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Diastereoselective Addition of a-Hydroxyalkyl and o-Alkoxyalkyl Radicals to
Chiral 4-Methyleneoxazolidin-5-ones

Stephen G. Pyne® and Karl Schafer
Department of Chemistry, University of Wollongong, Wollongong, NSW, 2522, Australia.

Received 14 January 1998; revised 17 March 1998; accepted 19 March 1998

Abstract: A method for preparing optically active homoserine derivatives via the photoinduced radical
additions of alcohols and ethers to the chiral 4-methyleneoxazolidin-5-ones 1 and 2 has heen achieved.
These photoadducts, however, are readily prone to epimerization under the conditions required for
their deprotection. © 1998 Elsevier Science Ltd. All rights reserved.

L-Homoserine and its derivatives are useful building blocks for the synthesis of unnatural amino acids,
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including y-seleno-, y-thio- and y-phosphono-derivatives.’»* Some of
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biological activities.3 In principle, homoserines can be obtained from the addition of a-hydroxyalkyl and oi-
alkoxyalky! radicals to o,B-didehydroamino acids (eq 1). Optically active versions of these target compounds
could, in principle, be obtained if either the a-hydroxyalkyl and a-alkoxyalkyl radical were chiral or the o.,B-
didehydroamino acid was chiral. Indeed, a readily available chiral auxiliary for o-hydroxyalkyl radicals has
been recently developed by Garner.# In this paper we report our studies aimed at preparing optically active

homoserine derivatives from the photoinduced radical additions of alcohols and ethers to the chiral, cyclic
a,B-didehydroamino acid derivatives, the (25)5 and (2R)® 4-methyleneoxazolidin-5-ones 1 and 2,
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While the photochemical induced addition of alcohols to o,f—unsaturated carbonyl” and sulfur®
compounds has been well documented, reports of these reactions involving o.,f3-didehydroamino acids as



substrates have not been reported as far as we are aware. The addition of radicals to 1 has been reported by
Beckwith.? These reactions proceed with moderate to excellent diastereoselectivities, depending upon the
nature of the radical, and favoured formation of trans 2,4-disubstituted-oxazolidinones (eq 2).
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Results and Discussion

In some preliminary studies on the photolyt stability of 1 and 2 upon irradiation in acetone we found
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ization of related N-aryl-
enaminoketones!0Q and lactones!! is well known. The stereochemistry of 3 was evident from NOESY
experiments that showed cross peaks between the signals for the ortho proton Hp and H9a.
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Photoinduced Reactions of 1 and 2 with Alcohols
Photolysis of a solution of 1 in neat alcohol (RIR2CHOH) in the presence of the sensitiser benzophenone (1

molar equiv.) for Ih at ambient temperature (water cooled system) gave mixtures of the photoadducts 4 and

their cyclized products, the lactones § (Scheme 1). When methanol was employed as the solvent then 'H
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major and minor diastereoisomers are 4a and its 2,4-cis diastereoisomer, respectively. Attempted purification
of 4a on silica gel gave the lactone 5a in low yield (30%), however, none of the photoadduct 4a was isolated.
Photolysis of a solution of 1 in ethanol or isopropanol gave the photoadducts 4b (d. r. = 58 : 42) and 4¢ (d. .
= >98 : <2), respectively, from 'H NMR analysis of the crude reaction mixtures. Purification of these crude
photolysis mixtures on silica gel gave pure samples of 4b/Sb and 4c¢/5¢, respectively (Scheme 1). The 4R

stereochemistry of both diastereoisomers of 4b and that of 4¢ was evident from NOESY experiments which
showed NOE cross peak

ined from these

after purification by recrystalhzation from ethanol/ether, the hydrochloride salt of the o-amino lactone (R
in 90 % overall yield from 1 (Scheme 2). The enantiomeric purity of (R)-6, however, was 56 % based on
NMR analysis of its Mosher amide (R,$)-7 (78 : 22 mixture of diastereoisomers). The low ee of 6 indicated
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that epimerization at the ai-carbon of 6 must have occurred during the acid hydrolysis conditions since 4¢ was
essentially diastereomerically pure and the enantiomeric purity of 1 was >98 %.6  Unfortunately, less harsh
hydrolysis conditions, in which epimerization would be less likely, did not completely hydrolyse the
benzamide group of 5c.
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In contrast, the photolysis of 2 in ethanol or isopropanol lead directly to the lactones 5b and Sc, respectively in
moderate yields (54 %, Scheme 3). The intermediate photoadducts A could not be detected in the crude
photolysis product mixtures. The lactone 5b was a 55 : 45 mixture of diastereoisomers. Acid hydrolysis of
the lactone (S)-5¢ gave the hydrochlonde salt of the amine (S)-6 in 90 % (Scheme 4). The S stereochemistry

1
:‘

o ev 1 the p n which was opposite in sign to (R)-6
described above in Scheme 2. The enantiomeric purity of ($)-6 was 16 % from IH NMR analysis of its

oy s L‘ mm m e D\ L Mha 1hws; anantiAarmrari~
Mosher amide (R,S)- 7 a value much lower than that found for its enantiomer L )-o The low enantiomeric

purity of (5)-6 might be due to the low diastereoselectivity in the formation of A (R! = Me, R? = H), however
this compound could not be detected by IH NMR and thus its d. r. could not be measured. However, the
different magnitudes for the specific rotations of (R)-6 ([alp?3 -12 (¢ 0.25, 6N HCI) and (5)-6 ([oIp?i +6 (c
0.1, 6N HCI)), suggested that the formation of A (R! = R2 = Me) was less diastereoselective than the
formation of its fert-butyl analogue 4c¢.
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diastereoisomer in 52 % yield after column chromatography. While that with THF gave a 57 : 43 mixture of
diastereoisomeric photoadducts 8b in 55 % yield (Scheme 5). All three adducts (8a and the two
diastereoisomers of 8b) had the 2,4-trans stereochemistry from NOESY experiments (Scheme 5). The
enantiomeric purity of 8a was > 96 % from 'H NMR analysis of its ester derivative 9 that was prepared from

the reaction of 8a and methyl (R)-mandelate under mild based catalysed conditions.

Scheme 5
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Photoinduced reactions of the acyclic ethers, dimethoxymethane and rert-butyl methyl ether with 1 gave
mixtures of the 2,4-trans and 2.4-cis-adducts 10 and 11 respectively in poor yields (Scheme 6), while the
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products, respectively. In these latter two reactions, the major adducts (10¢ and 10d, respectively) had the

2,4-trans stereochemistry of the oxazolidinone ring (from NOESY studies) but were formed as a mixture of

epimers at the exocyclic stereogenic centre (Scheme 6). A 95 : 5 mixture of 10b and 11b was hydrolysed with

6N HCI to give after purification (R)-12. The enantiomeric purity of this compound was estimated as 62 %
based upon its specific rotation ([t]p2? -20 (c 0.1, 6N HCI) when compared to the literature value ([a]p -32 (¢

0.2, 2N HCD).12
Scheme 6
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The two 2,4-trans diastereoisomers of 10d could be separated by column chromatography and the individual

isomers were subjected to acid catalysed hydrolysis (Scheme 7). The major diastereoisomer of 10d gave

mainly the rrans-lactone 13 from NOESY experiments that showed cross peaks between the resonances for
the y-methyl group and the a-proton. The minor diastereoisomer of 10d gave mainly the cis-lactone 14

Scheme 7
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that did not show any NOE. between the ymethyl group and the a-proton. Each hydrolysis reaction, however
gave a mixture of the two diastereoisomers 13 and 14 and the ratio of these diastereoisomers changed with
time as monitored by ! H NMR. For example, immediately after the hydrolysis of the minor diastereoisomer
of 10d the ratio of 14 : 13 was 91 : 9, however after the NMR sample had stood for 3 days the ratio had
changed to 74 : 26. The 'H NMR data for (R, R)-13 and (S, R)-14 from this study closely matched that
reported in the literature for (S, $)-1313-15 or (R, R)-1313,16,17 and (S, R)-14,14, 16-18 regpectively.!®

In conclusion. a method for nrenaring ontically active homoserine derivatives via the nhotoinduced
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These photoadducts, however, are prone to epimerization under the conditions required for their deprotection.
Other protecting groups at the oxazolidinone nitrogen (e.g. Boc) may allow the synthesis of these compounds
in higher enantiomeric purities.2V

Experimental
General procedures were as described previously.® All NMR were determined in CDCl3 solution, unless
) or 77.5 MHz (13C NMR). When D;0 was employed as the
out in a water cooled pyrex immersion-well reactor with the light from a {40
photolysis, nitrogen was bubbled through the reaction mixture for 0.5 h.

A

(3R,%aS)-5-0x0-3-phenyioxazoiidino{3,4-b]-3aH-4-0x0-9,9%a-dihydroisoquinoline (3). The oxazolidinone (2)
(100 mg, 0.36 mmol) was dissolved in dry acetone (150ml) and photolysed under an atmosphere of nitrogen
for 1 h. After removal of the solvent under reduced pressure the crude residue was chromatographed on silica
gel, eluting with 10% cthyl aceate in light petroleum, to afford 3 as a white solid (10 mg, 10%), m.p. 129-
132°C (Found : C, 73.3; H, 4.5; N, 4.9%. C{7H|3NO3 requires C, 73.1; H, 4.7; N, 5.0%). [®]25p -900 (c,
0.08 in CHCl3). IHnmr 8 3.26, app. t,J 12,9 Hz, 1H, H-9¢; 3.37, dd, J 15.6, 6.0 Hz, 1H, H-9B; 4.62,dd,]

o TR 2 Lo d_. 4 < z - £ =

General Method: Photolysis of (25)-3-Benzoyl-2-fert-butyi-4-methyleneoxazolidi
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dry isopropyl alcohol (150ml) was photolysed under an atmosphere of nitrogen for 1 h. The reaction mixture
was concentrated under reduced pressure and chromatographed on silica gel, eluting with 10% ether in light
petroleum, to afford 2 compounds. The first compound was isolated as a colourless oil and identified as
(2S.,4R)-3-benzoyl-2-tert-butyl-4-(2'-hydroxy-2'-methylpropyl)oxazolidin-5-one (4c) (27 mg) in 23% yield.
(Found : M+* + H*, 320.1827. C1gH26NO4 requires 320.1862). [a]22p -3° (c, 0.20 in CHCI3). !Hn.m.r. 8

095 5. 9H: 1.19.s. 3H. CHx: 1.21.s. 3H, CH3: 2.00, dd, J 14.7, 3.0 Hz, 1H, H-U'ee; 2.20, dd, J 14.7, 9.6 Hz,

, 8, FH; LY, 8, 2, U3l 1.2, 8, 2R, UR3L LU0, Ad, ) e, s s (5

ILT 07 1.2 82 the o 1L NALI. A&7 A3 TQO 2N 1 HA-A£11 ¢ 1T HD- 78786 m SH ArH 3¢

i, £i-1 p, 3.9, UL 5, 111, VI, .07, GU, J 7.7, .U 114, 130, X175, U i1, 5y 111, 1174, 7.J077 .SV, 1ily Jdd, £213 2 ~
S oA 1 m~O A Y An A ATT AN 1, QN MIY . A QA AIT. £0 70 M. QL 11 MUY, 174 &1

n.m.r. 0 23.U35, UH3; £3.4/, (.,1'13, 30.41, CH3; 5/.11, C, oU, L)) d4.04, L, 06./Y, U Y0.11, LIl 12001,

46 5
CH; 128.94, CH; 130.50, CH; 135.44, C; 173.18, CO; 174.22, CO. Mass spectrum m/z 320 (M + H¥, 63%),
234 (100). The second compound was obtained as a white solid and identified as (R)-o-benzamido-7y, %
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dimethyl-y-butyrolactone (5¢) (33 mg, 36%), m.p. 150-1539C (Found : C, 66.7; H, 6.6; N, 5.6%.
C13H15NO3 requires C, 66.9; H, 6.5; N, 6.0%). [0]22p + 120 (c, 0.30 in CHCI3). IH n.m.r. § 1.40, s, 3H,
CH3; 1.45, s, 3H, CH3; 2.03, app. t, J 12.3 Hz, 1H, H-Ba; 2.66, dd, J 12.6, 9.0 Hz, 1H, H-Bb; 4.91-5.02, m,
1H, H-ai; 7.10, br. s, 1H, NH; 7.27-7.71, m, 5H, ArH. 13C n.m.r. § 26.99, CH3; 28.87, CH3; 41.99, CHp;
50.59, CH; 83.08, C; 127.11, CH; 128.49, CH; 131.89, CH; 132.94, C; 167.47, CO; 175.27, CO. Mass
spectrum m/z 234 (M + H¥, 100%), 122 (48), 105 (48).

Photolysis of (2R)-3-Benzoyl-4-methylene-2-phenyloxazolidin-5-one (2) in Isopropyl Alcohol. The
photolysis of 2 (100 mg, 0.36 mmol) in isopropy! alcohol (150 ml) and benzophenone (65 mg, 0.36 mmol)
was carried out as described above. Column chromatography on silica gel, eluting with 10% ether in light
petroleum, afforded (S)-o-benzamido-vy, +dimethyl-wbutyrolactone (5¢) as the sole product (45 mg, 54%),
isolated as a white solid, m.p. 155-1589C. [a?2p - 119 (c, 0.10 in CHCI3). The spectral data of this

compound were identical to that reported above for (R)-5c.

Photolysis of (25)-3-Benzoyl-2-tert-butyl-4-methyleneoxazolidin-5-one (1) in Ethanol. The photolysis of
1 (100mg, 0.36 mmol) in ethanol (150 ml) was carried out as above. Column chromatography, eluting with
10% ether in light petroleum, afforded 2 fractions. Fraction 1 yielded a colourless oil (27 mg, 23%) which
was identified as (2S,4R)-3-benzoyl-2-tert-butyl-4-(2'-hydroxypropyl)oxazolidin-5-one (4b), isolated as an
inseparable mixture of two diastereomers (58:42). Major isomer: (Found : M** + Ht, 306.1716. C17H24NO4
requires 306.1705). IH n.m.r. §0.99, s, 9H; 1.09, d, J 6.3 Hz, 3H, CH3; 1.87, ddd, J 14.1, 9.9, 3.6 Hz, 1H, H-
l'a; 2.10, ddd, J 13.8, 9.6, 2.7 Hz, 1H, H-1'B; 3.60, br. s, 1H, OH; 3.96-4.06, m, 1H, H-2'; 4.45,dd, ] 9.9, 3.6
Hz, 1H, H-4; 6.11, s, 1H, H-2; 7.32-7.49, m, 5H, ArH. 13C n.m.r. § 23.53, CH3; 25.12, CH3; 36.99, C; 43.53,
CH7; 54.98, CH; 64.58, CH; 95.74, CH; 126.76, CH; 128.76, CH; 130.66, CH; 135.38, C; 172.83, CO;
173.67, CO. Mass spectrum m/z 306 (M + H+, 100%), 237 (50), 220 (95), 105 (80). Minor isomer: Hnmr
60.92,s,9H; 1.11, d, J 6.3 Hz, 3H, CH3; 1.53, ddd, J 8.7, 6.3, 6.3 Hz, 1H, H-1'0; 2.00, ddd, J 5.7, 5.7, 3.3
Hz, 1H, H-1'B; 3.60, br. s, 1H, OH; 3.96-4.06, m, 1H, H-2'; 4.55, dd, J 9.0, 5.7 Hz, 1H, H-4; 6.08, s, 1H, H-2;
7.32-7.49, m, 5H, ArH. 13C n.m.r. §22.98, CH3; 24.81, CH3; 36.01, C; 43.42, CH2; 56.57, CH; 64.96, CH;
96.36, CH; 126.55, CH; 128.90, CH; 130.51, CH; 133.50, C, 172.83, CO; 173.67, CO. Fraction 2 yielded a
colourless oil (26 mg, 30%) which was identified to be the lactone (R)-o-benzamido-ymethyl-y
butyrolactone (5b) , isolated as an inseparable mixture of two diastereomers (55:45). (major isomer) : (Found
: M** + H¥, 220.0977. C12H 14NO3 requires 220.0974). 1H n.m.r. § 1.46, d, J 6.6 Hz, 3H, CH3; 2.40, ddd, J
12.6, 10.2, 8.4 Hz, 1H, H-Ba; 2.57, ddd, J 12.6, 9.6, 2.1 Hz, 1H, H-Bb; 4.77-4.92, m, 2H, H-o & H-y; 7.19, br.
d, J 6.0 Hz, 1H, NH; 7.38-7.79, m, 5H, ArH. 13C n.m.r. § 21.21, CH3; 35.79, CHp; 48.89, CH; 75.30, CH;
127.33, CH; 128.39, CH; 132.02, CH; 133.89, C; 167.67, CO; 175.57, CO. Mass spectrum m/z 220 (M + H¥,
100%), 105 (95). (minor isomer) : 4 n.m.r. § 1.48, d, J 6.6 Hz, 3H, CH3; 1.99, ddd, J 12.3, 12.3, 12.0 Hz,
1H, H-Ba; 3.01, ddd, J 12.6, 8.4, 5.1 Hz, 1H, H-Bb; 4.65, ddd, J 10.8, 6.0, 5.1 Hz, 1H, H-Y, 4.77-4.92, m, 1H,
H-a; 7.11, br. d, J 6.0 Hz, 1H, NH; 7.38-7.79, m, 5H, ArH. 13C n.m.r. § 20.59, CH3; 38.39, CH2; 51.31, CH;
75.08, CH; 127.13, CH; 128.59, CH; 132.02, CH; 131.44, C; 167.22, CO; 175.37, CO.

Photolysis of (2R)-3-Benzoyl-4-methylene-2-phenyloxazolidin-5-one (2) in Ethanol. The photolysis of 2
in ethanol was carried out as described above. Column chromatography on silica gel, eluting with 10% ether
in light petroleum, afforded a colourless oil which was identified to be an inseparable mixture of two lactone
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diastereomers (5)-(Sb) in a ratio of 35:45 (43 mg, 54%). The spectral data for the 2 diastereomers was
identical to that reported above for (R)-(5b).

Photoiysis of (25)-3-Benzoyi-2Z-teri-buiyi-d4-methyieneoxazolidin-5-one (i) in Methanoi. The photoiysis of
1 in methanol was carried out as above. 1H n.m.r. analysis of the crude residue showed this to be a mixture of
two diastereomers of (2S,4R)-3-benzayl-2-tert-butyl-4-(2'-hydroxyethyl)oxazolidin-5-one (4a) in a ratio of
approximately 77 : 23 (H-2 at 3 6.08 and 6.06 ppm, respectively). Column chromatography, eluting with 10%
ether in light petroleum, gave only the lactone (R)-a-benzamido-ybutyrolactone (5a) (24 mg, 30%) as a
colourless gum. [a]22p - 200 (c, 0.10 in CHCI3). (Found ;: M** + H*, 206.0811. C1 1 H12NO3 requires
J14.1,84. 57, 1.0Hz,

H-Ba; 2.92, dddd,

aPL 5 1, Pa; 5 5
14 “-Rh'AQAAHd T111 % S7H7 1 v AR8) A4 Q0 QN 1O H2 1 Ra- 477 A T117 R7
iR, R0 S04, Q06,0 111,02, 2.0 RE, 1n, - 504, G4G, B0, R0, LU HZ, iR, B-Pa 5.7 /,806,0 10,80,
£NTT. 1L LT ad. £0Q L A TL£NTT, 11T NTIT. 7 3Q 770 e &I7 A-IT 13 . . . R AN AA OYTA. AQ £Q IT.
6.V nZ, in, n-yo; 6.6, of. 4, 4 6.U 11z, in, INM1; /.36-/./%, m, on, Arn. -~ N 0 JU.44, LnJ; 47.60, L,
66.22, CHp,; 127.14, CH; 128.64, CH; 132.09, CH; 133.00, C; 167.77, CO; 175.67, CO. Mass spectrum m/z

Enantiomeric Excess Determination of the Lactone (R)-(6¢). The crude residue from the photolysis of 1
(100 mg, 0.39 mmol) in isopropy! alcohol was heated at 90 ©C in 6M hydrochloric acid (10 ml) for 12 h. The
reaction mixture was cooled and washed with dichloromethane (4 x 10 ml). The aqueous fraction was
evaporated to dryness. Purification of the residue by recrystallization from ethanol/ether afforded the
hydrochloride salt of (R)-oramino-ydimethyl-ybutyrolactone ((R)-6) (58 mg, 90%) as a cream solid, m.p.
185-191°C (dec) (Found : C, 40.8; H, 7.5; N, 7.8%. C6H2NO2Cl requires C, 40.5; H, 7.3; N, 7.5%). [0]??p
-120 (¢, 0.25 in 6M HCD). lH n,

Sy aas VaVa Azl

100%). A stirred sample of (R)-6 (20 mg, 0.12 mmol) suspended in dry dichloromethane (1 ml) was treated
with triethylamine (25 mg, 0.25 mmol) under a nitrogen atmosphere at room temperature. After 10 minutes, 4-
dimethylaminopyridine (several crystals) and (R)-Mosher chloride (37 mg, 0.14 mmol) were added
sequentially. After 3 h, the reaction mixture was diluted with ether (10 ml) and subsequently washed with 3M
HCI (5 ml), 10% aqueous sodium carbonate (5 ml) and water (5 ml). The ethereal layer was dried, filtered and

i}
]
4
)
4
4

n 1

CH3; 2.57,dd, J 12.9, 6.9 Hz, i1H, H-Pa; 2.63, dd, j 12.6, 9.0 Hz, iH, H-fb;
4.75,ddd, J 11.7, 8.7, 6.6 Hz, 1H, H-ct; 7.38-7.79, m, 6H, ArH & NH. 13C n.m.r. § 26.97, CH3; 28.86, CH3;
41.25, CHp; 50.35, CH3; 55.11, C; 55.14, CH3; 55.16, C; 82.84, C; 127.47, CH; 128.59, CH; 129.63, CH;
132.23, C; 167.11, CO; 173.53, CO. Mass spectrum m/z 346 (M + H*, 30%). Minor isomer: IHn.mr. 8 1.45,
s, 3H, CH3; 1.52,'s, 3H, CH3; 1.97,dd, J 12.6, 7.4 Hz, 1H, H-Ba; 2.72, dd, J 12.3, 8.4 Hz, 1H, H-Bb; 3.34,d,J
1.2 Hz, 3H, OCH?2; 4.86,ddd, 1 11.7,8.7, 7.2 Hz, 1H, H-ct; 7.38-7.79, m, 6H, ArH & NH. 13C n.m.r. §26.83,

; 54.87, CH3; 55.08, C; 82.89, C; 127.92, CH; 128.72,
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(Q\_ v memminn_nedismothul achetusnlentasa (£ ce o shita cmlid 77 cae ONOLY o = 102 1070 £ Aan~)
W= GRAIMLRe-Faimeiny = Fouiyromicione  ((5)-9) a8 a wnile 30110 (/7 Mg, Yu%), m.p. 175-177°C (Gec).
[Pl L0/ N 1A LRA XY PR ;o .

& j“~D +0¥ (C, U.lu 1n OVl

HCI). The speciral daia of ()6 were identical to that found for (R)-6. Mosher
analysis of (5)-6 (20 mg, 0.12

above (yield = 70%). IH n.m.r. analysis of the crude residue showed this to be a mixture of two diastereomers

mmol) was subsequently carried out according to the procedure described

in a ratio of approximately 58:42.

Photolysis of (25)-3-Benzoyl-2-tert-butyl-4-methyleneoxazolidin-5-one (1) in 1,3-Dioxolane. The
photolysis of 1 (100 mg, 0.39 mmol) in 1,3-dioxolane (150 ml) was carried out as described above. Column
chromatography on silica gel, eluting with 10% ether in light petroleum, afforded (2S,4R)-3-benzoyl-2-tert-
butyl-4-([1',3'-dioxan-2'-ylJmethyl)oxazolidin-5-one (8a) (66 mg. 52%) as a white solid, m.p. 110-1130C

(Found : C, 64.9; H, 7.1; N, 4.0%. C18H23NQ5 requires C, 64 8; H, 7.0; N, 4.2%). [0)245 + 159 (¢, 0.10 in
CHC lHame 8102 ¢ @ 200 Add T128§ 79 227 Hz 1 CH_H. 2 9Q AdA 12Q 10§ T A Hr
NrAANed J e TRA Baedliede U LU, Oy ZRLy UV MU, 0 LJdy ey e Ky 1ALy NCARQRAD; L~.&U,y, UUU, U 10Uy 1V, VU L4,
1LY ALY XY NAYMY e A TIANO 1% 0 £ TXe 11T 1Y Atvs o T SVra. DV £l nme A T 1A N0 1A N (nr 1YY 1Y
108, Lrigeip, <0y, app. @i, J 1<.7, 1£.7, 0.5 iz, in, n-4 0 or n-o«; 25.00, app. ai, J 12.5, 1.5, 0.¥ nz, i1, -
4'B or H-5'B; 3.74, app. di, J 12.9, i2.9, 6.3 Hz, iH, H-4'a or H-5',; 3.83, app. dt, J 2.9, 12.9, 6.9 Hz, iH, H-
4B or H-5'B; 4.35, dd, J 10.5, 3.3 Hz, 1H, H-4; 4.97,dd, J 7.5, 3.6 Hz, 1H, H-2"; 6.11, s, 1H, H-2; 7.35-7.47,

m, 5H, ArH. 13C n.m.r. 8 25.13, CH3; 36.97, C; 39.23, CHp; 54.37, CH; 64.53, CHp; 64.78, CH3; 95.68, CH;
100.66, CH; 126.66, CH; 128.70, CH; 130.39, CH; 135.46, C; 171.89, CO; 173.67, CO. Mass spectrum m/z
334 (M + HY, 100%), 184 (48).

Enantiomeric Excess Determination of the Oxazolidinone 8a. A mixture of 8a (16 mg, 0.05 mmol), (R)-
methyl mandelate (9 mg, 0.055 mmol) and triethylamine (6 mg, 0.06 mmol) in dry dichloromethane (1 ml)

was stirred at room temperature for 3 days under a nitrogen atmosphere. The reaction mixture was diluted
with dirhlaramathana (& sl and noknr] writh A LI 71 v el and wntar A2 v & mIY Tha Araanis frasrtinn
YYEILEL VMWIMIVI VIV LAY (U 111 ALl W ADLIVU VWILEL LIVE LNl 1L A Jllll} QLU VWwadlLl (J A O dddi ). 11w Ulsul.\.l\w 11aswmiivil
cerma At EiVemond nd 4 . Tvr 1. ° . 1. 3 this o be a
was dried, filtered and €vaporaied {0 aryness. *H n.m.r. dﬂdlyblb of the crude residue shiowed this {0 be a

single diastereomer (9). Column chromatography on silica gel, eluting with 30% ethyl acetate in light

petroleum, yielded a pale yellow gum (15 mg, 73%). (Found : M¥* + H*, 346.1276. C16H19NO4 F3 requires

346.1266). IH n.m.r. §2.21, ddd, J 15.0, 4.8, 4.8 Hz, 1H, H-u; 2.35, ddd, J 15.0, 6.3, 3.6 Hz, 1H, H-B; 3.68, s,

3H, CH3; 3.79-3.96, m, 4H, 2 x CH2; 4.80, dd, J 11.4, 6.3 Hz, CH, 5.01, app. t, J 4.5 Hz, 1H, CH; 5.91, s, 1H,

CH; 7.29-7.60, m, 11H, ArH & NH. 13C n.m.r. 8 34.17, CHp; 52.95, CH3; 53.00, CH; 64.97, CHp; 72.90,

CH; 102.38, CH; 126.56, CH; 127.15, CH; 128.47, CH; 128.58, CH; 128.60, CH; 131.91, CH; 133.37, C;
2

76, CO; 174.09, CO. Mass spectrum m/z 346 (M + H+, 66%).
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mg, 55%) as a white solid, m.p. 105-110°C (Found : C, 68.8; H, 7.6; N, 4.1%. C19H725N04 requires C, 68.8;
H, 7.6; N, 4.2%). Mass spectrum »/z 332 (M + H*, 100%), 246 (40), 182 (73). Major isomer: IH nmr. &
1.03, s, 9H; 1.61-2.05, m, 5H, CHaHp, H-3'0/p & H-4'0/B; 2.00, ddd, J 13.9, 10.5, 5.7 Hz, 1H, CHaHp; 3.58,
app. dt, J 6.6, 6.6 Hz, 1H, H-5';; 3.74, app. dt, J 6.3, 6.3 Hz, 1H, H-5'B; 3.78-3.86, m, 1H, H-2'; 4.03, dd, J
10.8, 3.0 Hz, 1H, H-4; 6.08, s, 1H, H-2; 7.36-7.48, m, SH, ArH. 13C n.m.r.  25.11, CH3; 25.32, CHp; 29.57,

omer: ly_nmr 510A s, 9H: 1,41, ddd, 1<3 . 6_0
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Hz, 1H, CHgHp; 1.61-2.05, m, 5H, CHaHp, H-3'a/p & H-4'a/B; 3.28, app. dt, ] 7.8, 7.8 Hz, 1H, H-5'a;; 3.48,

app. dt, ] 6.9, 6.9 Hz, 1H, H-5'B; 4.07-4.12, m, 1H, H-2'; 4.37,dd, J 11.1, 3.3 Hz, IH, H-4; 6.10, s, 1H, H-2;
7.36-7.48, m, SH, ArH. 13C n.m.r. § 25.16, CH3; 25.35, CH2; 31.30, CH?; 36.87, C; 40.93, CH2; 54.87, CH;
67.31, CHp; 74.20, CH; 95.27, CH; 126.63, CH; 128.56, CH; 130.28, CH; 135.53, C;172.26, CO; 173.86, CO.

Photolysis of (25)-3-Benzoyl-2-fert-butyl-4-methyleneoxazolidin-5-one (1) in Diethyl Ether. The
photolysis of 1 (100 mg, 0.39 mmol) in diethyl ether (150 ml) was carried out as described above. Column
chromatography on silica gel, eluting with 10% ether in light petroleum, afforded an inseparable mixture of 4
and 2Q 48).3-
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10c¢ (major isomer): .
J 7.5, 6.0 Hz, IH, H-1'a; 3.07, ddd, J90 6.9, Hz, 1H, H- IB 336 q,J72Hz 2H, CH2,363 m, 1H, H2'
4.33,dd, 1 7.8, 6.3 Hz, 1H, H-4; 6.11, s, 1H, H-2; 7.35-7.49, m, 5H, ArH. 13C n.m.r. § 15.55, CH3; 19.77,
CH3: 25.21, CH3; 36.66, C; 42.74, CH2; 54.53, CH; 63.60, CH2; 70.63, CH; 95.38, CH; 127.12, CH; 128.55,
CH; 129.94, CH; 135.29, C; 172.56, CO, 174.23, CO. 10¢ (minor isomer): 1H n.m.r. § 0.69, d, J 6.3 Hz, 3H,

H-3';1.04,s,9H; 1.11,t,J 6.9 Hz, 3H, CH?z; 1.78, ddd, J 13.5, 8.7, 3.6 Hz, 1H, H-1'a; 2.25, ddd, J 13.8, 10.5,
19-3.45, m, 1H, H-2'; 3.41
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Photolysis of (25)-3-Benzoyl-2-tert-butyl-4-methyleneoxazolidin-5-one (1) in Dimethoxymethane. The
photolysis of 1 (100 mg, 0.39 mmol) in dimethoxymethane (150 ml) was carried out as described above.
Column chromatography on silica gel, eluting with 10% ether in light petroleum, afforded an inseparable
mixture of 2 diastereomers (2S,4R)-3-benzoyl-2-tert-butyl-4-(2',2'-dimethoxyethyl)oxazolidin-5-one (10a)

and (28, 4S)-3-benzoyl-2-tert-butyl-4-(2'.2'-dimethoxyethyl)oxazolidin-5-one (11a) (21 mg, 16%) as a pale
vellow oil (Found M+ + H+ , 336,1805. C18H25NO% requires 336,1811). Mass spectrum m/z 336 (M + HT
yellow o1l (round @ vVl 17, 220, 1800, L18260NULS requires 250,181 1), VIass SpeCinim m/z 520 s
ANOLY 100 (mainr icnmar) 1 mrmr R 1TN2 ¢ QL. 2 N0) 1Q o AT T DN'- 704 ¢ 2 NCHA- 2922 ¢ U
SU7ej. 1va (i Jux isome ; 1 0.0 0 1.5, 8, YH, 2.U9-4.10, I, 411, -2 U5 £.5%, 8, O, Uvi3, 5.45, 5, 513,
NI A T T AN & ATY 1TY TY A A = 14 TS £ 0y YY_ O 1TY YY 1 4 1 = 1IY XYY A. ™ A0 7 AQ . &IT
i3 4.421, ,Jd YU, 0.4 12, 1N, 0H-4,4.01,d4dd,J /7.0,05.1 1z, 11, -1 1,8, 11, n-Z, /7.2¥-/.406, M, Jn,

d . .
ArH. 13C n.mur. § 25.16, CH3; 36.98, C; 37.62, CHo; 52.7
100.71, CH; 126.65, CH; 128.75, CH; 130.51, CH; 134.45, C; 172
in part): IH n.mur. 8 1.04, s, 9H; 6.07, s, 1H, H-2.

Photolysis of (25)-3-Benzoyl-2-tert-butyl-4-methyleneoxazolidin-5-one (1) in tert-Butyl Methyl Ether.
The photolysis of 1 (100 mg, 0.39 mmol) in zert-butyl methyl ether (150 ml) was carried out as described
above. Column chromatography on silica gel, eluting with 10% ether in light petroleum, afforded an
inseparable mixture of the diastereomers (2S,4R)-3-benzoyl-2-tert-butyl-4-(2'-tert-butyloxyethyl)oxazolidin-
tyl-4-(2'-tert-butvloxyethyl)oxazolidin-5-one (11b) (49 mg,

a0 {17
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AT e VT VYT AT A VL AN 1. VL MIL £V, EA AL YIX, £ A VYA, 1N 1L NC AO MY, 1AL A YT, 170 711
I3, &7.40, L3 300U, UKLZ, D070, U, 54,40, LI, 37,33, L2, /£./10, U; ¥3.4Y, L, 120./4, U3, 140.71,
CH; 130.55, CH; 135.41,C; 172.32, CO; 174.09, CO. 1ib (minor isomer): ' n.m.r. 31.00, s, 9H; 1.12, s,

9H; 2.01-2.20, m, 2H, CH2; 3.17-3.21, 2H, CHp; 4.41, dd, J 9.9, 3.3 Hz, 1H, H-4; 6.17, s, 1H, H-2; 7.39-7.48,
m, 5H, ArH. 13C n.m.r. § 24.82, CH3; 27.10, CH3; 36.52, CHp; 37.04, C; 55.39, CH; 56.54, CHp; 73.12, C;
94.64, CH; 127.52, CH; 128.90, CH; 131.75, CH; 136.24, C; 170.59, CO; 173.14, CO.

Hydrolysis of 10b and 11b. A 95:5 mixture of 10b and 11b (30 mg, 0.086 mmol) in 6M hydrochloric acid
(5 ml) was heated at 80 OC for 12 h. The reaction mixture was cooled and washed with dichloromethane (4 x
10 ml). The aqueous fraction was evaporated to dryness. Recrystallization of the crude residue from
ethanol/ether afforded the hydrochloride salt of (R)-a—amino-%butyrolactone ((R)-12) as a white solid (11
mg, 90%), m.p. >2000C, (Found : M+* + H+ 102.0542, C4Hg
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Photolysis of (25)-3-Benzoyi-2-teri-butiyi-4-methyieneoxazoiidin-5-one (i) in feri-Butyi Ethyi Ether. The
photolysis of 1 (100 mg, 0.39 mmol) in a mixture of fert-butyl ethyl ether (2.5 g, 24.5 mmol) and dry
acetonitrile (150 ml) was carried out as described above. Column chromatography on silica gel, eluting with
10% ether in light petroleum, afforded 3 partially separable sterecisomers (2S,4R)-3-benzoyl-2-tert-butyl-4-
(2'-tert-butyloxypropyl)oxazolidin-5-one (10d) and (2 S, 4 S )-3-benzoyl-2-tert-butyl-4-(2'-tert-
butyloxypropyl)oxazolidin-5-one (11d) (67 mg) in a combined vield of 48%. Samples of 10d (major) and 10d

f 3

inor) were obtained diastereomerically pure (Found: M** + Ht, 362.2334. C21H232NO4 requires

ol Lo (PPOU LS

P
[
Es’
I

..,

6
2H, H-1'at & H-1'P; 3.92, app. sextet, J 6.0 Hz, iH, H-2', 4.23, dd, J 7.5, 6.9 Hz, 1H, H-4; 6.13, s, 1H, H-2;
7.39-7.49, m, SH, ArH. 13C n.m.r. § 24.22, CH3: 25.31, CH3; 28.54, CH3; 36.63, C; 44.00, CH2; 54.49, CH;
63.29, CH; 73.06, C; 95.29, CH; 126.97, CH; 128.78, CH; 130.73, CH, 135.28, C; 172.72, CO; 174.61, CO.
10d (minor isomer): colourless oil, [0]23p + 82 (c, 0.12 in CHCI3). lH n.m.r. § 0.56, d, J 6.0 Hz, 3H, CH3;
1.05,s,9H; 1.11, s, 9H; 1.82,ddd, J 13.2, 10.2, 2.7 Hz, 1H, H-1'ai; 2.16, ddd, J 12.9, 12.9, 3.3 Hz, 1H, H-1'B;
3.79-3.82, m, 1H, H-2'; 385, dd 1H, H-4: 610, s, 1H, H-2: 7.37-7.50, m, SH, ArH. 13C n.m.r.
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hydrochioric acid (5 mi) was heated at 90 OC for i2Z h. The reaction mixture was cooled and washed with
dichloromethane (4 x 10 ml). The aqueous fraction was evaporated to dryness to afford a pale yellow gum
(5.5 mg, 88%). IH n.mr. analysis of the crude residue showed this to be a mixture of 2 diastereomers
hydrochloride salts of (R,R)-a-amino-ymethyl- y-butyrolactone ((R, R)-13) and (Ry,Sy)-a-amino-ymethyl-
yrbutyrolactone ((R,S)-14) in a ratio of approximately 71 : 29 (Found : Mt** - HCl + H*, 116.0703.
CsH10NO2 requires 116.0712). Mass spectrum m/z 116 (M - HCl + H*, 100%). 13 (major isomer): 1
nmr. (D20)8 136, dd, 1 6.6 Hz, 1.5 Hz, 311,(*H3,746752,m_ 2H, H-Ba & H-Bb; 4.50, app. t, ] 9.9 Hz,

49724 CH, 66,93, CH; 173.12,

I X oo A A2 A KK e e
111, -, 4.95-4.JJ Tig, 5725,
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CO. 14 (minor isomer): 'H n.m.r. (D20) 8 1.31, dd, J 6.3 Hz, 1.5 Hz, 3H, CH3; 1.87, ddd, J 12.8, 10.1, 1.5
Hz, iH, H-Pa; 2.75, ddd, J 13.5, 8.7, 5.1 Hz, 1H, H-Pb; 4.35, dd, J 11.7, 8.7 Hz, 1H, H-0; 4.65-4.73, m, 1H,
H-v. 13C n.m.r. (D20) 8 20.76, CH3; 35.72, CH2; 51.34, CH; 68.40, CH; 175.15, CO.

Hydrolysis of the minor diastereomer of 10d. A sample of 10d (minor) (12 mg, 0.033 mmol) was
hydrolyzed according to the above procedure to afford a pale yellow gum (4 mg, 80%). IH n.m.r. analysis of

the crude residue showed this to be a mixture of 14 : 13 in a ratio of approximately 91: 9, respectively. The
spectral data of 13 and 14 were identical to that described above.

Acknowledgment: We thank the Australian Research Council for financial support.
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