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Stercochemistry isusually introduced in the first semester of

undergraduate otganic chemistry and is a crucial concept for
otganic chemistry {racemization, $x2 reactions), biochemisery
(peptides, proceins, helicity of B- and Z-DNA), and inorganic
chemistry (chiral caralysis). Unforeamarely, students offen soraggle
with the abstiact coneepes of stercochemistry, There are many
experiments deseribed in this fournal and others that atrempr
to enhance student understanding of stercochemistry (1--20).
Herein, an organic faboratory cxperiment is presented chat
focuses on stereachemistry by introducing students to stereo-
selective enzyme reactions, resclution of enantiomers, and
NMR analysis of diastercomers.

This experiment uses an enzyme for the preparation of an
epantiopure product {rom a racenic precarsor, Acylase | from
Aspergithies moflens (21}, which catalyzes the wansformation of
range of aromatic alcohols to esters (22) by transferring an acyl
group, is used, A racemic mixture of 1-phenylethano! is reacted
with vinyl acetare, The reaction is shown in Scheme 1 and refleces
the stercoselectivity of the enzyme, The enzyme reaction pro-
vides an opporcanity to discuss green chemisuy, It ivalso carried
our in hexanc, which is more suitable for many organic molecules
than the aquesus environment maost enzymes require (23),
Previously described enzymatic mediods include the stereo-
specific, catalyzed reactions of penicillin acylase derivatives (24)
and their use in rhe chiral resoluzion of isomers (25). Seadenrs
benefit from the hands-on experience and observe firsthand how
cneymes can resolve racemic compounds, To determine which
enantomer the enzyme preferred, the students devivarize
the unconverted alcohol(s) to a sct of diastereomeric esters
using a chiral carboxylic acid and a coupling reagent. The
chiral acid used in this experiment is more reactive, gives a
berrer NMR resule, and is ~55% less expensive than che Mosher
acid, MTPA (26, 27).

The experiment is divided into owo pasts and conduceed
over three, two-hour laboravory pevieds | weck apase, Pare 1y
the stexcoselective formarion ol an ester from a racemic aleohol
by acylase 1, followed by the separation of the product ester and

the unreacted alcohol, Part 2 is the formation of a diastercomeric
compound from the unreacted aleoho! and the wse of 'H
NMR specoroscopy to determine the chirality of the vnreacted
alcohol.

Experimental Details

Synthesis

b pare 1, racenvic 1-phenylechanol (a-mezhylbenayl alcohol)
was seacted with vinyl acetate, caralyzed by acylase 1, in hexane for
Lweck ar room temperature, No stivring was required and the
seaction occarred by simply sroring the mixoure for 1 week at
the student’s lab stations. After the reaction was complere, the
alcohol and ester products were separated by silica gel column
chromarography (menitored by TLC).

In pare 2, students carried out threc reactions to investigate
the stercochemistry of the reaction in pare 1. The unreacted
I-phenylerhanol was derivatized with (R)-{~)-acetoxyphenyl-
acetic acid (O-acetylmandelic acid) in the presence of a coupling
reagent, echyl-3-(3-dimethylaminopropyl) carbodiimide hydro-
chloride {EDC), and 2 catalyse, 4‘dimcthylaminopyridiﬂc
(IDMAP), 1o prepare the ester (Scheme 23 Students then reacted
the racemic starting aleohol with (R)-(~}-acetosyphenvlacetic
acid xo nake the pair of diastercomeric esters. Finally, they
reacred the enantiopure (R)- or (8)-aleohol with (£)-(—)-acet-
oxyphenylacetic acid e make the diastercomeric ¢ster. Proron
NMR analysis was used 10 assess the stereochenistry of the
produces,

The dewils of the experimental serup are provided in the
supporting information.

NMR Analysis

The "H NMR {300 MHz) spectium from the reaction of
the racemic starting aleohol with (R)-{—)-accroxyphenylacetic
acid s shown in Figure 1. The two diastercomers can be
distinguished by the NMR signals of the medhyl doublets near
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Scheme 1. The Enzymatic Acylotion of (R, S}-{=}-1-Phenylethonot
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Scheme 2. The Formation of {5)-1-Phenylethy! (Rh-Acetoxyphenylacetate
from the Unreacted Sterting Alcohol
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1.5 ppm. An expansion of the 13 ppm region of the 'H NMR
spectrm of a 50:50 mixture of diastercomers (Figue 2A) shows
the benzylie methyl group from the owo diastereomers have
different chemical shifes. The same regian from aspectrum of the
disstereomer desived from eommercially available {£)-phenyl-
ethanol (Figure 2B) shows the doublet at 1.54 ppm is
attributable to the (R.R) diastereomer, whereas the doublet
ar 141 ppm comes from the (5,8} diastercomer.

The "H NMR (90 MHz) speetsn of the ester {Flgjnm 3}
from past I {Scheme 1) indicates that the majority {approxi-
mately 3:1) of the wnreacted alcohol was the {$)-enantiomer
Ichmg to the {§.R)-diastereamer, indicating the enzyme pre-
ferred (reacted faster with) the (R)-cnantiomer, The student data

showed 76% (S.R) isomer and 24"/1 (R,R) isomer Jeading vo an
enantiomeric excess of $2% by 'H NMR.

Optical Purity

Students determined the opdical purity of their unreacted
alcohol by measuring its specific roration and comparing to a
purchased seandard, (R)-1-phenylethanol {99.9% from Aldrich).
The specific rotation of the standard was +43.03 and the resolved
aleohol —25.02 (both in methanol), giving an optical puricy
{enantiomeric excess) of $8% {5)-enandiomer by polarimetry.

Hozards

1-Phenylethanel, vinyl acetare, dichloromethane, and deutero-
chioroform ase cancer suspect agents. 4-Dimethylaminopyridine
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Figure 1. *HINMR (300 MHz! spectrum of {§)-] -phenylethyl [Rl-acetoxy-
phenyiacetate and (R}-1-phenylethyl {Rl-cceloxyphenylaceiate.
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Figure 2. Expanded 'H NMR specira of Figure 1: 1A} 50:50 mixlure
of the two diastersomers (S} andf (£)-] uphe:zylefhyl {Rl-acstoxyphenyk
acetate and {B) the (R, R}-diustereomer derived from commercially avail.
able {R]-phenylathanol. The trace amount of the (5 R-diostereomer
indicates that the commercial alcohol was not 100% pure.
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Figure 3. TH NMR {90 MHMz) of 1-phenylethyl ocetoxyphenylocelate,
after the unreacted 1-phenylethanol was reacted with (R}~ J-ocetoxy-
phenylacetic acid leading 1o the diastereomers [R.R) and {S,R), The 3:1
ratio of {S,R) to [R,R} indicates o preferance of acylase ! for the (R)
enanfiomer of T-phenylethanol,

(DMAP) is highly toxic. EDC, 1-(3-dimethyl-aminopropyi)-3-
ethylcarbodiimide hydrochlotide is an jwicans, These materialy
must be used in small quancities in fume hoods. Student should
ase chemically resistant gloves and protective eye wear,

Organization of the Group Work =
S

The scadents cach pesform the enzyme-catalyzed trans-
esterification with the racemic alcohol (pare 1). Fach student
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in a group of 34 then either reaces the (R)-enantiomer of the
alcohol, the cxperimentally unreacted ($)-enantiomer {collected
frorn all group members), or the racemic mixture with the ace-
oxyphenylacetic acid so that mch group had a complete set of

complexes w analyze (part 2), This allews students to gain enough
information to deiermine which enantiomer reacred pznfuumally
with the enzyme in part 1. The weekly experimental schedule for
the laboratory exercise is

Week 1: Each student yeacts racemic 1-phenyleshanol with
vinyl acetate using acylase 1 from A, wneflens asa casalyst. This
reaction takes 10— 15 min to prepare and can be performed at
the end of another fab experiment session. I possibic, students
should come in duriné, the course of the week to test the
reaction mixwure via TLC and observe the disappearance of
the starting alcohol peak and the increase in the product ester
peak,

Week 2: Fach studenc performs TLC analysis of their
reaction mixtuze and then separates the alcohol and ester by
microgcale cohumn chrematography. Each fraction is analyzed by
TLC, and pure fractions are combined. The students in cach
group are then assigned an aleohol:

Seadent 1t Reacts the racemic aleshol with (R)-(—)-acet-
vxyphenylacetic acid to make the pair of diastercomeric esters.

Student 2: Reacrs the unreacted alcohol with (R)-{—}-
acetoxyphenylacetic acid ra make the diastercomeric ester.

Student 3: Reacts the enantiopure (R)- or (§)-alcohot with
(R)-{—)-acetoxyphenylaceric acid to meke the diasrereomeric
oster,

For larger groups: Addirional seudents can replicate another
student.

Week 3: Students colfect and share 'H NMR specera and
analyze their results co determine which enantiomer of 1-phenyl-
ethanol was the pl{.fuitd substrare in the enzyme reaction.
Seadent T obtains a "H NMR specorum showmtr thL doublets
from both diastereameric esters (Figure 1). T ]1(: "H NMR
speetrum from seudent 2 shows the doubles from the ester of
the unreacred slcohol (Figure 3). Student 3 has an "H NMR of
the ester from the pure, known (£)- or (8)-aleoho) (Figure 28).
Frony this data, the group can deduce which enantiomer of the
starting aleohol was consumed by the enzyme and calcufure by
how much it was preferred.

Cosls

An attracgive. aspeet of this enzyme-facilivaved enantiore-
solugon is its low cost. On the basis of cazalog prices from
commercial suppliers, the average cost per student is abowt
$3.50, exclusive of solvents, TLE plates, and other common
reagents. The majority of the cost is {£)-{~)-acctoxyphenylacetic
acid, EDC, and DMAP at about $2.75 per student. In compar-
ison, on a similar scale nsing an acid chloride, the experiment
costs approximately $43 per scudent (Sigma-Aldrich Flandbook
of Fine Chemicals 2007-2008),
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Note Added after ASAP Publication

This paper was published on the Web on July 14, 2010, Significant
changes were made throughout, inclading changes in anhorship and
supporting information; new graphics for Schemes 1 and 2; several new
references; renaimbered references; and several rexe changes, The correcred
version was published on the Web on January 24, 2011,
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Student Handout

This experiment allows you to explore the properties of chiral molecules. You have
learned that some compounds exist as enantiomers — non-identical mirror images, such as your
left and right hands. Enantiomers have the same physical and chemical properties and react
identically with non-chiral reagents, but react differently with other chiral agents. Enantiomers
will rotate (or polarize) light by the same amount, but in different directions, which is one way
they can be identified.

Diastereomers (or diastereoisomers) are stereoisomers that are not enantiomers. The most
common example is & pair of isomers that have more than one chiral center, with opposite
configurzitions at one or more (but not all) of the chiral centers. For example, a moléc;ule with 2
chiral centers can exist in 4 forms:

S.S R,S

S.R R.R
The S.,S and R.R forms are enantiomers of each other, since they have opposite chirality at both
stereocenters. Similarly, the R,S and SR forms are enantiomers of each other. However, the 8.8
and S,R forms are diastereomers of each other— they have opposite chirality at some, but not all,
chiral centers.

Inn this experiment, you will be given a chiral alcohol with one stereocenter. You will
react the alcohol with an acetate, using the acylase I enzyme as a catalyst. Since the enzyme is
chiral, it will preferentially react with one enantiomer. The product mixture will include one
enantiomer (R or S) as an acetate ester and the other enantiomer (S or R) as the unreacted

alcohol. Working in groups, you will take the unreacted alcoho] and combine it with another




agent of known chirality, to create a diastercomer. By comparing the '"H NMR spectra of the
product diastereomers, you will be able to determine with which enantiomer the enzyme reacted.
This experiment is divided into two parts, conducted over three laboratory periods.

Part 1: The stereoselective formation of an ester from a racemic aleohol by acylase I,
followed by the separation of the product ester and unreacted alcohol.

Part 2: Formation of a diastereomer from the unreacted alcohol enantiomer, then 'H
NMR analysis of the product diastereomer to determine which alcohol the enzyme preferentially

uses as a substrate,

Part 1 (Weeks I & 2): The Stereoselective Esterification of an Alcohol by an Enzyme

This week you will combine a racemic alcohol with vinyl acetate to create an ester, using
a chiral enzyme as a catalyst. During the second week, you will separate the unreacted alcohol
from the product ester,

Enzymes have been used in the laboratory to prepare chiral products from non-chiral
precursors for many years (Rosell, C. M., etal. Ann. N.Y. Acad. Sci. 1995, 750, 425-428 and
Topgi, R. 8., et al. Bivorg. Med. Chem. 1999, 7, 2221-2229). Some enzymes can function in
diverse or harsh environments, including those required for organic reactions. The acylase I
enzyme czﬁalyzes the formation of esters from alcohols. The reaction is called a
transesterification reaction because it involves the transfer of an acyl group from an ester to an
alcohol to produce a new ester. You will use this enzyme to convert 1-phenylethanol to its
acetate ester, I-phenylethyl acetate. Because the enzyme is much more reactive with one of the

two enantiomers of 1-phenylethanol than the other, we can use it to resolve, or separate, the two




enantiomers. One enantiomer of I-phenylethanol will be esterified and the other enantiomer will

remain unreacted,

Reaction |

HaC
Co0
HsC H 7 H
. - OH HyC .0 HO....CHs
0 ‘ |
N acyjase | 7 e
H oAl _"'“M———"’h' ‘i \\‘ i ™ P
Lt o en, Lt oM
{R or S)-(+/-)-1- vinyl acetate (Ror S)}-(+/-}1- (S or R)-{+/-)-1-  vinyl
phenylethanol phenylethyl  phenylethano!  alcohol

acetate (ester)

Pre-Lab Preparation;

You will need to read about enzymes in the lab manual and in the textbook. It is strongly

suggested you review the concepts of enantiomeric and diastereomeric compounds as well,

Procedure: Enzyme Reaction

You will be working in “reliable data groups” of three or four people. Each member of
the group will conduct the enzymatic reaction ("Week 1"y and purify the products. Later, each
group member will perform different 1dsk\ (see Part 2: Diastereomeric Esters of 1-

Phenylethanol).

Week 1:

Clean a 10 mL Erlenmeyer flask. Mix - in order - 5 mL of hexane, 200 mg (1.6 mmol) of
racemic 1-phenylethanol, and 300 mg (3.5 mmol) of viyl acetate (CAUTION! Cancer suspect

agents!). Mix well. Add 80 mg of acylase 1 from A. melleus, The enzyme will not dissolve,




Try to be within 5% of these weights and record the actual amounts used of each reagent.
Tightly cork the flask and leave itin your drawer where it will not spill. The reaction is normally
complete in seven days.

During the next week, every 2 or 3 days, one member of the group should sample one of
the flasks to follow the course of the reaction. Over time, the alcohol peak or spot should
decrease and the product peak(s) should increase. The reaction progress can be followed by TLC
by using 4:1 hexane:ethyl acetate to develop the plate.

After 7 days, or when chromatography shows the reaction o be complete, it may be
stopped by filtering (vacuum filtration) the mixture to remove the undissolved enzyme. Store the

remaining mixture at room temperature until the second lab period.

Week 2:

Fill a 10 mL chromatography column (Kontes glass micro-scale kit) with 8ml of dry
silica gel (140 mesh). Set up arack of clean test twbes for collecting the column fractions.
Apply the reaction mixture to the top of the dry silica colunmn. Develop the column with the
following poured onto the top of the column, in order: 4 x 2 mL portions of 29:1 hexane:ethyl
acetate, then 4 x 2 ml portions of 9:1 hexane:ethyl acetate, then 5 x 2 mL portions of diethyl
ether. Anzﬁyze the fractions by TLC, using a 3x5 ¢m silica gel strip on its *side” (spot the
samples along the long direction and develop in the short direction), developed with 4:1
hexane:ethyl acetate. Remeniber to include a sample of the starting alcohol as a control.

Pool your own pure fractions of alcohol and of ester into separate tared test tubes or 10
mL Erlenmeyer flasks. Evaporate the solvents and weigh. Record the amount of unreacted

aleohol, and the amount of ester product produced.




Within your group, combine all the pure alcohol fractions. Do the same with the 4 pure

ester fractions.




Student Handout

Part 2 (Weeks 2 & 3): Diastereomeric Esters of 1-Phenylethanol

'H NMR is a very sensitive technique, but like most other analytical methods cannot
distinguish enantiomers. Diastereomers, on the other hand, have different chemical and physical
properties, including "H NMR spectra. Making a diastereomeric derivative of the chiral

compound that is being analyzed using a chirally pure derivatizing agent is a useful technique.

The relative proportion of the two enantiomers can be calculated from the resulting 'H NMR
spectrum of the diastereomeric mixture.

In this session, you will produce an ester of the unreacted alcohol from the previous
reaction and analyze it by "H NMR and TLC. The ester is formed from the reraining (R or S)
alcohol and a chirally pure carboxylic acid so that the products will be diastercomers of each

other. An example appears below,

Reaction 2

HiC ? H - HAC .
—riOH - -

H~ HO" ™~ iococH,  4Dmap ¥ HT v
L %\ /,r':‘_:\l » "J/’C%

i [N S
P L N
27 N

. . S}1-phenylethyl (R)-
S-(-)-phenylethanol R"—(-)-acetoxypheny!acetlc acid gc)etoﬁyphgnyia{:e(taze

Aa o oAl eaen

S-(-)-1-Phenylethanol reacts with R-(-)-acetoxyphenylacetic acid with the aid of a
coupling agent (EDC) and a catalyst (4-DMAP) to make the ($,R)-diastereomeric ester. Starting

with an R-alcohol would result in the formation of the (R,R)-diastercomeric ester.

e




R;(-)-Acetoxyphenylacetic acid is also known as acetoxymandelic acid. Tt will be
abbreviated as “R-acetoxy acid”. EDC is a "coupling agent", meaning it is a chemical that reacts
casily wiih one substance (here, the acid) and then is displaced by another substance (the
alcohol). 4wDMAP is a non- nucleophlhc base and highly toxic. Look up the structures of EDC.

zirl(_i_ EEMA& _Optmnal Reading: “A related NMR technique” (p 693) and the definition of
enantiomeric excess (p 689) in Williamson, K. L.; Minard, R.; Masters, K. M. Macroscale and
Microscale Organic Experiments, 5th ed.; Houghton Mifflin Co: New York, NY, 2007.

The benzyl hydrogen on the alcohol portion of the product, as well as the methyl group,

are in a different 'H NMR environment in the (S.R)-diastereomer compared to the (R.R)-

diastereomer, so they are distinguishable by NMR.

Procedure: Diastereomer Formation

FOR THIS PART YOUR GLASSWARE MUST BE THORGUGHLY DRY! .

st “ IR

Welgh 25 mg (2.0 mmol) of your assigned 1- phwyle[hanol sample (from Table 1) into a

EDC 192 ¢ moi ', DMAP 122 g mol?, (R)-acctoxy acid 194 g mol™.

Table 1: Assigned 1-phenylethanol samples for students in groups.

Student | 1-Phenylethanol sample description
1 Racemic 1-phenylethano]
2 Unreacted 1-phenylethanol from enzymatic resolution
3 Hnantiomerically pure (R)-1-phenylethanol
4 Enantiomerically pure (5)-1-phenylethanol
(or replicate one of the above students)
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Mix the solution using a stir bar and then add, in order: I-phenylethanol, 2 mL of
dichloromethane, EDC, (R)-acetoxy acid, and finally 4-DMAP. After 15 minutes of stirring at
room emperature, remove the stir bar and add an additional 2 mL. of dichloromethane. Extract
the dichloromethane solution sequentially with one 1-1.5 mL portion of 10% HCI, one 1-1.5 mL
portion of brine (saturated NaCl), one 1-1.5 mL portion of 5% NaOH, and finally with one 1-1.5
ml. portion of brine, removing the aqueous layer (and only the aqueous layer) after each
extraction. Dry the dichloromethane fayer with anhydrous sodium sulfate, and filter the solution
through a small plug of cotton in a pipette.

Check the purity of the product by TLC, using 4:1 hexane:ethyl acetate as the developing
solvent, with a reference spot of the starting alcohol as a control.

Completely evaporate the dichioromethane using air and gentle heating in a water bath
(this must be done in the HOOD!). Dissolve the product in approximately 0.8 mL of

deuterochloroform and acquire the '"H NMR spectrom.

9




Student Handout

Laboratory Report Guide for “The Stereoselective Esterification of an

Alcohol by Means of an Enzyme” and “Diastereomeric Esters of 1-

Phenylethanol” Experiment.

Each student will submit a single laboratory report for the combined “The Stereoselective

Esterification of an Alcohol by Means of an Enzyme” and “Diastereomeric Esters of 1-

Phenylethanol” experiments.

Make a table containing each group member’s 'H NMR data:

Table 1. 'H NMR Data

Sample

Integration at
ca. 1.5 ppm

Integration at
ca. 1.4 ppm

% at 1.5
ppm*

Yratld
ppm

Enantiomeric
eXCess

Diastereomer
from
unknown
chirality

alcohol

Diastereomer
from R-

alcohol

Diastereomer
from §-

alcohol
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* % at 1.5 ppm = (the integration of the doublet at 1.5)/( integration at 1.5 + integration at 1.4}

Onptical Purity of the Resolved Enantiomer

Calculate the optical purity of each group member’s alcohol using ‘H NMR data and
include this data in your table.
Enantiomeric excess = % major isomer - % minor isomer
Compare each group member’s '"H NMR data to determine if acylase I preferred to react
with the R- or the S-enantiomer of the alcohol. Write a paragraph using the table describing the

logic that led you to this conclusion.

Discussion Questions

Pre-lab discussion questions:

1. Explain how Reaction 1 is a “transesterification” reaction.

2. How is the active site of an enzyme chiral? Why is the complex formed by the
interaction of each enantiomer of the 1-phenylethanol with the active site of the enzyme a
diastereomer?

3. What do you expect to see by TLC during the initial reaction? How will you know when
the reaction is “done” (has used all of one enantiomer, if it is going to do that)? What
will you see when the reaction is past “done™?

4. Why is a mixture of hexane and ethyl acetate used to develop the column? Why is the
mixture changed from more hexane/less ethyl acetate to relatively less hexane and more
ethyl acetate?

5. Identify the benzylic proton in (5)-1-phenylethyl (R)-acetoxyphenylacetate. Show how it

is diastereomerically different from the benzylic proton in (8)-1-phenylethyl (R)-
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acetoxyphenylacetate. What is the spin-spin splitting of the benzylic hydrogen? What is
the splitting on the methyl group?
6. Show how to calculate “2 molar equivalents™. How many grams of EDC are “2 molar

equivalents” in this experiment?

Post-lab discussion questions (include your responses in your laboratory repory):
1. Did all of the alcohol react? How can you tell from the ‘H NMR?
2. Which has a larger R, the alcohol or the ester?

3. Which enatiomer of the initial alcohol was preferentially used by the enzyme?
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Instructor Notes

Other acylase enzymes (porcine, for instance) do not work for this experiment,
Setting up the enzyme reaction in Part 1 (“week 17) can be started at the end of the
previous lab period as it only takes 15-20 minutes to prepare the sample reaction. The rest
of the experiment would be completed over the next two weeks.
Recommendations for preparing the column for fractionation: 8 ml of dry silica gel is
more than a Pasteur pipette will hold. An appropriate sized column may be available in
your microscale kit. If not, one can be easily made from al0 mL disposable pipette.
EDC forms a “derivative™ of the carboxylic acid similar to an acid chloride. The EDC
group is displaced by an alcohol:
R-COOH + EDC - R-COOEDC (reacts readily with 4-DMAP catalyst)
R-COOEDC +R’OH - R-COOR’
*Both reactions occur more readily, under gentler conditions, and in higher yield than the
direet reaction of R-COOH + R’OH < R-COOR’
A streamlined procedure may be used instead of having each student welgh out tiny
amounts of reagent. This saves a substantial amount of reagent and lots of student time.
You may prepare solutions of each reagent in dichloromethane for your whole lab section
such that 1 mL of solution contains 2 molar equivalents relative to the alcohol. The
amount of EDC hydrochloride is 0.77 g mL", DMAP 0.05 g mL"', and (R)-acetoxy acid
0.66 g mL"'. These amounts can be weighed out in advance and the solution made the
day of the lab. Solutions are good for at Jeast 8 hours. The students add 1 ml of each
solution to their 1-phenylethanol in place of the 2 mL of dichloromethane. They must he

added in the order of EDC, DMAP, and then acetoxy acid.
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6. The 'H NMR Spectra.

CH;
H e O"\. -~ l'"f,H
| ©
o |
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Figure 1. 300 MHz spectrum of 1 {5)-1-phenylethyl (R)-acetoxyphenylacetate made from the

racemic alcohol. The doublet from both the R-alcohol ester and the S-alcohol ester are present.

b)

i U —
S =

Figure 2. The 1-3 ppm region is expanded to show a) a mixture of the two diastereomers and b)

the pure K,R-diastereomer, illustrating how clearly the different diastereomers can be seen. A

little of the R,S-diastereomer is also present.
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Figure 3. Examples of student data acquired on a 90MHz NMR of ester made from enzyme

treated alcohol.

The enantiomeric excess in the treated sample shown in Figure 3 is:

Integration of the R R doublet 0.67 (0.31 +0.35)
Integration of the §,R doublet 2.10 (1.10 + 1.00)
Percent of R,R isomer 24% (67/(67+210))
Percent of §,R isomer 76% (210/(67+210))

Enantiomeric excess = % major isomer - % minor isomer = 76-24 = 52
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Note: If less enzyme is used, the reaction may not he complete in seven days, resulting in
excess R-enantiomer remaining. In our iaboratory n 2008, using 20 mg of acylase 1, the
enantiomeric excess of the S-alcohol was about 52%.

7. Variations: The extent of reaction of the alcohol depends on the amount of enzyme, the
temperature, and the amount of time the alcohol is allowed to react. Any of these can be
varied to change the enantiomeric excess, The experimental conditions presented here
are for a large amount of enzyme, room temperature, and one week.

80 mg of acylase should cause all of the R-enantiomer of | -phenylethanol to react,
but using only 20 mg may leave some unreacted R-enantiomer. Usin £ "H NMR and/or
polarimetry can allow students to calculate an enantiomeric excess for amounts of
reaction less than 100%,

If other alcohols are used, the class may explore which alcohol structures the
enzyme “prefers,” (i.e., which react faster). (See by Faraldos J.; Arroyo, E.; Herradén,
B.; Synlett 1997, 4, 367-370.)

8. Structure of EDC:

o
Hoo N NFCN._CHy - Hl

HsC\-I- o

HyC~ i

T VY

9. Siructure of 4-DMAP:
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Table of Reagents
Reagent CAS Number Purchased Catalog Comments
from Number

R-(+)-1-phenylethanol [1517-69-7} Sigma-Aldrich 77848
S-(-)-1-phenylethano} [1445-91-6] Sigma-Aldrich 77849
Sec-phenylethyl alcohol [98-85-1] Sigma-Aldrich | PI13800 | cancer suspect

agent, toxic
vinyl acetate [108-05-4) Sigma-Aldrich | V-150-3 | cancer suspect

agent, flammable
acylase I from B.C35.1.14 TCI America 0688 | porcine acylase
Aspergillus sp. N-acylamino acid does not work

arnide hydrolase

4-DMAP, 4-dimethyl- [1122-58-3) Sigma-Aldrich | 522813 | highly toxic,
aminopyriding corrosive
EDC, 1-(3-dimethyl- [29952.53-8] Sigma-Aldrich | 161462 | irritant
arpinopropyl)-3-
ethylcarbodiimide
hydrochloride
R-(-)-2-acetoxy- [51019-43-3] Sigma-Aldrich | 253030 | NMR derivitizing
phenylacetic acid, (-)-O- agent, J. Chem.
acetyl-D-mandelic acid Soc., Perkin

Trans. 2,1983, 1,

83-88.
S-(+)-2-methoxy- [26165-26-1} Sigma-Aldrich | 248983
phenylacetic, O-methyl-
L-mandelic acid :
R-(-)-2-methoxy- [3966-32-3) Sigma-Aldrich | 248967 | NMR derivitizing
phenylacetic acid, agent,
O-methyl-D-mandelic Tetrahedron:
acid Asymmetry 2006,

17,1979-1984,
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