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Fade esterifidon of carbohydrates can be accomplished using base catalyzed 

tmnsesterification' However, to achieve selective esterificatian this procedure is often 
inadequate, frequently leading to unwanted by-products? ?he selective esterification of 
aldonolactones is finthea coflpllicateed by the tendency of some aldanolactones to form 
esters both by intermolecular selfademition and by reaction with alc~hol.~ 
Ccmquently, as part of our study of carbohydrate based surfactants, we have investigated 
alternative approaches fop the selective esterification of aldonolactones, 

'Ihe selective esterification of pyran~ses,~ pyanosides,5,6 finanosides,' and 
glumsides* at the primary hydroxyl has been accomplished by enzymecatalyzed 

tmnsesterification using various carboqlic esters. Here, we report the regiospecific 
esterification of the primary alwhol of several aldonolactones using 2,2,2-trichlopoethyl 
alkanoates as the acyl donor! 
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lipase/ RO-CCI, Ipyridine 

40'C. 144 h 

l a  -4a  1 b, 4b, 5b 
2c, 3c 

OH dn 
OR 

1 2 

OH 

3 4 

5 

1 - 5  a b C 

All the aldonolactones 1e4a were accepted as substrates by porcine pancreatic 

l i p  (PPL) (Table 1). The enzyme displays a preference towards acylation of the 
primary alcohol for both 6 and y-aldonolactones. 

In the case of & however, GC-h4S analysis of the reaction mixture identified the 
~~e product as the e s t d e d  1,4-lactone, s." The production of Sb proceeded 
via a 6-crdodecmoylgluum+&lactme (4b) intermediate. The f d m  of 4b was 

observed prior to the f d o n  of Sb cluring the course of the reaction (Figure 1). 
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SELECTIVE MONOACYLATION OF ALDONOLACTONES 

Substrate Product 

la lb 

2a 2c 
3a 3c 

4a 5b 
4b 
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%Conversionof Actual Yield 
Aldonolactone (% Yield) 

85.0 0.90 g (40.4) 

79.8 2.67 g (64.3) 

81.9 2.47 g (54.5) 

82.4 1.98 g (44.1) 
0.25 g (5.4) 

Table 1. Porcine Pancreatic LipaseCatalpd TranseSterification of Various 
Aldonolacton& 

0 100 150 

Figum 1. Time course for the lipase-catalyzed synthesis of 
Wdodecanoyiglucmc+y-lactone from gluumc+&lactone and 2,2,2-tridoroethyi 
dockmnoate with porcine pancreatic l i p  in pyridine. The reaction mixhre was 
incubated at 40 "C for 165 h. A 100 pL aliquot of the r d o n  mixture was Withdrawn 
for analysis by GC." (U) & (0) 4b, (+) % (0) 5b. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



268 POCALYKO, CARCHI, AND HARIRCHIAN 

Lipase from p s e u d o m o ~  sp. (Lipase PS and Lipase AK, Armno) also catalyzed 
the Conversion of 4a to 5b via a 4b intermediate albeit at a slower rate.12 It is likely, 
however, that the conversion of 4b to 5b was not enzyme catalyzed since the rate of 
umversion of 41 to 5a was not enhanced in the presence of enzyme.13 

Work-up fim hexane yielded pure 5b. However, Canversion of 5b to 4b can 
occur during work-up fim acetonitrile or 95% ethanol. The procedure reported here 
allows regiospecific acylaiion of aldonolactones without polymerhtion, however, 
rearrangement of hydrolytidy sensitive lactones is sti l l  possible. 

The authars would like to thank Leonard Hragiss and Amdd Jemen for their 
assistance in obtaining the GC-MS and NMR results and Dr. T. C. Wcmg (Univmity of 
Missouri) fop his helpll discussions. 
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Pyridine (Aldrich, anhydrous %YO) containing aldonolactone (Aldrich) was stored 
over 3A molecular sieve prior to use. Reactions were run in 50 mL of pyridine 
containing 12 g of PPL (Sigma, Type IT), 12.5 mmoles of the aldonolactone and 
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lb : 

2c: 

3c: 

4b : 

5b: 

10. 

2-fold molar excess of 2,2,2-trichloroethyl alkanoate. Reactions were run at 40 "C 
for 144 hours. Reactions were stopped by removing the enzyme by Iikration. 
Solvent was removed by evaporation and product was precipitated from hexane. 
Purity of the product was established by GC using the conditions described in Note 
11. The position of the acylatim was determined for cmpmds by I3C NMR in 
DMSCjd, using a Varian XL300 spectrmer (75.4 MHz). The chemical shifts 
for the alholactone and the relevant chemical shifts for the akyl chain are 
reported The position of acylation was also cdirmed by GGMS using the 
conditions described in Note 10. High resolution mass spectrometry data for 
underivatizedmaterialswereobtainedonaFirmigan-MAT8230~spectrameter 
using positive ion direct chemical ionization (DCI). Isobutane was used as the 
reagent gas and protonated molecules of plfiethylene glycol) oligomers were 

were found as the base peak for all samples. 
employedasexactmassstaIldardsforpeakmatchlng. PotaMtdmolecules(M+H)+ 

13C NMR(DMS(k&) Cl, C2, C3, C4, C5 (6 175.48,68.70,68.19, 81.84, 62.77). 
For the alkyl chain C2 and the carbon9 carbon Cl(6 33.21, 172.35). MS (7OeV 
EI) d': 474 (4.9), 459 (14.2), 327 (14.4), 231 (23.9), 246 (42.6), 204 (37.4), 
147.2 (87.2), 129 (22.40), 73 (100.0). HRMS (CI, i-C4Hlo) calcd for WH)+ 
C,,H3,06, 33 1.2 12 1, found 33 1.2 120. 

13C NMR (DMS(k&) C1, C2, C3 C4, C5, C6 (6 175.75, 70.64, 69.18, 80.28, 
67.24. 64.40). For the akyl chain C2 and the carbonyl carbon C1 (6 33.40, 
172.77). MS (7OeV EI) d z :  548 (10.0), 533 (9.3), 243 (44.2), 287 (39.9, 204 
(49.3), 155 (35.8), 129 (100.0), 73 (73.0). HRMS (CI, GCJ-I,,) calcd for (MtH)+ 
C,&O,, 333.1913, found 333.1913. 

13C NMR (DMSO-&) Cl, C2, C3, C4, C5, C6, C7 (6 175.82, 70.84, 70.47, 79.13, 
70.34, 68.23, 65.06). For the alkyl chain C2 and the carbonyl carbon C1 (6 
33.46, 172.86). MS(70eVEI)dz: 650(1.0), 517(6.1), 317(10.8),287(64.2), 
217 (100.0), 155 (26.0), 143 (28.6), 147 (31.8), 73 (66.6). HRUS (CI, i-C4Hlo) 
calcd for (MtH)' G,H3]Q, 363.2019, f m d  363.2020. 

13C NMR (DMSW) C1, C2, C3, C4, C5, C6 (6 175.32, 73.00, 72.48, 79.87, 
66.38, 65.54). For the alkyl chain C2 and the carbon9 carbon C1 (6 33.45 
172.86). MS (7OeV EI) dz: 576 (6.9), 561 (13.6), 345 (23.8), 204 (29.0), 220 
(45.9), 157 (61.0), 129 (26.6), 73 (100.0). HRMS (CI, i-C4Hlo) calcd for (MtH)+ 
C181-&30,, 361.2226, f a d  361.2226. 

l3C NMR (DMSW) C1, CZ, C3, C4, C5, C6 (6 171.03, 71.74, 74.02, 68.35, 
77.56, 62.80). For the akyl chain C2 and the mbonyl carbon C1 (6 33.28, 
172.54). MS (7OeV E3) dz: 576 (38.8), 561 (26.2), 315 (loo), 204 (463, 183 
(27.6), 129 (28.4), 73 (84.0). HRMS (CI, i-C4Hlo) calcd for (MtH)' Cl&&, 
361.2226, f a d  361.2226. 

Lactane esters were analyzed as trimethyldyl (TM!3) ethers. A 5-10 mg sample 
was dissolved in 1.0 mL SilPrep (Alltech, Inc., Deer Park, IL) and allowed to react 
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270 POCALYKO, CARCHI, AND HARIRCHIAN 

at room temperature for a minimum of 30 minutes. A 1.0 pL aliquot was analyzed 
by gas chromatography-mass spectromelxy (GC-MS), using a Finnigan TSQ70 or 
SSQ710 mass spectrometer equipped with a Hewlett-Packard 5890 Series I1 gas 
chromatograph and Finnigan MOOS autosampler. GC analysis employed a DE5 
caplllaty column (30 m x 0.25 mm x 0.25 p~ J&W Scientific, Folsam, CA); split 
ratio was 50: 1; column pressure was 12.0 psi; injector temperature, 250 "C; oven 
t-e, 70°C for 2 minutes, ramped at 15 "Uminute to 300 "C; &ramfa line 
temperature, 275 "C. The mass spectrometer was scanned &om 20-800 Dalton at 
0.8 &scan. Electron i d o n  was employed at 7OeV. Source temperature was 
150 "C; collision dynode potential, -5 kV. The 6&kxkcanoyiglucm+'y-lactone 
showed a characteristic ion at d z  315, the base peak of the spectrum 

Reactions were monitored by gas chromatography using a Hewlett Packard 5890 
Series I1 gas chromatograph (Hewiett Packard, Palo Alto, CA) equipped with a 
HP1 caplllaty column (25 m x 0.2 rmn x 0.33 tun, Hewlett Packard, Palo Alto, 
CA), a split injector (split ratio 167:1), and a flame ionization detector. Helium 
was used as the carrier gas, and the detector and injection port were set at 250 "C. 
Oven temperature was set at 140 "C for 2 minutes, then ramped at 8 "C'min to 
250 "C and then held at 250 "C for 10 minutes. Reaction samples were dissolved 
in 1 mL of Silprep (Alltech, Inc., Deer Park, IL) and allowed to react at room 
temperature for a minimum of 30 minutes before analysis. The retention times for 
lb, 2c, 3c, 4b and 5b were 22.2, 23.6, 3 1.8, 29.6 and 28.5 minutes respectively. 

under the same cmditim as described in Note 9, a 61.9% cmversion of glumo- 
Glactone was achieved in 166 h. using L i p  PS while a 40.2 % conversion of 
gluum&lactone was achieved in 166 h. using Lipas AK 

?he rate of isamerization of glum+&lactone to glucmey-lactone was measured 
in 25 mL of pyrkline Containing 6.25 mM glucm&lactone, and either 6.0 g of 
Lipase AK (which contained 3.43%H20 by weight) or 0.71% YO. IsomeriZaton 
was monitored by GC using the mditions described in Note 11. No difference 
in the rate of isamerization was found over the m s e  of 100 hours. 

11. 

12. 

13. 
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