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ABSTRACT

(#)-2-Methyl-butanol is a kind of useful solvent and important fine chemi-
cal. In this paper, related influence factors were investigated and response
surface methodology was successfully applied to optimize lipase-catalyzed
enantiosel ective esterification of (+)-2-methyl-butanol. The effects of were
investigated. Then a quadratic polynomial regression model was used to
analyzetheexperimental dataat a95% confidencelevel (p<0.05). Theresults
indicated a significantly good fit to this model, and the response evaluated
from the quadratic model showed a good agreement with the observed
ones. The F-test and p-value indicated that reaction time, substrate molar
ratio were the significant factors affecting the conversion of 2-methyl-bu-
tanol. The optimum reaction condition was established and the verified
experimental trial was performed for validating the optimum points. Under
the optimal condition, the conversion of (+)-2-methyl-butanol and the enan-
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tiomeric ratio exceeded 51.1% and 85.5%, respectively.
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INTRODUCTION

2-methyl-butanol aso known astert-amyl alcohol
or amylenehydrate, asoneof theisomersof amyl dco-
hol, isakind of useful solvent andimportant finechemi-
ca. By right of itscharactersof non-HAP (Hazardous
Air Pollutant) solvent, it hasbeen usedinfud and lubri-
cating oil additives, flotation aids, manufacture of cor-
rosoninhibitors, pharmaceuticas, paint solvent, chemi-
cal intermediate and extraction agent, etc3. In gen-
eral, itisproduced by optimal resolution of (+)-2-me-
thyl-butanol whichissynthesized chemicdly inthelabo-
ratoriesand industry. In recent years, enzyme-catayzed

reactionsare used in more and moreresol ution of iso-
mersasahighly selective method. And among them,
enzymatic esterification hasbeeninvestigated in some
researchesabout theresolution of (+)-2-methyl-butanol
inorganic solvent!*f. Among several lipasesinvesti-
gated, thelipasefrom porcine pancreaswasfound to
behighly sterosdl ectivefor the esterification of (—)-2-
methyl-butanol®. But thefurther researchesontheef-
fectsandinteraction of relativeinfluencefactorsare
needed to explore and thereaction conditions are not
soidedl, which alwaysresultinlow conversionrate.
Statistical optimization methodscan overcomethe
limitationsof classic empirica methodsand are proved
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to beapowerful tool for the optimization of thetarget
conditionsin chemica synthesig”8 indluding lipase-cata
lyzed reactiong®*2, Among them, response surface
methodol ogy (RSM) isacollection of mathematica and
datistical techniquesuseful for designing experiments,
building model sand andyzing the effectsof theseverd
independent variables (factors)™®. Themain advantage
of RSM isthedecreasing number of experimental trids
needed to evaluate multiplefactorsand their interac-
tions. Thestudy of theindividuad and interactiveeffects
of thesefactorswill be helpful in effortsto find thetar-
get values. Hence, RSM providesan effectivetool for
investigating the aspects affecting desired responseif
there are many factorsand interactionsin the experi-
ment. Inorder to determineasuitable polynomid equa
tion for describing the response surface, RSM can be
employed to optimizethe process.

The present work focuses on the parametersthat
affect lipase from porcine pancreas to catalyze the
enantiosd ective esterification of (—)-2-methyl-butanol
for separating (+)- 2-methyl-butanol using vinyl acetate
astheacyl donor in organic solution. Themain purpose
of thestudy wasto further understand therel ationships
between the factors (reaction time, temperature, en-
zymeloading, substrate molar ratio and pH vaue) and
the response (enantiomeric excess (e.e.%), and enan-
tiomericratio (E)); alsoto determinetheoptimal condi-
tion for enantiomeric resolution of (+)- 2-methyl-bu-
tanol using central compositerotatabledesign (CCRD)
and response surface methodology (RSM).

EXPERIMENTAL

Materialsand reagents

(£)-2-Methyl-butanol, (—)-2-methyl-butanol, lipase
from porcine pancreas (PPL) were purchased from
Sigma(St. Louis, MO, USA), vinyl acetate, tert-amyl
acetate and acetonefrom Fisher Scientific (Fair Lawn,
NJ, USA). All other regentswere of anaytical grade
and obtained fromlocal sources. Theorganic solvents
were anhydrated by molecular sievesof 3A (Hangjia
Biological and Pharmaceutical Tech. Ltd, Chengdu,
China) beforeuse.

Esterification of 2-methyl-butanol
All enzymaticreactionswere carried out in atem-
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perature-controlled incubator shaker. Inatypical ex-
periment, 8.0 g (+)-2-methyl-butanol and 10.16 g vi-
nyl acetate wereadded ina250 ml screw-capped vidl.
Thereaction wasstarted by adding 1.3 g PPL and run
by shaking at 260 rpm at designated temperature. Then,
1 ml of thediluted solution wasanayzed. Control ex-
perimentswere performedin theabsenceof PPL. Asa
result, no chemical acyl transfer reaction wasdetected.

Analysismethod

The HPLC analysiswas carried out on aWaters
2487 seriesliquid chromatography system (Waters,
USA), equipped with CBL Model 515 HPL C pump,
Waters 2487 Dual A absorbance detector (Waters,
USA), amodd 100 column heater (Photolectron Tech-
nology, USA) and JASCO MODEL OR-2090 optical
rotation detector (JASCO, Japan). Chromatographic
parameters such as peak areas, retention times, theo-
retical plates, etc. were calculated using theAllchrom
PusClient/Serviceworkstation (Multilink ServicesCo.,
Ltd, USA). The GC analysiswas performed with an
SQ-206 GC equipped with asplitless/splitinjector, a
flame-ionization detector, and a PEG-20M column
(0.25Imfilmthickness, 30 mlength, 0.25mm1.D.).
Theinjector and detector were set at 190 and 250°C,
respectively, and theflow rate of thecarrier gasN, was
25ml mint, Chromatographic datawere acquired and
anayzed by the N2000 workstation (Zhidalnforma
tion Engineering Co., Ltd, Hangzhou, China).

Calculation of enantioselectivity

The enantiomers of the (+)-2-methyl-butanol and
of theproduct (+)-tert-amyl acetatewere basdline sepa
ratedintheHPLC andyss. Theconversionin percent-
agewas ca culated fromthefollowing equation:

P -P,

c= F{+—F’+4-S x 100% @)
The enantiosel ectivity for each reaction was ex-
pressed by enantiomeric excess (e.e.P%) and enantio-
mericratio (E-value), whereS P_and P, standfor 2-
methyl-butanol and the products of () and (+)-tert-

amyl acetate, respectively.

P -P,
ee % = P 4P x 100% )

_ In[1-c(1+ee.,)]
" In[l-c(1-ee,)] ©)
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whereS P_and P, stand for 2-methyl-butanol and the
productsof (—) and (+)-tert-amyl acetate, respectively.

Deter mination rangesof variables

Beforearrangingan experimental designwithacen-
tral compositerotatabledesign (CCRD), theeffectsof
variousreection conditions, including reactiontime, tem-
perature, enzymeloading, substratemolar ratioand pH
weretested by varying onefactor successively while
keeping the others unchanged and the results were
showninFigureland Figure2. AsshowninFigurela,
thetimecoursefor the enantiose ectiveesterification of
(%)- 2-methyl-butanol by PPL at 30°C. The conver-
sion of 2-methyl-butanol increased to 53% after 13 h;
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therefore, therangeof reactiontimefrom 7to 19 hwas
choseninthisstudy.

The selection of reaction timerange must be ex-
tremely precisein the study of CCRD, otherwise, the
optimal condition of synthesiscould not befoundwithin
the experimental region through theanalysesof datis-
ticsand contour plots. Also, asshowninFigure 1a, the
e.e., exceeded 94.4% at initial stage of thereaction,
andthenfollowed adight decline. Thereasonwas sup-
posed to bethat (—)-2-methyl-butanol was esterified
preferentialy initially, and with the proceeding of the
enantiosd ectiveesterification of (+)- 2-methyl-butanol,
the reaction probability of (+)-2-methyl-butanol in-
creased with theincreasing consumption of (—)-2-me-
thyl-butanol. Asshownin Figure 1b, anincreaseintem-
peratureincreased the conversion of (+)-2-methyl-bu-
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Figurel: Effectsof reaction time(a), reaction temperature (b), theamount of lipase (c) and pH value (d); 0O: substrate
conver sion percent; A: production enantiomericexcessper cent; O: production enantiomericratio. (Conditionsof 1a: En-
zymeloading: 1.259, MR=1.3:1, T=35°C, pH=7.5; Conditionsof 1b: Enzymeloading: 1.25g, MR=1.3:1, t=13h, pH=7.5;
Conditionsof 1c: MR=1.3:1, t=13h, T=35°C, pH=7.5; Conditionsof 1d: Enzymeloading: 1.25g, MR=1.3:1, t=13h, T=35°C)
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Substrate molar ratio
Figure?2: Effect of substratemolar ratio (®: substrate con-
version percent; 0: production enantiomer ic excessper cent;
=: production enantiomericratio) (Conditions: Enzymeload-
ing:1.25g, t=13h, T=35°C, pH=7.5).

tanol up to 35°C, and then the conversion decreased
with ahigher temperature. Therefore, 35°C was cho-
sen asthe center point temperature (T). Similarly, the
converson of (+)-2-methyl-butanol was subtle changed
with anincreasein enzymeloading, however, anin-
creaseinenzymeloading caused anincrementininitia
reaction rate. When enzymeloading was up to 1.25g,
thereaction rate began to decrease (Figure 1c). Thus,
al.25g enzymeloading was chosen asthe center point.
Also can be shownin Figure 1c, the conversion was
increased with the substrate molar ratio (vinyl ac-
etate: (+)-2-methyl-butanol) increased up to 1.3:1. So,
the substrate molar ratio 1.3:1 was chosen asthe cen-
ter point. Finaly, anincreasein pH caused agrowthin
the conversion withthepH upto 7.5 (Figure 1d), and
then the conversion decreased with ahigher pH. Hence,
the pH range of 6.5-8.5waschosenfinaly.

Experimental design

Response surface methodology (RSM) wasem-
ployed to analyze the operating conditions of 2-me-
thyl-butanol acylation to obtain ahigh percent conver-
sion and high enantiomeric excess. The experimental
designwascarried out by five chosen independent pro-
cessvariablesat fivelevels, and rel ated experimental
range and the centra pointswereshownin TABLE 1.

The software of Design-Expert 6.0 was used for
designing and analyzing the experimental data. The
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coded values of these factorswere obtained according
tothefollowing equation:

X i — Xo
“TTAX ®
wherex isthe coded value of thefactor, X, istherea
valueof thefactor, X isthereal value of thefactor at
the center point, and AX isthestep changeva ueof the
factor. Theindependent variables (factors) and their
levels, real valuesaswell ascoded valueswere pre-
sentedin TABLE 1. The enantiomeric excess(e.e..%)
and the percent conversion of 2-methyl-butanol (c%o)
were the responses of the experimental design. The
model equation was used to predict theoptimum vaue
and subsequently to € ucidatetheinteraction between
thefactors. The quadratic equation model for predict-
ing theoptimal point was expressed accordingto EQ.:

5 5 4 5
Y=BO+ZBiXi+2Biixi2+Z_ZBinixj (6)

i=1 i=1 i=1j=i+1
wheref, B, B,, and 3, areregression coefficients (3,

isconstant term, B, islinear effect term, B, issquared
effect term, and B isinteraction effect term), andY is
the predicted responseval ue.

TABLE 1: Coded levelsfor independent factorsused inthe
experimental design

Coded levels

Factors

Symbol

2 -1 0 1 2

Reaction time (h) 7 10 13 16 19
Reaction temperature (°C) x, 25 30 35 40 45
Substrate molar ratio Xz 0.7:1 1.0:1 1.311 1.6:1 1.9:1
Enzyme loading (Q) X4 075 1.0 125 15 175
PH xs 65 70 75 80 85

X
i

RESULTSAND DISCUSSION

RSM experimentsand fitting themodels

A centrad compositerotatabledesign (CCRD) was
employed to design the experiments. According to sta
tistical theory, fivefactors consistsof 30 experiments,
including 15factoria points(cubic point) and 11 axia
points (star point) aswell asfour replicatesat the cen-
ter point. Four replications at the centre of the design
were used to estimate the pure error. The results at
each point based on experimental designwereshown
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inTABLE 2, which a so giventheexperimentd dataof
theresponsevalue, e.e..% and c%. The coded values
of each factor in brackets correspond totherea vaue
of thefactor levels. For each factor, aconventiond level
was set at zero asacoded level. Therunswere ran-
domizedfor statistical reasons.

TABLE 2 : Experimental design and results of the 1/2
CCRD design

Variablelevel Responsevalue
o o —
- BE BsT g8 5yt ¢
— E -
X1 X2 X3 Xa Xs Y, Y2
1 7 35 13 125 75 763 315 1045
2 10 40 16 10 8 819 409 17.71
3 13 25 13 125 75 792 45 16.71
4 13 35 13 125 75 852 49 31.62
5 13 35 13 075 75 833 435 2117
6 10 40 1 15 8 76.5 39.7 1232
7 13 35 13 175 75 824 432 1961
8 13 35 13 125 75 865 50.2 39.22
9 13 35 13 125 85 825 474 2313
10 10 30 1.0 15 70 755 373 11.09
11 16 40 1.0 15 70 804 492 2155
12 10 30 1.6 15 80 805 413 16.30
13 13 35 0.7 125 75 824 46.2 2181
14 13 35 19 125 75 832 485 2581
15 10 30 1.0 10 80 801 373 1444
16 10 40 1.6 15 70 815 39.7 16.71
17 13 35 13 125 75 864 492 3595
18 13 45 13 125 75 834 432 2112
19 13 35 13 125 75 878 498 4367
20 13 35 13 125 65 835 484  26.32
21 16 30 1.0 15 80 811 483 21.70
22 16 40 1.0 10 80 804 472  19.65
23 19 35 13 125 75 738 496 19.27
24 13 35 13 125 75 86.8 50.1 40.15
25 16 30 1.0 10 70 731 473 1255
26 10 30 16 10 70 785 383 1339
27 16 30 16 15 70 801 513 23.92
28 13 35 13 125 75 876 494 41.35
29 16 35 1.0 10 65 753 50.2 16.02
30 16 40 16 15 80 771 523 2043
31 16 30 1.6 10 80 741 483 1375
32 10 40 1.0 10 70 865 373  23.02

Macromolecules « —

Conversion of 2-methyl-butanol (c%)

Theeffectsof factorsaswell astheir interactions
on the c% could be discussed from the Pareto chart
illustrated by Figure 3. Thelength of each bar waspro-
portional to the absolute value of itsassociated regres-
sion coefficient or estimated effect. Theorder inthe
barswas displayed corresponded to the order of the
szeof theeffect. Thechartincluded avertica linethat
corresponded tothe 95% limitindicating satistica Sg-
nificance. A factor was, therefore, significant if itscor-
responding bar crossed thisvertical line. Asindicated
inFigure3, severd different conclusionscould beob-
tained: (1) the conversion of 2-methyl-butanol was
greatly affected by reactiontime (x,), substrate molar
ratio (x,), and aquadratic terms of x, x2, x3, x5, (2)
the second-order effects of reactiontime (x,) and sub-
strate molar ratio (x,) werelesssignificant thantheir
respectivefirst-order effects; (3) theregression coeffi-
cient of reaction temperature and enzymeloading were
negative, which suggested that too high temperatureand
too much enzymeloading would not benefit the con-
versonof 2-methyl-butanol. Smilarly, theeffectsof the
termswould bepositively correlated if the coefficients
werepositive. According to the statistical method, the
datawerefitted to aresponse surface model to effec-
tively eval uatethetruere ationship between thec% and
thefactors. A quadratic regression model wasobtained

x1

x1x1
x4x4
X2x2

x3
x3x3
x5x5
x1x5

x4
x1x4
x4x5
x2x5

X2
X3x5
x2x4

x5

PRI BTSSRI S S ST U NS S S
0 1 2 3 4 5 6

Standardized effect
Figure3: Paretochart of standar dized effectsfor themodel
of per cent conversion. Positive effectsarein pink and nega-
tiveeffectsareinred. Thelineindicatestheconfidencelevel
of 95%, and factorswith standar dized effect valuestothe
right of thislinearestatistically significant.
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by using coded va uesfrom the estimation of data:
Y, =50.62+5.35x +0.97x-1.84x >
-1.58x,2-0.77x 2-1.77x,? @

wherex wasthe coded val ue of each factor.
Enantiomeric excess

Similar to Figure 3, Figure4 denoted the effects of
factorsaswell asthelr interactionson enantiomeric ex-
cess. Compared with Figure 3, severa conclusions
could bedrawn from Figure4: (1) reactiontimewas
themost significant factor affecting the enantiomeric
excess, (2) reaction temperature produced asignificant
effect on the enantiomeric excess, athoughit wasnot
important for the conversion of menthal; (3) also, Sg-
nificant interactionwasfound betweentimeand enzyme
loading. Asaforementioned, the datawerefittedto a
response surfacemodel to effectively eva uatethetrue
rel ationship between enantiomeric excessand thefac-
tors. A quadratic regression model was obtained by
using coded valuesfrom the estimation of data:

Y, =+88.14-1.02x,+1.04x,+1.80x,X,-1.25x X -1.03X X,

+XX,3.32X *-1.75% >~ 1.38x 2-1.37x >~ 1.33x 2 (8)

wherex, wasthe coded val ue of each factor.

| N N R T R N R
0.0 0.5 1.0 15 20 25 3.0 35 4.0

Standardized effect
Figure4: Paretochart of sandar dized effectsfor themodel
of enantiomeric excess. Positive effectsarein pink and nega-
tiveeffectsareinred. Thelineindicatesthe confidencelevel
of 95%, and factor swith standar dized effect valuestothe
right of thislineare statistically significant.

Analysisof variance(ANOVA) and adequacy test
of themodels

For themodéd fitted, software generated modd co-
efficients, Fand p-values (Prob>F, whichindicatesthe
inggnificant probabilities) and henceone could justify

—== Py Paper

thesgnificanceof each experimentd variable. Thecor-
responding variablewould bemoresignificant if the
absolute F-value became larger and the p-value be-
camesmdle™. Accordingtotheanaysisresults(given
in Supplementary Information of thisarticle), there-
gression quadratic modelswere both highly significant
(p<0.0001) and thelack of fit wasinsignificant (p>
0.05), which indicated that the two model swere ad-
equateto explain most of thevariability for thec% and
thee.e. %, respectively.

To eva uatetheoptimization technique, theobserved
and predicted values of the c% were compared and
theresultswere presented in Figure 5. Ascan be seen,
the predicted val ues of the response from the model
accorded well with the observed va ues. Consequently,
thismodel could be used to navigatethe design space.

55.00 —

49.00 —

43.00 —

Predicted Values of the C%

37.00 —

T I T I l
37.27 43.05 43.83

Actual Values of the C%
Figure5: Comparison between the predicted and the ob-
served conver sion of 2-methyl-butanal.

Mutual effect of factors on the conversion of 2-
methyl-butanol

The 3D-plots of response surfaces were used to
illustrate the main and interactive effects of theinde-
pendent variables on the conversion of 2-methyl-bu-
tanol. The response surfaces based on these factors
wereshownin Figure 6. Figure 6arepresented the 3D-
plot of theeffect of reaction timeand temperatureon
thereaction. From theanaysis of theresponse surface
plots, reactiontime exhibited amore significant influ-
enceonthe response surfacein comparisonto reaction
temperature. Atinitia temperature, the conversion of
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2-methyl-butanol increased asthetimewasincreased,
which reflected agenera effect of temperatureonthe
reaction rate. Subsequently, the conversion of 2-me-
thyl-butanol emerged apeak with amaximum value
around 13 h and then declined, possibly because of the
depletion of (-)-2-methyl-butanol. Figure 6b depicted
theenzymeloading and substrate mol ar ratio effect on
theresponse. Ascan be seen, enhancing enzymeload-
ing could bring about high conversion of 2-methyl-bu-
tanol, but excessamount of enzymewould influence
themasstransfer of thereaction andledto thedecline
of the conversion of 2-methyl-butanol. On the other
hand, both the increase of vinyl acetate amount, i.e.
and thedecrease of substratemolar ratio could increase
the conversion of 2-methyl-butanol. Excessvinyl ac-
etatewould |ead to conversion decrease, which was
probably caused by the substrateinhibition.

35.00
B: temperature T~
— 150

. rraa -)_’.I_.ig_’
1.30

C: Molar ratio
Figure6: 3D-plot between any two par ameter sfor the con-
version of 2-methyl-butanol (Conditionsof 6a; Enzymeload-
ing: 1.25 g, MR=1.3:1, pH=7.5; Conditions of 6b: t=13h,
T=35°C, pH=7.5).

In addition, significant interactions were found
between enzyme | oading and substrate molar ratio.
In Figure 6b, the response surface of 2-methyl-bu-
tanol conversion showed a net peak of 52.4% at
1.25g of enzymeloading and 1.3:1 of substrate mo-
lar ratio. Overall, reaction time, temperature and
enzyme loading were the most important variables
for the conversion of enantiosel ective esterification
of (+)-2-methyl-butanol.

Mutual effect of factors on the enantiomeric
excess

The effects of thesefivefactorsaswell astheir
interactive effects on the enantiomeric excesscan be
reflected in Figure 7. Figure 7a denoteed the two-
dimensional contour plotsof theeffect of reactiontime
and temperature. Asindicated, reaction temperature
performed avery significant influence on the enantio-
meric excess, and the response was expected to ex-
hibit amonotonic increase with decrease of tempera-
ture. That wasto say, low temperature was morefa-
vorablefor improving stereospecificity. Onepossible
explanation wasthat low temperature could increase
the “rigidity” of the lipase, which enhanced the
enantiosel ective recognition capability of the ste-
reospecificity “pocket”; while high temperature in-
creased the “flexibility” of the lipase and therefore
brought down the recognition capability, which was
similar tothepreviousreport!®®. In Figure 7a, theenan-
tiomeric excess showed adecreasing trend along with
thereaction time course, which could be attributed to
thefact that, with the proceeding of thereaction, the
increasing consumption of (—)-2-methyl-butanol re-
sulted in theincremental reaction probability of (+)-
2-methyl-butanol.

Theeffect of enzymeloading on the enantiomeric
excesswas shown in Figure 7b. Asdepicted, keeping
other experimentd conditionscongtant, theenantiomeric
excesswould dightly increasewith enzymeloading. A
reaction with enzyme concentrationsof 1.25-1.35gand
reactiontimeof 12-14 hled to over 86% enantiomeric
excess. Withtheincrease of substratemolar ratio, there
wasaslight decreasein theresponsevalue. As men-
tioned above, the effect of these factors on
enantiosdl ective esterification of 2-methyl-butanol could
be studied by using response surface methodol ogy.
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Figure7: Contour poltsbetween any two parameter sfor theproduction enantiomeric excessof esterification of 2-methyl-
butanol (Conditionsof 7a: Enzymeloading: 1.25g, MR=1.3:1, pH=7.5; Conditionsof 7b: t=13 h, T=35°C, pH=7.5).

Attaining optimum conditionsand model verifi-
cation

Asknowntodl, itisof general interest for devel-
opingindustrial processesfor the enantiosdl ective es-
terification of (+)-2-methyl-butanol useful for food ad-
ditivesand cosmetic formulationsaswell asmedicine
industry. Based on the above discussion, it was pos-
sibleto obtain ahigh degree of conversion and high
enantiomeric ratio through searching for theoptimum
point. Hence, one set of predicted reaction conditions
weregiven by themodel (TABLE 3). Tovalidatethe

predicted results, experimentsusing theimproved for-
mulawere performed, and the observed valueswere
shownin TABLE 3. Based on the solution given by
the design, experimentswere established at thefixed
conditions. Theexperimental valueswerefoundto be
reasonably close to the predicted ones, which con-
firmed the validity and adequacy of the predicted
models. In addition, under these conditions, the enan-
tiomericratios (E) have also been cal culated and the
E-valuewas 31.5, which were much higher thanthe
previousreport!™.

TABLE 3: Optimum conditionsfound by themode and verification of themodel

Predicted value

Experimental value

T i i €9 9
(h) t(C) Molar ratio Enzyme loading(g) pH e.e% c% E ce% % £
X1 Xo X3 X4 X5 Y, Y,
11.76 3847 1.19 114 733 8860 4628 381 8622 4731 315
cant factorsaffecting theconverson of 2-methyl-butanal.
CONCLUSIONS

Thelipasefrom porcine pancreaswasused asabio-
catdyd to perform enantiosdl ective esterification of (+)-
2-methyl-butanol. Response surface methodol ogy was
successfully applied to determinethe operation condi-
tionsfor optimizing the conversion of 2-methyl-butanol
and enantiomericratio. Theresultsindicated asignifi-
cantly good fit to thismodd , and theresponse eva uated
fromthequadraticmode showed agood agreement with
the observed ones. The Ftest and p-va ueindi cated that
reaction timeand substrate mol ar ratio werethesignifi-

M oreover, the optimum operation condition was
established. Furthermore, the experimental values
agreed well with thevalues predicted in optimized con-
ditions. By the optimum model, the conversion of 2-
methyl-butanol and the E-va ue could exceed 53% and
40, respectively. Theexperimenta conditionsallowed
afagt, quantitativeand maximum enantiomeric resolu-
tion of (+)-2-methyl-butanol.

SUPPLEMENTARY INFORMATION

Supplementary Information of theanadysisresults

—r—,  \lBCromolecules
/447qdcmﬁowml



120 Experimental optimization for |ipase-catalyzed enantioselective esterification of ()-2-methyl-1-butanol MMAIJ, 7(3) 2011

Full Poper =

of variance and adequacy test of themode sintablesis
availableand free of chargefrom Editorial Officeon
request.
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