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Abstract: Nitrones § were prepared starting from N-benzylalaninol 3. Michael addition of 3 to 3-
butenone-2 afforded alcohol 4 which was converted to 5 by Swern oxidation and subsequent treatment
of the resulting aldehyde with N-alkylhydroxylamines. The enolate group of nitrones 6 generated by
treatment of 5 with LDA acted as dipolarophile attacking the nitrone group to give the bicyclic
compounds 7 by a spontaneous intramolecular cycloaddition. This took place with high
diastereoselectivity affording only one diastereomer in 23 to 65% yield. The two substituents at
position 4 give rise to a change in conformation of compounds 7 compared to compounds 8
unsubstituted at this position

The synthetic potential of the intramolecular cycloaddition of alkenyl nitrones discovered by Le Bel' in
1959 has rapidly increased in last years.? In particular, the cycloaddition of C-4-alkenyl nitrones (5-hexenyl-
imin-N-oxides) 1 X = CH, has been of growing interest, since it proceeds usually with high regio- and
stereoselectivity.> Furthermore, a particularly high asymmetric induction arises if the carbon atom at position 2
is a chiral center.* Introduction of a hetero atom in the tether of 1 between nitrone and alkene moiety extends
the scope of this reaction additionally.”™ So far we have studied the intramolecular cycloaddition of 5-hexenyl-
imine-N-oxides 1 in which the methylene group at position 3 is replaced by a heteroatom such as nitrogen,

oxygen or sulfur.™

?1 H RZ
RN & X\/\ /N : '
N/\r X \J:\/x X = CH,,0,
| S
H b SNR?
1 2

In this paper we report on the intramolecular cycloaddition of nitrones in which an enolate group
operates as dipolarophile instead of a simple alkene group. As far as we know an enolate group generated from

a keto group by proton abstraction has never been used as dipolarophile in this reaction.
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The nitrones 5 were synthesized as follows: At first (S)-(+)-5-benzyl-7-hydroxy-6-methyl-5-
azaheptanone-2 (4) was prepared by nucleophilic addition of N-benzylalaninol (3) to 3-butenone-2. Swern
oxidation® of 4 gave the corresponding aldehyde which was treated with N-alkylhydroxylamines without

isolation to afford the nitrones Sa-c.
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b:R=Bzl b:R'=R’ =Bzl
c:R=Me ¢:R'=tBu, R? = Allyl

a: CH,=CH— COMc b: DMSO, (COCl), EyN ¢: R—NHOH

d: LDA,THF,-78°C € :-78°C = n, 4h

These were converted to lithium enolates 6 by reaction with lithium diisopropylamide in tetrahydrofuran
at -78°C. When the reaction mixture was allowed to warm up to room temperature intramolecular
cycloaddition of the enolate group to the nitrone moiety occurred affording the 4-hydroxy-4-methyl-3-oxa-2.7
diazabicyclo[3.3.0]octanes 7 in 23 to 65% yield.

Compounds 7 were obtained as diastereomerically pure optically active substances. The constitution of

compounds 7 followed from their >°C NMR data. The most conspicuous signal is that of C-4 at 101.2-102.4

ppm’ confirming the existence of the semiketal group.
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With the exception of the specific substituent R there were only negligible deviations in the 'H and *C
NMR spectra of the three compounds 7a-¢, suggesting that the same configuration must be ascribed to them.
The configuration at C-4 was detected by NOE difference spectroscopy® of 7a. Upon irradiation with the
frequency of the methyl group at C-4 the intensity of the signals of 5-H (2.3%) and 6(B-H (0.6%) increased.
Thus the methyl group and 5-H must be cis-orientated.

Further information on the configuration of compounds 7a-c¢ comes from the coupling constants J 1-H/8-
H which are smaller than one hertz. This is only in accordance with a trans orientation of these protons. Since
both five-membered rings can only be cis-fused for steric reasons and the configuration at C-8 is given by the
starting compound (S)-alanine, compounds 7 must be described as (1R,4S,5R,8S8)-3-0xa-2.7-
diazabicyclo[3.3.0]octanes. The high diastereoselectivity of the intramolecular cycloaddition of lithium enolates
6 may be explained by the following arguments.

Since an attack of the alkene moiety to the nitrone group from the Si side would give rise to a stronger
steric interaction between nitrone oxygen and methyl group at position 2, the attack from the Re side with a
minor steric interaction between oxygen and hydrogen is more favorable (Figure 1). Thus the trans-orientation
at positions 1 and 8 in bicyclic compounds 7 is determined. The position of the hydroxy group in the product is
presumably determined by a favorable chelation between the oxygen of the nitrone group and the lithium atom

in the transition state as illustrated in Figure 1.
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Figure 1. Nitrone group is attacked a) from the Re side b) from the Si side

Whereas 3-oxa-2.7-diazabicyclo[3.3.0]octanes 8 which are unsubstituted at position 4 exist in
conformation B as was confirmed by X-ray analyses as well as by the "H NMR coupling constants’ the bicyclic
compounds 7 prefer conformation A (Figure 2). This is revealed by comparison of the '"H NMR data, in
particular the coupling constants, of 7 and 8 (Table 1).
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Table 1. Comparison of some ‘H NMR Data of Compounds 7 and 8

1-H 5-H 6Ha 6-Hp 8-H CH; J1/5 1/8 5/6ac  5/68

7 aR'=tBu 3.23 2.66 2.56 2.82 3.15 0.92 9.7 <1 5.6 <1
bR'=Bzl 3.09 2.85 2.54 2.83 272 0.58 9.4 <1 59 <1
8 aR'=tBu 347 3.02 3.14 2.01 231 1.24 9.2 7.0 9.1 7.7
bR'=Bzl 3.29 3.16 3.19 1.99 226 1.04 75 75 83 7.9

Figure 2. Possible conformations of compounds 7. a) A: view along C-1/C-8 bond. b) B: view along C-
1/C-8 bond. c¢) A: view along C-6/C-5 bond. d) B: view along C-6/C-5 bond

Most informative is the difference of J 1/8 between the two types of bicyclic compounds. From molecular
models it can be seen that in conformation A the dieder angle H;-C,-Cs-Hs should be about 90° (Figure 2a). In
accordance with this prediction the coupling constants for 7a-c are smaller than 1Hz. In contrast, the coupling
constants J 1/8 of 8a and 8b are 7.0 and 7.5 Hz, respectively, according to an angle of approximately 150-160°
(Figure 2b) as can be derived with the aid of the Karplus equation.'® A similar situation arises for the coupling
constants 5/6B. In 7 the protons 5- and 6B-H are approximately perpendicular orientated (Figure 2c), hence
their coupling constants are again smaller than 1 Hz. On the other hand, the coupling constants of
corresponding protons of 8a and b fall in the range of 7.7-7.9 Hz, indicating an angle of about 155-160°

(Figure 2d) which is roughly in agreement with the model. The conspicuous differences in the chemical shift of
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6-How and 6-H are also plausible. In 8 the 6-HP is opposite to the free electron pair of the adjacent nitrogen
atom. Thus a considerable shift to higher field is caused. In contrast, in conformation A which compounds 7
adopt the 6-Hat is in a similar position. This is the reason for its high field shift, whereas the signal of the 6-Hp
which is now in a quasi-equatorial position undergoes a low field shift.

Since the 6-HP as well as the methyl group at position 4 are both in a quasi-equatorial position a small
increase of the signal of 6-Hp arises in the NOE experiment mentioned above.

Last not least, the high-field shift of the signal of the methyl group at C-8 on comparison of 8 and 7 is
caused by the change from a quasi-equatorial position in 8 to a quasi-axial position in 7.

Quite similar results concerning the dependence of conformation on the position of substitution were
obtained by Hassner et al."’, although the situation of the 3-oxa-2.7-diazabicyclo[3.3.0]octanes they studied
was somewhat different insofar as they were unsubstitued at 2-position. However, in general they found that a
substituent at position 8 favors conformation B, whereas substitution at position 4 favors conformation A, even

if there is a substituent at C-8.
Experimental Part

Elemental analyses were performed by the division Routine Analytik, Fachbereich Chemie, University of
Marburg. Spectra were recorded with following instruments: '"H NMR (300 MHz) and *C NMR (75 MHz):
Bruker AC 300; Solvent CDCl;, internal standard residue of "H (8 = 7.25 ppm) or of *C (8 = 77.0 ppm). -
MS: Varian CH 7 (EI) and 711 (FD). - IR: Beckman IR 33 and Bruker IFS 88-FT-IR. Optical rotation:
Polarimeter Perkin Elmer 241, at 589 nm.

(S)-(+)-5-Benzyl-7-hydroxy-6-methyl-S-azaheptanone-2 (4): N-Benzylalanine'> was reduced to the
corresponding alcohol 3 by the procedure described by Giannis and Sandhoff'®. A solution of 3 (1.65 g, 10
mmol) and 3-butenone-2 (0.77 g, 11 mmol) in chloroform (50 mL) was stirred for 24 h at room temperature.

After removal of the solvent 4 was obtained in 98% yield (2.30 g). Colourless liquid [oz]i)5 =482 - C,,H;)NO,

(235.2) Caled. C 71.53, H8.93 N 5.95 Found C 71.31 H 9.02 N 5.82 - MS (EI): m/z (%) = 235 (100, M") - IR
(neat): 3450 (OH), 1720 cm™ (C=0). - '"H NMR: § = 0.84 (d, 3J = 6.7 Hz, 3H, CHs); 1.87 ( s, 3H, CHa); 2.47
(m, 3H, 3-H, 3-H, 4-H); 2.82 (m, 1H, 4-H"); 2.90 (dqd, *J = 10.8, 6.7, 5.0 Hz, 1H, 6-H); 3.28 (dd, J = 16.0, °J
=5.0 Hz, 1H, 7-H); 3.32 (d, J = 13.8 Hz, 1H, CH,Ph); 3.35 (dd, 2 = 16.0, °J = 10.8 Hz, 1H, 7-H'); 3.66 (d, J
= 13.8 Hz, 1H, CH,Ph); 7.17-7.27 (m, SH, ArH). - ®C NMR: § =9.1 (CH3), 30.0 (C-1), 42.6 and 43.6 (C-3
and C-4); 54.2 (CH,Ph); 56.7 (C-6); 63.2 (C-7); 126.8, 128.0, 128.6, 139.7 (Ar); 208.0 (C-2).

Formation of nitrones §: A solution of DMSO (0.60 mL, 8.6 mmol) in CH,Cl, (5 mL) was dropped at
-78°C to a stirred solution of (COCl); (0.64 g, 5 mmol) in CH,Cl; (50 mL). After 15 min a solution of 4 (4.2
mmol) in CH;Cl, (20 mL) was added in drops. Stirring was continued at -78°C for 1 h, then Et;N (2.26 mL,
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16.2 mmol) was added. After 5 min the reaction mixture was allowed to warm up to 0°C. Subsequently water
(20 mL), N-alkylhydroxylamine (4.62 mmol) and anhydrous MgSO, (10g) were added. The mixture was stirred
for 12 h, then the organic layer was washed with water and subsequently dried with MgSQO,. After removal of
the solvent at reduced pressure the crude material which easily decomposes was subjected to cycloaddition
without further purification.

5a: yield 85%, colourless oil. - MS (EI): m/z (%) = 304 (100, M") - IR (neat): 1730 cm™. - '"H NMR: § =
1.19 (d, J = 6.7 Hz, 3H, CHs); 1.39 (s, 9H, C(CHs)3); 1.97 (s, 3H, CH3); 2.50 (t, ] = 7.1 Hz, 2H, 3-H); 2.77 (¢,
J=17.1Hz 2H, 4-H); 3.51 (d, J = 14.4 Hz, 1H, CH,-Ph); 3.59 (d, ¥ = 14.4 Hz, 1 H, CH,-Ph); 4.10 (qd, J =
6.7, 1 = 6.5 Hz, 1H, 6-H); 6.83 (d, ] = 6.5 Hz, 1H, 7-H); 7.10-7.25 (m, 5H, Ar-H); - ®C NMR: § = 13.6
(CHs), 28.0 [C(CH;)s]; 30.5 (C-1); 42.1 (C-3); 46.3 (C-4); 53.3 (C-6); 55.6 (CH.Ph); 69.5 [C(CH3):]; 136.6
(C-7); 208.2 (C-2); 127.1, 128.4, 140.1 (Ar).

5b: yield 85%, brown-red oil. - MS (EI): m/z (%) = 338 (100, M") - IR (neat): 1740, 1720 cm™. - 'H
NMR: 6=1.16 (d, ] = 6.8 Hz, 3H, CHs); 1.91 (s, 3H, 1-H); 2.44 (dt, ’J = 7.2, *J = 6.8 Hz, 1H, 4-H); 2.71 (m,
2H, 3-H); 2.90 (td, 3T = 7.3, 2J = 7.2 Hz, 1H, 4-H"); 3.46 (d, J = 14.2 Hz, 1H, CH,-Ph); 3.59 (d, % = 14.2
Hz, 1H, CHy-Ph); 4.10 (quint., J = 6.8 Hz, 1H, 6-H); 4.75 (s, 2H, CH,-Ph); 6.73 (d, ] = 6.8 Hz, 1H, 7-H),
7.10-8.14 (m, 10H, Ar-H); - ®C NMR: § = 13.8 (CHs), 30.2 (C-1); 41.9 (C-3); 45.9 (C-4); 52.5 (C-6); 55.3
(CH,Ph); 69.5 (CH-Ph); 140.9 (C-7); 207.9 (C-2); 126.6, 128.1, 128.3, 128.7, 128.9, 133.0, 139.5 (Ar).

Sc: yield 90%, red oil. - MS (EI): m/z (%) = 262 (29, M") - IR (neat): 1750 cm™. - 'H NMR: § = 1.19 (d,
J = 6.8 Hz, 3H, CHs); 1.96 (s, 3H, CHs); 2.48 (m, 2H, 3-H); 2.75 (m, 2H, 4-H); 3.52 (d, ¥ = 14.2 Hz, 1H,
CH,-Ph); 3.55 (s, 3H, CH,); 3.63 (d, °J = 14.2 Hz, 1 H, CH-Ph); 4.07 (qd, J = 6.8 and 6.7 Hz, 1H, 6-H); 6.71
(d, J = 6.7 Hz, 1H, 7-H); 7.08-7.30 (m, 5H, Ar-H); - ®C NMR: § = 13.4 (CH3), 30.3 (C-1); 40.1 (C-3); 45.8
(C-4); 52.7 (C-6); 52.7 (CHs); 55.4 (CH,Ph); 141.9 (C-7); 207.9 (C-2); 126.7, 128.2, 139.6 (Ar).

Formation of the bicyclic compounds 7: An 1.6 molar solution of n-butyllithium in hexane (12.5 mL, 20
mmol) was dropped to a solution of diisopropylamine (2.8 mL, 20 mmol) in THF at -78°C. After an interval of
15 min. a solution of nitrone 5 (15 mmol) in THF (20 mL) was added drop by drop. The reaction mixture was
stirred for an hour at -78°C and then warmed up to room temperature during a period of 4 h. Then a saturated
aqueous solution of NH,Cl (8 mL) was added and the solvent was removed. The residue was dissolved in
diethyl ether (100 mL) and washed with saturated solutions of NH,Cl and NaCl, successively. Thereafter the
organic layer was dried with MgSQ,. After removal of the solvent the crude product was purified by column
chromatography on silica gel.

(1R, 4S,5R,85)-(+)-7-Benzyl-2-tert-butyl-4.8-dimethyi-4-hydroxy-3-oxa-2. 7-diazabicyclo[3. 3.0Joctane
(7a): Brown oil in 65% yield from chromatography (SiOz, CH;CVEtOAc 4:1, R = 0.26). [a]) = 26.6°
C1sH2sN>0; (304.2) Caled. C 71.10 H 9.20 N 9.20 Found C 71.27 H 9.25 N 9.18. - MS (FD): m/z (%) = 304
(100, M") - IR (neat): 3370 cm™ (OH). - 'H NMR: 3 = 0.92 (d, 3H, CH;); 1.07 (s, $H, C(CHa)s); 1.35 (s, 3H,
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CH,); 2.56 (dd, 1H, 6-Hay); 2.66 (dd, 1H, 5-H); 2.82 (d, 1H, 6-HB); 3.15 (q, 1H, 8-H); 3.23 (d, 1H, 1-H),
3.60 (d, 1H, CHoPh); 3.71 (d, 1H, CH,Ph), 7.20-7.31 (m, 5H, Ar-H); J 1/5=9.7, J 1/8 <1, J 5/60. = 5.6, J 5/68
<1, J8/CH;=6.9, %1 60/B=9.7,%] CH,Ph=13.1 Hz. - ®C NMR: § = 9.7 (CH3), 22.8 (CHz), 25.5 [C(CHa)s);
49.5 (C-6); 53.9 (CH;Ph); 54.9 (C-5); 57.4 [C(CHs)s]; 62.2 (C-8); 70.2 (C-1); 101.2 (C-4), 127.2, 1285,
138.2 (Ar).

(IR, 4S8,5R,85)-(+)-2.7-Dibenzyl-4.8-dimethyl-4-hydroxy-3-oxa-2. 7-diazabicyclo{ 3. 3.0]octane (7b):
Brown oil in 23% yield from chromatography (SiO,, CHCI/EtOAc 3:1, R¢=0.49 - [a]i:’ =15.2° - MS (EI):
m/z (%) = 338 (54, M") - IR (neat): 3400 cm™ (OH). - '"H NMR: 3 = 0.58 (d, 3H, CHa); 1.44 (s, 3H, CHy),
2.54 (dd, 1H, 6-Hay); 2.72 (q, 1H, 8-H); 2.83 (d, 1H, 6-HB); 2.85 (dd, 1H, 5-H); 3.09 (d, 1H, 1-H); 3.57 (d,
1H, CH,Ph); 3.62 (d, 1H, CH,Ph), 3.80 (d, 1H, CH,Ph); 4.42 (d, 1H, CH,Ph), 7.20-7.50 (m, 10H, Ar-H); J
1/5=9.4,11/8 <1, 5/60. =59, J 5/6B <1, J 8/CH; = 6.9, 2J 60Up= 9.8, 2] CH,Ph = 132, 2J CH,Ph = 12.2
Hz - ®C NMR: § = 9.2 (CHa), 22.6 (CH,), 49.2 (C-6); 53.5 (CH,Ph); 54.7 (C-5); 60.1 (C-8); 62.4 (CH,Ph);
76.9 (C-1); 102.1 (C-4), 125.5, 127.1, 128.0, 128.2, 128.4, 128.5, 132.6, 138.2 (Ar).

(IR 48,5R,8S)-(+)-7-Benzyl-4-hydroxy-2.4.8-trimethyl-3-oxa-2. 7-diazabicyclof3. 3.0 Joctane (7e¢):
Brown oil in 45% yield from chromatography (8iO,, CHCLi/EtOAc 3:1, R¢= 0.39 - [oz]z5 =18.3° - MS (EI):
m/z (%) = 262 (100, M") - IR (neat): 3350 cm™ (OH). - 'H NMR: & = 0.89 (d, 3H, CHy); 1.35 (s, 3H, CHy),
2.52 (dd, 1H, 6-Hay); 2.68 (s, 3H, CHa); 2.78 (d, 1H, 6-HB); 2.82 (d, 1H, 1-H); 2.84 (dd, 1H, 5-H); 3.12 (q,
1H, 8-H); 3.60 (d, 1H, CHzPh), 3.65 (d, 1H, CH,Ph); 7.20-7.35 (m, SH, Ar-H); J 1/5 =89, J 1/8 <1, J 5/60 =
52,75/6B <1, J 8/CH; = 6.9, 2J 60/ = 9.9, 2] CHyPh = 13.1Hz. - ®C NMR: § = 10.2 (CH;), 22.7 (CHy),
45.0 (CHs); 49.6 (C-6), 53.9(CH,Ph); 55.2 (C-5); 59.6 (C-8); 79.7 (C-1); 102.4 (C-4), 127.3, 128.5, 1383
(Ar).
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