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MILD AND SELECTIVE RING-CLEAVAGE OF CYCLIC CARBAMATES TO AMINO ALCOHOLS
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Summary: N-tert-Butoxycarbonylated 2-oxazolidinones and tetrahydro-2-oxazin-
ones are smoothly cleaved to acyclic N-Boc-amino alcohols on treatment with
catalytic amounts of cesium carbonate at room temperature. The versatility
of the procedure is demonstrated in a facile cleavage of highly functional-
ized heterocycles without epimerization and g-elimination.

The vic- amino alcohol functionality is found in a substantial number of
biocactive compounds such as enzyme inhibitors, antibiotics and sympathomimetic

1)

amines. Cyclic carbamates, readily arising from cyclocarbamation of allyl-

2)

ic or homoallylic amines and alcohols and chemical modifications of 2-oxa-

zolidinones and related heterocycles3), have been utilized as crucial inter-
mediates for highly stereoselective construction of 1,2- and 1,3-amino alco-
hol structures. Although classical methods are available for the hydrolytic
conversion of cyclic carbamates into their corresponding amino alcohols,4) the
conditions are too drastic in most cases and there is still need to develop
the procedures mild and selective enough to avoid undesirable reactions such
as dehydration and epimerizations.

This paper describes mild and hence versatile ring-opening of five- and
six-membered cyclic carbamates (i) into acyclic N-protected 1,2~ and 1,3-amino

alcohols (2) by the process which consists in N-tert-butoxycarbonyl protection

followed by treatment with bases. The N-protection of cyclic carbamates was
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readily achieved with di-tert-butyl dicarbonate [(Boc)zo] and triethylamine in
the presence of catalytic amounts of 4—dimethylaminopyridine.5) N-Boc-cyclic
carbamates were found to undergo an extremely smooth ring-opening to acyclic
N-Boc-amino alcohols on treatment with catalytic amounts of cesium carbonate
in methanol at room temperature.s) Among the effective bases examined includ-
ing anion-exchange resins, cesium carbonate was most satisfactory with regard
to mildness and selectivity. On the other hand, the similar treatment of N-

benzyloxycarbonyl-2-oxazolidinones failed to give the open chain products and
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N-deprotection was only observed.

Thus, the solutions of N-Boc-2-oxazolidinone and N-Boc-tetrahydro-2-oxa-
zinone in methanol were kept in the presence of cesium carbonate
(77%)

In the place of cesium carbonate,

{0.2 equiv)
at room temperature for 3h to give N-Boc-2-aminoethanol
(79%) ,

and N-Boc-3-

amino-l-propanol respectively. the
use of lithium hydroxide and potassium carbonate in acgueous methancl were also
satisfactory for the ring opening, while even a large excess of sodium bicar-
bonate or sodium acetate was entirely ineffective under the conditions. Fur-
ther examples are summarized in Table I. The advantage of the cesium carbon-
ate method over other base-hydrolyses was shown in the successful cleavage of
methyl 2-oxazolidinone-5-carboxylate and 4-methoxy-2-oxazolidinone into N-Boc-
isoserine methyl ester and N-Boc-2-amino-2-methoxyethanol in good yields (
entries 4,6). This method leaves the amino and carboxyl functions in pro-
tected forms, thus permitting easy isolation and purification as well as fur-
ther elaboration of the residue.

As shown in Table, methyl trans(4S,5R)- and cis(4S,58)-5-methyl-2-oxazol-
idinone-4-carboxylates were smocthly cleaved to N-Boc-L-threonine methyl ester

and N-Boc-L-allo-threonine methyl ester,

7)

respectively, without any epimeriza-
tion
12).

and with negligible amounts of the g-elimination products
On the other hand,

(entries 11,
treatment of methyl 2-oxazolidinone-4-carboxylate

with bases including cesium carbonate gave substantial gquantity of N-Boc-2-

Table I. Ring-cleavage of N-Boc-2-oxazolidinones to 1,2-Amino Alcoho]sa)
Rl &2 RY R2
0_ N-Boc —————— 0 N-Boc
Y o
Entry Rl R2 Base (equiv) Solvent Time Isolated Yield
1 H H CSZCO3 (0.2) Me OH 3 (h) 77 (%)
2 H H LiOH (5.0) MeOH—HZO 0.5 85
3 H H K2CO3 (2.0) MeOH—HZO 1.5 88
4 CO0Me H CsZCO3 (0.2) MeQH 2 72
5 C6H5 H C52C03 (0.2) MeOH 1 94
6 H OMe C52C03 (0.2) Me OH 2 76
5-Me- .
7 H 2-fury] LiOH (5.0) MeOH-HZO 1 84
8 allyl 5-?8; : Li0H (5.0) MeOH—HZO 1 98
(threo) <~ U b)
9 H COOMe C32C03 (0.2) MeQH 4 56 (16)
10 H COOH C52C03 (1.2) MeOH 18 73C)(O)b)
11 Me CO0Me CSZCO3 (0.2) MeOH 3 70
(threo)
12 Me COOMe C52C03 (0.2) MeOH 3 76
{erythro)
a) A1l reactions were run at room temperature. b) Yield of methyl N-Boc-
2-aminoacrylate. c) Determined as the methyl ester.
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aminoacrylate as a by-product (entry 9). This B-elimination reaction was
virtually suppressed to aford an exclusive formation of N-Boc-serine when the
carboxylic acid (R2=COOH) instead of the ester was treated with cesium carbon-
ate in methanol (entry 10).

Representative experimental procedure (Table, entry 12) is given as fol-
lows: To a stirred solution of methyl (4S,5S)-3-tert-butoxycarbonyl-5-methyl-
2-oxazolidinone-4~carboxylate (0.175g, 0.67 mmol) in methanol (10 ml) was add-
ed cesium carbonate (0.13 mmol) at room temperature. The reaction mixture
was kept for 3h. After neutralization with citric acid, the product was
extracted with ethyl acetate. Usual work-up followed by column chromatogra-
2—AcOEt/8:2) gave 0.12g (76%) of N-Boc-L-allo-threonine

methyl ester as an oil, [a]D +26.5° (c=1.0, CHCl,). 1H—NMR spectrum (400MHz)
7

phy on silica gel (CH2C1

showed no contamination with threo-derivatives.
As outlined below, this method was successfully applied to smooth cleav-

age to the amino alcohols (2), which served well as synthetic intermediates

for hydroxy amino acids (g and 7) of bioclogical interestsg)aswell as B-lactam
9)
(8)
R
.\\\R \\\\
—/ 3) a b Me0OC
O\H/NH _— O\”/N—Boc _— 0 N-BoC —0w-— 0 N-Boc
0 s} H H (R=H) H H
6)
(3) (4) (2) (&
~ R=H (73%)

R=COOMe (86%)

b/ \
(R=CO0Me ) (R=COOMe }

35C00Me BOC—HNQ
MeOOC

0] N-Boc No
OCH,Ph
H H 0 2

(7) (8)

a: €s,C0,/MeOH, b: TBDMSi-Cl/imidazole; NalO,-KMnO,; CH,N,; Bu,NF,
2773 10) 4 4 22 4
c: LiOH; PhCHZONHZ/DPPOX ; (EtOOCN#z/PPh3

Work is now in progress to explore further aspects of the cesium carbon-

ate catalyzed ring-opening reaction.
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