
FULL PAPER

Synthesis of the Diastereomers of Dethiobiotin Using the Conjugate Addition
of 4-Phenyloxazolidin-2-one to a Nitroalkene

Denis Lucet,[a] Philippe Heyse,[a] Arnaud Gissot,[a] Thierry Le Gall,*[a] and
Charles Mioskowski*[a,b]

Keywords: Asymmetric synthesis / Conjugate addition / Dethiobiotin / Imidazolidin-2-one / Nitroalkene

Natural D-dethiobiotin and its three stereoisomers were pre-
pared from a single nitroalkene 2. Conjugate addition of the
potassium salt of (R)-4-phenyloxazolidin-2-one 3 to 2 led to
two diastereomeric nitro compounds 6 and 7. Their enanti-

In the course of a study into the biosynthesis of biotin, a
vitamin which acts as a cofactor for carboxylase reactions,
we were interested in the synthesis of the various diastereo-
mers of the biotin precursor dethiobiotin 1. This cis-substi-
tuted imidazolidin-2-one, derived from the corresponding
diamine, is converted into biotin under the action of the
enzyme biotin synthase (Scheme 1).[123] In this article, we
describe the synthesis of all four diastereomers of dethiobi-
otin.

Scheme 1. Biosynthesis of biotin

The retrosynthetic analysis for the dethiobiotin isomers
is presented in Scheme 2. The two nitrogen-containing func-
tional groups could be introduced using the conjugate addi-
tion of a nitrogen nucleophile to nitroalkene 2 of the appro-
priate chain length and the carboxylic function. We have
previously reported the highly stereoselective conjugate ad-
dition of the potassium salt of 4-phenyloxazolidin-2-one 3
to monosubstituted nitroalkenes and the conversion of a
corresponding adduct into an enantiomerically pure
monosubstituted imidazolidin-2-one.[4,5] When applied to
disubstituted nitroalkenes, pairs of diastereomers should be
obtained. Furthermore, since both enantiomers of 3 are

[a] CEA-Saclay, Service des Molécules Marquées
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omers were prepared from (S)-3. These compounds were
converted in three analogous steps into the dethiobiotin iso-
mers as their methyl esters.

commercially available, the method would allow for the syn-
thesis of the four isomers of dethiobiotin.

Scheme 2. Retrosynthetic analysis of dethiobiotin diastereomers

Nitroalkene 2 was prepared according to the sequence
described in Scheme 3. Commercially available 7-bro-
moheptanenitrile was converted in three efficient steps into
the known methyl 7-nitroheptanoate 4.[6] Nitroaldolisation
of 4 with acetaldehyde afforded nitro alcohol 5. Acetylation
of 5 followed by treatment with basic alumina yielded nitro-
alkene 2 as a 90:10 mixture of (E)- and (Z)-isomers.

Scheme 3. Preparation of nitroalkene 2; reagents and conditions:
(a) H2SO4, MeOH, 40 h, reflux, 66%; (b) NaI, acetone, 30 h, reflux,
94%; (c) AgNO2, ether, 3 days, room temp., 80%; (d) CH3CHO,
KOH, MeOH, 19 h, 0 °C, 84%; (e) i) DMAP, Ac2O, ether, 16 h,
room temp., ii) DMAP, basic alumina, 4 h, reflux, 63% (two steps)

Conjugate additions of the potassium salt generated from
either (R)- or (S)-3, by treatment with potassium tert-butox-
ide in THF in the presence of 0.1 equivalent of 18-crown-
6, with nitroalkene 2 were then performed. The results ob-
tained from (R)-3 are summarized in Scheme 4. After 45
minutes at 278 °C, the reaction mixture was quenched with
acetic acid. Only two diastereomeric adducts were formed
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according to 1H and 13C NMR spectra of the crude prod-
uct. Chromatography allowed for the separation of com-
pounds 6 (anti-adduct) and 7 (syn-adduct). The indicated
relative and absolute configurations were not known at this
time, but derived by comparison of the final products with
an authentic sample.

Scheme 4. Conjugate addition of the potassium salt of (R)-3 on
nitroalkene 2

The anti/syn ratio (85:15) was sufficient to carry out the
following steps from the major adduct 6. However, larger
quantities of syn-adduct 7 were needed. For this purpose,
the isomerization of compound 6 to its epimer 7 was briefly
studied under various basic conditions, as described in
Table 1. By stirring a solution of compound 6 in dichloro-
methane in the presence of triethylamine at room temper-
ature, it was possible to obtain after 2.5 days a anti/syn ratio
of 60:40, with no noticeable degradation. When this iso-
merization was applied to the crude product of the conjug-
ate addition, a 46:54 anti/syn ratio was obtained, with an
83% combined yield of adducts.

Table 1. Study of the isomerization of anti-nitro compound 6

Reagent Conditions 6/7 Ratio[a]

MeONa, MeOH 3 h at reflux [b]

K2CO3, THF 24 h, room temp. . 99:1
K2CO3, MeOH 24 h, room temp. 86:14
Et3N, CH2Cl2 60 h, room temp. 60:40

[a] Determined by 1H NMR spectroscopy. 2 [b] Degradation had
occurred, probably because of a retroaddition process.

The adducts 6 and 7, and their enantiomers ent-6 and
ent-7 obtained from (S)-4-phenyloxazolidin-2-one were
then all converted into the dethiobiotin methyl ester or into
its stereoisomers in a similar manner as described in
Scheme 5, starting from 6.

Treatment of 6 with ammonium formate in the presence
of palladium on carbon in methanol afforded the corres-
ponding amine 8. Heating this compound at reflux with
potassium hydroxide in methanol led to the more stable im-
idazolidinone 9. The methyl ester was hydrolyzed to a carb-
oxylic acid under these conditions. The last step consisted
of the hydrogenolysis of the remains of the original source
of chirality, and the concomitant formation of the methyl
ester, leading to imidazolidinone 10.

The same sequence was carried out from nitro compound
7, as summarized in Scheme 6.
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Scheme 5. Preparation of imidazolidinone 10 from nitro compound
6; reagents and conditions: (a) HCO2NH4, Pd/C, MeOH, 3 days,
64%; (b) KOH, MeOH, 16 h, reflux, 89%; (c) H2, Pd(OH)2/C,
MeOH, H2SO4 (cat.), 2 days, 64%

Scheme 6. Preparation of imidazolidinone 13 from nitro compound
7; reagents and conditions: (a) HCO2NH4, Pd/C, MeOH, 3 days,
72%; (b) KOH, MeOH, 16 h, reflux, 89%; (c) H2, Pd(OH)2/C,
MeOH, H2SO4 (cat.), 2 days, 63%

The structures of the four imidazolidinones prepared
were determined (a) by comparison of their spectroscopical
properties (Table 2) with those of a sample prepared by es-
terification of authentic -dethiobiotin (MeOH, H2SO4, 12
h, room temp., 91%) and (b) by comparison of their optical
rotation values (Table 3) with those reported in the literat-
ure.[7]

Table 2. Spectroscopic characteristics of imidazolidinones 10 and 13

H4 H5 J(H42H5) C4 C5 CH3CH
δ (ppm) δ (ppm) (Hz) δ (ppm) δ (ppm) δ (ppm)

10 (cis) 3.7023.60 3.83 7.7 55.8 51.3 15.5
13 (trans) 3.13 3.33 5.5 60.2 54.0 21.0

Table 3. Optical rotations of imidazolidinones 10, ent-10, 13, ent-13

10 ent-10 13 ent-13 -dethiobiotin
methyl ester[7]

[α]D 22.3 12.1 142.5 239.7 12.6
c (CHCl3) 0.865 0.74 1.15 1.28 2.00
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The product ent-10 was found to be identical to -de-

thiobiotin methyl ester and thus its absolute configuration
is (4R,5S). Hence, the absolute configurations of the three
other diastereomers 10, 13, and ent-13 are (4S,5R), (4R,5R),
and (4S,5S), respectively.

The (R) absolute configuration observed for carbon 5 in
compounds 10 and 13, which are both derived from 4-
phenyloxazolidin-2-one (R)-3, was expected on the basis of
our previous study of the conjugate addition to nitroal-
kenes.[4,5]

In conclusion, the highly stereoselective conjugate addi-
tion of 4-phenyloxazolidin-2-one to nitroalkene 2 served as
the key step in the synthesis of the methyl esters of natural
-dethiobiotin and its diastereomers. The action of the un-
natural isomers on biotin biosynthesis will be evaluated.

Experimental Section

General: THF was freshly distilled from sodium benzophenone ke-
tyl. 2 TLC: Silica Gel 60F254 plates (Merck), with detection by UV
light or with an acidic solution of ninhydrin in tBuOH or with a
solution of phosphomolybdic acid in EtOH. 2 Column chromato-
graphy: 40263 µm Merck Silica Gel. 2 IR: Perkin2Elmer 2000.
2 Optical rotations: Perkin2Elmer 341 micropolarimeter. Melting
points (uncorrected): Büchi 535. 2 NMR: Bruker AM 300 (300.13
and 75.47 MHz for 1H and 13C, respectively). 2 MS: Finnegan-
Mat 4600 (70 eV).

Methyl 7-Bromoheptanoate: Concentrated sulfuric acid (20 g) was
slowly added to methanol (25 mL) cooled at 0 °C. 7-Bromohep-
tanenitrile (8.45 g, 44.5 mmol) was then added and the mixture was
heated at reflux for 40 h. After cooling to room temp., cold water
(50 mL) was added, the organic phase was separated and the aque-
ous phase was extracted with ether (4 3 50 mL). The combined
organic phases were then dried with magnesium sulfate. After fil-
tration and concentration in vacuo, chromatography on silica gel
(95:5 pentane/AcOEt) afforded methyl 7-bromoheptanoate (6.49 g,
66%) as a colorless oil. 2 1H NMR (CDCl3): δ 5 1.40 (m, 4 H,
CH2CH2CH2CH2Br), 1.61 (m, 2 H, CH2CH2CO), 1.83 (m, 2 H,
CH2CH2Br), 2.29 (t, J 5 7.5 Hz, 2 H, CH2CO), 3.37 (t, J 5 6.8 Hz,
2 H, CH2Br), 3.63 (s, 3 H, OCH3). 2 13C NMR (CDCl3): δ 5 24.5,
27.5, 28.0, 32.3, 33.4, 33.6 (C2-C7), 51.2 (CH3O), 173.8 (C1).

Methyl 7-Iodoheptanoate: Sodium iodide (3.36 g, 22.4 mmol) was
added to a solution of methyl 7-bromoheptanoate (1.00 g,
4.50 mmol) in acetone (15 mL). The suspension was heated at re-
flux for 30 h under argon, in the dark. After cooling to room temp.,
aqueous sodium thiosulfate (0.1 , 20 mL) was added, the organic
phase was separated and the aqueous phase was extracted with
diethyl ether (3 3 20 mL). The combined organic phases were
washed with water (2 3 10 mL), then dried with magnesium sulfate.
After filtration and concentration in vacuo, methyl 7-iodoheptano-
ate (1.14 g, 94%) was obtained as a colorless oil, which was used
in the next step without further purification. 2 1H NMR (CDCl3):
δ 5 1.37 (m, 4 H, CH2CH2CH2CH2I), 1.62 (m, 2 H, CH2CH2CO),
1.80 (m, 2 H, CH2CH2I), 2.29 (t, J 5 7.5 Hz, 2 H, CH2CO), 3.16
(t, J 5 7.0 Hz, 2 H, CH2I), 3.65 (s, 3 H, OCH3). 2 13C NMR
(CDCl3): δ 5 6.6 (CH2I), 24.4, 27.8, 29.9, 33.0, 33.7 (C2-C6), 51.2
(CH3O), 173.8 (C1).

Methyl 7-Nitroheptanoate (4): Silver nitrite (6.68 g, 43.4 mmol) was
added to a solution of methyl 7-iodoheptanoate (5.86 g, 21.7 mmol)
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in diethyl ether (75 mL). The suspension was stirred for 3 d under
argon, in the dark. The solid phase was removed by filtration and
washed with methanol (2 3 20 mL). The combined organic phases
were filtered to remove residual solids. After filtration and concen-
tration in vacuo, chromatography on silica gel (90:10 pentane/Ac-
OEt) afforded methyl 7-nitroheptanoate (3.28 g, 80%) as a colorless
oil. 2 1H NMR (CDCl3): δ 5 1.3521.44 (m, 4 H,
CH2CH2CH2CH2NO2), 1.5721.65 (m, 2 H, CH2CH2CO), 2.01 (m,
2 H, CH2CH2NO2), 2.30 (t, J 5 7.3 Hz, 2 H, CH2CO), 3.65 (s, 3
H, OCH3), 4.36 (t, J 5 7.1 Hz, 2 H, CH2NO2). 2 13C NMR
(CDCl3): δ 5 24.0, 25.4, 26.7, 27.8 (C32C6), 33.4 (C2), 50.8
(CH3O), 75.0 (CH2NO2), 173.2 (C1).

Methyl 8-Hydroxy-7-nitrononanoate (5): To a solution of nitroester
4 (5.2 g, 27.5 mmol) in methanol (50 mL) cooled at 0 °C were ad-
ded successively a solution of potassium hydroxide (1.54 g,
27.5 mmol) in methanol (25 mL) and acetaldehyde (1.55 mL,
27.5 mmol). Additional acetaldehyde was added after 4 h
(1.55 mL), and after 11 h (1.55 mL). After 19 h, acetic acid was
added. After concentration in vacuo, water (2 mL) was added and
the aqueous phase was extracted with diethyl ether (4 3 10 mL).
The combined organic phases were then dried with magnesium
sulfate. After filtration and concentration in vacuo, chromato-
graphy on silica gel (70:30 pentane/AcOEt) afforded nitroalcohol 5
(5.37 g, 84%, mixture of two diastereomers) as a colorless oil. 2

IR (film): ν̃ 5 3469 cm21 (broad, OH), 2938, 2864, 1737 (C5O),
1550, 1371. 2 1H NMR (CDCl3): δ 5 1.28 (d, J 5 6.7 Hz, 3 H,
CHCH3, diastereomer 1), 1.28 (d, J 5 6.6 Hz, 3 H, CHCH3, dias-
tereomer 2), 1.3021.40 (m, 4 H, CH2CH2CH2CH2CO), 1.5721.63
(m, 2 H, CH2CH2CO), 1.7721.82 (m, 1 H, CHHCHNO2),
1.9722.07 (m, 1 H, CHHCHNO2), 2.21 (d, J 5 7.0 Hz, 1 H, OH,
diastereomer 1), 2.28 (broad s, 1 H, OH, diastereomer 2), 2.30 (t,
J 5 7.3 Hz, 2 H, CH2CO), 3.66 (s, 3 H, OCH3), 4.10 (m, 1 H,
CHOH, diastereomer 1), 4.18 (m, 1 H, CHOH, diastereomer 2),
4.3624.41 (m, 1 H, CHNO2). 2 13C NMR (CDCl3): δ 5 18.8 (C9,
diastereomer 1), 19.4 (C9, diastereomer 2), 24.1, 25.0 (diastereomer
1), 25.3 (diastereomer 2), 28.0 (diastereomer 1), 28.1 (diastereomer
2), 29.6 (C32C6), 33.4 (C2), 51.3 (CH3O), 68.2 (C8), 92.9 (C7,
diastereomer 1), 94.0 (C7, diastereomer 2), 173.0 (C1). 2

C10H19NO5 (233.3): calcd. C 51.49, H 8.21, N 6.01; found C 51.63,
H 8.11, N 5.91.

Methyl 8-Acetoxy-7-nitrononanoate: To a solution of nitroalcohol
5 (5.2 g, 22.3 mmol) in anhydrous diethyl ether (150 mL) was added
a solution of DMAP (4-dimethylaminopyridine, 1.36 g, 11.2 mmol)
in acetic anhydride (21.1 mL). After stirring for 16 h at room temp.,
saturated aqueous sodium hydrogen carbonate (30 mL) was added.
Solid sodium hydrogen carbonate was then added until gas evolu-
tion ceased. The phases were separated and the aqueous phase was
extracted with diethyl ether (2 3 50 mL). The combined organic
phases were then dried with magnesium sulfate. Filtration and con-
centration in vacuo afforded an oil (4.5 g) containing mostly the
expected nitro acetate and a little nitroalkene 2. The crude product
was used as such in the next step. Characteristics of the major dias-
tereomer: 2 1H NMR (CDCl3): δ 5 1.29 (d, J 5 6.5 Hz, 3 H,
CHCH3), 1.2421.38 (m, 4 H, CH2CH2CH2CH2CO), 1.5921.66
(m, 2 H, CH2CH2CO), 1.6621.68 (m, 1 H, CHHCHNO2),
1.9822.02 (m, 1 H, CHHCHNO2), 2.01 (s, 3 H, CH3CO), 2.29 (t,
J 5 7.4 Hz, 2 H, CH2CO), 3.66 (s, 3 H, OCH3), 4.52 (ddd, J 5

11.3, 8.2, 3.2 Hz, 1 H, CHNO2), 5.25 (qd, J 5 8.2, 6.5 Hz, 1 H,
CHCH3). 2 13C NMR (CDCl3): δ 5 16.3 (C9), 20.5 (CH3CO),
24.1, 24.9, 28.0, 29.2 (C32C6), 33.4 (C2), 51.1 (CH3O), 69.8 (C8),
90.7 (C7), 169.3 (CH3CO), 173.4 (C1).
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Methyl 7-Nitronon-7-enoate (2): To a solution of the crude product
obtained above (4.5 g) in dichloromethane (20 mL) were added
DMAP (6.8 g, 55.6 mmol) and basic alumina (7.5 g, activity I).
The reaction mixture was heated at reflux for 4 h, cooled to room
temp., and then filtered over a short pad of celite. After concentra-
tion in vacuo, chromatography on silica gel (85:15 pentane/AcOEt)
afforded nitroalkene 2 (3.00 g, 63% from nitro alcohol 5) as a 90:10
mixture of (E)- and (Z)-isomers. Characteristics of the major iso-
mer: 1H NMR (CDCl3): δ 5 1.3121.39 (m, 2 H, CH2CH2CH2CO),
1.4521.52 (m, 2 H, CH2CH2C5), 1.5821.67 (m, 2 H,
CH2CH2CO), 1.87 (d, J 5 7.4 Hz, 3 H, CH3CH5), 2.30 (t, J 5

7.4 Hz, 2 H, CH2CO), 2.58 (t, J 5 7.5 Hz, 2 H, CH2C5), 3.66 (s,
3 H, OCH3), 7.16 (q, J 5 7.4 Hz, 1 H, CH3CH5). 2 13C NMR
(CDCl3): δ 5 14.0 (C9), 24.3, 25.6, 27.0, 28.3 (C32C6), 33.6 (C2),
51.1 (CH3O), 130.9 (C8), 152.4 (C7), 173.6 (C1).

Nitrooxazolidinones 6 and 7: A mixture of (R)-4-phenyloxazolidin-
2-one (989 mg, 6.06 mmol), potassium tert-butoxide (680 mg,
6.06 mmol) and 18-crown-6 (123 mg, 0.47 mmol) in THF (35 mL)
was stirred under argon at 0 °C for 20 min, and then cooled to
278 °C. A solution of nitroalkene 2 (1.00 g, 4.66 mmol) in THF
(5 mL) cooled at 278 °C was added dropwise. After 45 min at 278
°C, no more nitroalkene remained in the reaction mixture. Acetic
acid (0.67 mL, 11.65 mmol) was added and the flask was allowed to
warm to room temp. Water (20 mL) and dichloromethane (100 mL)
were added, the phases were separated and the aqueous phase was
extracted with dichloromethane (3 3 50 mL). The combined or-
ganic phases were then dried with magnesium sulfate. After filtra-
tion and concentration in vacuo, the yellow oil obtained was dis-
solved in dichloromethane (100 mL) and triethylamine (4 mL) was
added. After 5 d at room temp., the solution was concentrated in
vacuo. Chromatography on silica gel (75:25 pentane/AcOEt) af-
forded the two nitro compounds 6 (0.6775 g, 38%, less polar) as a
slightly yellow oil and 7 (0.7824 g, 45%, more polar) as a slightly
yellow solid.

6: [α]D28 5 233.3 (c 5 0.650, CH3OH). 2 IR (film): ν̃ 5 2948 cm21,
2864, 1748, 1552, 1417, 1215, 1039. 2 1H NMR (CDCl3): δ 5 1.12
(d, J 5 6.8 Hz, 3 H, CH3CH), 1.1821.33 (m, 4 H,
CH2CH2CH2CH2CO), 1.5321.64 (m, 3 H, CH2CH2CO,
CHHCHNO2), 1.6721.80 (m, 1 H, CHHCHNO2), 2.26 (t, J 5

7.4 Hz, 2 H, CH2CO), 3.62 (m, 1 H, CHCH3), 3.65 (s, 3 H, OCH3),
4.21 (dd, J 5 8.5, 6.9 Hz, 1 H, OCHHCHN), 4.62 (t, J 5 8.5 Hz,
1 H, OCHHCHN), 4.71 (dd, J 5 8.5, 6.9 Hz, 1 H, CHPh), 5.15
(ddd, J 5 10.7, 8.5, 3.3 Hz, 1 H, CHNO2), 7.3027.43 (m, 5 H, Ar-
H). 2 13C NMR (CDCl3) δ 5 12.9 (C9), 24.1, 24.9, 27.9, 30.4
(C32C6), 33.5 (C2), 51.2 (CH3O), 51.8 (C8), 59.8 (CHPh), 70.2
(OCH2CHN), 89.8 (C7), 127.2, 129.2, 129.4 (Ar-C), 137.4 (ipso-
Ar-C), 157.2 (NCOO), 173.6 (C1). 2 C19H26N2O6 (378.4): calcd.
C 60.30, H 6.93, N 7.40; found C 60.35, H 6.83, N 7.52.

ent-6: Same characteristics as 6 except for the optical rotation.
[α]D28 5 137.0 (c 5 0.732, CH3OH).

7: [α]D29 5 278.9 (c 5 1.041, CH3OH). 2 IR (film): ν̃ 5 2945 cm21,
1756, 1548, 1242, 1032. 2 1H NMR (CDCl3): δ 5 1.07 (d, J 5

7.0 Hz, 3 H, CH3CH), 1.1921.37 (m, 4 H, CH2CH2CH2CH2CO),
1.5121.76 (m, 4 H, CH2CH2CO, CH2CHNO2), 2.22 (t, J 5 7.4 Hz,
2 H, CH2CO), 3.65 (s, 3 H, OCH3), 3.72 (m, 1 H, CHCH3), 4.08
(m, 1 H, OCHHCHN), 4.50 (t, J 5 8.5 Hz, 1 H, OCHHCHN),
4.75 (t, J 5 7.8 Hz, 1 H, CHPh), 5.16 (td, J 5 10.8, 3.5 Hz, 1 H,
CHNO2), 7.2227.37 (m, 5 H, Ar-H). 2 13C NMR (CDCl3) δ 5

13.6 (C9), 24.1, 25.0, 28.0, 30.3 (C32C6), 33.4 (C2), 51.2 (CH3O),
52.6 (C8), 59.6 (CHPh), 70.0 (OCH2CHN), 89.1 (C7), 127.3, 129.0,
129.3 (Ar-C), 137.0 (ipso-Ar-C), 157.3 (NCOO), 173.5 (C1). 2
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C19H26N2O6 (378.4): calcd. C 60.30, H 6.93, N 7.40; found C 60.53,
H 6.92, N 7.24.

ent-7: Same characteristics as 7 except for the optical rotation.
[α]D21 5 175.2 (c 5 0.938, CH3OH).

Aminooxazolidinone 8: To a solution of nitro compound 6 (0.676
g, 1.79 mmol) in methanol (60 mL) were added palladium on car-
bon (10% , 0.300 g) and anhydrous ammonium formate (0.563 g,
8.93 mmol). After stirring for 3 d at room temp., the suspension
was filtered through a short pad of celite which was then washed
with methanol. After concentration in vacuo, chromatography on
silica gel (95:3:0.5 MeOH/CH2Cl2/Et3N) afforded amine 8 (0.399
g, 64%) as a viscous, colorless oil. 8: [α]D26 5 228.5 (c 5 0.68,
CH3OH). 2 IR (film): ν̃ 5 3379 cm21, 2937, 2860, 1736 (C5O),
1591, 1222, 705. 2 1H NMR (CDCl3): δ 5 1.10 (d, J 5 7.0 Hz, 3
H, CH3CH), 1.1321.44 (m, 6 H, CH2CH2CH2CHNH2), 1.48 (m,
2 H, CH2CH2CO), 2.20 (t, J 5 7.3 Hz, 2 H, CH2CO), 3.18 (m, 1
H, CHNH2), 3.31 (m, 1 H, CHCH3), 3.61 (s, 3 H, OCH3), 4.13
(dd, J 5 8.5, 6.6 Hz, 1 H, OCHHCHN), 4.32 (broad s, 2 H, NH2),
4.62 (t, J 5 8.5 Hz, 1 H, OCHHCHN), 4.88 (dd, J 5 8.5, 6.6 Hz,
1 H, CHPh), 7.3027.38 (m, 5 H, Ar-H). 2 13C NMR (CDCl3) δ 5

11.6 (C9), 24.4, 25.2, 28.4, 32.9 (C32C6), 33.6 (C2), 51.1 (CH3O),
53.0 (C7), 54.8 (C8), 60.6 (CHPh), 70.4 (OCH2CHN), 127.0, 128.9,
129.0 (Ar-C), 138.8 (ipso-Ar-C), 158.5 (NCOO), 173.7 (C1). 2

C19H30N2O5 (8 1 H2O, 366.2): calcd. C 62.27, H 8.25, N 7.64;
found C 62.42, H 7.75, N 7.26.

ent-8: Same characteristics as 8 except for the optical rotation.
[α]D27 5 127.9 (c 5 0.84, CH3OH).

Aminooxazolidinone 11: The same procedure described for the pre-
paration of amine 8 was applied to nitro compound 7 (0.75 g,
1.98 mmol), and afforded amine 11 (0.496 g, 72%) as a viscous,
slightly yellow oil. 11: [α]D27 5 227.5 (c 5 0.86, CH3OH). 2 IR
(film): ν̃ 5 3382 (broad) cm21, 2939, 2860, 1733 (C5O), 1603,
1223, 704. 2 1H NMR (CDCl3): δ 5 0.78 (d, J 5 6.8 Hz, 3 H,
CH3CH), 1.1121.48 (m, 8 H, CH2CH2CH2CH2CHNH2), 2.22 (t,
J 5 7.3 Hz, 2 H, CH2CO), 3.09 (m, 1 H, CHNH2), 3.41 (m, 1 H,
CHCH3), 3.58 (s, 3 H, OCH3), 4.06 (dd, J 5 8.2, 6.9 Hz, 1 H,
OCHHCHN), 4.33 (broad s, 2 H, NH2), 4.55 (t, J 5 8.2 Hz, 1 H,
OCHHCHN), 4.90 (dd, J 5 8.2, 6.9 Hz, 1 H, CHPh), 7.30 (m, 5
H, Ar-H). 2 13C NMR (CDCl3): δ 5 15.9 (C9), 24.4, 24.9, 28.9,
33.0 (C32C6), 33.7 (C2), 51.2 (CH3O), 53.3 (C7), 54.2 (C8), 58.9
(CHPh), 70.4 (OCH2CHN), 127.3, 128.8, 128.9 (Ar-C), 139.3 (ipso-
Ar-C), 158.9 (NCOO), 173.9 (C1).

ent-11: Same characteristics as 11 except for the optical rotation.
[α]D27 5 128.1 (c 5 1.63, CH3OH).

Imidazolidinone 9: A solution of amine 8 (0.430 g, 1.23 mmol) and
potassium hydroxide (0.300 g) in methanol (60 mL) was heated at
reflux for 16 h. The reaction mixture was cooled to room temp.
and concentrated in vacuo. Water (50 mL) and dichloromethane
(50 mL) were then added, and an aqueous solution of HCl (0.1 )
was added until pH 5 3 was achieved. The organic phase was then
washed with water and dried with magnesium sulfate. After filtra-
tion and concentration in vacuo, imidazolidinone 9 (0.368 g, 89%)
was obtained as a thick white gum, which was used in the next step
without further purification. 2 9: IR (film): ν̃ 5 3383 cm21, 3300,
2949, 1705, 1634, 1490, 1452, 1213. 2 1H NMR (CDCl3): δ 5 1.01
(d, J 5 6.0 Hz, 3 H, CH3CH), 1.1021.50 (m, 6 H,
CH2CH2CH2CHNH), 1.60 (m, 2 H, CH2CH2CO), 2.29 (t, J 5

7.0 Hz, 2 H, CH2CO), 3.52 (qd, J 5 7.9, 6.0 Hz, 1 H, CHCH3),
3.60 [m, 1 H, CH(NH)CH2], 3.90 (m, 1 H), 4.20 (dd, J 5 11.9,
8.3 Hz, 1 H), 4.39 (m, 1 H), 6.53 (broad s, 1 H, HOCH2), 7.2627.31
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(m, 5 H, CHPh), 8.20 (broad s, 1 H, HOCO). 2 13C NMR
(CDCl3): δ 5 11.9 (CH3CH), 24.4, 25.7, 28.7, 29.2
(CH2CH2CH2CH2CH2CO), 33.8 (CH2CO), 54.5, 54.9 (CHNH,
CH3CH), 60.8 (CHPh), 64.2 (CH2OH), 127.0, 127.6, 128.5 (Ar-C),
137.8 (ipso-Ar-C), 163.3 (NCON), 177.6 (COOH).

Imidazolidinone 12: The same procedure described for the prepara-
tion of imidazolidinone 9 was applied to amine 11 (0.43 g,
1.23 mmol), and afforded imidazolidinone 12 (0.368 g, 89%) as a
white gum, which was used in the next step without further puri-
fication. 2 IR (film): ν̃ 5 3316 cm21, 2930, 1705, 1450, 1250, 1074.
2 1H NMR (CDCl3): δ 5 1.14 (d, J 5 5.6 Hz, 3 H, CH3CH),
0.8421.39 (m, 6 H, CH2CH2CH2CHNH), 1.60 (m, 2 H,
CH2CH2CO), 2.29 (t, J 5 6.6 Hz, 2 H, CH2CO), 3.11 (qd, J 5 5.9,
5.6 Hz, 1 H, CHCH3), 3.21 [m, 1 H, CH(NH)CH2], 3.95 (m, 1 H),
4.24 (dd, J 5 11.8, 8.0 Hz, 1 H), 4.39 (m, 1 H), 6.51 (broad s, 1 H,
HOCH2), 7.2227.34 (m, 5 H, CHPh). 2 13C NMR (CDCl3): δ 5

18.1 (CH3CH), 24.4, 25.0, 28.5, 33.7, 34.7
(CH2CH2CH2CH2CH2CO), 57.5, 58.2 (CHNH, CH3CH), 60.6
(CHPh), 64.2 (CH2OH), 127.1, 127.6, 128.5 (Ar-C), 137.4 (ipso-Ar-
C), 162.7 (NCON), 177.5 (COOH).

Methyl 6-[(4S,5R)-5-Methyl-2-oxoimidazolidin-4-yl]hexanoate (10):
To a solution of imidazolidinone 9 (0.316 g, 0.946 mmol) in meth-
anol (20 mL) were added palladium(II) hydroxide on carbon (20%,
0.500 g) and two drops of concentrated hydrochloric acid. The sus-
pension was stirred for 48 h at room temp. under hydrogen (1 atm).
The suspension was filtered through a short pad of celite which was
washed with methanol. The solution obtained was concentrated in
vacuo. Chromatography on silica gel (95:5 MeOH/CH2Cl2) af-
forded imidazolidinone 10 (0.137 g, 64%) as a white solid.

10: [α]D26 5 22.3 (c 5 0.865, CHCl3). 2 IR (film): ν̃ 5 3222 cm21,
2932, 2861, 1742, 1699, 1461, 1171. 2 1H NMR (CDCl3): δ 5 1.12
(d, J 5 6.2 Hz, 3 H, CH3CH), 1.2421.37 (m, 6 H,
CH2CH2CH2CHNH), 1.63 (m, 2 H, CH2CH2CO), 2.30 (t, J 5

7.2 Hz, 2 H, CH2CO), 3.66 (s, 3 H, CH3O), 3.6023.70 [m, 1 H,
CH(NH)CH2], 3.83 (qd, J 5 7.7, 6.2 Hz, 1 H, CHCH3), 4.69
(broad s, 1 H, NH), 4.95 (broad s, 1 H, NH). 2 13C NMR (CDCl3):
δ 5 15.5 (CH3CH), 24.5, 25.9, 28.8, 29.3
(CH2CH2CH2CH2CH2CO), 33.7 (CH2CO), 51.2, 51.3 (CH3O,
CH3CH), 55.8 (CHNH), 163.1 (NCON), 173.8 (CO2CH3). 2

C11H20N2O3 (228.3): calcd. C 57.87, H 8.83, N 12.27; found C
58.02, H 8.59, N 11.95.
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Methyl 6-[(4R,5S)-5-Methyl-2-oxo-imidazolidin-4-yl]hexanoate (ent-
10): Same characteristics as 10 except for the optical rotation.
[α]D22 5 12.1 (c 5 0.74, CHCl3).

Methyl 6-[(4R,5R)-5-Methyl-2-oxo-imidazolidin-4-yl]hexanoate
(13): The same procedure described for the preparation of com-
pound 10 was employed. Starting from compound 12 (0.316 g,
0.94 mmol), imidazolidinone 13 (0.137 g, 63%) was obtained.

13: [α]D29 5 142.5 (c 5 1.15, CHCl3). 2 IR (film): ν̃ 5 3239 cm21,
2942, 2866, 1741, 1703, 1440, 1203. 2 1H NMR (CDCl3): δ 5

1.1021.70 (m, 11 H, CH3CH, CH2CH2CH2CH2CHNH), 2.30 (t,
J 5 7.2 Hz, 2 H, CH2CO), 3.13 [m, 1 H, CH(NH)CH2], 3.33 (m,
1 H, CHCH3), 3.57 (s, 3 H, CH3O), 5.85 (broad s, 1 H, NH), 6.00
(broad s, 1 H, NH). 2 13C NMR (CDCl3): δ 5 21.0 (CH3CH),
24.5, 25.1, 28.5, 33.6, 34.7 (CH2CH2CH2CH2CH2CO), 51.2
(CH3O), 54.0 (CH3CH), 60.2 (CHNH), 163.3 (NCON), 173.8
(CO2CH3). 2 C11H20N2O3 (228.3): calcd. C 57.87, H 8.83, N 12.27;
found C 57.89, H 8.65, N 12.05.

Methyl 6-[(4S,5S)-5-Methyl-2-oxo-imidazolidin-4-yl]hexanoate (ent-
13): Same characteristics as 13 except for the optical rotation.
[α]D30 5 239.7 (c 5 1.28, CHCl3).
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