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ABSTRACT

In present work we wish to report synthesis and characterization of (S)-
tert-butyl 4-formyl-2,2-dimethyl oxazolidine-3-carboxylate (5) derivativesfrom
L-Serineasachiral starting material. Amino terminal of L-serine was pro-
tected by (Boc),O (ditertiary butyl dicarbonate); Cyclization of C- and N-
terminal protected a-L amino acid isachieved by refluxing it with DMP (2,
2 dimethoxy propane) and PTSA (para toluene sulfonic acid) in benzene.
Structure of the product was confirmed by FT-IR,LC-MS,*H NMR and *C
NMR. Retention of stereochemistry was confirmed by optical rotation ob-
tained on polarimeter. After hydrolysis of methyl ester of 2, 2-
dimethyloxazolidine, alcohol as side chain obtained underwent for ‘Swern
Oxidation’ using TFAA (Trifluoro acetic anhydride), TEA and DMSO to
afford aldehyde.(S)-tert-butyl 4-formyl-2,2-dimethyl oxazolidine-3-carboxy-
late as final product, which isimportant synthetic precursor for synthesis
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of medicinally significant candidates.
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INTRODUCTION

Nitrogen-containing moleculesarecritica building
blocksin pharmaceuticals, cataysts, and material §.
Amongthem, 1, 3-oxazolidinederivativesareof par-
ticular interest because of their wide gpplicationsin or-
ganic synthesis, chira auxiliariesor ligands, and drug
designing such asthe anticancer prodrugs, doxoform,
doxazolidine, and doxaz carbamate?. N-Boc protected
2-substituted-1, 3-oxazolidinesarea sovastly studied
nitrogen-containing heterocyclesdueto their effective
applicationin medicine, agriculture, and polymer and
paint and varnishindustry®. (S) - tert - butyl 4-formyl-
2,2-dimethyloxazolidine-3-carboxylate (5) has been
discovered to be apromising precursor to form ana-

logs of sphingosineto inhibit theenzyme Protein Ki-
nase C (PK C) that promotescell growthand cell dif-
ferentiation. Theseanalogsare bdlieved to hinder tu-
mor cellsfrom spreading, which can beauseful tool in
the steadfast discovery for acurefor cancer™. Substi-
tuted oxazolidines have beeninvestigated extensively
because of their importance aschiral auxiliariesinthe
synthesisof avariety of chiral compoundsand aschain
protecting groups for amino alcoholsl®. 1, 3-
Oxazolidinesare usudly prepared by condensation of
1, 2- amino a cohols with aldehydes or ketones but
thesereactionsaretime consuming and lessyielding™.
Therefore, itishighly desirableto devel op new method
for theefficient construction of 1, 3-oxazolidinemoi-
eties. Solooking to thiscontext of amino dcohol herein,
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we wish to report the synthesis of (S) N-Boc 4-
(hydroxymethyl)-2, 2-dimethyl oxazolidine, from reason-
ably cheap starting material chiral L-serineand then
followed by swern oxidation to afford al dehyde at 4"
position of oxazolidine.

RESULT AND DISCUSSION

Methyl esterification of L-Serine (1) wasdoneby
reported procedure®®, using methanol and thionyl chlo-
riderefluxed for 3 hr, followed by N-Boc protection,
to afford carboxyl and amino termind protected (S)-L-
Serine(2). Thisisomer was confirmed by retention of
configuration observed by optical rotation. Thispro-
tection strategy facilitated usto afford cyclized product
i.e. oxazolidines(3). Cyclization was achieved by re-
fluxing (2) with DMP (2, 2 dimethoxy propane) and
PTSA (p-toluenesulfonic acid) in benzene. Product (3)
of thisstep was confirmed and characterized by spec-
tral data. Next step was to prepare an aldehyde (5)
from (3). A reactionwasplanned on theground of anao-
gous procedure reported® using DIBAL
(Diisobutyld uminium hydride) (1 eq.) intoluene, but no
(S)-tert-butyl 4-formyl-2, 2-dimethyl oxazolidine-3-car-
boxylate (5) wasformed. Large starting material was
unconsumed, instead an dcohol (4) wasformedinlittle
amount. From this result, we decided to prepare an
acohol (4) andthenit’s oxidation to afford desired al-
dehyde (Scheme 1) rather than direct route®.

S0, synthesized oxazolidine (3) wastreated for es-
ter hydrolysisto afford acohol functionadity (4), ahy-
drolysisreactionwas done successfully withgood yield
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using LiCl & NaBH, inethanol and THF. After workup
and column purification, isolated product was confirmed
by FT-IR spectrawhere apparently IR absorbance due
to hydroxyl group was observed at cm: 3582. Oxida-
tion of acohal functionality wasachieved by modified
‘Swern Oxidation’ procedure to afford final compound
(S)-tert-butyl 4-formyl-2, 2-dimethyl oxazolidine-3-car-
boxylate (5), Inthisprocedure TFAA (Trifluoro acetic
anhydride) wasusedingtead of oxalyl chlorideasit leads
to formation of number of byproducts?. After workup
new non-polar spot was observed in TLC whichwas
then purified by column chromatography and confirmed
as desired product by FT-IR, LC-MS, *H NMR and
3C NMR spectra.

EXPERIMENTAL

Commercid gradereagentswere used without fur-
ther purification. Solventsweredried and distilled fol -
lowing theusual protocols. Column chromatography
wascarried out using silicagel (100-200 mesh). TLC
was performed on auminium-backed platescoated with
SilicaGel 60withF,, indicator. The*'H NMR spectra
wererecorded with a400 MHz and *C NMR spectra
were recorded with a 100 MHz using CDCI, and
DMSO-d,. '"H NMR chemical shiftsare expressedin
partsper million (5).*C NMR chemical shiftsareex-
pressed in parts per million ().

IR spectra are recorded on FT-IR (PERKIN
ELMER) instrument. Massof synthes zed materid swas
determined on LC-M S(Q-trap): Triplequadrapolein-
srument (m/zvauesaregiven).
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(S)-methyl 2-amino-3-hydr oxypropanoate(1)

Ininert atmosphere, L-Serine (9.59 mmol) wasdis-
solved inmethanol (2 ml/mmol) and cooledto< 0° C
(brinefice). Thionyl chloride (56.69 mmol, 5.9eq.) was
added dowly by syringe, reaction mixturewasrefluxed
for 3 hr and then concentrated and co-evaporated with
ether. TLC wasmonitored in BuOH: Acetic acid: Wa-
ter (3:1:1) system. Product was confirmed by LC-Ms.
m/z: 119.09 with yield 80 %. Whitecrystalline solid
M.P:- 162-166 °C.

(S)-methyl 2-((tert-butoxycarbonyl) amino)-3-
hydroxypropanoate (2)

(S)-methyl 2-amino-3-hydroxypropanoate (1)
(38.22mmol) wasreconstituted in CH,Cl, and triethy-
lamine (8.06 mmol, 2.5 eq) was added drop wise at
0°C in presence of nitrogen. To this stirring solution,
wasadded di-tertbutyl dicarbonate (3.86mmoal, 1.2eq.)
inone portion. Thereaction mixturewas stirred until
the starting material was consumed, asdetermined by
TLC (1:1 EtOAc/ hexane) & observedin Ninhydrin
stain. Thereaction mixture was concentrated and dis-
solved in EtOAc (15 ml) and then washed with satu-
rated NaHCO, (ag) (3ml) followed by brine. Organic
part wasdried over sodium sul phate and evaporated
under reduced pressure. Purification was doneby col-
umn chromatography (silicaG 100-200), product was
eluted using 10, 15, 20, 25, 30% ethyl acetate/ hexane
asmobilephase. Isolated asydlow ail, withyield 75%.
Product wasconfirmed by LC-Msm/z: 219.11, Opti-
ca rotation[a]27D 27D -18.7° (¢ 6.16, MeOH) which
isvery closetothat of reported value', { Lit" [a]27D
27D -18.9° (¢ 5.00, MeOH)}, *H NMR, 400 MHz,
CDCl,: 9H (s, 6=1.44), 1H (s, 6=2.1) 3H (s,6=3.78),
2H (m, J=6.664, 6=3092), 1H (s, 6=4.38), 1H (s,
6=5.40). ®*CNMR, 100 MHz, (CDCl,) 6: 28.4 (3 X -
CH,,. ), 51.8 (-CH,), 59.6(-C-NH,), 62.4 (C-OH),
79.6 (-C-CH,Boc), 156.0(-CO,, ), 171.4 (-CO,-).

(9)-3-tert-butyl 4-methyl 2, 2-dimethyloxazolidine-
3, 4-dicarboxylate(3)

(S)-methyl 2-((tert-butoxycarbonyl) amino)-3-
hydroxypropanoate (2) (2.28 mmol), 2, 2-
dimethoxypropane (4.56 mmoal, 2eq), and PTSA mono-
hydrate (0.228 mmol, 0.1eq) in benzene (8mL) was
heated at reflux for 30 min and slowly distilled until a
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volume of 6 ml of solvent had been collected. Addi-
tional DM P (0.1mL) and benzene (3 ml) were added,
and the procedurewas repeated to collect 3ml of dis-
tillate. Thecooled sol utionwasdiluted with diethyl ether
(15 ml) and washed with saturated NaHCO, sol ution
(2 x 5 ml), and saturated NaCl solution (5 ml). The
organic layer wasdried over Na,SO, and concentrated.
Purificationwasdoneby column chromatography (slica
G 100-200); product was el uted using 10-12% ethyl
acetate/ hexane asmobile phase. Compound isolated
asbrown ail, with 62 % yield. Product was confirmed
by LC-MSm/z: 259.14, Optical rotation [a]27D 27D
-54.3° (¢ 1.16, CHCI,) whichisvery closeto that of
reported value', { Lit'! [a]27D 27D -54.0° (c 1.07,
CHCL,)} 'HNMR, 400 MHz, CDCl,, 9H (m, 5=1.46),
3H (d, 6=1.53), 3H (d, 6=1.64), 3H (s, 6=3.74), 1H
(m, J=2.6, 6=4.03), 1H (m, J=7.32, 6=4.13), 1H (m,
J=2.88, 5=4.40). IR (film) cm: 3130, 2951, 2761,
2258, 1755, 1598, 1373, 1189, 1076, 736, 594. 1*C
NMR (CDCl,) &: 24.7 (dimethyl), 5: 28.4 (3 x -
CH, ), 518 (CH,),63.3(-CH,-O _ ..., 69.6 (-
C-N- | oidine)» 79-8 (-C-CH_Boc), 106.7 (-C-
151.7 (-CO,, ), 171.4 (-CO;-).

(S)-tert-butyl 4-(hydroxymethyl)-2,2-
dimethyloxazolidine-3-car boxylate (4)

di methyl)

To asuspension of lithium chloride (1.54 mmal,
2eg.) and sodium borohydride (1.54 mmol, 2eq.) in
ethanol (1.5ml), at 0 °C under nitrogen, a solution of
ter-butyl 4-(hydroxymethyl)-2, 2-dimethyloxazolidine-
3-carboxylate (3) (0.771) in dry THF (0.8 ml) was
added dropwise. Themixturewastirred at roomtem-
perature for 4 hr and the precipitate formed was re-
moved by filtration and washed with ethanol (4 ml).
Thefiltrate and washingswere then concentrated to a
whiteresidue which was extracted with ethyl acetate.
The organic layer was washed with saturated NaCl
solution (250 ml) and dried over Na,SO, Theproduct
was purified by column chromatography (silicaG 100-
200) and eluted using 17-19 % ethyl acetate/ hexane
asmobilephase. Product obtained wasydlow ail, with
88 % yield and confirmed by LC-MSm/z: 231.12, 'H
NMR 400 MHz in CDCl,, 9H (s, 6=1.48), 4H (m,
8=3.70), 1H (s, 6=4.01), 1H (s, 6=4.10). IR (film)
cnmrt: 3582, 3030, 2958, 2258, 1598, 1435, 1373,
1326, 1189, 1076, 736, 594. °C NMR, 100 MHz,
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(CDCl,) &: 25.4 (dimethyl), &: 28.4 (3 x -CH
60.1 (-CH,-OH), 65.3 (-CH,-O _ .. ), 67.6 (-C-
N- oxazolidine)' 79.8 (-C-CH3BOC)' 106.7 (-C-
1534 (-CO,, ).

(S) ter-butyl 4-for myl-2, 2- dimethyloxazolidine-3-
carboxylate (5)(M odified Swern oxidation)

To apre-cooled solution of methylene chloride
(2.5ml/mmol) and DM SO (.05mmol, 2eq) at-78°C
TFAA Trifluro aceticanhydride (0.38mmol, 1.5eq) was
added dropwise. Afterlhr, (S)-tert-butyl 4-
(hydroxymethyl)-2,2-dimethyl oxazolidine-3-carboxy-
late (4) (0.259mmol) in methylene chloridewas added
over aperiod of 15 min. Thereactionmixturewasstirred
at-78 °C for 1 hr, at this time triethylamine (0.108ml)
was added. Theresulting sol ution waswarmed to 25
°C, quenched with saturated aqueous NaCl solution (2
ml) and extracted with diethyl ether (2x 8 ml). The
organic layer wasdried over Na,SO,, filtered, and con-
centrated to afford acrudeoil. The product was puri-
fied by column chromatography (slicaG 100-200) and
eluted using 12-14 % ethyl acetate/ hexaneasmobile
phase. Compound obtained as brown oil with 84 %
yieldand confirmed by LC-MSnm/z: 229.17,*H NMR,
400 MHz, CDCl,, 15 H (m, 6=1.42-1.48), 2H (m,
0=4.13), 1H (s, 8=4.32), 1H (s, 6=9.54). IR (film)
cmrt: 3028, 2967, 2234, 1737, 1598, 1435, 1373,
1326, 1189, 1076, 736, 594. °C NMR, 100 MHz,
(CDCI,) 6: 24.4 (dimethyl), 5: 28.2 (3 x -CH,, ),
60.3 (-CH,-O _ i 79-6 (-C-N- ), 79.8
(-C-CH,. ), 106.7 (-C- o)

3Boc:

SBoc) !

dimethyl)

oxazolidin

) 151.8 (-CO

dimethyl

CONCLUSION

We have synthesized N-Boc protected 4-formyl-
2,2-dimethyloxazolidineby usng smplechegp sarting
material L-serineinvolving minimum and novel steps.
Application of swern oxidation using, TFFA (Trifluro
acetic anhydride) iswell exploredto afford final de-
sred aldehyde compound.
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