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The addition of the potassium salt of (R)- or (S)-4-phenyl- products were converted into α-amino acids and
monosubstituted 1,2-diamines of high enantiomeric purity.2-oxazolidinone to monosubstituted nitroalkenes proceeded

with very good diastereoselectivity. Several of the addition

derivatives are increasingly used in stereoselective organicIntroduction
synthesis as chiral auxiliaries or as metal ligands in catalytic

Studying the conjugate addition of a chiral nitrogen nu- asymmetric synthesis. Various platinum 1,2-diamino com-
cleophile 1 to a nitroalkene 2 (Scheme 1) interested us as plexes are being evaluated as antitumor agents.
part of a programme directed towards the synthesis of bio- In this paper we describe our results in designing a highly
logically active, diastereomerically pure 1,2-diamines. This diastereoselective conjugate addition of a nitrogen nucle-
reaction would lead to adduct 3, which could be converted ophile, as well as finding an enantioselective access to rep-
into the corresponding 1,2-diamine precursor 4 by re- resentative α-amino acids and monosubstituted 1,2-diam-
duction of the nitro function. In addition, if 3 is unsubsti- ines. [4]

tuted at the α-nitro position (R9 5 H), an amino acid pre-
cursor could be produced by oxidizing the nitromethyl moi-
ety to a carboxylic acid. Results and Discussion

Preparation of the Nitroalkenes

The monosubstituted nitroalkenes, which were not com-
mercially available, were prepared by the Henry conden-
sation of the corresponding aldehydes and nitromethane[5],
catalysed by sodium hydroxide (Method A) or potassium
fluoride (Method B) (Scheme 2). One of two possible meth-
ods was used for the conversion of the nitro alcohol to the
nitroalkene: dehydration with either dicyclohexylcarbodiim-
ide (DCC) and CuCl[6] (Method C), or with trifluoroaceticScheme 1. Strategy for the synthesis of 1,2-diamines and α-amino

acids acid anhydride and triethylamine[7] (Method D). The re-
sults are summarized in Table 1. The nitroalkenes were gen-There is a steady interest in the design of efficient meth-
erally obtained as the E-isomer, although in some cases (8d,ods for the enantioselective synthesis of α-amino acids[1] [2]

8e), more of the Z-isomer was present in the purified prod-and 1,2-diamines. [3] Many rare, naturally occurring non-
uct, as shown by the 1H NMR spectra.protein α-amino acids or peptides containing such α-amino

acids are biologically active. Peptides that contain α-amino
acids that are not naturally occurring can also be used in
biological studies, either to provide information on the ac-
tive conformation of related peptides, or as enzyme inhibi-
tors. Chiral, enantiomerically pure 1,2-diamines and their
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Scheme 2. Preparation of nitroalkenes 8a2fE-mail: thierry.legall@cea.fr
[b] Université Louis Pasteur, Laboratoire de Synthèse Bio-Organi-

que associé au CNRS, Faculté de Pharmacie, The α,β-disubstituted nitroalkene 10 was prepared from
74 route du Rhin, B.P. 24, F-67401 Illkirch, France butyraldehyde and nitroethane, according to a one-pot pro-Fax: (internat.) 133-3/88678891
E-mail: mioskow@aspirine.u-strasbg.fr cedure developed by Ballini et al. [8] In our case, however,
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Table 1. Preparation of monosubstituted nitroalkenes

R Method for aldol Yield of 7 (%) Dehydration method Yield of 8 (%) E/Z ratio in 8[a]

reaction with nitro

Me A 95 D 52 > 99/1[b]

nPr A 100 C 81 > 99/1[b]

BnOCH2 B 100 D 82 > 99/1[b]

iPr A 78 C 47 90/10
cyclohexyl A 82 C 40 83/17
tBu A 83 C 53 > 99/1[b]

[a] Determined by 1H NMR spectroscopy. 2 [b] Z-isomer not detected in the purified product.

after heating in the presence of alumina, some nitro alcohol Since it was obvious that an efficient nucleophile should
be less bulky than the derivatives of α-methylbenzylamine,remained, which was dehydrated in the usual manner

(Scheme 3). we utilized 4-phenyl-2-oxazolidinone (17) for this purpose.
Both enantiomers of this compound are commercially avail-
able, or may be readily prepared from (R)- or (S)-phenylgly-
cine. [11] Moreover, it is known that the 4-phenyl-substituted
oxazolidinone ring can be easily cleaved to generate an am-
ino group.[11] [12]

Scheme 3. Preparation of nitroalkene 10

Conjugate Addition of 4-Phenyl-2-oxazolidinoneChoice of the Nucleophile

The most important problem was finding a suitable chiral Several conjugate additions of 17 were carried out in
nucleophile which would add with good stereoselectivity to DMF, with potassium tert-butoxide as the base. This tended
the nitroalkenes and lead to stable products. The products to be inconvenient, because it became difficult to stir the
resulting from the addition of amines to nitroalkenes are reaction mixtures after addition of the electrophile and be-
reportedly unstable, probably due to retro-addition which is cause the temperature could not be decreased below
possible because these molecules contain both a basic moi- 245 °C. THF was then rather used as the solvent, so that
ety and one or two acidic protons in the α-nitro position.[9] the reaction could be performed at 278°C. At first, one
There are several solutions to this problem,[10] in particular equiv of the crown ether 18-crown-6 was also added, to
that of using a moderately basic nitrogen nucleophile. dissolve the oxazolidinone salt well. The results of the con-

Nucleophiles derived from α-methylbenzylamine 11, an jugate addition of either (R)- or (S)-4-phenyl-2-oxazolidi-
amine which is commercially available as both enantiomers, none (17) to monosubstituted nitroalkenes (Scheme 5) are
were tested first, and we therefore prepared N-acetyl, N- summarized in Table 2.
tosyl, and N-carboxybenzyl derivatives of (S)-11. However,
the potassium or lithium salts of these compounds did not
add, or added very sluggishly to the nitroalkenes. Compar-
ing the reactivities of the potassium anions generated, un-
der similar conditions, either from benzyl N-benzylcarba-
mate (15) or from the more sterically crowded 14, towards
nitroalkene 10 proved very instructive (Scheme 4). Whereas
16 was obtained, as a mixture of diastereomers and in 57%
yield, from 15, only a small amount (5%) of the correspond-

Scheme 5. Reaction of the potassium salt of (R)-17 with nitroalke-ing adduct was observed in the crude product of the reac-
nestion of 14.

The potassium salt of 17 was usually generated from the
oxazolidinone in THF at 0°C, and in the presence of one
equiv of 18-crown-6. The temperature was reduced to
278°C, and the nitroalkene was added, to afford the corre-
sponding adduct after rapid reaction. Under these con-
ditions, all the nitroalkenes led to a single diastereomer 19
(or ent-19), according to the 1H- and 13C NMR spectra of
the crude products. After investigating several parameters,
we found that: (a) The crown ether does not play a role in
the observed facial selectivity, it just permits the reaction to
proceed more rapidly; without 18-crown-6, the reaction wasScheme 4. Nitrogen nucleophiles evaluated in the conjugate addi-

tion to nitroalkenes finished after 2 h (entries 2, 10); with 0.1 equiv, only 30 min
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Table 2. Conjugate addition of the potassium salt of (R)- or (S)-4-phenyl-2-oxazolidinone 17 to monosubstituted nitroalkenes 8

Entry (R)- or (S)-17 R Reaction temperature 18 (equiv) Yield (%) 19/20 or ent-19/ent-20 ratio

1 (R)-17 Me 278°C 0.1 68 > 99/1[a]

2 (R)-17 Me 278°C 0 63 > 99/1[a]

3 (R)-17 nPr 278°C 1 59 > 99/1[a]

4 (R)-17 nPr 278°C 0.1 58 > 99/1[a]

5 (R)-17 BnOCH2 278°C 0.1 60 > 99/1[a]

6 (R)-17 iPr 278°C 1 87 > 99/1[a]

7 (R)-17 iPr 278°C 0.1 79 > 99/1[a]

8 (R)-17 cyclohexyl 278°C 1 78 > 99/1[a]

9 (R)-17 tBu 278°C 1 87 > 99/1[a]

10 (R)-17 tBu 278°C 0 71 > 99/1[a]

11 (R)-17 Ph 278°C 1 43c > 99/1[a]

12 (S)-17 tBu 278°C 1 89 > 99/1[a]

13 (S)-17 Ph 278°C 1 54[c] > 99/1[a]

14 (S)-17 cyclohexyl 0°C 1 72 96/4[b]

15 (S)-17 cyclohexyl 25°C 1.1 91 90/10[b]

16 (S)-17 cyclohexyl 278°C 0.1 85 > 99/1[a]

[a] Evaluated by 13C NMR spectroscopy; only one diastereomer was seen in the 1H NMR and 13C NMR spectra of the crude product.
2 [b] Determined by 1H NMR spectroscopy. [c] Five equiv of nitroalkene was used.

were needed (entries 1, 4, 5, 7, 16); (b) The use of higher Preparation of D-a-Amino Acids
reaction temperatures resulted in a lower diastereomeric ex-

Various examples of 19 were converted into the corre-cess, although it was still 80% at room temperature (entries
sponding -α-amino acids 23 in a two-step sequence, as14, 15).
shown in Scheme 6 and Table 3. Several methods to oxidizeBy-products were obtained in some instances. For ex-
a nitromethyl function to a carboxylic acid have been de-ample, the reaction of nitroalkene 8b led to adduct 19b
scribed.[14] Compound 19 was oxidized by treatment with(59% yield) as well as compound 21 which was isolated in
sodium nitrite (3 equiv) and acetic acid (10 equiv) in21% yield as a mixture of diastereomers. This by-product
DMSO at 40°C for 18230 hours. [14a] Acids 22 were isolatedresults from the addition of the intermediate nitronate to
in 25289% yield, and in all cases, only one diastereomeranother molecule of nitroalkene 8b. Oligomerization prod-
was observed by 1H- and 13C NMR spectroscopy, indicat-ucts formed in the reaction of the very reactive β-nitrostyr-
ing that no epimerization of the stereogenic center had oc-ene (8g), therefore a large excess of this nitroalkene had to
curred during the reaction. The yield was not very good forbe used to isolate compound 19d, albeit in moderate yield.
compounds in which the residue R is not bulky, especiallyIt is worth noting that no addition product was obtained
for 22a (R 5 Me). A possible explanation may be a loss ofwhen a 2,2-disubstituted nitroalkene, α-methyl-β-nitrostyr-
acid in the aqueous phase during the extraction, althoughene, was used as the electrophile.
we could not get a better yield of 22a in an experiment
where continuous extraction was used to recover the prod-
uct. No other oxidation method was tested.

From a single-crystal X-ray analysis of adduct 19g, which
is derived from (R)-4-phenyl-2-oxazolidinone, the newly
created stereogenic center was shown to have an R absolute
configuration. [4a] Chemical correlations of the adducts 19d Scheme 6. Reagents and conditions: (a) NaNO2 (10 equiv), AcOH

(3 equiv), DMSO, 18230 h, 40°C; (b) Li/NH3, THF, tBuOH,and 19e agreed with this observation, [4a] and thus we as-
278°C, then purification on DOWEX 50WX42400 ion-exchangesumed that the diastereoface selection occurred in the same resin (elution: H2O, then aq NH4OH)

way in the other reactions with the nitroalkenes; this was
later confirmed by the results from the amino acid synth- A Birch reduction of the oxazolidinone ring of com-

pounds 22, to generate the corresponding unprotected am-eses.
The origin of the observed diastereoselection in the con- ino group, was then carried out. This method was recently

employed in the synthesis of -methionine from a precursorjugate addition is not clear. Nitroalkenes that contain some
Z-stereoisomer proportion nevertheless afforded single ad- containing an oxazolidinone moiety which was prepared by

asymmetric carboxylation.[15] Thus, treatment of oxazolidi-ducts. Seebach et al. [13] have described examples of dia-
stereoselective additions of carbon nucleophiles (enolates nones 22 with lithium/ammonia in THF and tBuOH at

278°C for 30 min afforded -α-amino acids 23, which wereand enamines) to either Z-nitroalkenes or E-nitroalkenes
that afforded products of the same configuration. isolated after ion-exchange resin purification, in 62299%
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Table 3. Preparation of -α-amino acids 23 from nitro compounds 19

Entry R (in 19 and 22) Yield (%) (22) R (in 23) Yield (%) (23) ee (%) (23)

1 Me 25 Me 99 > 96[a]

2 nPr 48 nPr 96 > 96[a]

3 BnOCH2 43 HOCH2 94 > 96[a]

4 iPr 51 iPr 62 > 96[a]

5 tBu 89 tBu 88 95[b]

[a] Evaluated by HPLC using a Crownpak CR(1) column; in each case, it was not possible to detect the -enantiomer. 2 [b] Evaluated
by examination of the 19F NMR of the corresponding Mosher amide.

yield (Table 3). The protecting benzyl group in 22c was con- was assessed by 19F NMR of the corresponding diamides
28 and 29 respectively derived from the (S)- and (R)-enanti-comitantly removed, leading to -serine (23c) (entry 3). The

enantiomeric purity of the α-amino acids was evaluated by omers of Mosher9s acid chloride.
HPLC using a Crownpak CR(1) column or, in the case of
tert-leucine (23f) (entry 5), by examining the 19F NMR of
the corresponding Mosher amide.

Preparation of Monosubstituted 1,2-Diamines

To convert compounds 19 to the corresponding 1,2-diam-
ines, the nitro function must be reduced and the oxazolidi-
none needs to be cleaved off. Several reagents are known to
reduce the nitro group to an amine.[16,17,18] We employed
either catalytic hydrogenation or catalytic transfer hydro-
genation (ammonium formate as hydrogen source)[19] for Scheme 8. Reagents and conditions: (a) HCO2NH4, Pd/C, MeOH;
this purpose. The two methods afforded the corresponding (b) 12  HCl, sealed tube, 120°C; (c) H2 (10 bar), Pd(OH)2/C,

MeOH/1  HClamine with similar yields. The preparation of diacetamide
25, an enantiomer of a known compound,[20] is shown in
Scheme 7.[4a]

Table 4. Preparation of 1,2-diamine hydrochlorides 27 from nitro
compounds 19

R Yield (%) (24) Yield (%) (27) ee (%)[b] (27)

Me 69[a] 66 98.9
nPr 100 52 97.5
cyclohexyl 98 58 98.7
tBu 91 64 98.6

Scheme 7. Reagents and conditions: (a) HCO2NH4, Pd/C, MeOH; [a] Prepared by catalytic hydrogenation. 2 [b] Evaluated by examina-(b) Li/NH3, THF, tBuOH, 278°C; (c) AcCl, pyridine, 46% overall tion of the 19F NMR of the corresponding Mosher diamide.yield from 19e

However, when other compounds 19 were used, this pro-
cedure did not give reproducible yields of diacetamide, be- In conclusion, after studying the reactivity of several ni-

trogen nucleophiles in the conjugate addition to monosub-cause of the formation of 2-imidazolinone-containing prod-
ucts during the reductive cleavage. To cleave the oxazolidi- stituted nitroalkenes, we selected the potassium salt of 4-

phenyl-2-oxazolidinone, which led essentially to single dia-none ring of several compounds 24, obtained by reduction
of 19, a two-step procedure (Scheme 8, Table 4) was used. stereomers. Moreover, both enantiomers of 17 are commer-

cially available, or easily synthesized from the correspond-Treatment of 24 in 12  HCl at 120°C for 325 days, fol-
lowed by catalytic hydrogenation over palladium hydroxide ing enantiomer of phenylglycine, and it is easy to cleave off

the 4-phenyl-substituted oxazolidinone ring to generate anin a methanol/1  HCl mixture for 227 days afforded the
diamines as their hydrochloride salts 27. The intermediates amino group. To the best of our knowledge, 17 had not

previously been employed in conjugate additions.[21] Several26 were not isolated, because they were contaminated with
variable amounts of the final products 27. Prolonged treat- adducts of (R)-4-phenyl-2-oxazolidinone were converted in

two steps to either -α-amino acids or monosubstitutedment (7 days) with HCl was employed to generate 27f di-
rectly from 24f. The enantiomeric purity of the diamines (R)-1,2-diamines of high enantiomeric purity.
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Typical Procedures for the Preparation of Nitroalkenes 8Experimental Section

General: THF was freshly distilled from sodium benzophenone ke- Method C (with DCC2CuCl). 2 Nitroalkene 8d: To a solution of
tyl. Conjugate additions were performed under an argon atmos- dicyclohexylcarbodiimide (11.1 g, 54.1 mmol) and copper(I) chlo-
phere. 2 TLC: Silica gel 60F254 plates (Merck), with detection by ride (110 mg, 1.1 mmol) in anhydrous diethyl ether (15 mL), was
UV light or with an acidic solution of ninhydrin in tBuOH. 2 added a solution of nitro alcohol 7d (5.53 g, 41.6 mmol) in anhy-
Column chromatography: 40263 µm Merck silica gel. 2 IR: Perkin2 drous diethyl ether (10 mL). After stirring for 12 h, pentane
Elmer 2000. 2 Optical rotations: Jobin-Yvon micropolarimeter (50 mL) was added and the reaction mixture was kept at 4°C. Com-
RJ or Perkin2Elmer 341 micropolarimeter. Melting points (uncor- pounds derived from the DCC precipitated. After filtration, the
rected): Büchi 535. 2 NMR: Bruker AM 300 (300.13 and 75.47 organic phase was concentrated in vacuo, then pentane (70 mL)
MHz for 1H- and 13C NMR spectra, respectively). 2 MS: Finne- and a solution of acetic acid (3.8 mL) in water (10 mL) were added.
gan2Mat 4600 (70 eV). After several hours, the residual DCC had disappeared (TLC), and

the mixture was filtered. The organic phase was washed with water
(20 mL) and dried over magnesium sulfate. After filtration and con-Typical Procedures for the Preparation of Nitro Alcohols 7
centration in vacuo, chromatography on silica gel (93:7 pentane/

Method A (Sodium Hydroxide Catalysis). 2 Nitro Alcohol 7e: To a Et2O), afforded 2.23 g (47%) of nitroalkene 8d (as a 90/10 mixture
solution of cyclohexanecarboxaldehyde (5.5 mL, 45.4 mmol) and of E- and Z-isomers).
nitromethane (2.5 mL, 46.2 mmol) in EtOH (10 mL) cooled at 0°C

Method D [with (CF3CO)2O2Et3N]. 2 Nitroalkene 8c: To a solu-was added dropwise, under vigorous stirring (necessary to prevent
tion of nitro alcohol 7c (6.18 g, 29.2 mmol) in dichloromethanethe formation of a solid mass) an aqueous 10  sodium hydroxide
(60 mL), cooled at 0°C, were added successively trifluoroacetic acidsolution (4.54 mL, 45.4 mmol). After 10 min, the reaction mixture
anhydride (4.34 mL, 30.7 mmol) and then, dropwise, triethylaminebecame yellow. Acetic acid (2.6 mL, 45.4 mmol) was added. The
(8.56 mL, 61.4 mmol). The reaction mixture was allowed to warmaqueous phase was extracted with ether (2 3 500 mL). The com-
to room temperature; after stirring for 1 h, dichloromethanebined organic phases were washed with water until the pH of the
(40 mL) was added. The organic phase was washed successivelywashings was 6. After drying over magnesium sulfate, filtration,
with water (20 mL), saturated aqueous ammonium chlorideand concentration in vacuo, 6.43 g (82%) of nitro alcohol 7e was
(20 mL) and brine (20 mL), then dried over magnesium sulfate.obtained.
After filtration and concentration in vacuo, chromatography on sil-

Method B (Potassium Fluoride Catalysis). 2 Nitro Alcohol 7a: To ica gel (90:10 pentane/AcOEt) afforded 4.65 g (82%) of nitroal-
a solution of acetaldehyde (5.16 mL, 0.92 mol) and nitromethane kene 8c.
(10.0 mL, 0.185 mol) in 2-propanol (50 mL), cooled at 0°C, was
added potassium fluoride (0.70 g, 12 mmol). The reaction mixture 8a: Oil. 2 1H NMR (CDCl3): δ 5 7.24 (dq, J 5 13.2, 7.3 Hz, 1

H), 6.97 (d, J 5 13.2, 1.6 Hz, 1 H), 1.90 (dd, J 5 7.3, 1.6 Hz, 3was allowed to warm to room temperature. After stirring for 15 h,
water (50 mL) was added, the aqueous phase was extracted with H). 2 13C NMR (CDCl3): δ 5 140.2, 138.1, 13.5.
ether (3 3 50 mL). The combined organic phases were washed with

8b: Oil. 2 1H NMR (CDCl3): δ 5 7.25 (dt, J 5 13.5, 7.4 Hz, 1 H),water (50 mL), dried over magnesium sulfate, and then filtered.
6.96 (dt, J 5 13.5, 1.5 Hz, 1 H), 2.23 (qd, J 5 7.4, 1.5 Hz, 2 H),Concentration in vacuo afforded 9.2 g (95%) of nitro alcohol 7a,
1.53 (dq, J 5 13.2, 7.3 Hz, 1 H), 1.90 (m, 3 H), 0.96 (t, J 5 7.4 Hz,which was not purified further.
3 H). 2 13C NMR (CDCl3): δ 5 142.0, 139.5, 30.1, 20.8, 13.2.

7a: Oil. 2 IR (film): ν̃ 5 3395 cm21, 2982, 2938, 1551, 1459, 1424,
8c: Oil. 2 IR (film): ν̃ 5 3124 cm21, 3064, 2864, 1658, 1527, 1357,1387, 1139. 2 1H NMR (CDCl3): δ 5 4.41 (br. s, 1 H, OH),
1122, 742, 699. 2 1H NMR (CDCl3): δ 5 7.4527.30 (m, 6 H), 7.254.4024.20 (m, 2 H), 3.70 (m, 1 H), 1.20 (d, J 5 6.1 Hz, 3 H). 13C
(d, J 5 13.5 Hz, 1 H), 4.60 (s, 2 H), 4.25 (s, 2 H). 2 13C NMRNMR (CDCl3): δ 5 81.4, 64.7, 19.5.
(CDCl3): δ 5 139.5, 138.3, 136.9, 128.4, 128.3, 127.5, 73.0, 65.4. 2

7b: Oil. 2 IR (film): ν̃ 5 3419 cm21, 2964, 2877, 1557, 1385. 2 1H C10H11NO3 (193.2): calcd. C 62.17, H 5.74, N 7.25; found C 62.32,
NMR (CDCl3): δ 5 4.4024.20 (m, 3 H), 3.03 (br. s, 1 H, OH), H 5.71, N 7.15.
1.5021.35 (m, 4 H), 0.91 (t, J 5 6.9 Hz, 3 H). 2 13C NMR

8d: Oil (83/17 mixture of E- and Z-isomers). E-isomer. 1H NMR(CDCl3): δ 5 80.7, 68.4, 35.7, 18.3, 13.6.
(CDCl3): δ 5 7.20 (dd, J 5 13.4, 7.0 Hz, 1 H), 6.89 (d, J 5 13.4 Hz,

7c: Oil. 2 1H NMR (CDCl3): δ 5 7.4527.20 (m, 5 H), 4.6524.35 1 H), 2.6022.45 (m, 1 H), 1.09 (d, J 5 6.7 Hz, 6 H). 2 13C NMR
(m, 5 H), 3.6523.45 (m, 2 H), 3.12 (s, 1H, OH). 2 13C NMR (CDCl3): δ 5 148.2, 137.9, 28.1, 20.7. Z-isomer. 1H NMR (CDCl3):
(CDCl3): δ 5 137.1, 128.4, 127.8, 127.7, 78.1, 73.3, 70.5, 67.5. δ 5 6.77 (d, J 5 9.0 Hz, 1 H), 5.87 (t, J 5 9.0 Hz, 1 H), 3.6523.45

(m, 1 H), 1.05 (d, J 5 6.7 Hz, 6 H). 2 13C NMR (CDCl3): δ 57d: Oil. 2 1H NMR (CDCl3): δ 5 4.42 (m, 2 H), 4.09 (m, 1 H),
147.9, 135.6, 27.0, 21.6.2.59 (m, 1 H, OH), 1.78 (m, 1 H), 0.98 (m, 6 H). 2 13C NMR

(CDCl3): δ 5 79.0, 73.1, 31.5, 18.2, 17.2.
8e: Oil (83/17 mixture of E- and Z-isomers). E-isomer. 1H NMR
(CDCl3): δ 5 7.19 (dd, J 5 13.5, 7.2 Hz, 1 H), 6.90 (dd, J 5 13.5,7e: Oil. 2 1H NMR (CDCl3): δ 5 4.5024.30 (m, 2 H), 4.1024.00
1.2 Hz, 1 H), 2.3022.15 (m, 1 H), 1.8021.05 (m, 10 H). 2 13C(m, 1 H), 2.79 (br. s, 1 H, OH), 1.4521.35 (m, 1 H), 1.8021.60 (m,
NMR (CDCl3): δ 5 146.7, 138.1, 37.2, 31.5, 25.3, 25.1, 24.9. Z-5 H), 1.3020.95 (m, 5 H). 2 13C NMR (CDCl3): δ 5 79.3, 72.8,
isomer. 1H NMR (CDCl3): δ 5 6.79 (d, J 5 9.2 Hz, 1 H), 5.89 (t,41.4, 28.7, 27.9, 26.0, 25.8, 25.7.
J 5 9.2 Hz, 1 H), 3.29 (m, 1 H), 1.8021.05 (m, 10 H). 2 13C NMR

7f: Oil. 2 IR (film): ν̃ 5 3500 cm21, 2963, 2875, 1557, 1480, 1382, (CDCl3): δ 5 145.4, 136.0, 35.9, 31.2, 25.3, 25.1, 24.9.
1286, 1025, 881. 2 1H NMR (CDCl3): δ 5 4.49 (dd, J 5 12.8,
2.2 Hz, 1 H), 4.34 (dd, J 5 12.8, 10.1 Hz, 1 H), 4.00 (dd, J 5 10.1, 8f: Oil. 2 1H NMR (CDCl3): δ 5 7.22 (d, J 5 13.6 Hz, 1 H), 6.86

(d, J 5 13.6 Hz, 1 H), 1.12 (s, 9 H). 2 13C NMR (CDCl3): δ 52.2 Hz, 1 H), 3.05 (br. s, 1 H, OH), 0.94 (s, 9 H). 2 13C NMR
(CDCl3): δ 5 78.1, 76.0, 34.0, 25.3. 151.5, 137.0, 32.3, 28.2.
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Typical Procedure for the Conjugate Addition of 4-Phenyl-2-oxazoli- ent-19e: [α]D 5 157.2 (c 5 1.68, CH3OH).
dinone to Nitroalkenes: THF (5 mL) was added to a mixture of ent-20e: White solid, mp 1202121°C. 2 [α]21

D 5 18.8 (c 5 1.13,
(R)-4-phenyl-2-oxazolidinone (100 mg, 0.61 mmol), potassium tert- CH3OH). 2 1H NMR (CDCl3): δ 5 7.4527.35 (m, 5 H), 4.76 (dd,
butoxide (68.8 mg, 0.61 mmol), and 18-crown-6 (162 mg, J 5 13.0, 10.0 Hz, 1 H), 4.66 (t, J 5 8.0 Hz, 1 H), 4.59 (t, J 5
0.61 mmol), which were cooled at 0°C and under argon. After 1 h 8.0 Hz, 1 H), 4.41 (dd, J 5 13.0, 3.5 Hz, 1 H), 3.61 (td, J 5 9.3,
at 0°C, the resulting solution (in several cases a white solid had 4.1 Hz, 1 H), 1.90 (m, 1 H), 1.7021.55 (m, 5 H), 1.2520.75 (m, 4
precipitated) was cooled to 278°C and a solution of nitroalkene 8d H), 0.44 (m, 1 H). 2 13C NMR (CDCl3): δ 5 156.7, 136.7, 129.5,
(78.4 mg, 0.61 mmol) in THF (2 mL) was added by syringe. After 129.0, 128.2, 74.3, 69.3, 61.4, 57.8, 37.3, 30.1, 29.9, 25.5, 25.4.
15 min, saturated aq NH4Cl (2.5 mL) was added and, after warm-

19f: White solid, mp 97.5298°C. 2 1H NMR (CDCl3): δ 5ing to room temperature, the mixture was extracted with ether
7.3727.19 (m, 5 H), 5.37 (dd, J 5 12.4, 8.9 Hz, 1 H), 4.80 (dd, J 5(2 3 10 mL). The combined organic phases were then washed with
8.8, 5.7 Hz, 1 H), 4.60 (t, J 5 8.8 Hz, 1 H), 4.41 (dd, J 5 12.8,water and dried over magnesium sulfate. After filtration and con-
3.4 Hz, 1 H), 4.19 (dd, J 5 8.8, 5.7 Hz, 1 H), 3.43 (dd, J 5 8.9,centration in vacuo, chromatography on silica gel (70:30 pentane/
3.4 Hz, 1 H), 0.98 (s, 9 H). 2 13C NMR (CDCl3): δ 5 157.0, 137.3,AcOEt) afforded 154.8 mg (87%) of nitro compound 19d.
129.4, 129.2, 127.4, 72.9, 69.6, 62.9, 61.4, 37.5, 27.5. 2 C15H20N2O4

19a: Oil. 2 [α]D 5 2105 (c 5 2.70, CHCl3). 2 IR (KBr): ν̃ 5 3463 (292.3): calcd. C 61.63, H 6.90, O 21.89; found C 61.57, H 7.08,
cm21, 3054, 2981, 2932, 1740, 1556, 1368, 1340, 768, 701. 2 1H O 22.07.
NMR (CDCl3): δ 5 7.4127.25 (m, 5 H), 4.93 (dd, J 5 12.5, 8.6 Hz,

ent-19f: [α]D 5 169.8 (c 5 1.03, CH3OH).1 H), 4.80 (t, J 5 8.8 Hz, 1 H), 4.57 (t, J 5 8.8 Hz, 1 H), 4.47 (dd,
J 5 12.5, 5.5 Hz, 1 H), 4.09 (t, J 5 8.8 Hz, 1 H), 4.00 (m, 1 H), 19g: White solid, mp 1192120°C. 2 [α]D 5 265.9 (c 5 1.06,
1.17 (d, J 5 7.1 Hz, 3 H). 2 13C NMR (CDCl3): δ 5 157.3, 137.2, CH3OH). 2 1H NMR (CDCl3): δ 5 7.4527.28 (m, 10 H), 5.83
129.3, 129.2, 127.1, 76.5, 70.2, 59.7, 48.4, 14.5. 2 C12H14N2O4 (dd, J 5 13.5, 9.4 Hz, 1 H), 4.78 (dd, J 5 13.5, 5.8 Hz, 1 H),
(250.3): calcd. C 57.59, H 5.64, N 11.19; found C 57.15, H 5.68, 4.6324.47 (m, 3 H), 4.11 (t, J 5 8.2 Hz, 1 H). 2 13C NMR
N 11.04. (CDCl3): δ 5 157.7, 135.7, 134.7, 129.62127.2 (6 peaks), 75.2, 70.1,

60.7, 56.1. 2 C17H16N2O4 (312.3): calcd. C 65.38, H 5.16, N 8.97,19b: Oil. 2 [α]D 5 262.0 (c 5 0.68, CH3OH). 2 IR (film): ν̃ 5
found C 65.48, H 5.31, N 8.85.3035 cm21, 2963, 2875, 2933, 1748, 1557, 1363, 766, 704. 2 1H
Typical Procedure for the Oxidation of Nitro Compounds 19: A solu-NMR (CDCl3): δ 5 7.4627.28 (m, 5 H), 4.92 (dd, J 5 12.4, 9.0 Hz,
tion of nitro compound 19f (1.06 g, 3.62 mmol), sodium nitrite1 H), 4.80 (dd, J 5 8.7, 7.6 Hz, 1 H), 4.62 (t, J 5 8.7 Hz, 1 H),
(0.75 g, 3 equiv), and acetic acid (2.07 mL, 10 equiv) in DMSO4.44 (dd, J 5 12.4, 5.0 Hz, 1 H), 4.20 (dd, J 5 8.8, 7.6 Hz, 1 H),
(25 mL) was heated at 40°C for 28 h. After cooling to room tem-3.9223.82 (m, 1 H), 1.7121.63 (m, 1 H), 1.4821.23 (m, 3 H), 0.86
perature, 1  HCl (30 mL) was added to the yellow solution; after(t, J 5 7.1 Hz, 3 H). 2 13C NMR (CDCl3): δ 5 157.4, 137.5, 129.6,
15 min, the aqueous phase was extracted with CH2Cl2 (3 3 50 mL).129.4, 127.4, 75.8, 70.3, 60.8, 53.0, 31.9, 19.4, 13.5. 2 C14H18N2O4

The combined organic phases were then washed with water and(278.3): calcd. C 60.42, H 6.52, O 22.99; found C 60.16, H 6.51,
dried over magnesium sulfate. After filtration and concentration inO 22.77.
vacuo, chromatography on silica gel (95:5 CH2Cl2/CH3OH) af-

19c: Oil. 2 [α]D 5 293.6 (c 5 3.48, CHCl3). 2 IR (film): ν̃ 5 3034 forded 890 mg (89%) of acid 22f.
cm21, 2918, 2871, 1755, 1556, 1363, 765, 701. 2 1H NMR (CDCl3):

22a: Oil. 2 [α]D 5 299 (c 5 0.61, CHCl3). 2 IR (film): ν̃ 5 3414δ 5 7.4127.23 (m, 10 H), 4.98 (dd, J 5 12.9, 8.9 Hz, 1 H), 4.93 (t,
cm21, 3009, 2921, 1731, 1651, 1459, 1407, 1230, 1020, 769, 704. 2J 5 8.3 Hz, 1 H), 4.54 (t, J 5 8.3 Hz, 1 H), 4.40 (d, J 5 11.8 Hz,
1H NMR (CDCl3): δ 5 12.00 (s, 1 H), 7.5127.38 (m, 5 H), 5.151 H), 4.34 (d, J 5 11.8 Hz, 1 H), 4.15 (m, 2 H), 3.74 (dd, J 5 9.5,
(dd, J 5 8.8, 6.7 Hz, 1 H), 4.72 (t, J 5 8.8 Hz, 1 H), 4.39 (q, J 57.3 Hz, 1 H), 3.39 (dd, J 5 9.5, 6.2 Hz, 1 H). 2 13C NMR (CDCl3):
7.4 Hz, 1 H), 4.09 (dd, J 5 8.8, 6.7 Hz, 1 H), 1.13 (d, J 5 7.4 Hz,δ 5 157.4, 138.1, 129.3, 129.1, 128.3, 127.8, 127.4, 127.2, 73.3, 73.0,
3 H). 2 13C NMR (CDCl3): δ 5 172.4, 158.7, 141.1, 129.5, 129.1,70.3, 67.1, 60.9, 52.1. 2 C19H20N2O4 (340.4): calcd. C 64.04, H
127.7, 71.1, 59.3, 52.6, 15.5.5.66, N 7.86; found: C 63.89, H 5.66, N 7.75.

22b: Oil. 2 [α]D 5 256.1 (c 5 3.00, CHCl3). 2 IR (film): ν̃ 5 346719d: White solid, mp 91292°C. 2 [α]D 5 272.4 (c 5 1.00,
cm21, 2963, 2034, 2874, 1740, 1423, 1222, 765, 702. 2 1H NMRCH3OH). 2 IR (KBr): ν̃ 5 3047 cm21, 2977, 2919, 1750, 1553,
(CDCl3): δ 5 10.70 (s, 1 H), 7.4027.32 (m, 5 H), 5.04 (dd, J 51424, 1034, 766, 701. 2 1H NMR (CDCl3): δ 5 7.5027.20 (m, 5
8.8, 6.7 Hz, 1 H), 4.69 (t, J 5 8.8 Hz, 1 H), 4.34 (dd, J 5 9.3,H), 5.10 (dd, J 5 12.6, 9.7 Hz, 1 H), 4.82 (t, J 5 8.1 Hz, 1 H), 4.64
4.7 Hz, 1 H), 4.22 (dd, J 5 8.8, 6.7 Hz, 1 H), 1.7021.63 (m, 1 H),(t, J 5 8.8 Hz, 1 H), 4.48 (dd, J 5 12.6, 3.7 Hz, 1 H), 4.25 (t, J 5
1.3521.10 (m, 3 H), 0.60 (t, J 5 7.2 Hz, 3 H). 2 13C NMR9.1 Hz, 1 H), 3.5523.40 (m, 1 H), 2.2522.00 (m, 1 H), 1.02 (d,
(CDCl3): δ 5 174.9, 159.2, 138.8, 128.9, 128.2, 70.8, 59.4, 56.9,J 5 6.6 Hz, 3 H), 0.92 (d, J 5 6.7 Hz, 3 H). 2 13C NMR (CDCl3):
30.9, 19.4, 13.0.δ 5 157.1, 136.7, 129.5, 129.2, 127.5, 74.4, 69.9, 61.7, 58.8, 29.4,

19.9, 19.4. 2 C14H18N2O4 (278.3): calcd. C 60.42, H 6.52, N 10.06; 22c: Oil. 2 [α]D 5 273.2 (c 5 2.70, CHCl3. 2 IR (film): ν̃ 5 3459
found C 60.71, H 6.28, N 10.21. cm21, 3032, 2920, 1752, 1415, 1217, 1076, 765, 700. 2 1H NMR

(CDCl3): δ 5 10.45 (s, 1 H), 7.3327.13 (m, 10 H), 5.13 (dd, J 519e: White solid, mp 1072108°C. 2 [α]D 5 255.4 (c 5 0.91,
8.9, 6.5 Hz, 1 H), 4.65 (t, J 5 8.9 Hz, 1 H), 4.52 (dd, J 5 7.2,CH3OH). 2 1H NMR (CDCl3): δ 5 7.4027.25 (m, 5 H), 4.99 (dd,
3.4 Hz, 1 H), 4.09 (dd, J 5 8.9, 6.5 Hz, 1 H), 4.04 (s, 2 H), 3.76J 5 12.6, 9.3 Hz, 1 H), 4.79 (dd, J 5 8.8, 7.3 Hz, 1 H), 4.58 (t, J 5
(dd, J 5 9.9, 7.2 Hz, 1 H), 3.48 (dd, J 5 8.9, 3.4 Hz, 1 H). 2 13C8.8 Hz, 1 H), 4.47 (dd, J 5 8.8, 7.3 Hz, 1 H), 4.17 (dd, J 5 12.6,
NMR (CDCl3) δ 5 171.8, 159.1, 139.3, 137.3, 128.8, 128.5, 128.1,4.1 Hz, 1 H), 3.55 (td, J 5 10.0, 3.5 Hz, 1 H), 1.8021.50 (m, 6 H),
127.4, 127.2, 126.9, 126.8, 72.5, 71.2, 66.9.1.2520.90 (m, 5 H). 2 13C NMR (CDCl3): δ 5 157.2, 137.0, 129.3,

129.0, 127.5, 74.5, 69.9, 61.4, 57.9, 38.7, 30.0, 29.7, 25.5, 25.4. 2 22d: Oil. 2 [α]D 5 249.5 (c 5 1.94, CHCl3). 2 IR (film): ν̃ 5 3423
cm21, 3038, 2968, 2877, 1739, 1690, 1428, 1255, 1202, 699. 2 1HC17H22N2O4 (318.4): calcd. C 64.13, H 6.97, N 8.80; found C 64.29,

H 6.82, N 8.74. NMR (CDCl3): δ 5 9.70 (s, 1 H), 7.3627.25 (m, 5 H), 4.98 (dd,
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J 5 8.8, 5.8 Hz, 1 H), 4.57 (t, J 5 8.8 Hz, 1 H), 4.15 (dd, J 5 8.8, Typical Procedures for the Reduction of Nitro Compounds 19 to Am-

ines 245.8 Hz, 1 H), 3.86 (d, J 5 9.3 Hz, 1 H), 2.1122.01 (m, 1 H), 0.89
(d, J 5 6.3 Hz, 3 H), 0.87 (d, J 5 6.3 Hz, 3 H). 2 13C NMR

Procedure with Ammonium Formate. 2 Amine 24b: To a solution(CDCl3): δ 5 172.5, 159.0, 137.8, 129.2, 129.0, 127.3, 70.9, 64.1,
of nitro compound 19b (51.3 mg, 0.18 mmol) in dry methanol61.1, 27.9, 19.4. 2 C14H17NO4 (263.3): calcd. C 63.86, H 6.51, N
(0.5 mL) was added successively, under an argon atmosphere, am-5.32; found C 63.53, H 6.51, N 5.08.
monium formate (61 mg, 0.97 mmol) and 10% palladium on car-

22f: Oil. 2 [α]D 5 234.9 (c 5 0.76, CHCl3). 2 IR (film): ν̃ 5 2962 bon (13 mg). The reaction mixture was stirred for 2 h at room tem-
cm21, 1752, 1732, 1428, 1220, 763, 701. 2 1H NMR (CDCl3): δ 5 perature, then filtered through a short pad of celite; the celite was
11.07 (s, 1 H), 7.4027.30 (m, 5 H), 4.96 (dd, J 5 8.7, 5.4 Hz, 1 H), then washed with methanol (10 mL). Concentration of the com-
4.69 (t, J 5 8.7 Hz, 1 H), 4.20 (dd, J 5 8.7, 5.4 Hz, 1 H), 3.57 (s, bined organic phases in vacuo afforded 45.8 mg (quantitative) of
1 H), 1.02 (s, 9 H). 2 13C NMR (CDCl3): δ 5 170.9, 159.2, 137.8, amine 24b, which was used without purification in the next step.
129.1, 127.4, 71.0, 66.1, 62.7, 26.2, 27.7. 2 C15H19NO4 (277.3):
calcd. C 64.97, H 6.91, N 5.05; found C 64.62, H 6.95, N 5.03. Procedure with Hydrogen. 2 Amine 24d: To a solution of nitro com-

pound 19d (355 mg, 1.28 mmol) in dry methanol (20 mL) was ad-Typical Procedure for the Reductive Cleavage of Oxazolidinones 22:
ded 20% palladium hydroxide on carbon (36 mg). The suspension,To a solution of oxazolidinone 22f (0.35 g, 1.26 mmol), in THF
placed in an autoclave, was purged with hydrogen (2 3 10 bar), and(75 mL) and tert-butyl alcohol (10 mL) was added lithium (88 mg,
then stirred under hydrogen (30 bar) for 14 h. Hydrogen was then10 equiv). After cooling the reaction mixture to 278°C, NH3
evacuated and nitrogen was flushed into the autoclave prior to its(about 110 mL) was added by condensation. The resulting deep-
opening. The suspension was then filtered through a short pad ofblue solution was stirred at 278°C for 30 min, then NH4Cl (1.5 g)
celite, which was then washed with methanol (10 mL). After con-was added. The reaction mixture was allowed to warm to room
centrating the combined organic phases in vacuo, chromatographytemperature, then concentrated in vacuo. The residue was purified
on silica gel (95:5:1 CH2Cl2/MeOH/Et3N), afforded 268.5 mgusing a DOWEX 50WX42400 ion-exchange resin washed before-
(85%) of amine 24d.hand with water. The resin was eluted with water, then with 0.5 

NH4OH, then with 1  NH4OH. The content of each fraction was
24a: White solid, mp 94°C. 2 [α]D

25 5 253.0 (c 5 1.04, MeOH).checked by thin-layer chromatography (80/20 EtOH/10% aq
2 1H NMR (CDCl3): δ 5 7.3127.26 (m, 5 H), 4.81 (dd, J 5 9.0,NH4OH, ninhydrin, Rf 5 0.65). -tert-leucine 23f was obtained as
6.6 Hz, 1 H), 4.58 (t, J 5 8.8 Hz, 1 H), 4.05 (dd, J 5 8.5, 6.4 Hz,a white solid (0.145 g, 88%).
1 H), 3.5923.51 (m, 1 H), 2.90 (dd, J 5 13.2, 9.2 Hz, 1 H), 2.74
(dd, J 5 13.2, 5.3 Hz, 1 H), 2.32 (br. s, 2 H), 0.81 (d, J 5 7.1 Hz,Determining the Enantiomeric Purity of α-Amino Acids 23 by Chi-
3 H). 2 13C NMR (CDCl3): δ 5 158.7, 139.8, 129.3, 129.1, 127.4,ral-Phase HPLC: Both an authentic racemic mixture and the syn-
70.4, 59.1, 53.2, 44.8, 16.3. 2 MS (CI, NH3); m/z (%): 221 [M1thetic sample were analyzed by HPLC using a Crownpak CR(1)
1 H], 238 [M1 1 NH4]. 2 C12H16N2O2: calcd. 220.1212, foundcolumn. Mobile phase: pH 1.5 aq HClO4; flow rate: 0.4 mL/min;
220.122 (MS).λ 5 200 nm. Compounds 23c,d were analyzed at 0°C. Retention

times: Rt(-enantiomer)/Rt(-enantiomer) 5 3.7 min/4.8 min (ala-
24b: Oil. 2 [α]D

25 5 218.8 (c 5 1.00, MeOH). 2 1H NMRnine); 5.9 min/9.2 min (norvaline); 3.9 min/4.9 min (serine);
(CD3OD): δ 5 7.4527.35 (m, 5 H), 4.90 (dd, J 5 8.6, 6.4 Hz, 15.8 min/7.4 min (valine).
H), 4.77 (br. s, 2 H), 4.69 (t, J 5 8.6 Hz, 1 H), 4.20 (dd, J 5 8.6,

Determining the Enantiomeric Purity of α-Amino Acid 23f: Both 6.4 Hz, 1 H), 3.5023.40 (m, 1 H), 2.89 (dd, J 5 13.2, 9.8 Hz, 1 H),
authentic racemic tert-leucine and synthetic 23f were converted into 2.70 (dd, J 5 13.2, 4.5 Hz, 1 H), 1.2521.15 (m, 2 H), 1.1221.00
their Mosher9s amide, derived from (R)-α-methoxy-α-trifluorome- (m, 2 H), 0.67 (t, J 5 7.1 Hz, 3 H). 2 13C NMR (CDCl3): δ 5
thylphenylacetic acid chloride, according to the procedure de- 161.0, 141.1, 130.2, 130.1, 128.8, 71.8, 60.6, 58.7, 43.6, 33.8, 20.6,
scribed by Lander and Hegedus. [22]

14.0. 2 MS (CI, NH3); m/z (%): 249 [M1 1 H], 266 [M1 1 NH4].
2 C13H16NO2 [M1 2 CH2NH2]: calcd. 218.1018, found 218.119D-Alanine 23a: [α]D

31 5 213.5 (c 5 0.30, 5  HCl); ref. [23a] [α]D 5
(MS).212.7 (c 5 0.51, 5  HCl). 2 1H NMR (D2O): δ 5 3.98 (q, J 5

7.2 Hz, 1 H), 1.68 (d, J 5 7.2 Hz, 1 H). 2 13C NMR (D2O): δ 5
24d: White solid, mp 88289°C. 2 [α]D

25 5 210.5 (c 5 1.00,176.2, 51.0, 16.6.
MeOH). 2 1H NMR (CDCl3): δ 5 7.40 (br. s, 5 H), 4.86 (t, J 5

7.7 Hz, 1 H), 4.67 (t, J 5 7.7 Hz, 1 H), 4.67 (t, J 5 7.7 Hz, 1 H),D-Norvaline 23b: [α]D
38 5 222.2 (c 5 0.82, 6  HCl); ref. [23b]

3.1022.85 (m, 3 H), 1.98 (br. s, 2 H), 1.6521.45 (m, 1 H), 0.88 (d,[α]D
25 5 223.0 (c 5 223, 6  HCl). 2 1H NMR (D2O): δ 5 3.94

J 5 6.5 Hz, 1 H), 0.79 (d, J 5 6.6 Hz, 1 H). 2 13C NMR (CDCl3):(t, J 5 6.2 Hz, 1 H), 2.02 (m, 2 H), 1.58 (m, 2 H), 1.15 (t, J 5
δ 5 158.9, 138.9, 128.8, 127.7, 69.8, 63.8, 60.1, 40.4, 28.9, 20.4,7.3 Hz, 1 H). 2 13C NMR (D2O): δ 5 175.5, 55.2, 33.0, 18.3, 13.4.
19.6. 2 MS (CI, NH3); m/z (%): 249 [M1 1 H], 266 [M1 1 NH4].

D-Serine 23c: [α]D
28 5 213 (c 5 0.30, 5  HCl); ref. [23c] [α]D

23 5 2 C13H16NO2 [M1 2 CH2NH2]: calcd. 218.1018, found 218.1188
215.0 (c 5 4, 1  HCl). 2 1H NMR (D2O): δ 5 4.19 (m, 2 H), (MS).
4.07 (t, J 5 4.2 Hz, 1 H). 2 13C NMR (D2O): δ 5 172.8, 60.6, 56.8.

24e: White solid, mp 73.5274°C. 2 [α]D
25 5 218.1 (c 5 1.00,D-Valine 23d: [α]D

26 5 227.5 (c 5 0.80, 6  HCl); ref.[23d,e] [α]D
25 5

MeOH). 2 1H NMR (CDCl3): δ 5 7.3227.27 (m, 5 H), 4.78 (dd,229.04 (6  HCl). 2 1H NMR (D2O): δ 5 3.81 (d, J 5 5.4 Hz, 1
J 5 8.8, 7.0 Hz, 1 H), 4.58 (t, J 5 8.8 Hz, 1 H), 4.17 (dd, J 5 8.8,H), 2.48 (m, 1 H), 1.24 (d, J 5 7.0 Hz, 3 H), 1.19 (d, J 5 7.0 Hz,
7.0 Hz, 1 H), 3.0222.79 (m, 3 H), 1.7120.75 (m, 11 H). 2 13C3 H). 2 13C NMR (D2O): δ 5 177.1, 60.8, 29.5, 18.4, 17.1.
NMR (CDCl3): δ 5 158.7, 139.0, 128.8, 127.6, 69.7, 62.7, 60.2,
40.4, 38.3, 30.5, 29.9, 25.9, 25.6, 25.4. 2 MS (CI, NH3); m/z (%):D-tert-Leucine 23f: [α]D

32 5 229.0 (c 5 1.00, AcOH); ref. [23f]

[α]D
25 5 231.4 (c 5 1.0, AcOH). 2 1H NMR (D2O): δ 5 3.65 (s, 289 [M1 1 NH4]. 2 C17H26N2O3 (24e 1 H2O, 306.4): calcd. C

66.64, H 8.55, N 9.14; found C 66.21, H 8.22, N 9.06.1 H), 1.24 (s, 9 H). 2 13C NMR (D2O): δ 5 173.9, 64.5, 32.4, 26.3.
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24f: White solid, mp 110°C. 2 [α]D 5 18.5 (c 5 0.97, MeOH). 2 Acknowledgments
1H NMR (CDCl3): δ 5 7.4227.32 (m, 5 H), 4.77 (dd, J 5 8.7,
4.5 Hz, 1 H), 4.66 (t, J 5 8.7 Hz, 1 H), 4.31 (dd, J 5 8.7, 4.5 Hz, This work was partly supported by the Bioavenir program financed
1 H), 3.37 (m, 1 H), 2.76 (m, 2 H), 0.88 (s, 9 H). 2 13C NMR by Rhône-Poulenc with the contribution of the Ministère de l’Éduc-
(CDCl3): δ 5 158.2, 139.5, 129.0, 127.9, 69.5, 67.0, 62.1, 37.7, 36.0, ation Nationale, de l’Enseignement Supérieur et de la Recherche.
27.7. 2 MS (CI, NH3); m/z (%): 263 [M1 1 H]. 2 C15H22N2O2 We thank Mr. Valleix for performing the mass spectra.
(262.4): calcd. C 68.67, H 8.45, N 10.68; found C 68.22, H 8.08,
N 10.62.
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