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Abstract: Palladium-catalysed decarboxylative carbonylation of 3-
tosyl-5-vinyloxazolidin-2-ones 5 occurs at atmospheric pressure to
give 1-tosyl-3,6-dihydro-1H-pyridin-2-ones 6. The reaction pro-
ceeds with no loss of enantiopurity and detosylation with sodium
naphthalenide gives the title compounds in good yields.
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The use of transition metal mediated carbonylation
reactions has been shown to be a useful method for the
formation of a variety of functionalised heterocyclic com-
pounds.! We have shown that 5-vinyloxazolidin-2-ones 1
undergo a stereospecific, palladium-catalysed decarboxy-
lative carbonylation to give 3,6-dihydro-1H-pyridin-2-
ones 22 (Scheme 1). Lactams such as 2 have been shown
to be useful intermediates in the synthesis of polyhydrox-
ylated piperidines,® pumiliotoxins* and (Z)-ethylenic
pseudodipeptides.’ Reduction of the necessary carbon
monoxide pressure from 60 atmospheres (Scheme 1)
would increase the synthetic utility of this carbonylation
reaction.
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Scheme 1 High-pressure carbonylation of 5-vinyloxazolidin-2-ones.

Placing a strongly electron withdrawing group on the ni-
trogen of the oxazolidinone was expected to activate it to-
wards decarboxylation which might facilitate the
carbonylation reaction. We recently reported the palladi-
um-catalysed cycloaddition of 3-tosyl-5,5-divinyloxazo-
lidin-2-ones to electron deficient alkenes, which involves
decarboxylation under mild conditions.® Since we have al-
ready shown? that a N-Boc-5-vinyloxazolidin-2-one de-
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rivative does not undergo carbonylation to give a lactam,
we turned our attention to carbonylation of the corre-
sponding N-tosyl derivative.

Ibuka has reported that 3-tosyl-5-vinyloxazolidin-2-ones
undergo palladium-catalysed decarboxylation to give cis-
N-tosyl-2-vinylaziridines.” In addition, Tanner has shown
that the palladium-catalysed carbonylation of N-tosyl-2-
vinylaziridines occurs under one atmosphere of carbon
monoxide to give B-lactams.® Considering these reports, it
was envisaged that a low-pressure palladium-catalysed
decarboxylative carbonylation of N-tosyl-5-vinyloxazoli-
din-2-ones might result in the formation of -lactams via
in situ formation of the corresponding aziridines. In this
article, we report that the palladium-catalysed decarboxy-
lative carbonylation of amino acid derived N-tosyl-5-vi-
nyloxazolidin-2-ones does indeed proceed under one
atmosphere of carbon monoxide but gives N-tosyl-3,6-di-
hydro-1H-pyridin-2-ones and not the expected -lactams.
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Scheme 2 Synthesis of 3-tosyl-5-vinyloxazolidin-2-ones.

5-Vinyloxazolidin-2-ones la—d were prepared in two
steps, as previously reported,’® from the corresponding
o-amino aldehydes 3 (Scheme 2) which, in turn, were
prepared either by Swern oxidation of N-Boc a-amino al-
cohols 3a—c (R = i-Pr, Bn, Ph) or by DIBAL-H reduction
of N-Boc a-amino methyl ester 3d (R = CH,OTBDMS).
Addition of vinyl magnesium bromide to the aldehydes
gave allylic alcohols 4 which were cyclised by treatment
with potassium tert-butoxide to give oxazolidinones 1. N-
Tosylation by reaction with sodium hydride and p-
toluenesulfonyl chloride gave 3-tosyl-5-vinyloxazolidin-
2-ones 5 in good yields. N-Tosylation of 1d
(R = CH,OTBDMS) was accompanied by removal of the
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silicon-protecting group, giving N-tosyl vinyl oxazol-
idinone Se (R = CH,OH). Reprotection of the alkoxy
group, to give 5d, was achieved by reaction with
TBDMSCI and imidazole in DMF.

Attempted carbonylation of 3-tosyl-5-vinyloxazolidin-2-
one 5a (R = i-Pr) using the conditions reported for the car-
bonylative ring expansion of N-tosyl vinylaziridines®
[Pd,(dba),-CHCl; (20 mol%), PPh; (160 mol%), CO (1
atm), benzene, r.t.] gave d-lactam 6a in 69% yield
(Scheme 3), with no B-lactam evident.” Aggarwal report-
ed a single example of the unexpected carbonylation of an
N-sulfonyl-2-(B-trimethylsilylvinyl)aziridine to give a py-
ridin-2-one, but ascribed this result to the directing effect
of the silyl group.'?
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Scheme 3 Carbonylation of 3-tosyl-5-vinyloxazolidin-2-ones.

Despite the absence of the f-lactam, formation of the -
lactam 6a under an initial pressure of one atmosphere of
carbon monoxide was encouraging. Use of such a high
palladium loading (40 mol%) makes the process very
costly, and the high phosphine loading (160 mol%) hin-
ders purification of the product. In our recent investiga-
tion of the decarboxylative cycloaddition of N-tosyl-5,5-
divinyloxazolidin-2-ones,® we found that Pd,(dba); (5
mol%) could be used successfully with a phosphine/Pd ra-
tio of 1:1 (i.e. 10 mol% of PPh,). We were pleased to find
that carbonylation of N-tosyl-5-vinyloxazolidin-2-ones
5a-d, under these conditions, in benzene at 60 °C, gave -
lactams 6a—d in good yields (Scheme 4, Table 1, entries
1-4). Attempted carbonylation of Se, bearing a free hy-
droxyl group, was unsuccessful (Table 1, entry 5).
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Scheme 4 Atmospheric pressure carbonylation of 3-tosyl-5-vinyl-
oxazolidin-2-ones.

Holmes has reported the detosylation of N-tosyl e-lactams
in good yield using sodium naphthalenide.!' This method
was therefore applied to the detosylation of 6-lactams
6a—d. A solution of sodium naphthalenide in DME was
added to each N-tosyl 6-lactam 6a—d, producing detosyl-
ated 6-lactams 2a—d in good yield (75-87%, Scheme 5
and Table 2).
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Table 1 Palladium-Catalysed Decarboxylative Carbonylation of
3-Tosyl-5-vinyloxazolidin-2-ones®

Entry  Oxazolidinone R Yield of lactam 6 (%)"
1 Sa iPr 74
2 5b Bn 75
3 Sc Ph 77
4 5d CH,O0TBDMS 71
5 Se CH,0OH 0°

* Conditions: Pd,(dba); (5 mol%), PPh; (10 mol%), CO (1 atm),
benzene, 60 °C, 4 h.

® Isolated yield.

¢ No starting material was observed in the NMR spectrum of the
crude.

S Na, CyoH S
a,
TsN — P8 L, N
1,2-DME, —78 °C
o) o
6 2

Scheme 5 Detosylation of N-tosyl-3,6-dihydropyridin-2-ones.

Table 2 Detosylation of N-Tosyl-3,6-dihydropyridin-2-ones 6

Lactam 6 R Yield of 2 (%)
6a i-Pr 84
6b Bn 87
6¢ Ph 75
6d CH,0TBDMS 81

J TsCl, NaH J

— T DMF-THF _{‘:
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O 670/0 O
(4R)-1a (4R)-5a
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60 °C, 24 h CO (1 atm),
60°C,4h
\/ \/
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o 88% 0
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Scheme 6 Formation of ent-2a by both low- and high-pressure
carbonylation routes.

The high-pressure carbonylation of 5-vinyloxazolidin-2-
ones 1 to give 5-lactams 2 (Scheme 1) has been shown to
occur without loss of enantiomeric purity.® In order to
demonstrate that this was also true in the N-tosyl series,
oxazolidinone (4R)-la was synthesised from D-valine.

Downloaded by: The University of Hong Kong. Copyrighted material.



PAPER

Enantiospecific Formation of 3,6-Dihydro-1H-pyridin-2-ones 229

High pressure carbonylation [PdCl,(PPh;),, CO (60 atm),
EtOH, 60 °C, 24 h] of (4R)-1a gave the corresponding lac-
tam (6R)-2a in good yield (72%). N-Tosylation of (4R)-
1a, followed by low-pressure carbonylation, and subse-

quent detosylation using sodium naphthalenide also gave
N-H lactam (6R)-2a (44% over three steps) (Scheme 6).

Analysis of (6R)-2a, formed both by the high- and low-
pressure  carbonylation routes, by chiral gas
chromatography'? and comparison with (6S)-2a, showed
that each lactam was formed as a single enantiomer.

In conclusion, we have demonstrated that palladium-ca-
talysed decarboxylative carbonylation of N-tosyl-5-viny-
loxazolidin-2-ones 5 occurs under atmospheric pressure
of carbon monoxide to give the corresponding N-tosyl-
3,6-dihydropiperidin-2-ones 6 which may be detosylated
under mild conditions. The carbonylation/detosylation se-
quence occurs without loss of enantiomeric purity.

"H NMR and '*C NMR spectra were recorded on a Briiker WM 300
and JEOL LA 500 machines at ambient temperature. GC was per-
formed on a Packard 427GC using a B-dextrin 120 column (20
m % 0.25 mm) and recorded on a Hitachi D2500 chromato integra-
tor. IR spectra were obtained on an ATI Mattson Genesis REV 1
FTIR spectrometer. MS were recorded on a Micromass autospec M
and Kratos MS80 RF spectrometers. Elemental analyses were per-
formed on a Carlo Erba 1106 instrument. Petroleum ether (PE) used
had a bp range 40-60 °C.

N-Tosyl-5-vinyloxazolidin-2-ones 5; General Procedure

To a stirred suspension of NaH (2 equiv) in a mixture of THF (1
mL-mmol™! oxazolidinone) and DMF (2.5 mL-mmol™! oxazolidin-
one) at 0 °C were added successively 5-vinyloxazolidin-2-one 1 (1
equiv) in THF (0.5 mL-mmol™! oxazolidinone) and p-TsCl (1.3
equiv). Stirring was continued for 18 h at r.t., then the reaction was
quenched by the addition of a sat. solution of NH,CI (1 mL-mmol™!
oxazolidinone) at =78 °C with vigorous stirring. The mixture was
extracted with Et,0 (2 x 30 mL), and the extract was washed suc-
cessively with HCI (2 M, 30 mL), NaHCO; (30 mL), H,O (30 mL),
dried (MgSO,) and the solvents removed under reduced pressure.
Purification by column chromatography on silica gel (PE-EtOAc,
10:1) afforded the N-tosyl-protected oxazolidinone 5.

(45,5RS)-4-Isopropyl-3-[(4-methylbenzene)sulfonyl]-5-vinyl-
oxazolidin-2-one (5a)
(4S,5RS)-4-Isopropyl-5-vinyloxazolidin-2-one (la; 2.408 g, 16
mmol) gave N-tosyl vinyl oxazolidinone Sa as white needles (4.144
g, 86%, 1.5:1 ratio of diastereoisomers).

IR (film): 2965, 1773, 1646, 1595, 1370 cm™.

Major Diastereoisomer

'H NMR (300 MHz, CDCl;): § = 7.86 (d, J = 8.4 Hz, 2 H,
MeC¢H,S0O,), 7.27 (d, J = 8.4 Hz, 2 H, MeC,H,SO,), 5.60-5.71
(ddd, J=5.8, 10.4, 16.6 Hz, 1 H, HC=CH,), 5.14-5.23 (m, 2 H,
HC=CH,), 4.58-4.61 (m, 1 H, CHN), 4.01-4.03 (m, 1 H, CHO),
247 [s, 4 H, CH;ArSO,, (CH;),CH], 0.90 (d, J = 6.9 Hz, 3 H,
(CH;),CH), 0.76 [d, J = 6.9 Hz, 3 H, (CH;),CH].

Minor Diastereoisomer

'"H NMR (300 MHz, CDClL;): § = 7.96 (d, J = 8.4 Hz, 2 H,
MeCH,SO,), 7.27 (d, J = 8.4 Hz, 2 H, MeC,H,SO,), 5.81-5.92 (m,
1 H, HC=CH,), 5.34-5.46 (m, 2 H, HC=CH,), 4.91-4.96 (m, 1 H,
CHN), 4.37-4.40 (m, 1 H, CHO), 2.47 (s, 3 H, CH,ArS0O,), 2.1 [m,

1 H, (CH,),CH], 0.90 (d, J = 6.9 Hz, 3 H, (CH,),CH), 0.76 [d, J =
6.9 Hz, 3 H, (CH,),CH].

13C NMR (75 MHz, CDCLy): § = 152.4, 152.1, 145.7, 145.6, 136.3,
135.8, 134.8, 129.9, 129.4, 129.3, 128.9, 128.8, 121.5, 118.4, 81.4,
75.5, 67.6, 66.6, 31.1, 30.1, 21.8, 19.5, 19.3, 17.9, 17.5, 15.2

MS: mlz (%) =310 (M* + H, 0.1), 226 (19), 202 (22), 155 (100), 91
(70), 65 (13).

HRMS: m/z caled for C;sH;,NO,S: 309.103480; found:
309.103480.

(4S,5RS)-4-(tert-Butyldimethylsilanyloxymethyl)-3-[ (4-methyl-
benzene)sulfonyl]-5-vinyloxazolidin-2-one (5d)

TBDMSCI (92 mg, 1.35 mmol) was added at 0 °C to a stirred solu-
tion of (4S,5RS)-4-hydroxymethyl-3-[(4-methylbenzene)sulfonyl]-
5-vinyloxazolidin-2-one (Se; 200 mg, 0.67 mmol) in DMF (1 mL).
Imidazole (112 mg, 0.74 mmol) was then added to the solution and
the reaction was stirred at r.t. for 6 h. The mixture was then poured
into PE-EtOAc (1:1, 500 mL) and washed with H,O (3 x 100 mL).
The organic phase was dried (MgSO,), filtered and the solvent re-
moved under reduced pressure. Purification of the crude product by
column chromatography on silica gel (PE-EtOAc, 10:1) afforded
O-TBDMS, N-tosyl-protected vinyl oxazolidinone 5d as a cream
coloured solid (254 mg, 92%, 2:1 ratio of diastereoisomers).

IR (film): 2956, 1786, 1647, 1597, 1371, 1046 cm™".

Major Diasteroisomer

"H NMR (300 MHz, CDCl,): § = 7.86 (m, 2 H, MeC(H,SO,), 7.27
(d, J = 8 Hz, 2 H, MeC¢H,S0,), 5.64 (ddd, J = 6.5, 10.5, 17 Hz, 1
H, HC=CH,), 5.16-5.41 (m, 2 H, HC=CH,), 4.88 (m, 1 H, CHN),
4.02 (m, 1 H, CHO), 3.72 (m, 2 H, CH,0Si), 2.37 (s, 3 H,
CH;ArS0,), 0.94 [s, 9 H, (CH;C);Si], —0.04 [s, 6 H, (CH;),Si].

Minor Diastereoisomer
'H NMR (300 MHz, CDCl,): § = 7.86 (m, 2 H, MeC4H,SO,), 7.27
(d, J = 8 Hz, 2 H, MeC(H,SO,), 5.95-6.05 (m, 1 H, HC=CH,),
5.16-5.41 (m, 2 H, HC=CH,), 4.92 (m, 1 H, CHN), 4.02 (m, 3 H,
CH,0Si, CHO), 2.37 (s, 3 H, CH;ArS0,), 0.94 [s, 9 H, (CH;C),Si],
—0.04 [s, 6 H, (CH;),Si].

BC NMR (75 MHz, CDCly): § = 152.2, 145.9, 145.7, 136.0, 135 .4,
133.9, 130.4, 130.3, 128.7, 128.6, 123.0, 119.1, 79.9, 71.8, 63.5,
63.0, 62.0, 60.4, 26.0, 25.8, 22.0, 21.4, 18.3, 18.0.

MS: m/z (%) = 411 (M*, 0.3), 396 (1.7), 354 (100), 280 (27), 229
(65), 149 (46), 91 (83), 73 (49), 43 (43).

HRMS: m/z caled for C;gH,,NOsSSi: 411.152611; found:
411.153574.

N-Tosyl-3,6-dihydropyridin-2-ones 6; General Procedure

A solution of N-tosyl-5-vinyloxazolidin-2-one 5 in benzene (9
mL-mmol~! oxazolidinone) was placed in a glass flask fitted with a
Young’s tap under a N, atmosphere. Pd,(dba); (5 mol%) and PPh,
(10 mol%) were weighed into a glass sample vial and dissolved in
benzene (1 mL-mmol~' oxazolidinone). The catalyst solution was
injected into the flask and the flask was flushed with CO, sealed and
the reaction was heated at 60 °C and stirred for 4 h. The reaction
mixture was allowed to cool to r.t. and the solvent was removed un-
der reduced pressure. Lactam 6 was purified by flash column chro-
matography on silica (CH,Cl,).

(6S)-3,6-Dihydro-6-isopropyl-1-[(4-methylbenzene)sulfo-
nyl]pyridin-2-one (6a)
(4S,5RS)-4-Isopropyl-3-[(4-methylbenzene)sulfonyl]-5-vinylox-
azolidin-2-one (5a; 200 mg, 0.646 mmol) afforded lactam 6a as a
white solid (140 mg, 74%).

Mp 112-114 °C; [a]p! +138.1 (c 1.5, CHCL,).
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IR (KBr): 2964, 1695, 1596, 1350 cm™".

'H NMR (500 MHz, CDCL,): § = 7.82 (d, J = 8.4 Hz, 2 H,
MeC(H,S0,), 7.21 (d, J = 8.4 Hz, 2 H, MeC4H,S0,), 5.83 (ddd,
J=3.1,55,10.1 Hz, 1 H, HC=CHCH,), 5.77 (ddd, J = 2.1, 4.6,
10.1 Hz, 1 H, HC=CHCH,), 4.68 (m, 1 H, CHN), 2.94 (ddt, J =
22.3,2.1,3.1 Hz, 1 H, CHHC=0), 2.83 (ddd, J = 22.3, 4.6, 1.5 Hz,
1 H, CHHC=0), 2.45 [d sept, J = 4.6, 6.9 Hz, 1 H, (CH,),CH], 2.34
(s, 3 H, CH,ArS0,), 0.97 [d, J = 7 Hz, 3 H, (CH,),CH], 0.75 [d,
J = 6.7 Hz, 3 H, (CH,),CH].

3CNMR (125 MHz, CDCl,): § = 168.6, 144.6, 136.5, 129.1, 129.0,
123.4,123.1, 63.2, 35.0, 34.6, 21.6, 19.1, 15.1.

MS: miz (%) =293 (M*, 0.2), 250 (72), 186 (51), 156 (6), 91 (100),
65 (21), 41 (15).

HRMS: m/z caled for C;sH;,NO;S: 293.108565; found:
293.109802.

Detosylation of Lactams 6; General Procedure

Naphthalene (394 mg, 3.07 mmol) and freshly cut Na (79 mg, 3.44
mmol) were suspended in DME (10 mL) and the mixture was soni-
cated until the solution began to turn dark green. The mixture was
then removed from the sonicator, cooled to 0 °C and stirred for a
further 2 h.

A stirred solution of N-tosyl-3,6-dihydropyridin-2-one 6 in DME (1
mL) was cooled to —65 °C and the previously prepared sodium
naphthelenide solution was added dropwise until the solution re-
mained dark green. The mixture was stirred at —65 °C for a further
30 min and then quenched by the slow addition of a sat. solution of
NH,CI. The reaction was allowed to warm to r.t. over 30 min and
was then poured into H,O (20 mL). The mixture was then extracted
with CH,Cl, (4 x 20 mL), the combined organic layers were dried
(MgSO,) and the solvents were removed under reduced pressure.
Purification by flash column chromatography on silica (PE-EtOAc,
1:1) gave 6-lactam 2.

(6S)-3,6-Dihydro-6-isopropyl-1H-pyridin-2-one (2a)*
(65)-3,6-Dihydro-6-isopropyl-1-[(4-methylbenzene)sulfonyl]pyri-
din-2-one (6a; 35 mg, 0.12 mmol) afforded &-lactam 2a as a white
solid (14 mg, 84%).

'H NMR (300 MHz, CDCl,): § = 6.40 (br s, 1 H, NH), 5.78-5.72
(m, 1 H, CH=CH), 5.61-5.56 (m, 1 H, CH=CH), 2.85 (m, 2 H,
CH,CO), 3.87 (br s, 1 H, CHN), 1.76 [d sept, J = 4.0, 6.7 Hz, | H,
(CH,),CH], 0.87 [d, J = 6.7 Hz, 3 H, (CH,),CH], 0.84 [d, J = 6.6
Hz, 3 H, (CH,),CH].

13C NMR (75 MHz, CDCl): & = 170.7, 123.9, 123.2, 59.7, 34.2,
31.9,17.9,17.3.
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