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The diastereoselectivity in the ene reactions of triazolinedi- aries) display a very low diastereoselectivity. No selectivity is
observed in the singlet-oxygen ene reaction with dimethylo-none and singlet oxygen with chiral oxazolidine or oxazolidi-

none derivatives of tiglic acid depends both on the chiral au- xazolidine amides of tiglic acid. These stereochemical results
are rationalized in terms of the differences in the steric de-xiliary used and the size of the attacking enophile. While chi-

ral 2,2-dimethyloxazolidine amides of tiglic acid give with mand of the singlet oxygen and TAD enophiles rather than
electronic factors.triazolinediones TAD only one single ene adduct, the corre-

sponding chiral oxazolidinone derivatives (Evans9 auxili-

Scheme 1. Preferred conformation A (syn/s-cis) versus B (anti/s-cis)The ene[1] reaction of triazolinediones (TAD)[2] and sin-
and favored electrophilic attack for N-acryloyl-2,2-di-glet oxygen (1O2)[3] of alkenes with allylic hydrogens has
methyloxazolidines; metal-locked conformation C of

attracted much attention in the last years from both the N-acryloyloxazolidinones
synthetic [4] and mechanistic [5] points of view. A problem
that remains, however, is the stereochemical control of the
new stereogenic center that is formed in this process.[6] In
the present communication we report an unprecedented
asymmetric ene reaction[7] of chiral amides of tiglic acid
with 2,2-dimethyloxazolidines as chiral auxiliaries. [8] These
auxiliaries are readily prepared in two steps from commer-
cially available amino alcohols and are easily removed from
the resulting product by acid hydrolysis. The stereoselectiv-
ity with these auxiliaries is based on the conformational
control of the amide linkage (Scheme 1). [8c]

In α,β-unsaturated acryloyl amide derivatives, the amide
functionality predominantly occupies the syn/s-cis confor-
mation A to minimize steric hinderance such that one of
the diastereotopic faces of the reacting π system may be
effectively shielded by the proximate substituent at the 4
position (Scheme 1). The related 2-oxazolidinones C are (phenyl) or MTAD (methyl) to give the corresponding ene
well-known as Evans9 chirality-controlling auxiliaries, [9] products 2 or 3 in 65281% yield. 13C-NMR (63 MHz) spec-
with which highly efficient chiral induction has been troscopy unequivocally showed that only one dia-
achieved in asymmetric reactions when a Lewis acid or a stereomeric ene adduct (d.r. > 98:2) was formed (Scheme 2).
metal ion is utilized for fixing the amide conformation. In contrast, the photooxygenation of substrates (S)-1 at

0°C in CCl4 for 48 h with tetraphenylporphine (TPP) asThe preparation of α,β-unsaturated tiglic acid amides
(S)-1 derived from oxazolidines is straightforward and fol- sensitizer afforded a 50:50 mixture of the diastereomeric al-

lylic hydroperoxides. These labile hydroperoxides were re-lowed analogous literature procedures.[8d] N-Tigloyl amides
(S)-1 were allowed to react with the triazolinediones PTAD duced with triphenylphosphine at 0°C in dichloromethane
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Scheme 2. Diastereoselectivities in the ene reactions of oxazolidi- Figure 2. Crystal structure of 3a

nes (S)-1a,b with TAD and 1O2

Scheme 3. Diastereoselectivities in the ene reactions of oxazolidi-to the allylic alcohols 4, isolated in 61265% overall yields. nones (S)-5a,b with PTAD
From the X-ray structures of the ene products 2b and 3a
(Figures 1 and 2), the configurations of the newly formed
chirality centers are assigned to be S in the adducts 2 and
3. Thus, while TAD reacts perfectly (d.r. > 98:2) diastereo-
selectively with oxazolidines 1, 1O2 is completely (d.r. ø
50:50) unselective.

Figure 1. Crystal structure of 2b

the same reaction mechanism, i. e. TAD proceeds through
the aziridinium imide as intermediate and 1O2 an the anal-
ogous perepoxide-like exciplex.[11] Instead of electronic fac-
tors, the dramatic difference in the steric demand of these
two reagents is likely to be responsible. We propose that the
stereochemical control in the reaction of the 2,2-dimeth-
yloxazolidines (S)-1 with TAD derives from the attack of
this bulky enophile on the π system from the side opposite
to the substituent at the 4 position in the conformers D and
E fixed by the restricted rotation around the amide linkage
(Scheme 4).

In contrast to the N-acryloyl oxazolidines with the pre-
ferred conformation A (Scheme 1), the situation for the N-For comparison, the diastereoselectivities in the PTAD

ene reaction of the optically pure N-tigloyl amides (S)-5 tigloyl oxazolidines (S)-1 is different: while the favored con-
formation of the N-tigloyl fragment is also syn with respectwith Evans9 oxazolidinones as chiral auxiliaries, prepared

by standard methods, [10] are given in Scheme 3. The ene to the oxazolidine ring (D and E, Scheme 4), the double
bond is twisted with respect to the carbonyl group to avoidreactions were carried out at 20°C in dichloromethane to

give the corresponding ene adducts 6, but in very low dia- steric interactions. This perpendicular conformational ar-
rangement with respect to the carbonyl group is general forstereoselectivities (d.r. 5 60:40) compared to the oxazolid-

ines 1 (d.r. > 98:2). methacrylate and tiglate derivatives of imides and amides
since the planar rotamers (s-trans and s-cis) cannot be ac-To rationalize the dramatic differences in the stereoselec-

tivities between the electrophilic TAD (d.r. > 98:2) and 1O2 commodated for steric reasons.[12] The approach of the
large TAD enophile is then controlled by steric shielding of(d.r. 5 50:50) in their ene reactions with 2,2-dimethyloxazo-

lidines (S)-1 and the much lower (d.r. 5 60:40) stereocon- either the oxazolidine ring for the conformer D (lk attack
unfavorable) or of the substituent at the 4 position for thetrol for TAD with the corresponding oxazolidinones (S)-5,

electronic factors can hardly apply. Both enophiles follow conformer E (ul attack unfavorable) such that the unlike
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M. Schwarm and Prof. K.-H. Drauz (Degussa AG, Hanau) for gen-Scheme 4. Possible like (lk) and unlike (ul) attacks in the ene reac-

tions of oxazolidines (S)-1 with TAD and 1O2 erous gifts of optically active amino alcohols and oxazolidinones.

Experimental Section
General: IR: Perkin-Elmer 1420 Ratio Recording Infrared Spec-

trophotometer. 2 1H NMR: Bruker AC 250 MHz (250 MHz)
(CHCl3, at δ 5 7.26 ppm as internal standard). 2 13C NMR:
Bruker AC 250 MHz (63 MHz) (CHCl3, at δ 5 77.0 ppm as in-
ternal standard). 2 Melting points: Büchi B-545 (uncorrected val-
ues). 2 Column chromatography was performed on silica gel
(602230 mesh, Merck).

General Procedure for the Ene Adducts from (S)-2,2-Dimethyl-3-
tigloyloxazolidines 1 and TAD: A solution of the N-tigloylamide
(0.4 mmol) and TAD (0.4 mmol) in CH2Cl2 (5 ml) was stirred at
room temp. for 18 h. The solvent was removed (20°C/7.5 Torr) and
the residue was purified by recrystallization.

Ene Adduct 2a from (S)-4-Benzyl-2,2-dimethyl-3-tigloyloxazolid-
ine and PTAD: Recrystallized from CH2Cl2/Et2O (1:4) at 220°C
(65%), colorless prisms, m.p. 131.92132.0°C. 2 IR (KBr): ν̃ 5

3434 (NH) cm21, 1766 (C5O), 1690 (C5O), 1631 (C5O). 2 1H
NMR (CDCl3): δ 5 9.24 (br s, 1 H, NH), 7.5227.10 (m, 10 H, Ar-
H), 5.75 (s, 1 H, C5CH2), 5.60 (s, 1 H, C5CH2), 5.23 (q, 3J 5 6.7
Hz, 1 H, 39-H), 4.1424.10 (m, 1 H, 4-H), 3.85 (s, 1 H, 5 H), 3.84
(s, 1 H, 5-H), 2.97 (m, 1 H, CH2Ph), 2.83 (dd, 2J 5 13.1 Hz, 3J 5

11.0 Hz, 1 H, CH2Ph), 1.79 (s, 3 H, CH3-C-2), 1.56 (s, 3 H, CH3-
C-2), 1.54 (d, 3J 5 7.0 Hz, 3 H, 49-H). 2 13C NMR (CDCl3): δ 5

166.7 (s, C-19), 152.9 (s, C5O), 151.8 (s, C5O), 144. 2 (s, C-29),
136.9 (s), 131.4 (s), 129.1 (d), 129.0 (d), 128.9 (d), 128.0 (d), 127.1
(d), 125.5 (d), 119.7 (t, C5CH2), 96.1 (s, C-2), 66.1 (t, C-5), 60.2
(d, C-4), 53.3 (d, C-39), 40.5 (t, CH2Ph), 26.8 (q, CH3-C-2), 22.8
(q, CH3-C-2), 15.2 (q, C-49). 2 [α]25

D 5 122.4 (c 5 1.01, CHCl3).
2 C25H28N4O4 (448.5): calcd. C 66.95, H 6.29, N 12.49; found C
66.71, H 6.59, N 12.56.

trajectory applies for D?
ul and the like one for E?

lk . The Ene Adduct 2b from (S)-4-Isopropyl-2,2-dimethyl-3-tigloyloxazol-
idine and PTAD: Recrystallized from CH2Cl2/Et2O (1:4) at 220°Cpronounced ul diastereoselectivity (Scheme 2) is then ra-
(71%), colorless needles, m.p. 171.92174.4°C. 2 IR (KBr): ν̃ 5tionalized in terms of the lower energy of the transition
3448 (NH) cm21, 1767 (C5O), 1693 (C5O), 1633 (C5O). 2 1Hstate D?

ul due to the smaller interactions between the
NMR (CDCl3): δ 5 9.36 (br s, 1 H, NH), 7.5127.29 (m, 5 H, Ar-methyl groups of the incipient aziridinium imide func-
H), 5.65 (d, 2J 5 1.2 Hz, 1 H, C5CH2), 5.52 (d, 2J 5 0.6 Hz, 1tionality and the R substituents at the 4 position of the
H, C5CH2), 5.16 (q, 3J 5 6.8 Hz, 1 H, 39-H), 4.0023.90 (m, 3 H,

oxazolidine ring as observed (Scheme 4). Also, the low dia- 4-H, 5-H), 2.0521.95 (m, 1 H, CH(CH3)2), 1.71 (s, 3 H, CH3-C-
stereoselectivities (d.r. 5 60:40) in the reaction of the oxazo- 2), 1.51 (s, 3 H, CH3-C-2), 1.43 (d, 3J 5 6.7 Hz, 3 H, 49-H), 0.90
lidinones (S)-5 with TAD are expected because in the ab- (d, 3J 5 6.7 Hz, 3 H, CH(CH3)2), 0.86 (d, 3J 5 6.7 Hz, 3 H,
sence of chelating Lewis acids the conformational control CH(CH3)2). 2 13C NMR (CDCl3): δ 5 167.1 (s, C-19), 152.5 (s,
around the amide linkage is not guaranteed. C5O), 151.3 (s, C5O), 144.0 (s, C-29), 131.5 (s), 129.0 (d), 127.9

(d), 125.5 (d), 120.2 (t, C5CH2), 96.2 (s, C-2), 63.5 (t, C-5), 62.7Like in the case of TAD, also for the smaller 1O2 enophile
(d, C-4), 53.1 (d, C-39), 30.4 (d, CH(CH3)2), 25.4 (q, CH3-C-2),the transition state E?

lk (Scheme 4) is unfavorable due to
22.8 (q, CH3-C-2), 19.7 (q, CH(CH3)2), 16.0 (q, CH(CH3)2), 15.0steric interactions. The decrease in the diastereoselectivity
(q, C-49). 2 [α]25

D 5 142.9 (c 5 1.00, CHCl3). 2 C21H28N4O4may be explained by the fact that the π-facial differentiation
(400.5): calcd. C 62.98, H 7.05, N 13.99; found C 62.97, H 6.97,of the obstructing oxazolidine ring in the conformer D is
N 13.53.

not effective. Consequently, both sides of the π system are
Ene Adduct 3a from (S)-4-Benzyl-2,2-dimethyl-3-tigloyloxazolid-attacked with equal facility to afford two diastereomorphic

ine and MTAD: Recrystallized from CH2Cl2/Et2O (1:4) at 220°Ctransition states D?
ul and D?

lk (not shown) of equal energy.
(81%), colorless prisms, m.p. 159.12160.2°C. 2 IR (KBr): ν̃ 5Thus, little if any diastereoselectivity is expected, as is ob-
3436 (NH) cm21, 1766 (C5O), 1684 (C5O), 1643 (C5O). 2 1Hserved.
NMR (CDCl3): δ 5 8.86 (br s, 1 H, NH), 7.3327.22 (m, 3 H, Ar-
H), 7.07 (d, 3J 5 6.7 Hz, 2 H, Ar-H), 5.64 (s, 1 H, C5CH2), 5.53We gratefully thank the Deutsche Forschungsgemeinschaft

(Schwerpunktprogramm: Sauerstofftransfer/Peroxidchemie), the (s, 1 H, C5CH2), 5.09 (q, 3J 5 6.7 Hz, 1 H, 39-H), 4.0524.01 (m,
1 H, 4-H), 3.82 (s, 1 H, 5-H), 3.81 (s, 1 H, 5-H), 3.01 (s, 3 H, N-Fonds der Chemischen Industrie (doctoral fellowship for T. W. dur-

ing 199621998) and the Spanish Ministerio de Educación y Cultura CH3), 2.93 (dd, 2J 5 13.4 Hz, 3J 5 3.1 Hz, 1 H, CH2Ph), 2.79 (dd,
2J 5 13.1 Hz, 3J 5 11.0 Hz, 1 H, CH2Ph), 1.73 (s, 3 H, CH3-C-2),(postdoctoral fellowship for A. P.) for financial support and Dr.
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1.49 (s, 3 H, CH3-C-2), 1.44 (d, 3J 5 6.7 Hz, 3 H, 49-H). 2 13C 5.33 (s, 1 H, C5CH2), 5.19 (s, 1 H, C5CH2), 5.16 (s, 1 H, C5

CH2), 4.4724.36 (m, 2 H, 39-H), 3.8823.78 (m, 8 H, 4-H, 5-H,NMR (CDCl3): δ 5 166.8 (s, C-19), 154.5 (s, C5O), 153.6 (s, C5

O), 144.5 (s, C-29), 137.0 (s), 129.0 (d), 128.9 (d), 127.0 (d), 119.0 OH), 2.0821.94 (m, 2 H, CH(CH3)2), 1.59 (s, 6 H, CH3-C-2), 1.46
(s, 6 H, CH3-C-2), 1.30 (d, 3J 5 6.4 Hz, 3 H, 49-H), 1.26 (d, 3J 5(t, C5CH2), 96.0 (s, C-2), 66.1 (t, C-5), 60.1 (d, C-4), 53.3 (d, C-

39), 40.5 (t, CH2Ph), 26.8 (q, CH3-C-2), 25.1 (q, N-CH3), 22.6 (q, 6.4 Hz, 3 H, 49-H), 0.80 (d, 3J 5 7.0 Hz, 6 H, CH(CH3)2), 0.75 (d,
3J 5 7.0 Hz, 6 H, CH(CH3)2). 2 13C NMR (CDCl3, 63 MHz): δ 5CH3-C-2), 15.0 (q, C-49). 2 [α]25

D 5 -14.4 (c 5 1.00, CHCl3). 2

C20H26N4O4 (386.5): calcd. C 62.16, H 6.78, N 14.50; found C 168.9 (23s, C-19), 149.3 (s, C-29), 148.9 (s, C-29), 113.9 (t, C5CH2),
113.1 (t, C5CH2), 95.3 (23s, C-2), 68.6 (d, C-39), 67.2 (d, C-39),61.80, H 6.71, N 14.09.
63.5 (t, C-5), 63.3 (t, C-5), 62.7 (d, C-4), 62.5 (d, C-4), 30.0 (d,Ene Adduct 3b from (S)-4-Isopropyl-2,2-dimethyl-3-tigloyloxazol-
CH(CH3)2), 29.9 (d, CH(CH3)2), 25.5 (23q, CH3-C-2), 23.0 (23q,idine and MTAD: Recrystallized from 1:3:1 CH2Cl2/Et2O/PE at
CH3-C-2), 22.2 (q, C-49), 21.3 (q, C-49), 19.44 (q, CH(CH3)2), 19.41

220°C (73%), colorless prisms, m.p. 96.1296.2°C. 2 IR (KBr):
(q, C-CH(CH3)2), 16.2 (q, CH(CH3)2), 15.9 (q, CH(CH3)2). 2

ν̃ 5 3436 (NH) cm21, 1766 (C5O), 1696 (C5O), 1631 (C5O). 2
[α]25

D 5 129.7 (c 5 1.01, CHCl3). An analytical sample was ob-1H NMR (CDCl3): δ 5 8.93 (br s, 1 H, NH), 5.54 (d, 2J 5 1.2 Hz,
tained by bulb-to-bulb destillation (125°C/0.004 Torr). 21 H, C5CH2), 5.45 (d, 2J 5 0.9 Hz, 1 H, C5CH2), 5.01 (q, 3J 5
C13H23NO3 (241.3): calcd. C 64.70, H 9.61, N 5.80; found C 64.70,6.7 Hz, 1 H, 39-H), 3.9623.80 (m, 3 H, 4-H, 5-H), 3.01 (s, 3 H, N-
H 9.90, N 5.53.CH3), 2.0921.89 (m, 1 H, CH(CH3)2), 1.64 (s, 3 H, CH3-C-2), 1.44

(s, 3 H, CH3-C-2), 1.32 (d, 3J 5 6.7 Hz, 3 H, 49-H), 0.86 (d, 3J 5 General Procedure for the Ene Adducts from (S)-3-Tigloyl-2-ox-
7.0 Hz, 3 H, CH(CH3)2), 0.83 (d, 3J 5 7.0 Hz, 3 H, CH(CH3)2). azolidinones and PTAD: A solution of the N-tigloylamide (1.0
2 13C NMR (CDCl3): δ 5 167.3 (s, C-19), 154.3 (s, C5O), 153.1 mmol) and PTAD (1.0 mmol) in CH2Cl2 (15 ml) was stirred at
(s, C5O), 144.3 (s, C-29), 119.8 (t, C5CH2), 96.2 (s, C-2), 63.6 (t, room temp. for 18 h. The solvent was removed at reduced pressure
C-5), 62.6 (d, C-4), 53.2 (d, C-39), 30.5 (d, CH(CH3)2), 25.5 (q, (20°C/7.5 Torr) and analytical samples were prepared by recrystal-
CH3-C-2), 25.1 (q, N-CH3), 22.7 (q, CH3-C-2), 19.8 (q, CH(CH3)2), lization.
16.0 (q, CH(CH3)2), 14.8 (q, C-49). 2 [α]25

D 5 122.0 (c 5 1.01,
Ene Adduct 6a from (S)-4-Benzyl-3-tigloyl-2-oxazolidinone andCHCl3). 2 C16H26N4O4 (338.4): calcd. C 56.79, H 7.74, N 16.56;

PTAD: Yield 94%. 2 IR (KBr): ν̃ 5 3448 (NH) cm21, 1778 (C5found C 57.06, H 8.00, N 16.20.
O), 1719 (C5O), 1690 (C5O). 2 1H NMR (CDCl3) for the major

General Procedure for the Allylic Alcohols 4a and 4b: A solution diastereomer: δ 5 7.99 (br s, 1 H, NH), 7.5627.16 (m, 10 H, Ar-
of the N-tigloylamide (1.1 mmol) and TPP (20 mg) in 10 ml of H), 5.80 (s, 1 H, C5CH2), 5.68 (s, 1 H, C5CH2), 5.42 (q, 3J 5 6.7
CCl4 (freshly dried over basic alumina) was placed in a test tube Hz, 1 H, 39-H), 4.8824.77 (m, 1 H, 4-H), 4.3624.17 (m, 2 H, 5-
and cooled to 0°C. The photooxygenation was conducted by con- H), 3.32 (dd, 2J 5 13.4 Hz, 3J 5 3.4 Hz, 1 H, CH2Ph), 2.89 (dd,
tinuously passing a slow stream of dried (CaCl2, silica gel, P4O10) 2J 5 13.4 Hz, 3J 5 8.9 Hz, 1 H, CH2Ph), 1.49 (d, 3J 5 6.7 Hz, 3
oxygen gas through the solution by means of a disposable pipette H, 49-H). 2 1H NMR (CDCl3) for the minor diastereomer: δ 5
and external irradiation with two 400-W sodium lamps until com- 7.99 (br s, 1 H, NH), 7.5627.16 (m, 10 H, Ar-H), 5.72 (s, 1 H, C5
plete consumption (ca. 48 h) of the starting material (TLC moni- CH2), 5.61 (s, 1 H, C5CH2), 5.37 (q, 3J 5 6.6 Hz, 1 H, 39-H),
toring, silica gel, 1:2 Et2O/PE). The solvent was removed (0°C/7.5 4.6924.62 (m, 1 H, 4-H), 4.3624.17 (m, 2 H, 5-H), 3.26 (dd, 2J 5
Torr), the residue was dissolved in CH2Cl2 (5 ml) at 0°C, and Ph3P 13.1 Hz, 3J 5 3.1 Hz, 1 H, CH2Ph), 3.08 (dd, 2J 5 13.7 Hz, 3J 5
(0.320 g., 1.2 mmol) was added. The solution was stirred at this 8.2 Hz, 1 H, CH2Ph), 1.49 (d, 3J 5 6.7 Hz, 3 H, 49-H). 2 13C
temp. for 15 min, the solvent was removed (20°C/7.5 Torr) and the NMR (CDCl3) for the major diastereomer: δ 5 169.4 (s, C-19),
residue was purified by silica-gel chromatography with 1:1 Et2O/ 154.0 (s, C5O), 153.7 (s, C5O), 153.6 (s, C5O), 141.0 (s, C-29),
PE as eluent to give the corresponding alcohol. 134.4 (s), 131.3 (s), 129.4 (d), 129.2 (d), 129.1 (d), 128.2 (d), 127.6

(d), 125.5 (d), 123.1 (t, C5CH2), 67.0 (t, C-5), 54.9 (d, C-4), 53.0(S)-4-Benzyl-3-(3-hydroxy-2-methylenebutanoyl)-2,2-dimethyl-
(d, C-39), 37.1 (t, CH2Ph), 13.1 (q, C-49). 2 13C NMR (CDCl3) foroxazolidine (4a): Yield 65%. 2 IR (neat): ν̃ 5 3417 (OH) cm21,
the minor diastereomer: δ 5 169.1 (s, C-19), 154.5 (s, C5O), 153.81614 (C5O). 2 1H NMR (CDCl3) for both diastereomers: δ 5
(s, C5O), 153.7 (s, C5O), 141.1 (s, C-29), 134.4 (s), 131.2 (s), 129.47.3027.10 (m, 10 H, Ar-H), 5.56 (s, 1 H, C5CH2), 5.51 (s, 1 H,
(d), 129.1 (d), 128.9 (d), 128.1 (d), 127.7 (d), 125.4 (d), 121.3 (t,C5CH2), 5.33 (s, 1 H, C5CH2), 5.31 (s, 1 H, C5CH2), 4.6224.52
C5CH2), 67.2 (t, C-5), 54.9 (d, C-4), 53.5 (d, C-39), 37.3 (t,(m, 2 H, 39-H), 4.23 (br d, 3J 5 8.9 Hz, 2 H, 4-H), 3.77 (s, 6 H, 5-
CH2Ph), 13.1 (q, C-49). 2 [α]25

D 5 148.7 (c 5 1.02, CHCl3). 2H, OH), 3.10 (dd, 2J 5 13.4 Hz, 3J 5 2.5 Hz, 1 H, CH2Ph), 3.01
An analytical sample was obtained by recrystallization from(dd, 2J 5 13.4 Hz, 3J 5 2.4 Hz, 1 H, CH2Ph), 2.76 (t, 2J 5 12.2
CH2Cl2/Et2O (1:4), colorless prisms, m.p. 138.62142.1°C. 2Hz, 3J 5 12.2 Hz, 2 H, CH2Ph), 1.73 (s, 6 H, CH3-C-2), 1.57 (s, 6
C23H22N4O5 (434.5): calcd. C 63.59, H 5.10, N 12.90; found CH, CH3-C-2), 1.42 (d, 3J 5 6.1 Hz, 3 H, 49-H), 1.40 (d, 3J 5 6.4
63.33, H 5.09, N 12.83.Hz, 3 H, 49-H). 2 13C NMR (CDCl3) for both diastereomers: δ 5

168.3 (s, C-19), 168.0 (s, C-19), 149.7 (s, C-29), 149.5 (s, C-29), 137.6 Ene Adduct 6b from (S)-4-Isopropyl-3-tigloyl-2-oxazolidinone and
(s), 137.4 (s), 129.0 (23d), 128.7 (d), 128.6 (d), 126.74 (d), 126.68 PTAD: 91%. 2 IR (KBr): ν̃ 5 3460 (NH) cm21, 1778 (C5O), 1760
(d), 113.5 (t, C5CH2), 113.3 (t, C5CH2), 95.5 (23s, C-2), 68.5 (d, (C5O), 1719 (C5O), 1690 (C5O). 2 1H NMR (CDCl3) for the
C-39), 67.8 (d, C-39), 65.9 (23t, C-5), 60.3 (23d, C-4), 40.2 (23t, major diastereomer: δ 5 8.01 (br s, 1 H, NH), 7.5027.31 (m, 5 H,
CH2Ph), 26.9 (23q, CH3-C-2), 23.1 (23q, CH3-C-2), 22.2 (q, C- Ar-H), 5.79 (m, 1 H, C5CH2), 5.73 (m, 1 H, C5CH2), 5.36 (br q,
49), 22.0 (q, C-49). 2 [α]25

D 5 -46.8 (c 5 1.00, CHCl3). 2 An 3J 5 6.6 Hz, 1 H, 39-H), 4.6024.52 (m, 1 H, 4-H), 4.3924.17 (m,
analytical sample was obtained by bulb-to-bulb destillation (185°C/ 2 H, 5-H), 2.3922.31 (m, 1 H, CH(CH3)2), 1.46 (d, 3J 5 6.7 Hz, 3
0.004 Torr). 2 C17H23NO3 (289.4): calcd. C 70.56, H 8.01, N 4.84; H, 49-H), 0.90 (d, 3J 5 6.7 Hz, 6 H, CH(CH3)2). -1H NMR
found C 70.71, H 8.18, N 4.88. (CDCl3) for the minor diastereomer: δ 5 8.01 (br s, 1 H, NH),

7.5027.31 (m, 5 H, Ar-H), 5.64 (m, 1 H, C5CH2), 5.53 (m, 1 H,(S)-3-(3-Hydroxy-2-methylenebutanoyl)-4-isopropyl-2,2-dimeth-
yloxazolidine (4b): Yield 61%. IR (nujol): ν̃ 5 3358 (OH) cm21, C5CH2), 5.24 (br q, 3J 5 6.6 Hz, 1 H, 39-H), 4.3924.17 (m, 3 H,

4-H, 5-H), 2.5522.48 (m, 1 H, CH(CH3)2), 1.46 (d, 3J 5 6.7 Hz,1643 (C5O). 2 1H NMR (CDCl3): δ 5 5.41 (s, 1 H, C5CH2),
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Table 1. Crystal data and parameters of data collection, structural analysis and refinement for 2b and 3a

2b 3a

Crystallographic Section
Formula C21H28N4O4 C20H26N4O4
Mol.weight 400.48 386.45
Crystal system orthorhombic orthorhombic
Space group P212121 P212121
a [pm] 981.2(3) 1101.9(1)
b [pm] 1438.1(4) 1220.1(1)
c [pm] 1573.3(3) 1496.7(1)
V [pm3] 2220(1) 3 106 2012.2(3) 3 106

Z 4 4
Calcd. density [g cm23] 1.198 1.276

Data Collection
Crystal size [mm] 0.2 3 0.15 3 0.7 0.25 3 0.25 3 1.15
Diffractometer Siemens P4 Siemens P4
Radiation Mo-Kα Mo-Kα
Monochromator graphite graphite
Data collection mode ω-scan ω-scan
Recip. latt. segment h 5 21 R 12 h 5 214 R 1

k 5 21 R 18 k 5 215 R 1
l 5 220 R 20 l 5 219 R 19

Θmax [°] 1.75227.5 1.75227.5
No. refl. measd. 6704 6091
No. unique refl. 5107 4624
No. refl. F>3σ(F) 2998 3185
Lin. abs. coeff. [mm21] 0.08 0.09
Abs. correction Ψ-scan Ψ-scan

Structural Analysis and Refinement
Solution by direct phase determination direct phase determination
Method of refinement Full-Matrix LSQ. Hydrogen positions of Full-Matrix LSQ. Hydrogen positions of

riding model with fixed isotropic U riding model with fixed isotropic U
Data-to-parameter ratio 11.44 12.59
R, Rw 0.069, 0.056 0.068, 0.059
Weighting scheme w 5 1/σ2(F) w 5 1/σ2(F)
Largest difference peak 0.40 eÅ23 0.36 eÅ23

Larges difference hole 0.35 eÅ23 0.40 eÅ23

Program used Siemens SHELXTL PLUS Siemens SHELXTL PLUS

3 H, 49-H), 0.84 (d, 3J 5 7.0 Hz, 6 H, CH(CH3)2). 2 13C NMR of the hydrogen atoms were calculated according to the ideal ge-
ometry (C2H 95 pm) and were refined by the riding method with(CDCl3) for the major diastereomer: δ 5 169.3 (s, C-19), 154.8 (s,

C5O), 153.64 (s, C5O), 153.61 (s, C5O), 141.2 (s, C-29), 131.2 (s), fixed isotropic U values.
129.0 (d), 128.1 (d), 125.4 (d), 122.9 (t, C5CH2), 63.9 (t, C-5), 58.0 X-ray Structural Analysis of 3a: Data were obtained from a crys-
(d, C-4), 52.9 (d, C-39), 27.8 (d, CH(CH3)2), 17.7 (q, CH(CH3)2), tal with approximate dimensions 0.25 3 0.25 3 1.15 mm by using
14.8 (q, CH(CH3)2), 13.0 (q, C-49). 2 13C NMR (CDCl3) for the a Siemens P4 diffractometer (Mo-Kα radiation, graphite mono-
minor diastereomer: δ 5 168.9 (s, C-19), 154.4 (s, C5O), 153.6 (s, chromator). Cell dimensions were refined from 59 reflections; a 5
C5O), 153.5 (s, C5O), 140.8 (s, C-29), 131.2 (s), 129.0 (d), 128.1 1101.9(1), b 5 1220.1(1), c 5 1496.7(1) pm, V 5 2012.2(3) 3106

(d), 125.5 (d), 120.4 (t, C5CH2), 64.1 (t, C-5), 59.5 (d, C-4), 53.5 pm3, orthorhombic, space group P212121, Z 5 4, ρcalcd. 5 1.276 g/
(d, C-39), 28.3 (d, CH(CH3)2), 17.8 (q, CH(CH3)2), 14.6 (q, cm3, 4624 unique intensities of which 3185 [Fo $ 3σ(Fo)] were ob-
CH(CH3)2), 13.5 (q, C-49). 2 [α]25

D 5 172.2 (c 5 1.00, CHCl3). served in the θ range 1.75227.5°, measured with ω scan technique.
An analytical sample was obtained by recrystallization from For further information see text above.[13]

CH2Cl2/Et2O (1:4), colorless prisms, m.p. 136.32141.9°C. 2

C19H22N4O5 (386.4): calcd. C 59.06, H 5.74, N 14.50; found C
58.62, H 5.79, N 14.19. [1] H. M. R. Hoffmann, Angew. Chem., Int. Ed. Engl. 1969, 8,

5562557.X-ray Structural Analysis of 2b: Data were obtained from a crys-
[2] [2a] W. H. Pirkle, J. C. Stickler, J. Chem. Soc., Chem. Commun.tal with approximate dimensions 0.2 3 0.15 3 0.7 mm by using a 1967, 7602761. 2 [2b] S. Ohashi, K. W. Leong, K. Matyjaszew-

Siemens P4 diffractometer (Mo-Kα radiation, graphite mono- ski, G. B. Butler, J. Org. Chem. 1980, 45, 346723471. 2 [2c] S.
Ohashi, G. B. Butler, J. Org. Chem. 1980, 45, 347223476.chromator). Cell dimensions were refined from 2l reflections; a 5

[3] [3a] K. Gollnick, H. J. Kuhn in Singlet O2 (Eds.: H. H. Wasser-981.2(3), b 5 1438.1(4), c 5 1573.3(3) pm, V 5 2220(l) 3 106 pm3,
man, R. W. Murray), Academic Press: New York, 1979,orthorhombic, space group P212121, Z 5 4, ρcalcd. 5 1.198 g/cm3, 2872429. 2 [3b] A. A. Frimer, I. M. Stephenson in Singlet O25107 unique intensities of which 2998 [Fo $ 3σ(Fo)] were observed (Ed.: A. A. Frimer), CRC Press, Boca Raton, FL, 1985, 68287.
2 [3c] M. Matsumoto in Singlet O2 (Ed.: A. A. Frimer), CRCin the θ range 1.75227.5°, measured with ω scan technique. The
Press, Boca Raton, FL, 1985, 2052272.structure was solved by using direct phase determination and re-

[4] [4a] E. J. Corey, B. B. Snider, Tetrahedron Lett. 1973, 309123094.fined on F by using SHELXTL PLUS. Atomic coordinates and
2 [4b] W. Adam, A. Griesbeck, Angew. Chem., Int. Ed. Engl.

anisotropic displacement parameters of the non-hydrogen atoms 1985, 24, 107021071. 2 [4c] W. Adam, B. Nestler, Liebigs Ann.
Chem., 1990, 105121053.were refined by the full-matrix least-squares method. The positions
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