ArCH20), 7.24-7.34 (10 

H, m, ArID; oe (75.5 MHz; CDCI3) 32.24 (CH2CH(O)CH2), 37.78 (CHCH20Bn), 47.19 

(CH2CH(O)CH2), 50.93 (CH2CH(O)CH2), 70.66 (CH20Bn), 73.16, (ArCH20), 127.57, 

128.36, 138.86 (aromatic C); mlz (CI+, NH3) 330 (MNH/, 78%), 313 (MH+, 58),205 (MH+. 

C7H70H2, toO), 108 (C7HsO+, 47), 91 (C7H7+, 52). 
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(±)-2-(2',3'-Epoxypropyl)propane-l,3-diol (110). 

HOiOH 

(~o 

Method 2: 10% Palladium on charcoal (10 mg) was added to a solution of (±)-I,3-

dibenzyloxy-2-(2',3'-epoxypropyl)propane 112 (53.9 mg, 173 J.lmol). in ethyl acetate (3 mL) 

and the suspension stirred under an atmosphere of hydrogen at atmospheric pressure at 

ambient temperature for 21 hours. The mixture was filtered through Celite I), eluting with ethyl 

acetate (5 mL) and the volatile components removed in vacuo to give pale yellow oil (21.6 

mg); Rf (1: 1 petrol:ethyl acetate 0.2). Spectroscopic data indicated epoxide had been fully 

hydrogenated to give 2-propylpropane-l,3-diol; OH (300 MHz; CDCI3) 0.92 (3 H, t, J 7, 

CHCH2CH;zhk), 1.18-1.27 (2 H, m, CHCH2CH2Me), 1.29-1.42 (2 H, m, CHCH2CH2Me), 

1.73-1.83 (1 H, m, CHCH2CH2Me), 2.74 (2 H, br. s,2 x CHCH20H), 3.61-3.67 (2 H, m) and 

3.78-3.83 (2 H, m, 2 x CHCH20H); OC (75.5 MHz; CDCI3) 14.19 (CHCH2CH~), 20.26 

(CHCH2CH2Me), 29.92 (CHCH£H2Me), 41.73 (CHCH2CH2Me), 66.47 (2 x CHCH20H); 

mlz (CI+, NH3) 136 (100%), 119 (19). 

Poly(butane-l,4-diyI3,4-epoxyadipate) (114) (Section 2.3.4.2). 

Method 1 (en:Q'matic): Butane-l,4-diol 4 (138 mg, 1.53 mmol) and water (-20 J'L) were 

added to diethyl 3,4-epoxyadipate 109 (300 mg, 1.39 mmol), and the mixture stirred at 40°C 

for 1 hour. Novozyme 435® (5.0 mg) was added and the mixture stirred for a further 4 hours at 

40°C. The temperature was increased to 60 °C and stirring maintained under reduced pressure 

(100 ± 5 mbar) for 17 hours, whereupon a pale yellow clear, homogeneous material was 

formed; OH (200 MHz; CDCI3) 1.28 (0.17 H, t, J 7, M.cCH20COR), 1.53-1.96 (1.30 H, m, 

RCOOCH2CH2, CH2CH20H), 2.52-2.72 (1.00 H, m, CH2COOR), 3.14 (0.45 H, t, J 5, 

CH(O)CH2COOCH2Me), 3.68 (0.19 H, t, J 6, C~OH), 4.08-4.24 (1.00 H, m, COOCH2Me, 
I " ' "'" ' : 

RCOOCH2); oe (75.5 MHz; CDCI3) 14.12 ~CH20COR), 25.15 (RCOOCH~H2' 
, 
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,CH2CH20H), 37.27 (CH2COOR), 53.65 .e,CH(O)CH2COOCH2Me), 64.34 (RCOO,CH2), 

170.16 (COOR). 

Method 2 (enzymatic): Butane-l,4-dio14 (31.3 mg, 0.35 mrnol) was added to diethyl 3,4-

epoxyadipate 109 (150 mg, 0.69 mrnol), and the mixture stirred at 30°C for 0.5 hour. 

Novozyme 435® (0.6 mg) was added and the mixture stirred for a further 19 hours at 30°C 

under reduced pressure (10 ± 3 mbar), whereupon a pale yellow clear, homogeneous material 

was formed; OPC analysis: Mn 316, Mw 629, Mw / Mn 2.0. 

Method 3 (conventional): Butane-l,4-diol 4 (62.5 mg, 0.69 mrnol), diethyl 3,4-epoxyadipate 

109 (100 mg, 0.46 mrnol) and titanium tetraisopropoxide (-7 mg, -20 J.1mol) were charged to 

a 1 mL reactor and the mixture stirred at 220°C for 0.5 hours under a stream of nitrogen, 

~hereupon a dark red colouration was obse.:ved. lH NMR spectroscopy showed impurity 

signals at -4.7, 6.1 and 6.9 ppm in addition to signals observed in Method 1. 

Cross-linking ofpoly(butane-l,4-diyI3,4-epoxyadipate) (Section 2.3.4.2). 

Hexamethylenediamine (14.0 mg, 0.12 mrnol) and ammonium chloride (53.0 mg, 0.99 mmol) 

were added to a solution of hexane washed poly(butane-l,4-diyl 3,4-epoxyadipate) 114 (117 

mg -0.12 mmol) in 1,2-dimethoxyethane:ethanol:water 3:3:2 (2 mL) and the stirred mixture 
• • , I ' 

heated under reflux for 3 hours. 1 H NMR spectroscopy showed the presence of the epoxide 

signal at 3.15 ppm, indicating that little or no cross-linking had taken place; OPC analysis: Mn 

890, Mw 1843, Mw / Mn 2.1. 

Poly(2-(I' ,2'-epoxypropyl)propane-l,3-diyl adipate) (Section 2.3.4.2). 

Hydroxyl terminated poly(2-allylpropane-l,3-diyl adipate) (150 mg) (OPC analysis: Mn 741, 

Mw 1702, Mw / Mn 2.3) was dissolved in dry dichloromethane (8 mL) under an atmosphere of 

nitrogen, m-CPBA (200 mg, 1.16 mmol) was added and the mixture stirred at ambient 

temperature for 48 hours. Dichloromethane (40 mL) was added and the mixture washed with 

sodium bisulphite solution (sat. aq.) (2 mL), sodium bicarbonate solution (sat. aq.) (IS mL) 

and brine (3 mL). The organic phase was dried (magnesium sulphate), filtered and the solvent 

1 
I. 
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removed in vacuo to give a colourless oil (125 mg); OH (200 MHz; CDCI3) 1.10-1.85 (-10 H, 

m, CH2CH2COOR, CHCH20COR, CH2CH(O)CH2), 2.14-2.45 (8 H, m, CH2COOR, 

CH2CH(O)CH(H», 2.70-2.76 (1 H, m, CH2CH(O)CH(H», . 2.86-2.98 (1 H, m, 

CH2CH(O)CH2), 3.36-3.70 (1 H, m, CH20H), 3.85-4.45 (-8 H, m, CH20COR); OPC 

analysis: Mn 943, Mw 1757, Mw / Mn 1.9. 

(± )-trans-Cyclohexane-l,2-dimethanol (116).139 

~OH 
V··· .. ,..,OH 

(:1:) 

Lithium aluminium hydride (4.40 g, 116 mmol) was added to THF (150 mL) under an 

atmosphere of argon at 0 °C and stirred for 30 minutes. A solution of 115 (5.00 g, 29.0 mmol) 

in THF (120 mL) was added to the suspension over 10 minutes and the mixture stirred under 

reflux for 18 hours. Sodium sulphate solution (sat. aq.) (2.5 mL) was added dropwise to the 

vigorously stirred mixture at 0 °C and the inorganic salts removed by filtration then washed 

with boiling THF (2 x 100 mL). The combined organic layers were dried (magnesium 

sulphate), filtered and concentrated in vacuo to give a white amorphous solid. Flash column 

chromatography (ethyl acetate) gave the diol116 as white plates (3.49 g, 24.2 mmol, 83%), 

m.pt. 60 °C (lit. IS2 61-62 °C); Rf (1:1 ethyl acetate:hexane) 0.2; (Found: M+, 144.1149. 

CSH160 2 requires M, 144.1150); (Found: C, 66.75; H, 11.25. Calculated for CSHI60 2: C, 66.6; 

H, 11.2%); Vmax (Nujol)/cm"l 3293 (O-H str.), 1052 (C-O str.), 1020, 960 (C-H def.); OH (300 

MHz; CDC13) 1.02-1.09 (2 H, m, 2 x CHaxHCH1CHCH10H), 1.17-1.36 (4 H, m, 2 x 

CHeqHCH2CHCH20H, 2 x CHaxHCHCH20H), 1.61-1.76 (4 H, m, 2 x CHCH20H. 

CHeqHCHCH20H), 3.06 (2 H, br. s, OH), 3.50-3.65 (4 H, m, 2 x C~OH); Oc (75.5 MHz; 

~DCI3) 26.08 (CH2CH2CHCH20H), 29.87 (CH1CHCH20H), 44.65 (CHCH20H), 67.81 
I ' .... i, .. : 
(CH20H); m/z (EI+) 144 (M+, 0.77%), 126 (M+-H20. 23), 108 (M+-2H20. 10),81 (72). 
I ~ 
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(± )-trans-Cyclohexane-I ,2-dimethanol ditosylate (117).140 

~OTS 
V,·.",.....OTS 

(z) 

Experimental 

A solution of 116 (800 mg, 5.55 mmol) in pyridine (7 mL) was added dropwise over 20 

minutes at 0 °c to a stirred solution of freshly recrystallised p-toluenesulphonyl chloride183 

(3.23 g, 16.9 mmol) in pyridine (5 mL) under an atmosphere of nitrogen and the mixture 

stirred at 0 °c for 3 hours then at ambient temperature for 2 hours. The mixture was poured 

onto ice-water (50 mL) and extracted with ethyl acetate (2 x 50 mL). The combined organic 

layers were washed with 1 M hydrochloric acid (150 mL), copper sulphate solution (sat. aq.) 

(15 mL) and brine (30 mL) and were dried (magnesium sulphate), filtered and concentrated in 

vacuo to give a colourless oil which yielded ditosylate 117 as white plates on standing (2.10 g, 

4.64 mmol, 84%), m.pt. 108°C (lit. 1S2 108°C); Rr (1:1 ethyl acetate:petrol) 0.75; (Found: 

MNH/, 470.1682. C22H2S06S2 requires MNHl , 470]671); (Found: C, 58.4; H, 6.25. 

Calculated for C22H2S06S2: C, 58.4; H, 6.25%); vmax (Nujol)/cm"1 1596, 1492 (C=C str., 

aromatic), 1352, 1177 (S=O str.), 1096 (C-O str.), 814 (C-H def., aromatic); OH (300 MHz; 

CDCI3) 1.14-1.16 (4 H, m, 2 x ClLxHCH2CHCH20S02Ar, 2 x CHaxHCHCH20S02Ar), 1.54 

(2 H, m, 2 x CHeqHCH2CHCH20S02Ar), 1.61-1.65, (4 H, m, 2 x CHCH20S02Ar, 2 x 

CHeqHCHCH20S02Ar), 2.46 (6 H, s, 2 x Ar~), 3.83-3.94 (4 H, m, 2 x CH20S02Ar), 7.36 

(4 H, d, J 8.5) and 7.75 (4 H, d, J 8.5, ArH); Oc (75.5 MHz; CDC}3) 21.61 (Ar~), 25.19, 

28.94 (CH:z,CH2CHCH20S02Ar), 37.89, (CHCH20S02Ar), 72.1~ (CH20S02Ar), 127.93, 

129.98, 132.91, 144.96 (aromatic C,); m/z (CI+, NH3) 470 (MNH/, 6%), 298 (MNH/­

C7HsS03,48), 126 (MNH/-2C7HsS03, 23), 109 (MH+·2C7HaS03, 100). 

, " 
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(±)-trans-Cyclohexane-l,2-diacetic acid (118).141 

~COOH 
V···",....COOH 

(:i:) 

Experimental 

Potassium cyanide (640 mg, 9.83 mmol) was added to a solution of 117 (1.50 g, 3Jl mmol) 

in DMSO (20 mL) under an atmosphere of nitrogen at ambient temperature and the mixture 

stirred at 90°C for 4 hours. The mixture was poured into ammonium chloride solution (sat. 

aq.) (20 mL) and extracted with dichloromethane (3 x 50 mL). The combined organic layers 

were washed with water (3 x 80 mL) and dried (magnesium sulphate), filtered and 

concentrated in vacuo to give the crude dinitrile as a pale yellow oil (0.54 g); Rr (1:3 ethyl 

acetate:petrol) OJ. The crude material was dissolved in ethanol (20 mL), 9 M potassium 

hydroxide (aq.) (4 mL) was added and the solution stirred vigorously at 90°C under reflux for 

100 hours. Ethanol was removed in vacuo and the aqueous solution acidified to pH -- 5 using 

2 M hydrochloric acid then extracted with ethyl acetate (2 x 40 mL). The combined organic 

layers were dried (magnesium sulphate), filtered and concentrated in vacuo to give diacid 118 

as a white amorphous solid (585 mg, 2.92 mmol, 88%), m.pt. 163-164 °c (lit. l84 167°C); Rr 

(1:3 ethyl acetate:hexane) 0.15; (Found: MNH/, 218.1394. C)()H160 4 requires MNH4, 

218.1392); (Found: C, 59.9; H, 8.0. Calculated for C)()H160 4: C, 60.0; H, 8.05%); Vmax 

(Nujol)/cm"I 3300-2400 (br., O-H str.), 1697 (C=O str.), 1078 (C-O str.); 8H (300 MHz; 

DMSO-d6) 0.97-1.09 (2 H, m, 2 x CHaxHCH2CHCH2COOH), 1.10-1.24 (2 H, m, 2 x 
: ' . ~. '.' ! 

CHaxHCHCH2COOH), 1.44-1.53 (2 H, m, 2 x CHCH2COOH), 1.59-1.75 (4 H, m, 2 x 

ClLqHCH2CHCH2COOH, 2 x CHeqHCHCH2COOH), 1.87-1.96 (2 H, m) and 2.38-2.47 (2 H, 

m, CH2COOH), 11.95 (2 H, br. s, OH); 8e (75.5 MHz; DMSO-d6) 25.56 

(CH2CH2CHCH2COOH), 31.96 (CH2CHCH2COOH), 38.46 (CHCH2COOH), 38.90 

(CH2COOH), 174.26 (.cOOH); mlz (CI+, NH3) 218 (MNH/, 100%),200 (MNH/-H20, 59), 

182 (MNH4 + -2H20, 20). 
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cis-Cyclohexane-l,l-dimethanol ditosylate (120).140 

~OTS 
~OTS 

Experimental 

A solution of 119 (795 mg, 5.51 mmol) in pyridine (10 mL) was added dropwise over 10 

minutes to a vigorously stirred solution of freshly recrystallised p-toluenesulphonyl 

chloride183 (4.00 g, 21.0 mmol) in pyridine (10 mL) at 0 °C under an atmosphere of nitrogen. 

Stirring was maintained at 0 °c for 2 hours then at ambient temperature for 1 hour. The 

mixture was poured into ice-water (25 mL) and extracted with ethyl acetate (2 x 25 mL). The 

combined organic layers were washed with 1 M hydrochloric acid (2 x 60 mL), copper 

sulphate solution (sat. aq.) (2 x 3 mL) and brine (10 mL) then dried (magnesium sulphate), 

filtered and ~oncentrated in vacuo to give a v~rY pale yellow oil which yielded ditosylate 120 

as colourless plates on cooling (1.39 g, 3.07 mmol, 56%), m.pt. 86-87 °C (lit.182 84-85 °C); Rr 

(1:3 ethyl acetate:petrol)O.4; (Found: MH+, 453.1405. C22H2806S2 requires MH, 453.1406); 

(Found: C, 58.65; H, 6.3. Calculated for C22H2806S2: C, 58.4; H, 6.25%); Vmax (Nujol)/cm·
1 

1595, 1492 (C=C str., aromatic), 1348, 1171 (S=O str.), 1096 (C-O str.), 817 (C-H def., 

aromatic); aH (300 MHz; CDCI3) 1.32-1.51 (8 H, m, 2 x CH2ClhCHCH20S02Ar), 1.98-2.12 

(2 H, m, 2 x CHCH20S02Ar), 2.46 (6 H, s, 2 x Ar~), 3.90 (4 H, d, J 7.0, 2 x CH20S02Ar), 

7.77 (4 H, d,J8.5) and 7.35 (4 H, d,J8.5, ArH); ae (75.5 MHz; CDC13) 21.63 (Ar~), 22.87, 

25.79 (~H~H2CHCH20S02Ar), 36.59 (~HCH20S02Ar), 70.35 (~H20S02Ar), 127.93, 
I . " 
I". t • ' 

130.00, 133.02 144.96 (aromatic ~); mlz (CI+, NH3) 453 (MH+, 4%), 281 (MH+-C1HaS03, 

18), 155 (C1H7S02+, 23), 109 (MH+- 2C1H8S03, 100), "91 (C1H1+, 41). 
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ciS'-Cyclohexane-l,2-diacetic acid (121):41 

~COOH 
~COOH 

Experimental 

Potassium cyanide (530 mg, 8.11 mmol) was added to a solution of 120 (1.25 g, 2.70 mmol) 

in DMSO (10 mL) under an atmosphere of nitrogen at ambient temperature and the mixture 

stirred at 90°C for 4 hours. The mixture was poured into ammonium chloride solution (sat. 

aq.) (20 mL) and extracted with dichloromethane (2 x 40 mL). The combined organic layers 

were washed with water (2 x 50 mL) then dried (magnesium sulphate), filtered and 

concentrated in vacuo to give the crude dinitrile as a pale yellow oil (450 mg); Rr (1:3 ethyl 
... . .. 

acetate:petrol) 0.3. The crude material was dissolved in ethanol (10 mL), 9 M potassium 
f t ,,,,.1-, .' .: 

hydroxide (aq.) (2 mL) was added and the solution stirred vigorously under reflux for 110 

hours. Ethanol was removed in vacuo and the aqueous solution acidified to pH - 5 using 2 M 

hydrochloric acid and extracted with ethyl acetate (2 x 30 mL). The combined organic layers 

were dried (magnesium sulphate), filtered and concentrated in vacuo to give diacid 121 as a 

white amorphous solid (443 mg, 2.21 mmol, 82%), m.pt. 161-162 °C (lit.18S 160-161 °C); Rr 

(1:3 ethyl acetate:hexane) 0.15; (Found: MNH/, 218.1396. C lOH160 4 requires MNH4, 

218.1392); vmax (Nujol)/cm-1 3400-2600 (br., O-H str.), 1691 (C=O str.), 1084 (C-O str.); 511 

(300 MHz; DMSO-d6) 1.24-1.52 (8 H, m, 2 x CH2CH2CHCH2COOH), 1.96-2.09 (2 H, m, 
, 

CHCH2COOH), 2.12 (2 H, d, J 1.5) and 2.14 (2 H, d, J 1.5, 2 x CaCOOH), 11.99 (2 H, br. s, 

OH); 5e (75.5 MHz; DMSO-d6) 22.93 (CH2CH2CHCH2COOH), 28.48 (CH2CHCH2COOH), 

35.04 (CH2COOH), 35.22 (CHCH2COOH), 174.23 (COOH); mlz (CI+, NH3) 218 (MNH/, 

100%),200 (MNH/-H20, 77),182 (MNH/-2H20, 29). 
,. . I' 
I.. .\" • 
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(± )-trans-Cyclohexane-l,2-diethanol (122). 

~OH 

V""',/'OH 
(±) 

Experimental 

Lithium aluminium hydride (119 mg, 3.14 mmol) was added to THF (4 mL) under an 

atmosphere of nitrogen at ambient temperature and stirred for 20 minutes. A solution of 118 

(150 mg, 0.75 mmol) in THF (4 mL) was added to the suspension over 10 minutes and the 

mixture stirred under reflux for 18 hours. Sodium sulphate solution (sat.aq.) (0.12 mL) was 

added dropwise to the vigorously stirred mixture at 0 °C. The inorganic salts were removed by 

filtration and washed with hot THF (10 mL). The combined organic layers were dried 

(magnesium sulphate), filtered and concentrated in vacuo to give a colourless oil, Flash 

column chromatography (2: 1 ethyl acetate:petrol) gave the diol122 as a colourless oil (93 mg, 

0.54 mmol, 72%); Rr (4:1 ethyl acetate:petrol) 0.15; (Found: MH+, 173.1543. C lOH200 2 

requires MH, 173.1542); Vmax (thin film)/cm"l 3328 (br., O-H str.), 2920, 2853 (C-H str.), 

1445, 1051 (C-O str.); &H (600 MHz; CDCI3) 0,95-1.02 (2 H, m, 2 x CHaxHCHCH2CH20H), 

1.16-1.24 (4 H, m, 2 x CHaxHCH2CHCH2CH20H), 1.34-1.41 (2 H, m, 2 x CHHCH20H), 

1.62-1.68 (2 H, m, 2 x CHeqHCHCH2CH20H), 1.76 (2 H, dt, J 13.5, 2.5, 2 x 

CHeqHCH2CHCH2CH20H), 1.84 (2 H, ddt, J 14.5, 7.5, 2.5, 2 x CHHCH20H), 2.46 (2 H, s, 

Om, 3.60-3.65 (2 H, m) and 3.68-3.73 (2 H, m, 2 x CH20H); Be (100.6 MHz; CDC13) 25.95 

(CH2CH2CHCH2CH20H), 31.97 (CH2CHCH2CH20H), . 36.24 (CH2CH20H), 38.34 

(CHCH2CH20H), 60.60 (CH20H); m/z (CI+, NH3) 173 (MH+, 100%), 155 (MH+-H20, 37), 

137 (MH+-2H20, 24). 
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cis--Cyclohexane-l,2-diethanol (123). 

~OH 

~OH 

Experimental 

Lithium aluminium hydride (77.0 mg, 2.03 mmol) was added to THF (4 mL) under an 

atmosphere of nitrogen at ambient temperature and stirred for 20 minutes. A solution of 121 

(97.2 mg, 0.49 mmol) in THF (4 mL) was added to the suspension over 10 minutes and the 

mixture stirred under reflux for 18 hours. Sodium sulphate solution (sat. aq.) (0.1 mL) was 

added dropwise to the vigorously stirred mixture at 0 °C and the inorganic salts were removed 

by filtration and washed with hot THF (10 mL). The combined organic layers were dried 

(magnesium sulphate), filtered and concentrated in vacuo to give a colourless oil. Flash 

column chromatography (ethyl acetate) gave the diol 123 as a colourless oil (45.3 mg,0.27 

mmol, 55%); Rr (4:1 ethyl acetate:petrol) 0.2; (Found: MNH/, 190.1807. C.oli2002 requires 

MNH4, 190.1807); Vmax (thin film)/cm-· 3321 (br., O-H str.), 2926, 2856 (C-H str.), 1054 (C-O 

str.); 8H (400 MHz; CDCI3) 1.37-1.42 (6 H, m, 2 x ,CH2CHaxHCHCH2CHlOH), 1.50-1.58 (6 

H, m, 2 x CHeqHCHCH2CH20H), 1.68-1.72 (2 H, m, 2 x CHCHlCH20H), 2.01 (2 H, br. s, 

OH), 3.59-3.74 (4 H, m, 2 x CHlOH); 8e (100.6 MHz; CDCI3) 24.19 

(CHlCH2CHCH2CH20H), 29.36 (CH2CHCH2CH20H), 33.17 (CH2CH20H), 36.26 

(CHCH2CH20H), 62.21 (CH20H); m/z (CI+, NH3) 190 (MNH/, 100%), 173 (MH+, 19). 
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(+)-(S,s}-trans-Cyclohexane-l,2-dicarboxylic acid di-(-)-quinine salt (124).143 

A boiling solution of {±)-trans-cyclohexane-l,2-dicarboxylic acid 115 (2.00 g, 11.6 mmol) in 

ethanol (20 mL) was slowly added to a hot solution of (-)-quinine (7.53 g, 23.2 mmol) in 

ethanol (45 mL). The solution was boiled and reduced to 40 mL, filtered through a fluted filter 

paper and allowed to cool to ambient temperature for 2 hours then cooled to 4 °C for 15 

hours. The white precipitate formed was separated by filtration and dried to give the crude salt 

(4.40 g). A second recrystallisation gave the salt 124 as a white solid (1.91 g, 2.33 mmol, 

20%). 

(+)-(S,S)-trans-Cyclohexane-l,2-dicarboxylic acid (115).143 

Quinine salt 124 (1.91 g, 2.33 mmol) was slowly added to an ice-cooled solution of sulphuric 

acid in water (1:4 v/v) (20 mL). Diethyl ether (30 mL) was added and the biphasic mixture 

~tirred vigorously under reflux at 50°C for 17 hours. The ethereal extract was dried 

(magnesium sulphate), filtered and concentrated in vacuo to give resolved diacid 115 as a 

white amorphous solid (340 mg, 1.97 mmol, 85%, 17% from racemic diacid); [a]D2S +16.3 

(acetone, c. 4.7) (73 % ee); lit. 143 [a]D30 +22.3 (acetone, c. 5.3). 
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Experimental 

Polymerisation of 1,2-cyclobexane diacids I diols. 

Method 1: The diacid (116 J.1mol) was added to a solution of diol (116 J.1mol) in toluene (1 

mL) in a modified Dean and Stark apparatus. Novozyme 43~ (3.0 mg) was added and the 

mixtures stirred at 60°C for 17 hours. Volatile components were removed in vacuo and the 

residue analysed by GPC. 

diacid diol Mw Mn Mw/Mn 

(±)-trans-l,2- butane-l,4-diol (4) 612 224 2.7 
cyclohexane diacetic 

acid (±)-(118) 
cis-I,2-cyclohexane butane-l,4-diol (4) 1690 830 2.0 
diacetic acid(121) 

adipic acid (3) (±)-trans-I,2- 1697 815 2.1 
cyclohexane 

dimethanol (±)-(116) 
. adipic acid (3) cis-l,2-cyclohexane 1537 463 3.3 

dimethanol (±)-(U9) 

Table 35 

Method 2: Adipic acid 3 (3004 mg, 208 J.1mol) was added to a solution of the diol (±)-116 

(30.0 mg, 208 J.1mol) in toluene (2 mL); 5 further identical reaction mixtures were made up. 

Novozyme 435® (3.0 mg) was added to each mixture, and the mixtures stirred at 60°C. 
I . 

Reactions were halted after 0.5, 1, 2.25, 4, 9 and 20 hours and sampled for GPC analysis (50 

J.1L). The remaining mixtures were filtered and the residual starting diol116 isolated by flash 

column chromatography using gradient elution (1:3 - 3:1 ethyl acetate:hexane). Acetic 

anhydride (2 drops) was added to solutions of the recovered dio" ( ..... 5 mg, ..... 35 J.1mol) in 

pyridine (0.5 mL) and the mixtures stirred for 15 hours at ambient temperature. Volatile 

components were removed in vacuo and the diacetates analysed by chiral GC. 

Method 3: Adipic acid 3 (1.52 g, lOA mmol) and water (SO J.1L) were added to the diol (±)-

116 (1.50 g, lOA mmol). The mixture was stirred for 30 minutes at 70°C and then Novozyme 

435® (9.0 mg) was added and the mixture stirred at 70°C for 48 hours at 100 ± 5 mbar, 

sampling for OPC and OC analysis after 0.5, 1, 2.25, 4, 22 and 48 hours. Isolation and 

derivatisation as for method 2. 
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Experimental 

Method 4: As method 2, but reactions stirred at ambient temperature., 

Method 5: Diacid {±)-118 (52.0 mg, 260 Jl.mol) was added to a solution of butane-l ,4-diol 4 

(23.4 mg, 260 Jl.mol) in toluene (2 mL) and stirred for 30 minutes at 60°C. Novozyme 435~ 

(3.0 mg) was added and the mixture stirred for 4 hours at 60°C, sampling after 0.5, 1,2 and 4 

hours for GPC and chiral GC analysis. Trimethylsilyl diazomethane (2 drops of a 2.0 M 

solution in hexane) was added to the GC samples (-5 mg) in toluene (0.5 mL) and left to 

stand for 30 minutes. Volatiles were removed in vacuo and the residues analysed by chiral 

GC. 

3-Cyclopentene-l,l-dicarhoxylic acid (133).151 

Lithium hydride (1.34 g, 168 mmol) was added in one portion to a stirred solution of dimethyl 

malonate 132 (8.80 g, 67 mmol) and DMPU (15 mL) in dry THF (100 mL) at 0 °C under an 

atmosphere of nitrogen. The nitrogen supply was disconnected and a gas bubbler attached. 

The mixture was stirred at 0 °C for 15 minutes then at ambient temperature for 3.5 hours 

when evolution of hydrogen had ceased. cis-l,4-Dichloro-2-butene (7.6 mL, 72 mmol) was 

added under an atmosphere of nitrogen and the mixture stirred at 40°C for 22 hours. Water 

(20 mL) was added dropwise at 0 DC followed by lithium hydroxide monohydrate (8.39 g, 200 

mmol) and the mixture stirred at ambient temperature for 20 hours. Water (150 mL) was 

added and the mixture stirred for 10 minutes then washed with ethyl acetate (4 x 200 mL). 

The organic phases were each back-extracted with brine (15 mL). The combined aqueous 

layers were acidified to .... pH 1 using 6 M hydrochloric acid (40 mL) and extracted with ethyl 

acetate (2 x 150 mL). The combined organic phases were washed with 2 M hydrochloric acid 

(2 x 100 mL) and brine (2 x 100 mL), dried (magnesium sulphate), filtered and concentrated 

in vacuo to give diacid 133 as a pale yellow amorphous solid (9.53 g, 61.0 mmol, 92%), m.pt. 

160-164 °C (lit. 160-163 oC,lSI 164-169 oC,J86 162-165 °CIS7
); Rr {1:9 
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Experimental 

methanol:dichloromethane) 0.1; (Found: MNH/, 174.0765. C7Hs04 requires MNH4, 

174.0766); (Found: C, 53.8; H, 5.15. Calculated for C7Hg0 4: C, 53.85; H, 5.15%); Vmax 

(Nujol)!cm-1 2926, 2856 (C-H str.), 1710 (br., C=O str.), 1463, 1062 (C-O str.); OH (200 MHz; 

CDC}3) 3.09 (4 H, s, 2 x CH2C(COOH)2)' 5.64 (2 H, s, 2 x CHCH2C(COOHh), 7.39 (2 H, br. 

s, 2 x COOH); Oc (75.5 MHz; CDCI3) 41.26 (!:H2C(COOH)v, 127.79 (!:HCH2C(COOH)2)' 

171.68 (!:OOH); mlz (ct, NH3) 174 (MNH/, 100%), 129 (MNH/-C02H, 65), 95 

(CSH6COH+, 78). 

3-Cyclopentenecarboxylic acid (134).151 

COOH 

6 
Diacid 133 (15.6 g, 99.9 mmol) was heated under reflux using a condenser fitted with a 

bubbler at 170°C for 1.5 hours, whereupon a brown liquid had formed and evolution of gas 

had ceased. The brown oil was then distilled under reduced pressure (b.pt. 82-84 °C I 3 

mmHg) (lit. 81-83 °c 11.7 mmHg1S1
, 83-84 °c 12 mmHg186

, 70°C 11 mmHglS7) using a 

short-path apparatus to give acid 134 as a clear, colourless oil (8.43 g, 75.2 mmol, 75%); Rr 

(ethyl acetate) 0.85; (Found: M+, 112.0526. C6Hg02 requires M, 112.0524); Vmax (thin 

film)!cm-1 3600-2300 (hr., O-H str:), 2922 (C-H str.), 1705 (hr., C=O str.), 1620 (C=C str.), 

1070 (C-O str.); OH (300 MHz; CDC}3) 2.68-2.71 (4 H, m, 2 x ClLCHCOOH), 3.17 (1 H, 

quintet, J7.5, CHCOOH), 5.68 (2 H, s, 2 x CHCH2CHCOOH); Oc (75.S MHz; CDCl3) 36.21 

(!:H2CHCOOH), 41.35 (1:HCOOH), 128.99 (1:HCH2CHCOOH), 182.31 (1:00H); mlz (EI+) 

112 (M\ 21%), 97 (CSH6C(H)OH2\ 23), 67 (~-C02H, 100). 
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Experimental 

Methyl 3-cyclopentenecarboxylate (135). 

COOMe 

6 
DCC (4.78 g, 23.2 mmol) and DMAP (220 mg, 1.80 mmol) were added to a solution of acid 

134 (2.00 g, 17.8 mmol) in methanol (15 mL) under an atmosphere of argon at ambient 

temperature and the mixture stirred for 21 hours. The mixture was filtered, washing with 

methanol (20 mL) and volatile components removed in vacuo. Purification by flash column 

chromatography (l : 1 0 ethyl acetate:hexane) gave the ester 135 as a colourless oil (1.27 g, 10.1 

mmol, 56%); Rc(l:10 ethyl acetate:hexane) 0.6; (Found: M+, 126.0680. C,H lO0 2 requires M, 

126.0681); Vmax (thin film)/cm"\ 3063 (C-H str., C=C), 2998, 2937, 2859 (C-H str.), 1742 

(C=O str.), 1619 (C=C str.), 1107 (C·O str.); OH (200 MHz; CDCl3) 2.63-2.68 (4 H, m, 2 x 

CH2CHCOOMe), 3.13 (1 H, quintet, J7.5, CHCOOMe), 3.70 (3 H, s, COO~), 5.66 (2 H, s, 

2 x CHCH2CHCOOMe); Oc (75.5 MHz; CDCI3) 36.27 (CH2CHCOOMe), 41.43 

(~HCOOMe), 51.72 (COO1k), 128.99 (CHCH2CHCOOMe), 176.83 (COOMe); mlz (Elj 

126 (M+, 24%),111 (M+.Me, 16),95 (M+-MeO, 20), 67 (M+-C02Me, 100). 

3-(Carbomethoxy)pentanedioic acid (131). 

HO~· 
HO 0 

A solution of ester 135 (400 mg, 3.17 mmol) in toluene (3 mL) was added dropwise to a 

solution of potassium permanganate (2.00 g, 12:7 mmol) and Aliquatt) 336 (60 mg, 0.15 

mmol) in water (4 mL) at 0 °C. The mixture was stirred for 30 minutes at 0 °C then warmed 

to ambient temperature and stirred for a further 1 hour. Sodium sulphite (sat. aq.) (20 mL) was 

added and the brown precipitate formed filtered off and washed with hot ethyl acetate (50 
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Experimental 

mL). The aqueous phase was acidified with 2 M hydrochloric acid, saturated with sodium 

chloride and extracted using the same ethyl acetate used to wash the precipitate. The organic 

phase was dried (magnesium sulphate), filtered and concentrated in vacuo to give the diacid 

131 as a colourless oil which formed white plates on standing (366 mg, 1.92 mmol, 61%); Rr 

(1:9 methanol:dichloromethane) 0.15; (Found: MNH/, 208.0823. C,H IO0 6 requires MNH4, 

208.0821); vmax (Nujol)/cm-1 3400-2200 (hr., O-H str.), 2677 (C-H str.), 1706 (hr., C=O str.), 

1057 (C-O str.); OH (300 MHz; CDCI3) 2.68 (2 H, dd, J 17,6.5) and 2.88 (2 H, dd, J 17, 7, 2 x 

CH2COOH), 3.28 (1 H, quintet, J 6.5, CHCOOMe), 3.74 (3 H, s, COOhk); Oc (75.5 MHz; 

CDCI3) 34.87 (CH2COOH), 36.96 (CHCOOMe), 52.46 (COOhk), 173.19 (COOMe), 176.73 

(COOH); m/z (ct, NH3) 208 (MNH/, 100%), 190 (MNH/-H20, 44). 

Multibranched polymerisation experiments (Section 2.3.6.3). 

substrate 1 substratel wt. substrate wt. substrate method wt. 
I/mg l/mg (vol. of Novoz,yme 

(no. mmol) (no. moles) solvent) 431' Img 
diethyl3- 1000 Method 1 20 

hydroxyglutarate - - (-) 
(128) 

diethyl3- ISO Method 2 3.0 
hydroxyglutarate - (0.73) - (5 mL) 

(128) 
diethyl3- butane-} ,4-diol 906 440 Method 1 3.7 

hydroxyglutarate (4) (4.44) (4.88) (-) 
(128) 

3-( carbomethoxy) butane-I,4-diol 150 107 Method 1 5.0 
pentanedioic acid (4) (0.79) (1.19) (-) 

(131) 
1,1,I-tris adipic acid (3) 54.0 100.0 Method 2 0.6 

(hydroxymethyl) (0.76) (0.68) (2mL) 
ethane (136) 

Table 36 

Method 1: The substrates were stirred at 40 °c for 30 minutes. Novozyme 43f'J was added and 

the mixture stirred for a further 4 hours at 40 °c. The temperature was increased to 60 °C and 

stirring maintained under reduced pressure (100 :i: 5 mbar) for 17 hours (Tables 36, 37). 

'" 
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Experimental 

Method 2: The substrates were mixed with toluene and stirred at 60 °c for 30 minutes. 

Novozyme 435® was added and the mixture stirred for a further 22 hours at 60 °C (Tables 36, 

37). 

substrate1 substrate2 method Mw Mn Mw/Mn 

diethyl3- Method 1 - - -
hydroxyglutarate - (solvent-free) 

(128) 
diethyl3- Method 2 199 155 1.3 

hydroxyglutarate - (toluene-based) 
(128) 

diethyl3- butane-l,4-diol Method 1 493 289 1.7 
hydroxyglutarate (4) (solvent-free) 

(128) 
3-(carbomethoxy) butane-} ,4-diol Method 1 
pentanedioic acid (4) (solvent-free) 

(131) 
l,t,t-tris adipic acid (3) Method 2 ,200 195 1.0 

(hydroxymethyl) (toluene-based) 
ethane (136) 

Table 37 

3-Acetoxy-2-allylpropan-I-ol (153) and 1,3-diacetoxy-2-allylpropane (152). 

ACO,OH 

(~I 

Vinyl acetate (0.22 mL, 2.4 mmol) and Novozyme 435® (5.0 mg) were added to a solution of 
I . ",I' 

12-allylpropane-l,3-diol 105 (40.0 mg, 344 J.1mol) in the chosen solvent system and stirred 

until TLC indicated that all the diol had been consUmed; monoacetate 153: Rr (1:1 ethyl 

acetate:petrol) 0.4; (Found: MH+, 159.1021. CgH140 3 requires MH, 159.1021); vmax (thin 

film)/cm-1 3423 (br., O-H str.), 3082, 2934 (C-H str.), 1642 (C=C str.), 1095 (C-O str.); 5H 

(400 MHz; CDCI3) 1.84-1.96 (1 H, m, CHCH20Ac), 2.04-2.16 (3 H, m, CHCH20H, 

CH2CH=CH2), 2.07 (3 H, s, ~COOR), 3.52 (1 H, dd, J 11, 5) and 3.60 (1 H, dd, J 11, 6, 

CHCH20H), 4.08 (1 H, dd, J 11, 6.5) and 4.18 (1 H, dd, J 11, 5, CHCfu0Ac), 5.03-5.10 (2 

H, m, CH2CH=CH2), 5.78 (1 H, ddt, J 17, 10, 7, CH2CH=CH2); 5c (100.6 MHz; CDC13) 

20.90 (~COOR), 32.59 (CH2CH=CH2), 40.23 (CHCH20H), 62.42 (CHCH20H), 64.24 
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(CH20Ac), 117.03 (CH2CH=CH2), 135.70 (CH~H=CH2)' 171.63 (MeCOOR); m/z (CI+, 

NH3) 176 (MNH/, 100%), 159 (MH+, 85), 141 (MH+-H20, 17),99 (MH+.CH2CO-H20, 5), 

81 (MH+-AcOH-H20, 5); diacetate 152: Rr (1:1 ethyl acetate:petrol) 0.85; (Found: MNH/, 

218.1395. ClOH160 4 requires MNH4, 218.1392); Vmax (thin film)/cm-1 3032, 2865 (C-H str.), 

1639 (C=C str.), 1095 (C-O str.); OH (200 MHz; CDCI3) 2.06 (6 H, s, 2 x McCOOR), 2.07-

2.22 (3 H, m, CHCH20Ac, CH2CH=CH2), 3.96-4.14 (4 H, m 2 x CH20Ac), 5.02-5.07 (1 H, 

m) and 5.08-5.15 (1 H, m, CH2CH=CH2), 5.76 (l H, m, CH2CH=CH2); Oc (75.5 MHz; 

CDCl3) 20.70 (McCOOR), 32.65 (CH2CH=CH2), 37.01 (CHCH20H), 63.85 (2 x CH20Ac), 

117.39 (CH2CH=CH2), 134.90 (CH2CH=CH2), 170.89 (MeCOOR); m/z (CI+, NH3) 218 

(MNH/, 100%), 141 (MH+-AcOH, 45),81 (MH+-2AcOH, 5). 

Asymmetrisation of 2-allylpropane-l,3-diol (105). 

solvent (volume / reaction temp./ % yield 
mL) time I h °C of (153) 

THF (0.50) 1.0 25 40 

THF (0.50)1 1.0 25 20 
triethylamine 

(0.03) 
THF (0.50)1 1.0 25 11 
triethylamine 

(0.17) 
THF (0.50) 1 tert- 1.2 25 33 
butyl methyl ether 

(0.14) 
toluene (0.50) 0.75 20 42 

no added solvent 1.0 20 39 

THF (0.50) 6.0 0 30 

THF (O.~O) 1 tert- 6.0 0 26 
butyl methyl ether 

(0.14) 
THF (0.50) / tert- 7.0· 0 11 

butanol (0.11) 

tartificially low yield, due to some spillage of reaction mixture; 
=starting material still present. 

, Table 38 
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% yield overall %eeof 
of (152) 0/0 yield (153) 

24 64 40 

42 62 43 

56 67 27 

18 .51 1 47 

19 61 48 

22 61 28 

40 70 5 

41 67 14 
.. .. 

20 31 67 
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3-Acetoxy-2-allylpropan-l-ol, (R)-( + )-a-methoxy-a-triftuoromethylphenylacetic acid 

ester (RR)-(156) and (SR)-(156). 

[ ... 
~0 

ACO~O~ F3C OMe 

I ' 

(R)-(+)-a-Methoxy-a-trifluoromethylphenylacetyl chloride (18.0 mg, 71 J.1mol) and DMAP 

(20.0 mg, 164 J.1mol) were added to a solution of alcohol 153 (8.0 mg, 51 J.lmol) in deuteriated 

chloroform (0.50 mL) in an NMR tube under an atmosphere of argon. The mixture was 

allowed to stand for 24 hours at ambient temperature. 19F NMR s~ctroscopy showed 

resonances from the CEl nuclei at -70.8 and -71.9 ppm; a further signal at -71.4 ppm was 

presumed to be from the excess of (R)-(+)-a-methoxy-a-trifluoromethylphenylacetyl 

chloride. 

(± )-2-Allyl-3-benzyloxypropan-l-ol (157). 

THF (4 mL) was added to sodium hydride (60% dispersion in mineral oil 114 mg, 2.84 mmol) 

under an atmosphere of argon at 0 °C. A solution of diol105 (150 mg, 1.29 mmol) in THF (2 

mL) was added at 0 °C and the mixture stirred for 5 minutes at 0 °C then for 30 minutes at 

ambient temperature. The mixture was cooled to 0 °C, and DMF (2 mL) was added followed 

by benzyl chloride (370 J.lL, 3.24 mmol) dropwise. The mixture was then stirred at ambient 

temperature for 15 hours. Water (1 mL) was added at 0 °C and the mixture extracted with 

diethyl ether (2· x' 15 mL)." The combined organic layers were dried (magnesium sulphate), 
I 

filtered and concentrated in vacuo to give a yellow oil. Purification by flash column 

chromatography (1:2 ethyl acetate:petrol) gave the monobenzylated derivative 157 as a 
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colourless oil (190 mg, 0.92 mmol, 71 % based on diol 105); Rr (1: 1 ethyl acetate:petrol) 0.6; 

(Found: MH+, 207.1386. C13H1S0 2 requires MH, 207.1385); vmax (thin fllm)/cm"1 3428 (br., 

O-H str.), 3066, 3032, 2863 (C-H str.), 1639 (C=C str.), 1096 (C-O str.), 736, 697 (aromatic 

C-H def.); OH (300 MHz; CDCl3) 1.93-2.03 (1 H, m, CHCH20H), 2.09 (2 H, t, J 7, 

CH2CH=CH2), 2.37-2.46 (1 H, s, OH), 3.46-3.77 (4 H, m, CH20H, CH20Bn), 4.48-4.53 (2 H, 

m, ArCH20), 5.00-5.08 (2 H, m, CH2CH=CH2), 5.78 (1 H, ddt, J 17, 10, 7, CH2CH=CH2), 

7.26-7.38 (S H, m, ArH); oe (7S.S MHz; CDCI3) 32.79 (CH2CH=CH2), 40.47 (CHCH20H), 

65.64 (CH20H), 73.24, 73.50 (CH20Bn, An:H20), 116.52 (CH2CH=CH2), 127.65, 127.77, 

128.51 (aromatic C), 136.32 (CH£H=CH2), 138.13 (aromatic C); mlz (CI+, NH3) 224 

(MNH/, 48%), 207 (MH+, 100), 115 (M+-C7H7' 12), 108 (C7HsO+, 27), 91 (C7H7+, 23). 

1-Acetoxy-2-allyl-3-benzyloxypropane (158). 

" • ."~'" I , 

Vinyl acetate (108 mg, 1.25 mmol) and Novozyme 435® (2.0 mg) were added to a solution of 

(±)-2-allyl-3-benzyloxypropan-l-01157 (40.0 mg, 1941J.mol) in THF (0.80 mL) and stirred at 

ambient temperature for 1 hour, whereupon TLC indicated that approximately half the diol 

had been'~onsumed; Rr (1:1 ethyl acetate:petrol) 0.85; (Found: MH+, 249.1494. ClsH2003 

~equires MH, 249.1491); vmax (thin fllm)/cm"l 3032, 2865 (C-H str.), 1639 (C=C str.), 1097 

(C-O str.), 735, 695 (aromatic C-H def.); OH (200 MHz; CDCI3) 2.02 (3 H, s, ~COOR), 

2.06-2.17 (3 H, m, CH2CH=CH2, CHCH20Bn), 3.43 (2 H, d, J 5.5, ClilOBn), 4.10 (2 H, d, J 

5.5, CH20Ac), 4.49 (2 H, m, ArCH20), 5.00-5.08 (2 H, m, CH2CH=CH2), 5.78 (1 H, m, 

CH2CH=CH2), 7.2S-7.38 (S H, m, ArH); oe (75.5 MHz; CDCI3) 20.81 (~COOR), 32.89 

(CH2CH=CH2), 38.17 (CHCH20H), 64.S8 (CH20Ac), 69.87 (CH20Bn), 73.14 (An:H20), 

116.82 (CH2CH=CH2), 126.94, 127.58, 128.36 (aromatic C), 135.81 (CH£H=CH2), 138.48 

(aromatic C), 171.11 (MeCOOR); mlz (CI+, NH3) 266 (MNH,/, 34%), 249 (MH+, 81), 207 

(MH+-CH2CO,45), 108 (C7HsO+, 100),98 (MH+-MeCO-C7H70H, 19),91 (C7H7+,43). 
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