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Abstract

Enzyme-catalyzed synthesis of fatty acid guaifenesin esters through transesterification was performed in acetone. Guaifenesin and vinyl
fatty acid esters were used as substrates and the reactions were catalyzed by lipadedosrmiehei(Lipozyme®). Guaifenesin was
regioselectively acylated at the primary hydroxyl groups and guaifenesin derivatives with long chain acyl group were prepared in good yields.
Various reaction conditions were examined in detail. The results showed that immobilized lipadd.froieheihad the highest activity
and a maximum yield of 88% was obtained in acetone, which was accepted by the EEC for use in the manufacture of food products and
pharmacology.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction Guaifenesin (I, 3-¢-methoxyphenoxy)-1,2-propanediol)
has been extensively used as an expectorant and presented
The modification of drug or prodrug is one approach in a variety of pharmaceutical formatioiffl]. In spite of
that can lead both to prolong pharmacological activity and its beneficial activity, it has some adverse effects such as
reduce adverse effects. Additionally, this increases water nausea, drowsiness and gastroenteric impairment. The in-
solubility or lipophilicity, improves site-specificitfd]. creased lipid solubility of some esters of guaifenesin would
Esterification is one of the useful methods for drugs modi- be expected to render them more suitable for diffusion
fication. However, conventional chemical acylation methods across the lipophilic membranes of the intestinal cells, thus
show an almost lack of regioselectivity and lead invariably improving intestinal and cellular absorption. Therefore, the
to a mixture of the possible mono-, di- and poly-esters modification of guaifenesin via esterification or transester-
[2-4]. Enzymatic acylation was used in the synthesis of ification can be used as a tool to improve curative effects.
pharmaceutically compounds due to its high regioselectiv- Here, we wish to report an effective way to guaifenesin
ity and mild conditiong5]. For example, chloramphenicol fatty acid esters by biocatalysis transesterification. Immo-
ester derivatives were regioselectively synthesized by li- bilized lipase fromMucor mieheiwas selected as enzyme
pase catalys{6], while esters derived from swainsonine and acetone was chosen as solvent. As a result, a series of
were obtained in a similar walr]. Ferrero and Gotor re-  guaifenesin esters with long chain alkyl group were regios-
viewed the utility of biocatalysis for the modification of electivity prepared in good yields.
nucleosides and steroidi8]. In our previous work, regios-
electively transesterifications of acyclovir and ascorbic acid
were achieved by alkaline protease fr@acillus subtilis 2. Experimental
and Lipozym&, respectively[9,10].
2.1. Materials
* Corresponding author. Tel86-571-87951588; . . . . . o
fax: +86-571-87952618. Lipozymé® immobilized lipase fromM. miehej lipase
E-mail addressiic123@css.zju.edu.cn (X.F. Lin). from Candida cylindraceaand lipase from hog pancreas
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were purchased from Fluka. Lipase from porcine pancreas2.5. Synthesis of 1-O-caprinoylguaifenesin

was purchased from Sigma. Alkaline protease fi®nsub-
tilis was purchased from Wuxi Enzyme Co. Ltd. (Wuxi, PR

1-O-Caprinoylguaifenesin was synthesized by the same

China). Solvents were dried over 3 A molecular sieves for synthesis method as forQ-capryloylguaifenesin. Here the
24 h prior to use. Analytical grade guaifenesin, fatty acid and reaction time was 24 h and the yield of the product is 84%.

all other chemicals were used without further purification.

2.2. Analytical methods

All reactions were monitored by TLC on silica gel plates
eluted with petroleum ether/ethyl acetate (2/1, vi.and
13C spectra were obtained on a Bruker AMX-500 MHz spec-
trometer.13C NMR spectra were obtained with broad band
proton decoupling. Spectra were run in CRCH and*3C

IH NMR (CDCl), § (ppm): 6.95 (m, 4H, H4o), 4.26
(m, 3H, -CHCHOCO-), 4.06 (dd, 1HJ = 9.8, 3.5Hz,
—CH,0-), 4.02 (dd, 1H/ = 9.8, 6.3 Hz, -CHO-), 3.85 (s,
3H, —OCH), 2.34 (t, 2H, —CHCO), 1.62 (m, 2H, —Ch}),

1.27 (m, 12H, 6-Ch), 0.87 (t, 3H, —CH). IR (cm1): 3475
(v—on), 3071 @=c—), 2926, 2855 fc—+), 1738 (c=0),

1593, 1504 %arom), 1254, 1224, 1176, 1120¢—o—c), 1030
(vc—oH), 744 Bc—+)-

NMR spectra were referenced to an internal TMS standard. 2.6. Synthesis of 1-O-lauroylguaifenesin

Infrared spectra were measured with a Nicolet Nexus FTIR
670 spectrophotometer. The degrees of conversion were cal-

culated by Shimadzu SPD-10Avp HPLC with a UV-Vis

1-O-Lauroylguaifenesin was synthesized by the same syn-
thesis method as for @O-caprinoylguaifenesin. The vyield

detector and a reversed-phase Shim-Pack VP-ODS columny¢ product is 75%1H NMR (CDCl), § (ppm): 6.96 (m

(150 mmx 4.6 mm). Elution was performed with a mixture
of methanol/water (95/5, v/v) at 0.8 ml/min.

2.3. Synthesis of vinyl fatty acid esters

4H, Hr_10), 4.26 (m, 3H, -CHCHOCO-), 4.06 (dd, 1H,
J = 9.8, 3.8Hz, —-CHO-), 4.03 (dd, 1H,/ = 9.8, 6.2 Hz,
—CH,0-), 3.85 (s, 3H, —OCH), 2.34 (t, 2H, —CHCO),
1.62 (m, 2H, —CH_), 1.27 (m, 16H, 8-Cht-), 0.87 (t, 3H,
—CHg). IR (cm™2): 3469 (—ow), 3066 p=c_), 2925, 2854

Vinyl esters were synthesized and purified as described by (vc—), 1739 ¢c=0), 1594, 1506%5r0m), 1254, 1225, 1179,

Yang et al.[12]. Carboxylic acid (0.05 mol) and Hg(OAg)

(0.006 mol) were dissolved in 150 ml vinyl acetate. After
stirring the mixture for 30 min at room temperature, 0.5 mi
of concentrated 50, was added dropwise and the so-
lution was refluxed for 6 h. Then the mixture was cooled

1125 fbc—o—), 1029 pc—oH), 741 Bc—H).

2.7. Synthesis of 1-O-myristoylguaifenesin

to room temperature and 5g NaOAc was added to quench 1-O-Myristoylguaifenesin was synthesized by the same

the catalyst. The resulting mixture was filtered and the fil-

trate was concentrated under reduced pressure. The crud

synthesis method as for@-caprinoylguaifenesin. The yield
gf product is 62%1H NMR (CDCk), § (ppm): 6.97 (m,

products were purified by silica gel column chromatography 4H, Hr—10), 4.26 (m, 3H, ~CHCHOCO-), 4.09 (dd, 1H,

(petroleum ether/ethyl ether 20/1, v/v).

2.4. Synthesis of 1-O-capryloylguaifenesin

The reaction was initiated by adding 10 mg/ml Lipozyfne
to 25ml acetone containing guaifenesin (2.5 mmol), vinyl
caprylate (10 mmol). The suspension was kept atGand

stirred at 250rpm for 12h. The reaction was terminated

J = 9.9, 3.8Hz, ~CHO-), 4.02 (dd, 1H/ = 9.9, 6.5 Hz,
—CH,0-), 3.84 (s, 3H, ~OCkJ, 2.62 (s, 1H, —OH), 2.34
(t, 2H, —CHCO), 1.62 (m, 2H, —CbH), 1.27 (m, 20H,
10-CHb), 0.87 (t, 3H, —CH). IR (cm™2): 3479 (—on),
3066 (=c—), 2925, 2854c), 1738 pc=0), 1594, 1503
(varom), 1254, 1225, 1176, 1120¢-o0—), 1031 fc—on),
743 Bc—H)-

by filtering of the enzyme, and acetone was evaporated.2.8. Synthesis of 1-O-palmitoylguaifenesin

Formation of guaifenesin ester was confirmed by TLC. The
product was separated by silica gel chromatography with

1-O-Palmitoylguaifenesin was synthesized by the same

an eluent consisting of petroleum ether/ethyl acetate (5/2, synthesis method as for Q-capryloylguaifenesin. The re-

v/v). The product had a yield of 88%H NMR (CDCl), §

(ppm): 6.95 (M, 4H, H-0), 4.24 (M, 3H, -CHCHOCO-),
4.08 (dd, 1H,J = 9.8, 3.8Hz, —CHO-), 4.02 (dd, 1H,
J = 9.8, 6.2Hz, -CHO-), 3.83 (s, 3H, —OC}), 3.17 (s,
1H, —OH), 2.33 (t, 2H, —CpCO), 1.61 (m, 2H, —Chl),

1.27 (m, 8H, 4-CH), 0.87 (t, 3H, —CH). IR (cmi1): 3472
(v—oH), 3066 (=c—+), 2928, 2856 %c—+), 1738 c=0),

1594, 1506 %5r0m), 1254, 1225, 1179, 112%¢o0-—), 1030
(ve—oH), 743 Bc—+)-

action time was 48h. The yield of product is 60%

NMR (CDCl), § (ppm): 6.94 (m, 4H, H-10), 4.26 (m, 3H,
—CHCH,0CO-), 4.08 (dd, 1HJ = 9.8, 3.8 Hz, —-CHO-),

4.02 (dd, 1H,J = 9.8, 6.3Hz, -CHO-), 3.86 (s, 3H,
—OCHg), 2.35 (t, 2H, —-CHCO), 1.61 (t, 2H, —Ck), 1.28
(m, 24H, 12-CH_), 0.88 (t, 3H, —CH). IR (cmi1): 3479
(v—oH), 3059 f=c—+), 2920, 2850 %c—+), 1738 fc=0),

1593, 1509 ¥ar0m), 1259, 1226, 1175, 1127¢o0-—), 1030
(vc—oH), 744 Bc—+).
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2.9. Synthesis of 1-O-stearoylguaifenesin

99

(cm™1): 3479 @_on), 3066, 3009 ¥=c_y), 2926, 2855
(ven), 1738 fc=o), 1594, 1504%arom), 1254, 1225, 1178,

1-O-Stearoylguaifenesin was synthesized by the same1125 (c—oc), 1029 Gc—on), 742 Ec—t).

synthesis method as forQ-palmitoylguaifenesin. The yield
of product is 65%IH NMR (CDCl), § (ppm): 6.95 (m,
4H, Hy—10), 4.26 (m, 3H, —CHCHOCO-), 4.08 (dd, 1H,
J = 9.8, 3.8Hz, -CHO-), 4.02 (dd, 1H,J = 9.8, 6.2 Hz,
—CH,0-), 3.85 (s, 3H, —OC}k), 2.34 (t, 2H, —CHCO),
1.62 (t, 2H, —CH-), 1.27 (m, 28H, 14-Cp+), 0.87 (t,
3H, —CHp). IR (cm™1): 3477 @—on), 3064 p=c—), 2925,
2854 (c—), 1739 bc=0), 1593, 1504 %arom), 1255, 1224,
1176, 1121 ¥c—o0—), 1031 pc—0H), 743 Bc—H).

2.10. Synthesis of 1-O-oleoylguaifenesin

1-O-Oleoylguaifenesin was synthesized by the same

synthesis method as for @-palmitoylguaifenesin. The
yield of product is 52%H NMR (CDCl), § (ppm): 6.95
(m, 4H, H—p), 5.34 (m, 2H, -CHCH-), 4.26 (m, 3H,
—CHCHOCO-), 4.09 (dd, 1HJ = 9.9, 3.6 Hz, -CHO-),
4.02 (dd, 1H,J = 9.9, 6.5Hz, -CHO-), 3.83 (s, 3H,
—OCHg), 3.30 (s, 1H, —OH), 2.34 (t, 2H, —G&O), 2.04
(m, =2H, —-CH-), 1.61 (t, 2H, -Cl}-), 1.27 (m, 20H,
10-CH-), 0.88 (t, 3H, —CH). IR (cmi%): 3470 @—on),
3065, 3004 ¥=c—H), 2925, 2854 %c—+), 1739 fc=0),
1594, 1506 §arom), 1254, 1226, 1178, 1125¢—o—c), 1030
(vc—oH), 742 Bc—+).

2.11. Synthesis of 1-O-linoleoylguaifenesin

1-O-Linoleoylguaifenesin was synthesized by the same
synthesis method as for @-palmitoylguaifenesin. The
yield of product is 73%H NMR (CDClk), § (ppm): 6.95
(m, 4H, H—o0), 5.36 (m, 4H, 2-CRCH-), 4.25 (m, 3H,
—CHCHOCO-), 4.09 (dd, 1HJ = 9.8, 2.88 Hz, -CHO-),
4.02 (dd, 1H,J = 9.7, 6.5Hz, —-CHO-), 3.86 (s, 3H,
—0OCHg), 3.30 (s, 1H, —OH), 2.77 (t, 2H;CH-CH,—CH=),
2.34 (t, 2H, —CHCO), 2.04 (m, 4H, 2—Cb), 1.62 (m, 2H,
—CHy-), 1.30 (m, 14H, 7-Cbh), 0.87 (t, 3H, —CH). IR

CHs

3 2 1
OCH,CHCHZ0H
OH
1

OCH,

(1) enzyme
(2) organic solvent

2a, 3a R=(CH,)sCHj3
2¢, 3¢ R=(CH,),,CH;
2e¢, 3¢ R=(CH,),,CH;

3. Results and discussion

3.1. Enzymatic synthesis of 1-O-fatty acid
guaifeneisn esters

So far, there has been no report about the synthesis of
guaifenesin esters by enzyme. The aim of this study was
to develop enzymatic methods for the regioselective synthe-
sis of esters derivatives of guaifenesin. Transesterification of
guaifenesin with fatty acid vinyl esters (C8-18) catalyzed
by immobilized lipase fronM. mieheiwas shown irFig. 1
The products were purified by silica gel chromatography and
analyzed by*3C NMR spectrometry to identify the position
esterified, as shown iable 1 Based on the general strat-
egy described by Yoshimotd 3], acylation of a hydroxyl
group will lead theO-acylated carbon*CH,OCOR) down-
field, while the adjacent carboriG@CH,OCOR) upfield in
13C NMR. Analysis'3C NMR spectra of all the products
revealed that esterification of guaifenesin occurred in the
primary alcohol position. As listed iffable 1 the chemi-
cal shift for carbon number 1 was downfield from 63.3 to
65.2 ppm, and the chemical shift for carbon number 2 was
upfield from 70.2 to 68.7 ppm. Therefore, the esterification
of guaifenesin catalyzed by the Lipozyfmevitability oc-
curred in primary alcohol without any question.

3.2. Influence of enzyme

One of the most important parameters for enzyme-
catalyzed reactions is the selection of enzyme sources. En-
zymes derived from a variety of sources including bacteria,
yeast and molds exhibit different properties, including sta-
bility, activity and specificity. To choose the more efficient
enzyme on the synthesis of guaifenesin fatty acid esters, five

7
B CH2=CHO-G-R

2a-2f

0
OCHggHCHZO—C”)—R + CHaCHO
H

3a-3f R=C7-Cy7
2b, 3b R=(CH2)sCH;

2d, 3d R=(CH2),,CH;

2f, 3f R=(CH,),¢CH,

2g, 3g R=(CH,);CH=CH(CH,),CHj;
2h, 3h R=(CH,)3(CH,CH=CH,),(CH,);CH;,

Fig. 1. Enzyme-catalyzed synthesis of guaifenesin esters in organic solvents.
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Table 1
Chemical shifts off3C NMR (CDCk) of guaifenesin and guaifenesin esters
Carbon 1 3a 3b 3c 3d 3e 3f 39 3h
1 63.3 65.2 65.2 65.2 65.2 65.2 65.2 65.2 65.2
2 70.2 68.7 68.7 68.7 68.8 68.8 68.6 68.6 68.6
3 70.6 71.6 71.6 71.7 71.8 71.8 71.7 71.6 71.6
4 55.6 56.1 56.1 56.1 56.1 56.1 56.0 56.0 56.0
5 148.5 148.3 148.2 148.2 148.2 148.2 148.2 148.2 148.2
6 149.4 150.2 150.1 150.2 150.4 150.3 150.2 150.1 150.1
7 112.4 112.4 112.3 112.3 112.3 112.2 112.2 112.2 112.2
8 121.1 122.6 122.7 122.8 122.9 122.9 122.6 122.6 122.7
9 120.9 121.3 121.3 121.3 121.3 121.3 121.3 121.3 121.3
10 113.8 115.7 115.6 115.9 116.1 116.0 115.9 115.6 115.7
=0 174.1 174.2 174.2 174.2 174.2 174.2 174.1 174.2
—CH, 34.4 34.4 34.4 34.4 34.4 34.4 343 34.4
31.9 321 32.2 32.2 32.2 32.1 32.1 31.8
29.3 29.7 29.9 29.9 29.9 29.9 30.0 29.9
29.1 29.5 29.7 29.9 29.9 29.9 29.9 29.8
25.1 294 29.6 29.8 29.9 29.8 29.7 29.6
228 25.1 29.5 29.7 29.7 29.6 295 29.6
22.9 29.4 29.6 29.6 29.5 294 29.4
25.2 295 29.5 29.3 29.3 29.3
22.9 29.4 29.4 29.4 27.4 274
25.2 25.2 25.1 27.4 25.9
23.0 23.0 229 25.1 25.1
229 22.8
—CHz 14.3 14.3 14.4 14.4 14.4 14.3 14.3 14.3
—CH=CH 130.2 130.5
130.0 130.2
128.3
128.1

commercially available enzymes were tested for the trans-for the transesterification of guaifenesin with capric acid
esterification of guaifenesin with capric acid vinyl ester in vinyl ester. In our study, conversion degrees varied with sol-
acetone at 50C. The results were compared and presented vents. No relationship between the conversion degrees and
in Table 2 From Table 2 it clearly shows that no transes- solvents could be clearly generated. Ideally, a good solvent
terification occurs without enzyme participation. Moreover, for biocatalysis should not only maintain the enzyme activ-
Lipozymé® exhibits its unique advantage to catalyze the ity, but also dissolve starting materials as well. Hydrophobic
reaction, while the alkaline protease fr@nsubtilisreveals solvents were normally used in enzyme-catalyzed reaction
the lowest catalysis activity. [15,16], such as, hexane and cyclohexane. To this transes-
terification reaction, non-polar solvents were unfavorable

3.3. Influence of organic solvents

Table 3
To establish appropriate conditions for transesterification Effect of solvents on lipase catalyzedQteapryloylguaifenesin
by the lipase, different solvents, listedTable 3 were used  ggyent LogP? Yield of ester (%)
DMF -1.0 22
Dioxane -0.5 31
Table 2 Acetonitrile —0.39 54
Enzyme screen for guaifenesin esters synthesis Acetone —0.23 67
Enzyme Yield of ester (98) THF 0.46 39
Dichloromethane 0.6 32
Control, no enzyme 0 Pyridine 0.65 66
Alkaline protease fronB. subtilis 3 2-Methyl-2-propanol 0.79 41
Lipozyme® immobilized lipase fromM. miehei 83 Chloroform 2.0 36
Lipase from porcine pancreas 72 Toluene 2.6 34
Lipase from hog pancreas 69 Cyclohexane 3.4 27
Lipase fromC. cylindracea 32 Hexane 3.9 26
a Experimental conditions: 0.1 mmol guaifenesin; 0.4mmol vinyl a From [14].
b Experimental conditions: 0.1mmol guaifenesin; 0.4mmol vinyl

caprate; 20 mg enzyme; 2 ml acetone;’60 24 h. Ester yield was deter-

mined by HPLC. caprate; 10 mg/ml Lipozynfe 2 ml solvent; 50C; 12 h.
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molar ratio of guaifenesin to vinyl caprate
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Fig. 2. Reaction between guaifenesin and vinyl caprate, at different molar ratios of substrates. Experimental conditions: 20 mg guaifenesin; 10 mg/
Lipozymée®; 1 ml acetone; 50C; 12 h.
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