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Abstract

Enzymatic synthesis of fatty acid inosine esters was performed by the immobilized lipas&froon miehei(Lipozyme®)-catalyzed
transesterification reaction of inosine and vinyl fatty acid esters (from vinyl caprylate to vinyl stearate) in acetone. Inosine was regjoselectivl
acylated at the primary hydroxyl groups and inosine derivatives with long chain acyl group were prepared in good yields. Reaction conditions
including enzyme resources and solvents for the esterification were examined. The obt@rexybderivatives are more lipophilic than the
parent inosine and thus suitable for potentially pharmaceutical application.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the lipase-catalyzed synthesis of lobucavir prodrug, which is

a nucleoside analogue as an antiviral agent for treatment of
Nucleosides and nucleoside analogues are fundamentaherpes viruses and hepatitiBL].

building blocks of biological systems and have shown re-  Inosine [98-p-ribofuranosylhypoxanthine] is one of the

markable antiviral and antitumor activitig4,2]. Conse- basic compounds comprising cells, and plays a supportive

guently, extensive modifications have been made to both therole in the body[12]. Herein, we wish to report an effective

heterocyclic base and sugar moiety in order to improve their and convenient enzymatic way to synthesize inosine fatty

activities for certain applications. acid ester. Immobilized lipase froiucor mieheiwas se-

However, most of the conventional chemical modifica- lected as enzyme catalyst and acetone was chosen as solvent

tions of nucleosides containing multiple hydroxyl groups (Scheme )1 A series of inosine esters with long chain alkyl

need process of protection/deprotection and rigorous reactiongroup were regioselectivly prepared in moderate yields. The

conditions[3]. Thus, application of biocatalysts has become obtained inosine fatty acid esters are more lipophilic than the

an important method to synthesize nucleoside derivatives dueparent inosine and thus suitable for potentially pharmaceuti-

to simple feasibility and high selectivif¢,5]. Riva etal. were cal application.

the first to demonstrate regioselectively enzymatic acylation

of nucleosides, using trichloroethyl butyrate in DN&F. Go-

tor and co-workers reported that oxime esters were useful acyl2. Experimental

donors for acylation of nucleosides such as thymidine, uridine

and inosine by lipasd3-9]. They also reviewed the utility of ~ 2.1. Materials

biocatalysts for the modification of nucleosides, carbocyclic

nucleosides, and C-nucleosidé$]. Hanson et al. reported Immobilized lipase fromM. miehei(Lipozymée®), lipase
from Mucor javanicusand lipase fronCandida cylindracea

* Corresponding author. Tel.: +86 571 87953001; fax: +86 571 87952618. Were purchased from Fluka. Lipase from porcine pancreas
E-mail addresslic123@zju.edu.cn (X.F. Lin). and lipase fronCandida rugosevere purchased from Sigma.

1381-1177/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
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Scheme 1. Enzyme catalyzed synthesis of inosine esters in organic solvents.

Alkaline protease fronBacillus subtiliswas purchased from
Wuxi Enzyme Co. Ltd. (Wuxi, PR China). Solvents were
dried over 3A molecular sieves for 24 h prior to use. Analyt-

ical grade inosine was kindly provided by Zhaoging Guang-
dong Star Lake Bioscience Co. Inc. (Zhaoging, P.R. China).

All other chemicals were of the highest purity commercially
available.

2.2. Analytical methods

The reactions were monitored by TLC on silica gel plates

with ethyl acetate/methanol/water (17:3:1, vAH.NMR and
13C NMR spectra were recorded on a Bruker AMX-500 MHz
spectrometer, using DMSQOs@s a solvent and TMS as in-

inosine ester was monitored by TLC. The product was puri-
fied by silica gel chromatography with an eluent consisting
of ethyl acetate/methanol/water (20:1:0.8, v/v). The product
yield was 62%1H NMR (DMSO-a), § (ppm): 12.41 (br,
1H, 6-OH), 8.26 (s, 1H, 2-H), 8.07 (s, 1H, 8H), 5.89 (d, 1H,
J=4.8Hz, 1-H), 5.62 (s, 1H, 30H), 5.38 (s, 1H, 20H),
4.55 (t, 1H,J=5.1Hz, 3-H), 4.32 (m, 1H, 2H), 4.19 (m,
2H, 4-H, 5-H), 4.08 (m, 1H, 5H), 2.29 (t, 2H,J=7.3 Hz,
—CH,CO), 1.49 (m, 2H,-CHy—), 1.22 (m, 8H, 4-CH-),
0.83 (t, 3H,J=6.9 Hz,—CHz3).

2.5. Synthesis of 8)-caprinoylinosine b)

5-O-Caprinoylinosine was synthesized by the same

ternal reference. The yields of reaction were analyzed by method as for 50-capryloylinosine. Here, the reaction time

Agilent 1100 HPLC with a DAD detector and a reversed-
phase Shim-Pack VP-ODS column (150 rad.6 mm), mo-

was 48h and the yield of the product was 60%. NMR
(DMSO-a5), § (ppm): 12.38 (br, 1H, 6-OH), 8.25 (s, 1H, 2-

bile phase was performed with a mixture of acetonitrile/water H), 8.06 (s, 1H, 8-H), 5.88 (d, 1H,=4.9 Hz, 1-H), 5.59 (d,

(65:35, viv) at 1 mimimn?,

2.3. Synthesis of vinyl fatty acid esters

1H,J=5.8 Hz, 3-OH), 5.36 (d, 1H,)=5.5 Hz, 2-OH), 4.54
(t, 1H,J=5.3Hz, 3-H), 4.32 (m, 1H, 2H), 4.19 (m, 2H, 4

H,5-H), 4.08 (t, 1HJ = 4.6 Hz, 5-H), 2.30 (t, 2HJ=5.9 Hz,
J=7.3Hz,~CH,CO), 1.49 (m, 2H~CH,—), 1.25 (m, 12H,

Vinyl fatty acid esters were synthesized and purified as 6-CHy—), 0.84 (t, 3HJ=7.1 Hz,—CHj3).
described by Yang et glL3]. Carboxylic acid (0.05 mol) and
mercuric acetate (0.006 mol) were dissolved in 150 ml vinyl 2.6. Synthesis of 8>-lauroylinosine 8c)
acetate. After stirring the mixture for 30 min at room temper-
ature, 0.5 ml of concentratecbBO, was drop-wised and the 5'-O-Lauroylinosine was synthesized by the same method
solution was refluxed for 6 h. The mixture was then cooled as for B-O-caprinoylinosine. The yield of product was 65%.
to room temperature and sodium acetate 5g was added td"H NMR (DMSO-d), § (ppm): 12.40 (br, 1H, 6-OH), 8.26
guench the catalyst. The resulting mixture was filtered and the (s, 1H, 2-H), 8.06 (s, 1H, 8-H), 5.88 (d, 1d=4.9Hz, 1-
filtrate was concentrated under reduced pressure. The crudéd), 5.61 (d, 1H,J=5.7 Hz, 3-OH), 5.38 (d, 1HJ=5.4 Hz,
products were purified by silica gel column chromatography 2'-OH), 4.54 (d, 1HJ=5.2Hz, 3-H), 4.31 (m, 1H, 2H),
(petroleum ether/ethyl acetate 20:1, v/v). 4.19 (m, 2H, 4H, 5-H), 4.09 (t, 1H,J=4.5Hz,J=4.4 Hz,
5-H), 2.30 (m, 2H-CH,CO), 1.48 (m, 2H;-CH,—), 1.25
2.4. Synthesis of 8)-capryloylinosine 3a) (m, 16H, 8-Ch—), 0.84 (t, 3H,J=6.7 Hz,—CH3).
The reaction was initiated by adding 10 mg/ml Lipozyne
to 25 ml acetone containing inosine (2.5 mmol), vinyl capry-
late (10 mmol). The suspension was kept atG@nd stirred 5'-O-Myristoylinosine was synthesized by the same
at 250 rpm for 24 h. The reaction was terminated by filter- method as for 50-caprinoylinosine. The yield of product
ing of the enzyme and acetone was evaporated. Formation ofvas 62%.1H NMR (DMSO-d), § (ppm): 12.38 (br, 1H,

2.7. Synthesis of 8D-myristoylinosine3d)
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6-OH), 8.26 (s, 1H, 2-H), 8.07 (s, 1H, 8-H), 5.88 (d, 1H, Tablel
J=4.9Hz, 1-H), 5.61 (d, 1H,J=5.7 Hz, 3-OH), 5.38 (d, Enzyme screen for inosine esters synthesis

1H, J=5.4Hz, 2-OH), 4.55 (d, 1HJ=5.2Hz, 3-H), 430  Enzyme Conversion (%)
(m, 1H, 2-H), 4.20 (m, 2H, 4H, 5-H), 4.08 (m, 1H, 5H), Control, no enzyme 0
2.30 (m, 2H-CH>CO), 1.48 (m, 2H-CHy—), 1.25 (m, 20 Alkaline protease fronBacillus subtilis 17
H, 10-CH-), 0.85 (t, 3H,J=6.8 Hz,—CHz). Lipozymé® immobilized lipase fronMucor miehei 65
Lipase from porcine pancreas 7
. . . . Lipase fromCandida rugose 43
2.8. Synthesis of 8D-palmitoylinosine 3€) Lipase fromMucor javanicus 31
Lipase fromCandida cylindracea 25

5’_-O-Palmit0ylinosine was Synthe_SiZEd by the Same SyNn-  a experimental conditions: 0.04 mmol inosine, 0.16 mmol vinyl laurate,
thesis method as fof#-capryloylinosine. The reactiontime 10 mg/ml enzyme, 1 ml acetone, 50, 24 h.

was 72 h. The yield of product was 63%1 NMR (DMSO- b Conversion was determined by HPLC.
ds), 5 (ppm): 12.41 (br, 1H, 6-OH), 8.26 (s, 1H, 2-H), 8.07
(s, 1H, 8-H), 5.89 (d, 1HJ=4.9Hz, 1-H), 5.61 (d, 1H, = —CH,CO), 2.18 (m, 2HCH,), 1.98 (m, 4H~CH,—), 1.48

J=5.7Hz, 3-OH), 5.38 (d, 1HJ=5.4Hz, 2-OH), 4.55 (d, (m, 2H, —CHy—-), 1.23 (m, 14H, #CHy-), 0.85 (t, 3H,
1H,J=5.2Hz, 3-H), 4.31 (m, 1H, 2H), 4.20 (m, 2H, 4H, J=6.2Hz,—CH3).

5/-H), 4.09 (t, 1H,J=4.3 Hz, 3-H), 2.30 (t, 2H,J=6.9 Hz,

_CH,CO), 1.48 (m, 2H-CHy—), 1.24 (M, 24H, 12-Chi),

0.85 (t, 3H,J=6.7 Hz,—CHg). 3. Results and discussion

2.9. Synthesis of 8D-stearoylinosine3(f) 3.1. Effect of enzymes

5-O-Stearoylinosine was synthesized by the same syn-  One of the most important parameters for enzyme-
thesis method as for’#-palmitoylinosine. The yield of  catalyzed reactions is the selection of enzyme sources. Six
product was 66%*H NMR (DMSO-), § (ppm): 12.38  commercially available enzymes were tested for the transes-
(br, 1H, 6-OH), 8.25 (s, 1H, 2-H), 8.06 (s, 1H, 8-H), 5.89 terification of inosine with vinyl laurate in anhydrous acetone
(d, 1H, J=4.9Hz, 1-H), 5.59 (d, 1H,J=5.7 Hz, 3-OH), at 50°C. The results were compared and listedTable 1

5.36 (d, 1HJ=5.4Hz, 2-OH), 4.55 (d, 1HJ=5.2Hz, 3- From Table 1 it clearly showed that no transesterification
H), 4.30 (m, 1H, 2H), 4.19 (m, 2H, 4H, 5-H), 4.09 (t,  occurred without enzyme participation. Lipozyfhexhib-
1H, J=4.5Hz,J=4.3Hz, 5-H), 2.30 (m, 2H,—CH,CO), ited its advantage to catalyze the reaction, while the lipase

1.48 (m, 2H;—CHp-), 1.23 (m, 28H, 14-Ch), 0.85 (, 3H,  from porcine pancreas had the lowest catalysis activity.
J=6.5Hz,—CHy).

) . 3.2. Effect of organic solvents
2.10. Synthesis of #-oleoylinosine 3g)

Different solvents, listed inTable 2 were tested for
the transesterification of inosine with vinyl laurate by
Lipozymé® at 50°C. The low esterification degrees were
observed when 2-methyl-2-propanol or pyridine was used
as solvent, while acetonitrile, dioxane and acetone exhib-
ited the high conversion. Concerning the lower toxicity and

5'-O-Oleoylinosine was synthesized by the same synthe-
sis method as for’80-palmitoylinosine. The yield of prod-
uct was 49%.1H NMR (DMSO-d), § (ppm): 12.35 (br,
1H, 6-OH), 8.25 (s, 1H, 2-H), 8.06 (s, 1H, 8-H), 5.89 (d,
1H, J=4.8Hz, 1-H), 5.59 (d, 1H,J=5.7 Hz, 3-OH), 5.31
(m, 3H,—CH=CH—, 2-OH), 4.54 (t, 1H,J=4.9 Hz, 3-H),
4.31 (m, 1H, 2H), 4.19 (m, 2H, 4H, 5-H), 4.08 (t, 1H,

Table 2
J=4.5Hz, 5'H)' 2.29 (t’ 2H,J=7.1Hz, _CHZCO)’ 1.98 Effect of solvent on the transesterification of inosine and vinyl laurate
(m, 4H, 2-CHy—), 1.48 (m, 2H—-CH>—), 1.22 (m, 20H, 10- Solvert log Conversion (%)
CH,—), 0.84 (t, 3H,J=6.5 Hz,—CHj).
DMF -1.0 11
. . . . Di -0.5 68
2.11. Synthesis of B-linoleoylinosine 8h) A'C(:iggﬁme —0.39 72
Acetone —-0.23 64
5'-O-Linoleoylinosine was synthesized by the same syn- THF 0.46 53
thesis method as for’#-palmitoylinosine. The yield of gichd'_ofometha”e 0%5 Zg
0 _ . yridine
product was 43%-H NMR (DMSO-), § (ppm): 12.35 (b, > Methy-2-propanol 7o s
1H, 6-OH), 8.26 (s, 1H, 2-H), 8.06 (s, 1H, 8-H), 5.89 (d, Tojene % 0
1H,J=4.9Hz, 1-H), 5.58 (m, 2H, 20H, 3-OH), 5.34 (M,  Hexane I~ 29
4H, 2-CH=CH-), 4.54 (t, 1HJ=4.9 Hz, 3-H), 4.29 (m, 1H, % Laane etal[16],
2'-H), 4.18 (m, 2H, 4H, 5-H), 4.08 (t, 1H,J=4.5Hz, 5- b Experimental conditions: 0.04 mmol inosine, 0.16 mmol vinyl laurate,

H), 2.73 (m, 2H=CH-CH>—CH=), 2.29 (t, 2H,J=7.1Hz, 10 mg/ml Lipozym&, 1 ml solvent, 50C 24 h.
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easier processing, acetone was chosen as reaction media fc 7o
this transesterification. Ideally, a good solvent for biocatal-
ysis should not only maintain the enzyme activity, but also 60+
dissolve substrates as well. Hydrophobilc solvents such as T w
hexane were normally used in enzyme-catalyzed reaction 507 %
[14,15] But to this transesterification reaction, nonpolar sol- %o i 0_' %
vents were unfavorable due to inosine solubility. é ] %
3.3. Effect of acylating agents é ] %
20

The acylating agents also affect both the catalytic effi- 1 %
ciency and the regioselectivity of enzyme. Transesterifica- 104 %
tion of inosine with different vinyl fatty acid ester were per- /j
formed at 50°C in acetone for 24 h catalyzed by Lipozyfhe 0 T T v ™ L
(Fig. 1. The result showed that among the six linear chain acyl donor

saturated vinyl fatty acid esters, the vinyl ester with carbon

length of C8-C18 had nearly the same esterification degreeFig. 1. Effect of chain length of acyl donor on the Lipozytneatalyzed
(about 65%), and the highest yield was obtained in the caselransesterification of inosine. Experimental conditions: 0.04 mmol inosine,
of vinyl caprylate. In contrast with saturated fatty acids, the °-6 mmolacyl donor, 10 mg/ml Lipozytfie1 mi acetone, 50C, 24 h.
esterification degrees of unsaturated fatty acids such as vinyl

oleate (45%) and vinyl linoleate (53%) were lower. gel chromatography and analyzed ¢ NMR spectrome-
try to identify the position esterified, as shownTable 3
3.4. Enzymatic synthesis df©-fatty acid inosine esters According to the general strategy described by Yoshimoto

et al.[17], acylation of a hydroxyl group will lead th®-
Transesterification of inosine with different vinyl fatty acylated carbon (*CHDCOR) downfield, while the adjacent
acid esters (C8-18) catalyzed by immobilized lipase from carbon (*CCHOCOR) upfield in3C NMR. Analysis ofl3C
M. mieheiin acetone was shown Bicheme 10nly one spot NMR spectra of all the products revealed that the products
was detected on TLC. The products were purified by silica (3a-h) were substituted at the primary hydroxyl of inosine.

Table 3
Chemical shifts of3C NMR (DMSO-d) of inosine and inosine esters
Carbon Inosine 3a 3b 3c 3d 3e 3f 39 3h
2 1458 14648 14634 14635 14641 14636 14630 14635 14635
4 1481 14879 14865 14866 14869 14866 14863 14866 14867
5 1243 12510 12497 12498 12499 12498 12498 12498 12500
6 1565 15712 15698 15700 15705 15700 15696 15700 15701
8 1387 13936 13921 13921 13926 13923 13916 13922 13923
r 87.36 8831 8818 8819 8819 8818 8821 8820 8321
2 70.22 7080 7066 7067 7069 7064 7067 7066 7069
3 74.03 7393 7381 7382 7384 7382 7382 7383 7383
4 8553 8226 8213 8213 8215 8213 8212 8213 8215
5 6119 6422 6409 6411 6414 6412 6410 6415 6415
c=0 17335 17322 17322 17327 17323 17316 17319 17320
—CH; 3391 3378 3379 3380 3378 3414 3377 3415
3166 3169 3175 3179 3176 3377 3174 3378
2892 2926 2943 2954 2950 3173 2955 2956
28.89 2910 2943 2951 2948 2946 2950 2951
24.98 2906 2932 2946 2943 2946 2943 2943
2258 2883 2915 2936 2933 2940 2929 2930
24.84 2912 2921 2917 2913 2914 2918
2252 2885 2916 2914 2885 2894 2899
24.85 2888 2886 2885 2886 2706
2255 2488 2496 2483 2702 2568
2295 2486 2464 2484 2497
2256 2252 2242 2242
—CHs 14.48 1439 1441 1446 1443 1436 1438 1437
—CH=CH— 13018 13019
13008 13009
12822

12813
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As listed inTable 3 the signals for carbon numberdhifted References

downfield from 61.2 to 64.2 ppm, and the signals for carbon

number 4 shifted upfield from 85.5 to 82.2 ppm. Therefore, [l R.J. Jones, N. Bischofberger, Antiviral Res. 27 (1995) 1. '
the esterification of inosine catalyzed by the Lipoz§hie- 2l géK'An(t:itr‘“%P'gr; . B:r'?t?\:ireflEis'znt;\‘“‘;ﬁ:ns":SP;’;‘s’ R‘I‘é&"e‘;tc')drzs
evitably occurred at primary hydroxyl. The results showed 1993, ! gents. . ‘ '

that Lipozymé& catalyzed a good regioselective modifica-  [3] H. wamhoff, R. Berressem, M. Nieger, J. Org. Chem. 58 (1993)
tion of inosine similar to the previous reports on guaifenesin 5181.

[18]. [4] Y. Tokiwa, M. Kitagawa, H. Fan, T. Yokichi, T. Raku, Y. Hiraguri,
S. Shibatani, N. Kashimura, R. Kurane, Biotechnol. Tech. 13 (1999)
563.
) [5] M. Kitagawa, H. Fan, T. Raku, S. Shibatani, R. Kurane, Y. Tokiwa,
4. Conclusion Biotechnol. Lett. 22 (2000) 883.

[6] S. Riva, J. Chopineau, A.P.G. Kieboom, A. Klibanov, J. Am. Chem.
In conclusion, a facile route to prepare inosine esters bear- - |\S/|OC|\)| 112 (\}920) 94?- Org. Chem. 58 (1993) 653
. . . . . Moris, V. Gotor, J. Org. em. .
Ing .V\."th a |Ol’(ljg Chlam S'C.yl ﬁ.rOUp on th% primary hydroxyl [8] M. Moris, V. Gotor, Tetrahedron 48 (1992) 9869.
position was developed in this paper. Different reaction con- (g} . moris, V. Gotor, Tetrahedron 49 (1993) 10089.
ditions were examined and the best one was carried out in[10] M. Ferrero, V. Gotor, Chem. Rev. 100 (2000) 4319.
acetone at 50C under Lipozym@ catalyst. These'50-acyl [11] R.L. Hanson, Z. Shi, D.B. Brzozowski, A. Banerjee, T.P. Kissick, J.
derivatives of inosine obtained are more lipophilic than the Singh, et al., Bioorgan. Med. Chem. 8 (2000) 2681.

: : : : : 12] R.D. Starling, T.A. Trappe, K.R. Short, et al., Med. Sci. Sports
parent inosine and the potential usage of inosine esters aré Excerc.28 (1996) 1193,

under Investigation. [13] H. Yang, E. Henke, U.T. Bronscheuer, J. Org. Chem. 64 (1999)
1709.
[14] S. Parida, J.S. Dordick, J. Am. Chem. Soc. 113 (1991) 2253.
[16] C. Laane, S. Boeren, K. Vos, C. Veeger, Biotechnol. Bioeng. 30
(1987) 81.
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