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Abstract: A highyielding, general, and practical procedurefor the N-vinylation of 2-oxazolidinonesvia TM SOTf-promoted dehydroal kox-

ylation of N,O-acetals is described.
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Scheme 1

N-Vinyl-2-oxazolidinones derived from enantiopure B-
aminoal cohols have attracted much interest in asymmetric
Pd-promoted carboacylations and alkylations,}[2+2]-
photocycloadditions’ and cyclopropanations.®® In con-
nection with our ongoing studies concerning the dienophi-
licity and dipolarophilicity of such chira N-vinyl-
carbamates, we were interested in developing a general
and reliable preparation of these compounds. Direct N-vi-
nylation of 2-oxazolidinones has already been described
by using an excess of low-boiling vinyl ether catalyzed by
mercuric salts, with low yields (35-55%).* Hegedus and
co-workers reported a one-pot method starting from the
corresponding B-aminoal cohol based on the formation of
an aminocarbene complex and its subsequent base-medi-
ated treatment with diphenyl carbonate.!? This original
procedure proved to give high yields but is somewhat
complicated. More recently, an efficient route to aryl N-
vinyl-2-oxazolidinones was proposed by Akiba and co-
workers® and was based on the acid-catalyzed trans-
acetalization of acetaldehyde dimethylacetal with 2-ox-
azolidinones, producing an N,O-acetal which in turn
underwent thermal elimination of methanol.> Although
practical, this method required appropriate elimination
conditions for each compound and proceeded with mod-
erate to good yields. For this dehydroalkoxylation step,
we searched for ageneral method, which could be applied
to arange of N,O-acetals under non-thermal conditions.
Bach and Brummerhop demonstrated the efficiency of
TMSOTTf in combination with Hiinig base to promote the
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dehydromethoxylation of 2-methoxy-N-carbomethoxy-
pyrrolidines into the corresponding dihydropyrrols.® On
this basis, we recently described’ an efficient accessto N-
vinyl-2-oxazolidinone from the corresponding N,O-acetal
by using such Gassman-type conditions (TMSOTf/
Et;N).2 We now report the high-yielding preparation of
representative chiral N-vinyl-2-oxazolidinones by such a
two-step, mercury-free, general procedure.

Asin the achiral series, the N,O-acetals 2a—e were quan-
titatively prepared from the corresponding 2-oxazolidino-
nes la—e by treatment with acetaldehyde diethyl acetal
using camphorsulfonic acid® as the catalyst (Scheme 1).
Minor improvements were made to Akiba's procedure
concerning the catalyst ratio (reduced to 5%) and the re-
action time (reduced to 3 h).

In order to preparethe chiral N-vinyloxazolidinones 3a—e,
we successfully applied the eliminative conditions that
proved efficient to generate chiral vinyl ethersfrom mixed
O,0-acetals to the N,O-acetals 2a—e.X° Treatment of the
N,O-acetal in solution in dichloromethane with triethy-
lamine (1.5 equiv) and then trimethylsilyl trifluo-
romethanesulfonate (1.3 equiv) led in each case to a
highly regiocontrolled elimination reaction, no N-silyl ox-
azolidinone that could result from the other elimination
pathway was detected in the crude product. Another point
of interest was the optimal rate of dehydroalkoxylation
observed in these reactions. Because of the completion of
suchreactions, the purified N-vinyl oxazolidinones 3 were
obtained in high yields and free from the starting N,O-ac-
etal 2. Such contamination can be a serious drawback,**
since compounds 2 and 3 proved to be difficult to separate
from each other in most cases.
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The level of enantiopurity of N-vinyloxazolidinones 3
was accurately determined by chiral GC, the ee values
were found to be higher than 99% in all cases (Table 1).

Tablel Synthesisof N-Vinyloxazolidinones 3a—e

3 R R? R Overal ee(%) Lit.
Yield (%) Yield (%)
3a Et H H 73 995  46°

3b H i-Bu  H 78 >995 -

3 Ph H H 80 >995  55%
56202
7712b

3d Bn H H 90 nd. 662

3e H Me Ph <) 993 -

To conclude, we describe here ageneral procedure for the
preparation of various enantiopure N-vinyl oxazolidino-
nes. Thistwo-steps method requires only one purification
at the final step and can be performed from millimol to
multigram scale. Yields obtained by this easy-made pro-
cedure compares well with those reported in theliterature.

All solvents were dried using standard procedures. Commercial
acetaldehyde diethyl acetal can be employed without prior distilla-
tion. Chromatography was performed with 40-60 uym Merk Si 60
silicagel under medium pressure (1 bar). All melting points are un-
corrected. Infrared spectra were performed on a FT Genesis (Matt-
son) spectrophotometer. *H and 3C NMR spectrawere recorded on
aBruker AC-400 and Bruker DPX 200 spectrometersin CDCl; us-
ing TMS as a reference. LCMS (El or CI) were performed on a
Fisons MD800 LCD mass spectrometer. HRM S were performed at
the University of Rennes-1 with a Varian Matt 311 spectrometer.
Optical  rotations were measured on a Perkin-Elmer
343 polarimeter. Enantiomeric excesses were determined by chiral
GC performed on a HP 6890 gas chromatograph with fid detector
using a 25 m (length), 0.25 mm (ID), 0.25 um (df) R+BDEXCST
capillary column and He (2 bar, flow rate 3.4 mL/min) asthe carrier
gas (split 1/50).

N,O-Acetals 2; General Procedure

A mixture of oxazolidinone 1 (10 mmol), acetaldehyde diethyl ace-
tal (100 mmol) and (d,l)-camphorsulfonic acid (0.5 mmol) was
heated for 3 h at 55 °C. After cooling and dilution with Et,O (40
mL), NaHCO; solution (10 mL) was added and the organic phase
was washed with brine (10 mL) and dried over MgSO,. Removal of
solvent yielded a crude diasterecisomeric mixture of N,O-acetal 2
used without further purification.

(4R)-3-(1-Ethoxyethyl)-4-ethyl-oxazolidin-2-one (2a)
From 1a(1.65 g, 14.4 mmol), 2a (2.69 g, quantitativeyield) was ob-
tained as a pale yellow ail; R; 0.30 (cyclohexane-EtOAc, 7:3).

IR (film): 1755 (C=0), 1415, 1379, 1225, 1104, 1051 (C-O), 941,
847, 770 cm .

IH NMR (200 MHz, CDCl,): 3 = 0.91 (t, 3H, J= 7.4 Hz, CH,CH,),
1.18 (t, 3 H, J=7.0 Hz, CH,CH,0), 1.43 (d, 3 H, J=6.2 Hz,
CH,CH), 1.60 and 2.05 (2 m, 2 H, CH,CH,), 3.58 (m, 2 H,
CH,CH,0), 3.86 (m, 1 H, H-4), 401 (dd, 1 H, Jsa,=5.7 Hz,
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Jas =85 Hz, H-5,), 4.34 (t, 1 H, J =85 Hz, H-55), 5.29 (g, 1 H,
J=6.2 Hz, CHCH,).

(45)-3-(1-Ethoxyethyl)-4-isobutyl-oxazolidin-2-one (2b)
From 1b (1.5 g, 10.5 mmoal), 2b (2.26 g, quantitative yield) was ob-
tained as an orange oil; R; 0.35 (cyclohexane—EtOAC, 7:3).

IR (film): 1757 (C=0), 1415, 1377, 1254, 1223, 1100, 1052 (C-O),
941, 847, 764 cm L.

IH NMR (200 MHz, CDCl,): § = 0.96 [m, 6 H, (CH,),CH], 1.18 (t,
3 H, J=7.0 Hz, CH,CH,0), 1.43 (d, 3 H, J=6.2 Hz, CH,CH),
1.35-1.80 (m, 3 H, CHCH.,), 3.40-3.75 (m, 2 H, CH,CH,0), 3.97
(M, 2 H,H-4, H-5,), 437 (m, 1 H, H-5,), 5.28 (9, 1 H, J= 6.2 Hz,
CHCH,).

(4R)-3-(1-Ethoxyethyl)-4-phenyl-oxazolidin-2-one (2c)

From 1c (1.2 g, 7.35 mmol), 2c (1.73 g, quantitative yield) was ob-
tained as a pae yellow ail; R; 0.30 and 0.43 (cyclohexane—EtOAcC,
7:3).

IR (film): 1755 (C=0), 1458, 1403, 1378, 1214, 1106, 1058 (C-O),
942, 841, 765, 702 (C—H ,q) CMTL.

'H NMR (200 MHz, CDCl,): & (major isomer) =0.88 (d, 3 H,
J=6.3 Hz, CH,CH), 1.25 (t, 3 H, J = 7.0 Hz, CH,CH,0), 3.55
(m, 2 H, CH,CH,0), 4.16 (dd, 1 H, Jes, = 5.4 Hz, J,5 = 8.6 Hz,
H-5,), 4.65 (t, 1 H, J= 8.6 Hz, H-53), 4.89 (dd, 1 H, J, 5, = 5.4 Hz,
J,5s = 8.6 Hz, H-4), 535 (q, 1 H, J= 6.3 Hz, CHCH,), 7.28-7.48
(m, 5 H, Ph).

'H NMR (200 MHz, CDCl,): & (minor isomer) =0.79 (t, 3 H,
J=7.0 Hz, CH,CH,0), 1.43 (d, 3 H, J = 6.1 Hz, CH,CH), 3.38
(m, 2 H, CHsCH,0), 4.23 (dd, 1 H, Jes, = 6.5 Hz, J, = 8.8 Hz,
H-5,), 4.62 (t, 1 H, J = 8.8 Hz, H-5), 4.90 (dd, 1 H, J, s, = 6.5 Hz,
J,ss = 8.8 Hz, H-4), 523 (q, 1 H, J= 6.1 Hz, CHCH,), 7.28-7.48
(m, 5 H, Ph).

(4R)-4-benzyl-3-(1-Ethoxyethyl)-oxazolidin-2-one (2d)
From 1d (1.1 g, 6.2 mmol), 2d (1.54 g, quantitative yield) was ob-
tained as a colorless oil; R; 0.38 (cyclohexane-EtOAcC, 7:3).

IR (film): 1755 (C=0), 1454, 1417, 1378, 1237, 1095, 1056 (C-O),
942, 846, 745, 703 (C—H ,q) CMTL.

IH NMR (200 MHz, CDCl): =122 (t, 3 H, J=7.1 Hz
CH,CH,0), 1.55 (d, 3 H, J=6.2 Hz, CH,CH), 2.63 (dd, 1 H,
J=10.3 Hz, Jug=13.7 Hz, PhCHHCH), 3.48-3.80 (m, 3 H,
CH4CH,0, PACHHCH), 4.00-4.20 (m, 3 H, H-4, H-5,5), 5.36 (q, 1
H, J = 6.1 Hz, CHCH,), 7.14-7.40 (m, 5 H, Ph).

(4S-5R)-3-(1-Ethoxyethyl)-4-methyl-5-phenyl-oxazolidin-2-one
(2e)

From 1e (1 g, 5.6 mmoal), 2e (1.39 g, quantitative yield) was ob-
tained as a colorless oil; R; 0.36 (cyclohexane-EtOAcC, 7:3).

IR (film): 1752 (C=0), 1453, 1412, 1379, 1227, 1102 (C-O), 843,
764, 706 (C—H),y o CMT L.

IH NMR (200 MHz, CDCl): 5 = 0.89 (d, 3H, J = 6.7 Hz, CHz-4),
1.15 (t, 3 H, J= 7.1 Hz, CH,CH,0), 1.48 (d, 3 H, J= 6.2 Hz,
CH,CH), 3.60 (M, 2 H, CH,CH,0), 4.24 (dg, 1 H, J, 5 = 8.0 Hz,
Jacs = 6.7 Hz, H-4), 5.37 (q, 1 H, J = 6.2 Hz, CHCHS,), 5.55 (d, 1
H, J = 8.0 Hz, H-5), 7.25-7.47 (m, 5 H, Ph).

N-Vinyloxazolidinones 3; General Procedure

To acooled solution (0 °C) of crude N,O-acetal 2 (10 mmol) in an-
hydrous CH,CI, (10 mL) was added under nitrogen distilled Et;N
(15 mmol), then dropwise, TMSOTf (13 mmol). After slowly
warming to r.t. and stirring for 15 h, the mixture was treated with
basic aluminato remove the excess of TMSOTf. After removal of
the solvent, the residue was filtered on silica gel (Et,O) to remove
the ammonium triflate salts and was purified by chromatography.

Downloaded by: State University of New York at Binghamton. Copyrighted material.



PRACTICAL SYNTHETIC PROCEDURES

Preparation of Chiral N-Vinyl Oxazolidinones 2271

(4R)-4-Ethyl-3-vinyl-oxazolidin-2-one (3a)

From 2a (2.69 g, 14.4 mmol), chromatographic purification (silica
gel; cyclohexane—EtOAC, 8:2 — 7:3) afforded 3a (1.47 g, 73%) as
acolorless oil; R; 0.47 (cyclohexane-EtOAc, 1:1); [a]p® —70.2 (c
1.6, CH,Cl,); ee 99.5%; 5 (49)-3a 14.5 min (0.2%), t; (4R)-3a 14.9
min (99.7%) ( bp 120180 °C, 3 °C/min).

IR (film) : 1755 (C=0), 1635 (C=C), 1427, 1400, 1273, 1226, 1089,
1062 (C=0), 977, 854, 760 cm L.

IH NMR (200 MHz, CDCly): 8 =0.92 (t, 3 H, J=7.4 Hz, CHJ),
1.77(m, 2H, CHy), 4.05 (m, 1 H, H-4), 4.14(dd, 1 H, Js , = 3.5Hz,
Jap =85 Hz, H-5,), 4.40 (dd, 1 H, Jy, 1 = 16.2 Hz, Jp = 1.2 Hz,
H-2,), 442 (t, 1H, J = 8.5 Hz, H-5), 4.46 (dd, 1H, J,5 , = 9.3 Hz,
Jag = 1.2Hz, H-2%5), 6.77 (dd, 1 H, Iy 55 = 16.2Hz, Jy 5 = 9.3Hz,
H-1).

13C NMR (50 MHz, CDCl,): & = 7.2 (CH3), 22.8 (CH,),53.9 (C-4),
66.8 (C-5), 93.5 (C-2)), 128.4 (C-1'), 155.1 (C-2).

HRMS (El): m/zcalcd for C;H;NO,: 141.07898; found: 141.0804.

(49)-4-1 sobutyl-3-vinyl-oxazolidin-2-one (3b)

From 3b (1 g, 4.65 mmol), chromatographic purification (silicagel;
cyclohexane—EtOAc, 9:1 — 8:2) afforded 3b (614 mg, 78%) as a
paeydlow ail; R, 0.31 (cyclohexane-EtOAc, 4:1); []p?°+103.8 (c
1.5, CHCI,); ee > 99.5%; (4R)-3b 39.0 min (0.0%), t; (49-3c 41.5
min (100%) (130 °C).

IR (film): 1764 (C=0), 1635 (C=C), 1427, 1400, 1250, 1224, 1076
(C-0), 977, 845, 760 cm™L.

H NMR (400 MHz, CDCl.): 8 =0.97 and 0.98 [2 d, 6 H, J = 6.4
Hz, (CH,),CH], 1.44 and 1.84 (2 m, 2 H, CHCH,CH), 1.66 [m,
1H, (CH,),CH], 4.06 (m, 1 H,H-4), 4.12 (dd, 1 H, Jss , = 3.0 Hz,
Jag = 8.5 Hz, H-5,), 4.35 (dd, 1 H, Jya1 = 16.3 Hz, Jag = 1.0
Hz, H-2',), 4.42 (dt, 1 H, J = 8.5, 1.0 Hz, H-5;), 4.66 (dd, 1 H,
Jygr = 9.4Hz, Jpg = 1.0 Hz, H-2%5), 6.74 (dd, 1 H, Iy = 16.3
Hz, J; 55 = 9.4 Hz, H-1).

13C NMR (50 MHz, CDCly): § =21.4 and 23.3 (2 x CHy); 24.6
(CH); 39.1 (CH,); 52.0 (C-4); 68.0 (C-5); 93.5 (C-2); 128.4 (C-1);
154.9 (C-2).

HRMS (El): m/zcalcd for CgH,sNO,: 169.11028; found: 169.1105.

Ana. Calcd for CgH;sNO,: C, 63.88; H, 8.93; N, 8.28. Found C,
63.51; H, 9.06; N, 8.35.

(4R)-4-Phenyl-3-vinyl-oxazolidin-2-one (3c)*®

From 2c (1 g, 4.25 mmol), chromatographic purification (silicagdl;
cyclohexane—EtOAC, 85:15 — 8:2) afforded 3c (647 mg, 80%) asa
white solid; R;0.29 (cyclohexane-EtOAc, 4:1); mp 42-43°C,
(Lit3® Mp 40.5-41.5°C); [a]p® —-116.5 (c 1.35, CH,Cl,) {Lit.®
[a]p?® —117 (c 1.03, CH,Cl,)}; ee > 99.5%; tg (49)-3c 22.5 min
(0.0%), t (4R)-3c, 23.2 min (100%) (130-180 °C, 3 °C/min).

IR (film) : 1759 (C=0), 1637 (C=C), 1425, 1396, 1324, 1226, 1080
(C-0), 973, 852, 758, 700 (C-H ,,,.,) cm™.

IH NMR (200 MHz, CDCl,): 8 =4.10 (dd, 1 H, J,, = 16.1 Hz,
Jps = 1.2 Hz, H-2',), 413 (dd, 1 H, Jgp, = 5.3 Hz, Jag = 9.0 Hz, H-
54),4.32(dd, 1H, Jyg.y = 9.2 Hz, Jag = L2 Hz, H-2'), 4.73(t, 1 H,
J=9.0 Hz, H-55), 5.04 (dd, 1 H, J, s = 5.3 Hz, J,s5 = 9.0 Hz, H-
4),6.83(dd, 1 H, Jy s = 16.1 Hz, Jypp = 9.2 Hz, H-1'); 7.20-7.50
(m, 5H, Ph).

13C NMR (50 MHz, CDCly): § = 57.8 (C-4), 70.4 (C-5), 95.6 (C-2),
1256 (0-Ph), 128.4, 128.5 (C-1’, p-Ph), 129.1 (m-Ph), 137.8 (n-Ph),
1555 (C-2).

(4R)-4-Benzyl-3-vinyl-oxazolidin-2-one (3d)®
From 2d (1.27 g, 5.1 mmol), chromatographic purification (silica
gel; cyclohexane-EtOAcC, 7:3) afforded 3d (0.934 g, 90%) as a col-

orless ail, R; 0.37 (cyclohexane-EtOAc, 7:3); [0]p?® —97.8 (c 1.1,
CH,Cl,) { Lit.2> (49-3d: [¢]p+96.5 (¢ 1.1, CH,Cl,)}:

IR (film) : 1763 (C=0), 1640 (C=C), 1430, 1402, 1239, 1087 (C—
0), 993, 855, 758, 711 (C—H o) CT L.

'H NMR (400 MHz, CDCly): =279 (dd, 1 H, J,,=8.6 Hz,
Jag = 13.9 Hz, Ph-CH,), 3.25 (dd, 1 H, Jg, = 3.0 Hz, J,g = 13.9
Hz, Ph-CHg), 4.20 (dd, 1 H, Jss, = 3.0 Hz, J,p = 8.6 Hz, H-5,),
425 (t, 1H, J = 8.6 Hz, H-55), 4.30 (tt, 1 H, J= 3.0, 8.6 Hz, H-4),
457 (dd, 1 H, Jypr = 16.0 Hz, Jag = 1.3 Hz, H-2,), 4.58 (dd, 1 H,
Jo.y = 9.3Hz, Jug = 1.3Hz, H-25), 6.84 (dd, 1 H, J; 4 = 16.0Hz,
Jyos = 9.3 Hz, H-1"), 7.20-7.35 (m, 5 H, Ph).

13C NMR (100 MHz, CDCl,): & = 35.7 (Ph-CH,), 54.2 (C-4), 66.4
(C-5), 95.2 (C-2)), 127.2 (0-Ph), 128.7 (C-1"), 128.8 (p-Ph), 129.2
(m-Ph), 135.1 (n-Ph), 155.0 (C-2).

(4S-5R)-4-M ethyl-5-phenyl-3-vinyl-oxazolidin-2-one (3€)

From 2e (1.61 g, 6.46 mmol), chromatographic purification (silica
gel; cyclohexane—EtOAcC, 8:2 — 7:3) afforded 3e (1.18 g, 90%) as
a white solid; R; 0.29 (cyclohexane-EtOAc, 8:2); mp 62.5-64 °C;
[0]p® =26 (c 1.1, CH.CL,); ee 99.2%; t; (4S5R)-3e 25.6 min
(99.6%); tx (4R,59-3e 26.0 min (0.4%) (130-180 °C, 3 °C/min).

IR (film): 1753 (C=0), 1638 (C=C), 1456, 1429, 1237, 1109 (C-O),
972, 859, 766, 703 (C—H arom.) cmr™.,

IH NMR (400 MHz, CDCl,): 5 =0.86 (d, 3 H, J= 6.6 Hz, CHJ),
438 (q, 1 H, J=6.6 Hz, H-4), 441 (dd, 1 H, Jy,., = 160 Hz,
Jps = L.2Hz, H-2,), 450 (dd, 1H, Jyg.y = 9.2 Hz, Jug = 1.2 Hz, H-
24),4.70(d, 1H, Js, = 7.6 Hz, H-5), 6.83 (dd, 1H, J; »» = 16.0Hz,
Jyos = 9.2 Hz, H-1"), 7.30-7.45 (m, 5 H, Ph).

13C NMR (100 MHz, CDCly): § = 12.9 (CH,), 53.8 (C-4), 79.1 (C-
5),94.1(C-2), 125.9 (0-Ph), 128.8(C-1’, p-Ph, m-Ph), 134.0 (n-Ph),
154.0 (C-2).

Anal. Calcd for C,H;3NO,: C, 70.92; H, 6.45; N, 6.89. Found C,
70.24; H, 6.61; N, 6.67.
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