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Readily available L-menthyl phthalate has been shown to be an effective derivatizing agent for determi-
nation of the enantiomeric purity of alkyl- and aryl-substituted 1,1,1-trifluoromethyl-2-alkanols using
HPLC and GC. It has been shown that a previously described protocol for one-step enzymatic kinetic res-
olution results in the formation of the desired 1,1,1-trifluoromethyl-2-alkanols with 96–98% ee.
Enrichment of the (R)-isomer of trifluoromethyl alkanols by repetition of the enzymatic hydrolysis pro-
cedure was found to increase the ee up to 99.9%. Furthermore, excessive conversion of the corresponding
esters during enzymatic hydrolysis allowed enantiomerically pure (S)-1,1,1-trifluoromethyl-2-alkanols
to be obtained.

� 2015 Published by Elsevier Ltd.
Introduction

Chiral 1,1,1-trifluoromethyl-2-alkanols are useful synthons in
modern medicinal and materials chemistry.1–3 In particular, we
have recently reported that esters of p-terphenyldicarboxylic acid
and (R)-/(S)-enantiomeric 1,1,1-trifluoro-2-octanols possess
promising properties as chiral components of liquid crystal mate-
rials for various practical applications.4,5

Such chiral alcohols do not occur in Nature and can be synthe-
sized by reduction of the corresponding ketones using enantiose-
lective catalysis, with enantiomeric excesses of up to 90%.6

However, the most promising method for their synthesis is the
lipase-catalyzed enzymatic hydrolysis of the corresponding esters,
which have been reported to yield enantiomeric excesses exceed-
ing 97%.7,8 A common method to determine enantiomeric purity
utilizes derivatization to give the corresponding diastereomeric
mixtures for subsequent analysis using GC, HPLC, and NMR spec-
troscopy.9 The well-known chiral derivatizing agent for alcohols
a-methoxy-a-(trifluoromethyl)phenylacetic acid (MTPA, Mosher’s
acid; 1, Fig. 1) has been successfully used for analyses of the enan-
tiomeric purity of chiral alcohols by GC7 and the determination of
their absolute configuration by 1H NMR spectroscopy.8 (S)-Ace-
toxypropionyl chloride (2)10 and (S)-trifluorolactic acid (3)11 have
also been proposed as derivatizing reagents for the determination
of the enantiomeric purity of such compounds. It worth mention-
ing that derivatizing agents7,10,11 are typically quite expensive syn-
thetic chiral compounds, making them less cost-effective for
routine analyses of the enantiomeric purity of chiral alcohols.

Thus, there is still a need for a more readily available chiral
derivatizing agent with comparable performance to known deriva-
tizing reagents under GC and/or HPLC analysis conditions. Taking
into account the efficiency of readily available mono-phthalates
as reagents for the enantiomeric resolution of alcohols12 and ami-
nes,13 we found it reasonable to examine L-menthyl phthalate (4,
Fig. 1) as a derivatizing agent for 1,1,1-trifluoromethyl-2-alkanols
and other secondary alcohols, as well as to compare it to MTPA.

Moreover, in view of practical applications (such as those
above), it would be beneficial to have in hand a synthetic approach
giving both (R)- and (S)-enantiomeric alcohols from a single race-
mic source. Herein, we describe such an approach and the control
of the enantiomeric purity of (R)- and (S)-enantiomeric alcohols
with the use of L-menthyl phthalate as a chiral derivatizing agent.

Results and discussion

Derivatization of racemic secondary alcohols rac-5a–i was
achieved by esterification with an excess of L-menthyl phthalate
(4) (obtained from L-menthol and phthalic anhydride in a manner
similar to that as described in the literature14) using DCC/DMAP
(Scheme 1).15,16 The resulting mixture was filtered through silica
to separate the diastereomeric esters (R)-6 and (S)-6 from unre-
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Figure 1. Structures of selected chiral derivatizing agents 1–4 for determining the
enantiomeric purity of chiral secondary alcohols.
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acted 4 and N,N0-dicyclohexylurea. The mixtures were analyzed by
GC and HPLC (see ESI for details).

The (R)- or (S)-configurations in the mixtures of diastereomeric
esters 6a–6d and 7c (see Scheme 2 and the discussion thereof)
were assigned by comparison to their enantiomerically pure deri-
vates, (R)-6 and (S)-6, synthesized from the corresponding enan-
tiomerically pure alcohols (R)-5a–d and (S)-5a–c, respectively
(details regarding the synthesis and characterization of these stan-
dards, (R)-6 and (S)-6, are given in ESI). Esters (R)-6 and (S)-6
showed equal absorbance at the wavelength (kmax) 245 nm which
was chosen as the analytical wavelength for HPLC analyses. The
results of HPLC and GC analyses of derivates 6a–i are given in
Table 1.

As can be seen from Table 1, using HPLC, the series of diastere-
omeric esters 6a–d formed from the homologous 1,1,1-trifluoro-2-
alkanols rac-5a–d (Table 1, entries 1–3 and 5) showed that resolu-
tion (RS) increased with longer alkyl chain lengths. However, even
in the case of the lowest RS values (entry 1), it was high enough to
separate the analytes almost to baseline, which allowed reliable
determination of minor components at a level of less than 1%. Thus,
such RS values were considered to be sufficient for further applica-
tions. The effect of the alkyl chain was less pronounced in GC sep-
arations where modest resolution values were obtained. Moreover,
RS values reached a maximum for ester 6c containing an interme-
diate terminal alkyl length (entry 3). Diastereomeric esters 6e,f
derived from aryl-substituted trifluoromethyl alkanols 5e,f showed
excellent separation using HPLC and modest to good separation
when GC was employed (entries 6 and 7). In the case of compounds
6e,f, the resolution was substantially increased when the benzene
ring was substituted with a methyl group (compare entries 6 and
7). In comparison to the fluorine-containing compounds 5a–f
(Table 1, entries 1–3 and 5–7), L-menthyl phthalate (4) appeared
to be a considerably less effective derivatizing agent for non-fluo-
rinated alcohols rac-5g–i. In these cases, satisfactory separation
was only achieved using HPLC for (±)-2-octanol derivatives 6g
(entry 8) while the derivatives of rac-menthol (6h) (entry 9) and
1-phenyl-2-propanol (6i) (entry 10) showed no noticeable separa-
tion. A similar tendency was also observed for the GC analyses of
diastereomers 6g–i (entries 8–10).
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HO R2
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OHO
O
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HO R2
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+ +

5a R1=CF3, R2=C4H9
5b R1=CF3, R2=C5H11
5c R1=CF3, R2=C6H13
5d R1=CF3, R2=C7H15
5e R1=CF3, R2=Ph

5f R1=CF3, R2=p-(C
5g R1=CH3, R2=C6

5h R1,R2=
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Scheme 1. Derivatization of racemic secondary alcohols (rac-5a–i) with L-menthyl ph
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Diastereomeric ratios (dr) determined for derivates 6a–f
(around 50:50) showed good compliance to the equal amount of
enantiomers expected in the starting racemic alcohols rac-5a–f
(Table 1, entries 1–3 and 5–7). However, in the case of rac-6g–i
(Table 1, entries 8–10), the dr value could not be accurately deter-
mined due to low separation of the corresponding chromato-
graphic peaks.

In order to compare our results to the known derivatizing agent
MTPA (1),7,8 we performed the derivatization of rac-5c with (R)-
MTPA under the same reaction conditions16 followed by GC analy-
sis of the mixture of diastereomeric esters (R)-7c and (S)-7c
(Scheme 2). The only difference was that centrifugation was used
instead of filtration in order to exclude possible errors arising from
different retention of the diastereomeric esters on silica. As shown
in Table 1, use of (R)-MTPA (1) provided considerably higher reso-
lution of the analytes under GC conditions than L-menthyl phtha-
late (4) (compare entries 3 and 4). Due to such high resolution,
the diastereomeric esters (R)-7c and (S)-7c were fully separated
by GC–MS and their individual mass-spectra confirmed the
expected structures. However, in this case, the diastereomeric ratio
(R)-7c/(S)-7c surprisingly indicated a prevalence for one of the
diastereomers.

In order to assign the chromatographic peaks, 10% by weight of
enantiomerically pure alcohol (S)-5c was added to (R)-5c (esti-
mated ee 100%). Derivatization of this mixture with (R)-MTPA (1)
gave a mixture of diastereomers (R)-7c and (S)-7c where 6.3% of
(S)-7c was detected by GC. At the same time, using L-menthyl
phthalate (4) for derivatization of the same mixture, gave diastere-
omers (R)-6c and (S)-6c with the expected ratio (10.3% by HPLC,
10.2% by GC). These results indicate that using (R)-MTPA (1) leads
to an overestimation of the amount of the corresponding (R)-alco-
hol in a mixture of enantiomers. Thus, L-menthyl phthalate (4) is
well suited as a derivatizing agent for the determination of enan-
tiopurity for alkyl- and aryl-substituted trifluoromethyl alkanols
under both HPLC and GC conditions. At the same time, the applica-
bility of 4 for analysis of the enantiomeric purity for non-fluori-
nated alcohols 5g–i should be considered as limited.

For the purpose of obtaining homologous (R)-enantiomeric
1,1,1-trifluoromethyl-2-alkanols (R)-5a–d, racemic alkanols rac-
5a–d were first synthesized from ethyl trifluoroacetate by means
of a Grignard addition/reduction sequence17 followed by conver-
sion to the corresponding chloroacetates rac-8 (Scheme 3).
Lipase-catalyzed enzymatic hydrolysis8 proceeding with a conver-
sion of less than 50% (according to GC–MS) gave a mixture of (R)-
enantiomeric alcohol (R)-5, residual ester (R)-8, and unreacted
ester (S)-8. The mixture could be separated by fractional distilla-
tion under reduced pressure to give alcohol and ester containing
fractions.
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Scheme 2. Derivatization of racemic 1,1,1-trifluoromethyl-2-octanol (rac-5c) with (R)-MTPA (1). Reagents and conditions: (i) DCC, DMAP, 1,2-dichloroethane, 0 �C–rt.

Table 1
Separation of diastereomeric derivates 6a–i, 7c by HPLC- and GC

Entry Derivate HPLC GC

RS dr RS dr

1 6a 1.40 49:51 1.20 51:49
2 6b 1.84 51:49 1.29 49:51
3 6c 2.39 49:51 1.38 49:51
4 7c — — 2.30 72:28a

5 6d 2.53 50:50 1.32 50:50
6 6e 2.54 50:50 1.32 49:51
7 6f 3.18 50:50 1.81 50:50
8 6g 1.52 51:49 0.43 —b

9 6h 0 — 0 —
10 6i 0 — 0 —

a (R)-MTPA (1) was used as derivatizing agent (Scheme 2).
b Ratio could not be accurately determined due to the low RS value.

Table 2
Yield, specific rotation and enantiomeric purity of (R)-1,1,1-trifluoromethyl-2-alka-
nols ((R)-5a–d)

Entry Compd Yield
(%)

Actual Literature7

½a�25D Enantiomeric purity
(ee) (%)

½a�25D ee
(%)

HPLC GC

1 (R)-5a 70a +23.6 95.6
(91.2)

95.3
(90.6)

+29.5
+31.8

98
97

2 (R)-5a 75b +27.0 99.9
(99.8)

>99.9c

3 (R)-5b 68a +24.0 95.5
(91.0)

95.8
(91.6)

+29.8
+28.0

97

4 (R)-5b 83b +26.5 99.6
(99.2)

99.7
(99.4)

5 (R)-5c 66a +25.0 99.1
(98.2)

99.0
(98.0)

+24.0d

+28.6d
97d

6 (R)-5c 78b +25.0 >99.9c >99.9c

7 (R)-5d 60a +25.1 98.1
(94.2)

98.0
(94.0)

+23.8 98

a Yield is calculated in relation to the theoretical yield of (R)-5 from the enzy-
matic hydrolysis reaction according to Scheme 3.

b Yield is calculated in relation to 100% conversion of ester 8 during optical
enhancement.

c Corresponding diastereomeric esters (S)-6 were not detected.
d According to the literature,7 two essentially different specific optical rotation

values corresponding to a single ee value have been obtained through derivatiza-
tion with (R)-MTPA (1).
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The enantiomeric purity of alcohols (R)-5a–d was determined
by derivatization with L-menthyl phthalate (4)16 followed by HPLC
and GC analyses of the diastereomeric mixtures (Table 2). As
shown in Table 2 (entries 1, 3, 5 and 7), enzymatic hydrolysis of
esters rac-8a–d (Scheme 3) gave alcohols (R)-5a–d in satisfactory
yields. However, according to the specific rotation data, the enan-
tiomeric purity of alcohols (R)-5a,b,d (entries 1, 3 and 7) appeared
to be lower than described in the literature.7 Quantitative estima-
tion of the enantiomeric purity for (R)-5a,b,d by comparison to lit-
erature values does not give a good estimate due to the high
uncertainty of optical rotation measurements (in our case, the
uncertainty was ±1.8�). Moreover, the actual enantiomeric purity
of compound (R)-5c (entry 5) could not be deduced from the liter-
ature since two different specific optical rotation values have been
reported for a single declared ee value.7 Therefore, the enan-
tiomeric purity of alcohols (R)-5a–d (Table 2, entries 1, 3, 5 and
7) was determined by derivatization with L-menthyl phthalate
(4). Obtained values for enantiomeric purity showed both good
compliance with the values of specific optical rotation and good
convergence of the HPLC and GC determinations.
i

HO CnH2n+1

CF3 ii, iii

O CnH2n+1

CF3O
Cl

O CnH2n+1

CF3O
Cl

HO CnH2n+1
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+

O CnH2n+1

CF3O
Cl

rac -5a-d rac -8a-d

(R)-8a-d, (S)-8a-d

(R)-5a-d

Scheme 3. Synthesis of (R)-1,1,1-trifluoromethyl-2-alkanols ((R)-5a–d). Reagents
and conditions: (i) chloroacetyl chloride, pyridine, CH2Cl2, 0 �C; (ii) Lipase MY,
phosphate buffer (pH 7.28), 37 �C; (iii) in vacuo fractional distillation.
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Moreover, having in hand such accurate means for the determi-
nation of enantiomeric purity allows the detection of even small
differences between enantiomeric purity values and can be effec-
tively utilized during enantiomeric enhancement by repeated
enzymatic hydrolysis. Indeed, conversion of alcohols (R)-5a–c
which were initially obtained with low enantiomeric purity
(Table 2, entries 1, 3 and 5) to the corresponding chloroacetates
8 followed by repetition of enzymatic hydrolysis (85% conversion
of ester 8 according to GC–MS) and fractional distillation steps
gave alcohols (R)-5a–c with markedly improved enantiomeric pur-
ity (compare entries 1, 3, 5 with 2, 4, 6, respectively).

The synthetic approach to (S)-enantiomers of 1,1,1-trifluo-
romethyl-2-alkanols (S)-5a–c consisted of three steps: (i) exhaus-
tive lipase-catalyzed hydrolysis of a mixture of (R)-8 and (S)-8
formed after the isolation of (R)-5 (see discussion with regard to
Scheme 3), (ii) removal of the mixture of (R)-5 and (S)-5 alcohols
by distillation, and (iii) saponification of the enantiomerically pure
esters (S)-8 thus obtained to yield the desired alcohols (S)-5
(Scheme 4, Table 3).

Lipase-catalyzed hydrolysis of the residual (R)-8a–c proceeded
slowly (4 days) and was stopped after 25–30% conversion of 8
was reached according to GC–MS. Presumably, the resultant mix-
tures contained ester (S)-8 along with alcohols (R)-5 and (S)-5.
Fractional distillation of the mixture gave the corresponding ester
and alcohol fractions of which the former was subjected to saponi-
fication leading to alcohol (S)-5. The enantiomeric purity of alco-
hols (S)-5a–c was determined by derivatization with L-menthyl
ett. (2015), http://dx.doi.org/10.1016/j.tetlet.2015.09.073
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Scheme 4. Synthesis of (S)-1,1,1-trifluoromethyl-2-alkanols (S)-5a–c. Reagents and
conditions: (i) Lipase MY, phosphate buffer (pH 7.28), 37 �C; (ii) in vacuo fractional
distillation; (iii) KOH (aq), EtOH, D.

Table 3
Yields, specific rotation and enantiomeric purity of (S)-1,1,1-trifluoromethyl-2-
alkanols ((S)-5a–c)

Entry Compd Yielda (%) ½a�25D Enantiomeric
purity (ee) (%)

HPLCb GCb

1 (S)-5a 19 �29.1 >99.9 >99.9
2 (S)-5b 25 �30.3 >99.9 >99.9
3 (S)-5c 27 �28.0 >99.9 >99.9

a Yield is calculated over five synthetic steps starting from racemic esters rac-8
(Scheme 3 steps (ii) and (iii) and Scheme 4 steps (i) through (iii)); half-amounts of
the esters rac-8 were taken as 100%.

b Corresponding diastereomeric esters (R)-8 were not detected.
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phthalate (4)16 followed by HPLC and GC analysis of the diastere-
omeric mixtures (Table 3, entries 1–3). No detectable amounts of
the (R)-enantiomers were found, thus, alcohols (S)-5a–c obtained
in this manner were enantiomerically pure.

In conclusion, readily available L-menthyl phthalate has been
shown to be an effective derivatizing agent for alkyl- and aryl-sub-
stituted 1,1,1-trifluoromethyl-2-alkanols using HPLC and GC, while
its applicability for certain non-fluorinated secondary alcohols is
limited. In terms of resolution, better results were obtained using
HPLC. It is worth mentioning that use of (R)-MTPA appears to lead
to an overestimation of the amount of the (R)-isomer in mixtures
of the enantiomeric 1,1,1-trifluoromethyl-2-alkanols. Using L-men-
thyl phthalate allows for careful control of the enantiomeric purity
of enantiomeric 1,1,1-trifluoromethyl-2-alkanols obtained by
enzymatic hydrolysis of their corresponding chloroacetates. In par-
ticular, enrichment of the (R)-isomeric trifluoromethyl alkanols by
a repetition of the enzymatic hydrolysis procedure has been
demonstrated. Furthermore, excessive conversion of the corre-
Please cite this article in press as: Mikhailenko, V.; et al. Tetrahedron L
sponding esters during enzymatic hydrolysis allows the produc-
tion of enantiomerically pure (S)-1,1,1-trifluoromethyl-2-alkanols.
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