THIEME

SynOpen J. M. Noble et al.

A Practical and Economical Route to (S)-Glycidyl Pivalate

Jeffrey M. Noble*?

Le Chang®

Dan Chen®

Binglin Wang®
Raymond N. Dominey*
Daniel W. Cook?
Justina M. Burns?®
Rodger W. Stringham?®
Flavio S. P. Cardoso*?
David R. Snead*?

2 Medicines for All Institute, 737 N. 5th St., Box 980100, Richmond VA, 23298-0100, USA

flaviosegacardoso@gmail.com
drsnead@vcu.edu
noblejm@vcu.edu

b WuXi AppTec (Wuhan) Co. Ltd., Wuhan East Lake High-tech Development Zone, Wuhan 430075, P. R. of China
¢ Department of Chemistry, Gottwald Center for the Sciences, University of Richmond, VA 23173, USA

Received: 25.08.2022

Accepted after revision: 15.09.2022 .;O.A
Published online: 18.10.2022 (Version of Record) ‘ Crowd g
DOI: 10.1055/5-0042-1751375; Art ID: SO-2022-08-0040-OP Reviewe

License terms: @ ®

© 2022. The Author(s). This is an open access article published by Thieme under the
terms of the Creative Commons Attribution License, permitting unrestricted use, dis-
tribution and reproduction, so long as the original work is properly cited.
(https://creativecommons.org/licenses/by/4.0/)

Abstract An efficient method to prepare enantiopure (S)-glycidyl
pivalate from (R)-epichlorohydrin and pivalic acid is reported. This work
provides an alternative to the synthesis of this important building block
from readily available and inexpensive materials.
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Tuberculosis is one of the leading global causes of mor-
tality, and it is believed that one third of the population has
a latent case of the disease.! Pretomanid® is a therapy for
treatment of tuberculosis that was recently approved by the
US FDA under the Limited Population Pathway (LPAD Path-
way) for treatment of pulmonary extensively drug resistant
(XDR) tuberculosis in combination with Bedaquiline® and
Linezolid®. It works as a respiratory poison against bacteria
by releasing nitric oxide under anaerobic conditions.

Given the large quantities of drug substance that would
be required to treat tuberculosis throughout the world,
cost-effective syntheses are needed. A key structural fea-
ture of Pretomanid® is the dihydro-1,3-oxazine, containing
an oxygen-substituted asymmetric center on the C; unit
(Figure 1). One could foresee installation of this fragment
from an (S)-glycidol derivative, and, not surprisingly, many
of the current Pretomanid® routes make use of functional-
ized glycidols.?
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Figure 1 Pretomanid® retrosynthesis from glycidol and derivatives

Glycidyl pivalate appears to be a particularly important
variant.> However, optical enantiomers of glycidol are of
considerable expense and construction from less expensive
precursors would be desirable. Epichlorohydrin is a feed-
stock chemical, and its pure enantiomers are more readily
available in comparison to those of glycidol. As a result, (R)-
epichlorohydrin is approximately 5-6% of the cost* of (S)-
glycidol and could thus form the basis of a more cost-effec-
tive route to this intermediate.

Numerous reports describe reaction of epichlorohydrin
with carboxylates, particularly hindered carboxylates, as
the ensuing glycidyl esters are used in alkyd resins, paints,
coatings, and acrylate monomer compositions.> Fewer re-
ports detail the reaction of enantiopure epichlorohydrin
with carboxylic acid derivatives.?* This work describes the
development of a practical route to (S)-glycidyl pivalate
from low-cost and readily available (R)-epichlorohydrin and
pivalic acid.

Our investigation began by screening typical conditions
used to couple acids with racemic epichlorohydrin (Table
1). Variations in the numbers of equivalents of starting ma-
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Table 1 An Initial Screen of Conditions for Glycidyl Pivalate 3 Synthesis using Racemic Epichlorohydrin 2

0 o) Base 9
+ Cl S E—— -
%OH Q\/ Solvent %O \<(I)
1 2 3
Entry 2 Base (equiv.) Temp. (°C) Time (h) Solvent Yield 3 (%) (LCAP) Ref.
(equiv.)

1 0.6 NaOH (0.25) 55 2 EtOH/H,0 (1:1) ND 6
2@ 0.9 NaOH (1) 110 12 toluene ND 5¢
30 1.08 NaOH (1.5) 70 1-25 - ND sh
4 2 K,CO; (2) 80 12 MeCN 9d 7
5 5 K,CO5 (0.02) 90 2 H,0 ND 8
6° 10 NaOH (1) 120 2 - 96 5d

220 mol% tetrabutylammonium bromide (TBAB).
b8 mol% tetramethylammonium chloride (TMAC, 50% aq.).
€1.5 mol% tetramethylammonium chloride.

4Yield (%) determined by qNMR using 1,3,5-trimethoxybenzene as internal standard.

terial, preformation of the carboxylate, solvent, tempera-
ture, and time were explored. Introducing an excess of epi-
chlorohydrin was advantageous (entries 4-6). Furthermore,
removal of exogeneous solvent led to the best results, giving
glycidyl ester 3 in greater than 95% yield by NMR assay.
While a high stoichiometry of epichlorohydrin was em-
ployed, we were encouraged that these conditions could be
rendered economical if excess starting material were to be
recovered.

We subsequently shifted our focus to isolation of the de-
sired compound from the reaction mixture, and the reac-
tion scale was increased to 20 g of pivalic acid and 182 g (10
equiv) of (S)-epichlorohydrin (Scheme 1). The reaction of
sodium pivalate with epichlorohydrin produced one equiv-
alent of sodium chloride that was easily removed by filtra-
tion because of its low solubility. Next, the epichlorohydrin
(bp 118 °C) was evaporated and collected and a high pro-
portion of the excess epichlorohydrin was recovered, an im-
portant consideration in rendering an economically viable
synthesis (143 g, 87%). The residual crude glycidyl pivalate
(33 g, contaminated with ca. 6% epichlorohydrin) was dis-
tilled twice at 50-70 °C under high vacuum (ca. 6-10 Torr),
resulting in 74% isolated yield of the pure glycidyl pivalate.
The compound appeared to be temperature sensitive at
high concentration, and thus short distillation times were
optimal. The product showed good specific activity (-21.9,
CHCl;, 25 °C), as compared to literature values for (S)-glyc-
idyl pivalate (+20.7);° however, the sign of rotation was in-
verse, indicating that the undesired (R)-enantiomer had
been made. Therefore, starting from (R)-epichlorohydrin
led to (S)-glycidyl pivalate samples with [a], values of 18.8
and 18.9. Attack of the pivalate anion on the epoxide rather
than the primary chloride rationalizes this observation. De-

spite these highly encouraging results, analysis of the re-
covered epichlorohydrin revealed that the epichlorohydrin
racemized over the course of the reaction.

1) NaOH (1 equiv.)

o) TMAC (1.5 mol%) o
0., (s) 120°C,2h o. A
%OH ' L 2) Double !
(10 equiv.) distillation 0
1 (5)-2 (R)-3
Isolated yield [o]o® er of
Scale (g) of 3 (lit.: (S)-3) Recovered 2 recovered 2
20 g 239, 74% ‘(283)7 143 g, 87% 111

Scheme 1 20 g scale-up transposed from initial conditions with isola-
tion of optically pure glycidol pivalate

Further reaction screening was required to identify a
cost-effective system. Our approach was that either epi-
chlorohydrin epimerization would need to be fully sup-
pressed or that consumption of epichlorohydrin would
need to be decreased in order to negate the requirement of
starting material recycling. We first explored suppression of
epimerization with the thought that, at lower tempera-
tures, the rate of substrate racemization might be signifi-
cantly slower. The esterification was carried out at 60 °C,
which gave 98% yield of product by NMR analysis. At this
temperature, the enantiomeric ratio increased from 50:50
t0 90:10 (Table 2, entries 1-2). While this was a positive de-
velopment, further improvements were still required. The
high assay yield (AY) was maintained at 50 °C, and the en-
antiomeric ratio was increased to 95:5 (entry 3). This
moved the conditions toward economic viability; however,
even the slight erosion of optical activity limits the ability
to recycle epichlorohydrin.
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Removing the need to recycle the epichlorohydrin
would be preferable as it would simplify the procedure. If
the epichlorohydrin equivalence could be reduced, the eco-
nomic driver to recycle the starting material would be elim-
inated. However, simply reducing the equivalents of epi-
chlorohydrin led to much lower yields, and a large amount
of decomposition was observed (Table 2, entries 4 and 5).
The root cause was believed to be heat sensitivity, where
bimolecular degradation of the product was most likely ac-
celerated at elevated concentrations. To evaluate this hy-
pothesis, the reaction was investigated with 3 and 6 equiva-
lents of epichlorohydrin, but diluted with inert chloroben-
zene to a volume equivalent to that of 10 equivalents of
epichlorohydrin. This did indeed provide a significant in-
crease in yield up to and above 80% (entries 6 and 7). De-
creasing temperature to 60 °C was found to be the best
solution as it further increased yield, avoided the need for
exogenous solvent, greatly increased throughput of materi-
al, and rendered the system highly economical as compared
to glycidol.

Table 2 Optimization of the Synthesis of Glycidol Pivalate?

0 o NaOH (1.0 equiv.) 0

>HI\OH * ¢ TMAC (15 mole) %O/\%

1 2 3
(1 equiv.)

Entry 2 (equiv.) Temp. (°C)  Time (h) AY 3 (%)° 2er (RIS)
1 10 120 3 96 50:50
2 10 60 3 98 90:10
3 10 50 17 96 95:5
4 6 120 3 62 -

5 3 120 3 13 -
6° 6 120 3 88 -
7¢ 3 120 3 80 -
8 6 60 3 76 -
9 6 60 24 98 -
10 3 60 3 61 -
11 3 60 24 93 -

2 Reaction conditions: Pivalic acid (1 g) combined with epichlorohydrin.
NaOH (0.39 g, 1.0 equiv.) and TMAC (0.021 g, 1.5 mol%) added. 1,3,5-tri-
methoxybenzene (0.165 g, 1.0 equiv.) added as an internal standard. Reac-
tion heated and monitored by quantitative NMR.

b Assay yield.

¢ Chlorobenzene added as solvent to reach volume equivalent to reaction
volume at 10 equiv. of epichlorohydrin.

With the optimized preparative procedure, we then in-
vestigated glycidyl pivalate isolation methods. Two feasible
solutions were identified as (1) in situ solution of glycidyl
pivalate, or (2) distillation to access a higher purity of prod-
uct.

Each approach has benefits and drawbacks. The first op-
tion is desirable, in that it avoids distillation of epoxide 3.
Some temperature sensitivity was noted for epoxide 3, and
production of a reactive solution could maximize yield by
limiting the heat history and concentration of the epoxide.
However, this approach does not provide a means of purify-
ing the glycidyl pivalate, and the excess epichlorohydrin
must still be removed. If successful, the second option pro-
vides a means of removing byproducts from the glycidyl
pivalate to obtain a more highly controlled and pure prod-
uct.

Production of an in situ solution was explored first (Fig-
ure 2). Changing the reaction solvent to toluene was consid-
ered desirable as toluene could be used in the subsequent
steps. In first attempts toward this goal, epichlorohydrin
was directly distilled from the reaction mixture under vac-
uum, and then toluene was added intermittently to com-
pensate for the volume lost from epichlorohydrin evapora-
tion. Volatiles were then fully removed to give a glycidyl
pivalate residue. The process was repeated three times. This
led to a loss of active glycidyl pivalate in solution, as ob-
served by decrease in the NMR assay (10-15%) and the ob-
servation of unidentified by-products (Figure 2).

100 100 =
| X
90 ® 37 81 90 :‘
:\3 80 L] 71 70 80 %
= 79%es ° ° 70 =
@ 60 - 60 2
> =}
> 50 @ Glycidyl Pivalate 50 =
@© 3]
A 40 Epichlorohydrin 40 -3
< 30 30 W
©
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o
10 1 0 10 8
01— ——e—L 0 &

0 1 2 3
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Figure 2 Impact of concentration on NMR assay yield of glycidyl piva-
late in toluene

Again, heat and concentration sensitivities were sus-
pected to cause the loss in yield. If the solvent replacement
could be conducted while maintaining constant volume, the
decomposition would be expected to be mitigated by the
maintained concentration and less direct heat application.
This was accomplished by adding toluene continuously to a
stirred solution of the glycidyl pivalate reaction mixture
whilst under vacuum (Figure 3). Performing the solvent ex-
change in this manner largely prevented the loss of active
glycidyl pivalate to decomposition products. The reaction
mixture had a 94% NMR yield at the end of reaction and a

SynOpen 2022, 6, 258-262
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90% NMR yield after removal of epichlorohydrin after tolu-
ene solvent exchange. This yielded a solution of epoxide 3
that could be used for the subsequent alkylation step.2®

100 180
\ﬁ... ® ® %]
90~ ..~ %9 ......00. 160
80 ' =
140 é
g 120 2
5 60 o
= 100 2
%= 50 2
> 80 4=
b 40 3
-, 60 S
30 g
20 ® Toluene = <
10 @ Glycidyl Pivalate AY (%) 20
Residual Epichlorohydrin (%) 0
0 200 400
Time (min)

Figure 3 Solvent exchange of epichlorohydrin for toluene with contin-
uous addition of toluene to maintain constant volume

Next, we attempted to isolate glycidyl pivalate in good
purity by direct distillation'® (Table 3). Firstly, the sodium
chloride was removed from the reaction mixture by filtra-
tion, and then the excess epichlorohydrin was removed
from the filtrate by evaporation under reduced pressure.
Care was taken to remove the epichlorohydrin at low tem-
perature (<60 °C) under high vacuum (<10 torr). After evap-
oration, the NMR assay yield of the crude glycidyl pivalate
residue was 87%. The product was then distilled. Again, it
was important to carry this out under reduced pressure so
that the temperature of the glycidyl pivalate did not exceed
70 °C. At higher temperature, lower yields were observed as
a result of product decomposition. Optimal conditions used
in this work were to distil at 50 °C and 6 Torr. This is likely a
function of system configuration, which can be further op-
timized upon subsequent implementation, and might bene-
fit from a continuous distillation system such as a thin-film
evaporator so as to minimize thermal exposure of the heat-
sensitive compound. In this way, the isolated yield of 3
reached 76% with material of 95% purity.

The optical purity of the epoxide samples was con-
firmed through derivatization with 4-nitro-2-bromoimid-
azole. The derivatives synthesized from optically active epi-
chlorohydrin were compared against those of racemic epi-
chlorohydrin by HPLC. Supercritical fluid chromatography
traces indicated an enantiomeric ratio of 97:3,'! which was
consistent with the high optical purity observed from the
specific rotation (see the Supporting Information for the
derivatization procedure).

Table 3 Scale-Up for the Synthesis of Glycidol Pivalate

1) NaOH (1.0 equiv.)

o o TMAC (1.5 mol%) 0
%OH + Q\/Q %OM
2) Distillation ¢}
1 2 3
(1 equiv.) 3 (equiv.)
Entry Scale(g) AY3,EOR AY 3, Epi. Y3 Assay  Residual 2
(%) Removal (%) (%)°  (wWt%) (%)
1 10 98 81 40 99 1.0
2 20 90 83 66 96 0.0
3 40 92 87 76 95 0.2

2 End of Reaction (determined by gNMR with an internal standard of tri-
methoxybenzene)
b Isolated yield.

In conclusion, we have developed an efficient method to
prepare enantiopure (S)-glycidyl pivalate from (R)-epichlo-
rohydrin and pivalic acid. We believe this work provides an
alternative to the synthesis of this important building block
from readily available and inexpensive materials.

Starting materials, reagents, and solvents were purchased from com-
mercial sources and were used as received unless otherwise noted.
The reactions were monitored with a Bruker Avance [11 600 MHz NMR
spectrometer, using 1,3,5-trimethoxybenzene as internal standard.
Solvents were removed under reduced pressure using a rotary evapo-
rator. Purification was performed using vacuum distillation (see the
Supporting Information for more information).

Synthesis of Glycidyl Pivalate ((S)-3)

To a solution of pivalic acid 1 (20 g, 196 mmol, 1 equiv) in (R)-epichlo-
rohydrin 2 (54.4 g, 587 mmol, 46.1 mL, 3 equiv) were added NaOH
(7.8 g, 196 mmol, 1 equiv, pellets) and TMAC (430 mg, 4 mmol, 0.02
equiv) at r.t. in one portion. The suspension was then stirred at 50 °C
until the reaction was complete as monitored by NMR analysis, with
1,3,5-trimethoxybenzene being used as an internal standard. Once
complete, the reaction suspension was filtered and washed with DCM
(30 mL). The DCM was then removed by rotary evaporation and the
reaction mixture was purified by vacuum distillation. (S)-Glycidyl
pivalate was obtained in high purity (>95%) and 63% yield.

[a]p +19.1 (¢ 1.8, CHCl5, 25 °C).

TH NMR (600 MHz, DMSO-d,): & = 4.38 (dd, J = 2.26, 12.46 Hz, 1 H),
3.85 (dd, J = 5.92, 12.50 Hz, 1 H), 3.17 (m, 1 H), 2.77 (t, ] = 4.42 Hz, 1
H), 2.62 (dd, J = 2.38, 4.86, 1 H), 1.17 (s, 9 H).

BCNMR (151 MHz, DMSO-dg): & = 177.11, 64.41, 48.94, 43.54, 38.22,
26.79.
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