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Abstract: The chiral Z-azlactone derived from 1,2-O-isopropylidene-D-glyceraldehyde underwent
diastersoselective Diels-Alder reaction with cyclopentadiene. Catalyst, temperature and solvent dependence of
the product ratio is described.

Cyclic non-metabolizable amino acids have useful biological properties, in particular -
amino acids with a norbornane skeleton have been used to study the transport of amino acids with
hydrophobic side chains (i.e. leucine, isoleucine and valing).1 Moreover, it has been shown that
the incorporation of one or more conformationally-constrained amino acids (generally cyclic amino
acids) into bioactive peptides often gives rise to analogues with enhanced biological activities.2

o.f-Didehydroamino acid derivatives are useful prochiral building blocks in synthetic organic
chemistry. In particular azlactones unsaturated in C4 have proved to be versatile intermediates in
the synthesis of amino acids,3 cycloaliphatic4 and cyclopropylamino acids.5 Moreover, these
compounds are easily transformed into N-acyl-o.8-didehydroamino acid derivatives which are
powerful synthetic tools.6

Scheme 1
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In an previous communication? we reported the reaction as a dienophile of the chiral Z-
azlactone derived from glyceraldehyde8 with an excess of cyclopentadiene at room temperature to
give a mixture of the four possible Diels-Alder adducts (Scheme 1). These compounds were easily
isolated by medium-pressure chromatography and fully characterised on the basis of NOE
difference TH NMR experiments and single crystal X-ray analysis.

The study of catalyst influence previously communicated showed that the use of some
organometallic compounds, such as EtAIClp, EtzAl and TiClsy invoilved the formation of
cycloadducts from E-azlactone together with the four adducts from Z-azlactone and the amount of
the by-products obtained depended on the catalyst used and was greater when TiCls and AICl3
were used. Other catalysts, such as Znly or lithium perchiorate (5.0 M in diethyl ether) did not
improve either exo selectivity or exo and endo diastereofacial selectivity (Table 1). We therefore
decided to study some factors influencing uncatalysed Diels-Alder reactions.

Table 1.Catalyst influence on Diels-Alder reaction of 1 with cyclopentadiene at room temperature.

temp catalyst t Conversion exo/endo? exo d.r.@ endo d.r.a
(°c) (eq)

25 none 2h 100 64/36 90/10 96/4

25 LiClQg4b 2h 100 56/44 80/20 78/22
25 EtAICI2(0.2)¢ 1 h 100 72/28 95/5 97/3

25 AICi3(0.2)¢ 1h 100 73/27 93/7 97/3

25 TiCla(0.2)c 0.5h 100 75/25 93/7 >98/2

25 BF3(1) 0.5h 100 77/23 94/6 94/6

25 Zni»{0.2) 05h 100 60/40 77/23 66/34

@ The product ratio was determined by HPLC. Column radial pack silica (8 mp 10 mm). Eluent hexane-ethy! acetate 96/4.
Flow rate 3.5 mU/min. Detection 254 nm. P The reaction was performed in a solution 5.0 M of lithium perchiorate in diethyl
ether. € Cycloadducts from E-azlactone were observed

As it has been reported that the rate, endo/exo selectivity and diastereofacial selectivities of
intermolecular Diels-Alder cycloadditions can be greatly influenced by the polarity of the reaction
solvent,?® we decided to study the influence of the solvent on the stereochemical course of this
diastereoselective Diels-Alder reaction, as well as the influence of temperature.

When a solution of azlactone 1 in the chosen solvent containing an excess of
cyclopentadiene (2.5 equiv.) was stirred at room temperature for 2 hours, the formation of four
Diels-Alder adducts was observed. Examination of the crude reaction mixture by HPLC indicated
total conversion, a slight preference for the compounds in which the carbonyl group had the exo
stereochemistry, usual in «,p-didehydroamino acid derivatives,b.10 as well as a high
diastereofacial selectivity in the formation of both exo and endo adducts.

As can be seen in Table 2, at room temperature the exo/endo selectivity was not influenced
by the solvent polarity, exo diastereofacial selectivity was usually better in non-polar solvents and
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endo diastereofacial selectivity was, in all cases, excellent and better than exo diastereofacial
selectivity.

When the reaction was carried out at low temperature (-40 °C) there was a decrease in the
reaction rate and in some cases 4 days were not enough to reach total conversion at this
temperature. Nevertheless, in all cases, the exo selectivity was slightly better and the formation of
both exo and endo adducts was highly diastereoselective.

An additional decrease in the temperature reaction (-75 °C) did not improve exo/endo
selectivity and considerably decreased the reaction rate so that two weeks were not enough to
reach the total conversion in any case.

Table 2. Solvent influence on Diels-Alder reaction of 1 with cyclopentadiene

Solvent :gg\)p t Conversion exo/endo? exo d.r.2 endo d.r.2
Benzene 20 2h 100 66/34 93/7 97/3
Dioxane 20 2h 100 66/34 > 98/2 > 98/2
Acetonitrile 20 2h 100 66/34 80/20 91/9
Tetrahydrofurane 20 2h 100 67/33 91/9 94/4
Dichloromethane 20 2h 100 64/36 90/10 96/4
Acetone 20 2h 100 67/33 85/15 94/6
n-hexane 20 2h 100 67/33 96/4 > 98/2
Toluene 20 2h 100 67/33 93/7 97/3
Ethyl acetate 20 2h 100 66/34 90/10 96/4
Diethyl ether 20 2h 100 66/34 95/5 97/3
Acetonitrile - 40 4d 83 69/31 80/20 93/7
Tetrahydrofurane - 40 4d 72 70/30 92/8 > 98/2
Dichloromethane - 40 4d 82 71/29 98/2 > 98/2
Acetone - 40 4d 89 71/29 86/14 96/4
n-hexane - 40 4d 13 67/33 95/5 97/3
Toluene - 40 4d 95 70/30 96/4 > 98/2
Ethyl acetate - 40 4d 72 70/30 92/8 > 98/2
Diethyl ether - 40 4d 55 67/33 96/4 > 98/2

& The product ratio was determined by HPLC. Column radial pack silica (8 mp 10 mm). Eluent hexane-ethyl acetate 96/4.
Flow rate 3.5 ml/min. Detection 254 nm.

An X-ray structure determination of the absolute configuration of the major exo adduct?
showed a (7R, 2S, 3R, 4S) stereochemistry for this compound and in order to rationalise the
stereochemical course of this Diels-Alder reaction we have combined these experimental results
with theoretical studies. AM1 semi-empirical calculations1? were carried out to evaluate the
conformational energy curve derived from rotation around the C4-C» bond (Figure 1).
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Figure 1

It is apparent from the curve in Figure 2 that there is only one deep minimum, and hence, only
a single conformation can be expected for this compound. The exact location of the minimum was
achieved by full optimisation of the molecular coordinates, teading to a dihedral angle between
the hydrogen atoms linked to C¢ and C» of 131 degrees. This value is in excellent agreement with
that estimated by applying the Karplus type of equation developed especially for Csp2-Csp3
rotamer by Garbish12 (J = 7.4 Hz, dihedral angle 137 degrees).
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Figure 2

In this conformation, the hydrogen at the stereogenic centre occupied a syn-clinal position in
the plane of the neighbouring z-system. This is responsible for the steric shielding of the Cq.s; side
of the olefinic bond, as shown by the model in Figure 2, so that the attack of the reagent should
come almost exclusively from the Cq.Re side. Admittedly, the conformational preference of the
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dienophile cannot be directly related to the transition state through which most of the reaction
takes place. However, in this case, the theoretical result is in accordance with the observed sense
of diastereofacial selectivity on reacting azlactone 1 with cyclopentadiene in the exo approach as
well as with the high values of diastereofacial selectivity obtained.

It we accept this theoretica! interpretation, we can assume that the absolute configuration of
the major endo adduct is (1R, 2R, 3S, 4S) as the endo approach of the diene to the olefinic bond
must also come almost exclusively from the Cq-ge Side, which is less sterically hindered.

To sum up, since endo and exo adducts are easily isolated by flash chromatography we can
conclude that the best way to carry out the Diels-Alder reaction is to work at room temperature and
use hexane (an innocuous solvent) as a solvent. In these conditions the rate and the endo and
exo diastereofacial selectivity are excellent and aliow us to obtain diastereomerically pure
samples of both adducts.

Acknowledgement: This work was supported by the Direccién General de Investigaciol
Cientitica y Técnica, project number PB91-0696. E.B. would like to express her gratitude to the
Diputacién General de Aragén for a grant.

EXPERIMENTAL

Apparatus: TH-NMR and 13C-NMR spectra were recorded on a Varian Unity 300 spectrometer in
deuteriochloroform using the solvent signal as internal standard. Chemical shifts are expressed in
ppm. IR spectra were recorded on a Perkin-Elmer 1600 FTIR infrared spectrophotometer. Optical
rotations were measured on a Perkin-Elmer 241-C polarimeter at 25°C. Melting points were
determined on a Bichi 510 capillary melting point apparatus and are uncorrected. HPLC
analyses were carried out with a Waters 600-E chromatograph equipped with a photodiode array
detector. Elemental analyses were made on a Perkin-Elmer 2400 C,H,N,S elemental analyser.
Chemicals: The reactions were carried out under Ar with magnetic stirring. Solvents were dried
prior to use. Dicyclopentadiene, hippuric acid and 1,2:5,6-di-O-isopropylidene-D-mannitol were
purchased from Aldrich Chemical Co. TLC was performed on Merck pre-coated silicagel plates,
which were visualised using UV light. Medium pressure chromatography was performed using
230-400 mesh (Merck) silicagel.

Z -2-Phenyl-4{(S)- 2,2-dimethyl-1,3-dioxolan-4-ylmethylen]-5(4H)-oxazolone 1:

Lead tetraacetate (1.1 g, 2.52 mmol) was added to a solution of 1,2:5,6-di-O-isopropylidene-D-
mannitol (0.6 g, 2.29 mmal) in dry THF (10 ml) at 0 °C and the mixture was stirred for 5 min.
Hippuric acid (0.533 g, 2.98 mmol) and acetic anhydride (0.93 ml, 9.85 mmol) were then added
and stirring was continued under reflux conditions for 15 h. The reaction mixture was evaporated
in vacuo and the residue was then dissolved in chloroform, washed successively with a saturated
aqueous sodium hydrogen carbonate solution and water, dried with magnesium sulphate and
concentrated in vacuo. Purification of the residue by flash chromatography on a silicagel column
(eluent hexane/ethy!l acetate 85/15) afforded 0.49 g (60% yield) of pure Z-2-phenyl-4-(S)- 2,2-
dimethyl-1,3-dioxolan-4-yimethylen]-5(4H)-oxazolone 1.
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Mp 62-64°C; [a]D = + 22 (¢ = 1 in CHCIg); IR 1804, 1681 cm™1; TH NMR (CDCl3, 300 MHz) & 1.42 (s,
3H), 1.46 (s, 3H), 3.80 (dd, 1H, J = 8.3 Hz, J = 6.7 Hz), 4.32 (dd, 1H, J = 8.3 Hz, J = 6.7 Hz), 5.36
(m,1H,J=7.5Hz J=6.7Hz, J=6.7 Hz), 6.58 (d, 1H, J = 7.5 Hz), 7.42-7.50 (m, 2H), 7.54-7.62 (m,
1H), 8.00-8.08 (m, 2H). 13C NMR (CDCl3, 75 MHz) 5 25.5, 26.5, 68.9, 72.2, 110.3, 125.0, 128.4,
128.9, 133.6, 133.9, 136.9, 163.9, 165.4. Anal. cal. for C15H15NO4 C: 65.93, H: 5.53, N: 5.12;
found C: 66.18, H: 5.40, N: 5.29.

General Procedure for uncatalysed Diels-Alder reactions at room temperature
A typical experiment was run as follows: Freshly distilled cyclopentadiene (10 ul, 0.125 mmol) was
added to a stirred solution of azlactone 1 (14 mg, 0.05 mmol) in the chosen solvent (0.2 mi) and
the mixture was stirred at the appropriate temperature for the time indicated in Table 2. For
analysis the solvent was evaporated under vacuum to give a mixture, the composition of which
was analysed by HPLC.

Isolation of Diels-Alder cyclioadducts 2a, 2b, 3a and 3b for characterization
Freshly distilled cyclopentadiene (1 ml, 12.5 mmol) was added by means of a syringe to a stirred
solution of azlactone 1 (1.10 g, 4 mmol) and zinc chloride (319 mg, 1 mmol) in dry methylene
chioride (10 ml) under argon and the mixture was stirred at room temperature for 2 h. After
completion the solution was treated with NaxCQO3.10H20 (1g). The soiution was filtered and
washed with water (3 x 30 ml), the organic phase was dried (MgSQ4), and evaporated to dryness
in vacuo to afford a mixture of cycloadducts 2a, 2b, 3a and 3b as a pale yellow oil ; yield: 1.28 g
(95%). Medium pressure chromatography on silicagel using hexane-ethyl acetate 9/1 enabled us
to isolate of the four Diels-Alder adducts in diastereomerically pure form.

(1R, 2S, 3R, 45)- [(S)- 2,2-Dimethyl-1,3-dioxolan-4-yl]-bicyclo[2.2.1]hept-5-en-2-spiro-{4'[2'-
phenyl-5'(4'H)-oxazolone} (2a).

Mp 162 °C; [a]p = + 142.8 (c = 1 in CHCl3); IR 1806, 1648 cm1; TH NMR (CDCl3, 300 MHz) 5 1.27
(s, 3H), 1.36 (s, 3H), 1.79 (ddd, 1H, J7a.7s = 9.3 Hz, J7a.1 = 1.8 Hz J7a-4 = 1.8 Hz, H73,), 2.23 (d,1H,
J7s-7a = 9.3 Hz, Hys), 2.64 (dd, 1H, Jax-A = 10.2 Hz, Jax-4 = 3.3 Hz, H3x), 3.00-3.03 (m, 1H, Hy),
3.10-3.15 (m, 1H, Hg), 3.27-3.31 (m, 1H, Hy), 3.71-3.84 (m, 2H, Ha, HB), 6.31 (dd, 1H, Js.5 = 5.4
Hz, Jg-1 = 2.7 Hz, Hg), 6.57 (dd, 1H, Js.6 = 5.4 Hz, Js.4 = 3 Hz, Hs), 7.42-7.48 (m, 2H, Arom), 7.52-
7.58 (m, 1H, Arom), 7.90-7.94 (m, 2H, Arom). 13C NMR (CDCls, 75 MHz) § 25.3, 26,8, 45.8, 55.3,
56.8, 68.3, 75.1, 76.1, 108.6, 125.6, 127.8, 128.8, 132.8, 135.8, 137.5, 160.8, 181.5. Anal. cal. for
CooH21NOy4 C: 70.78, H: 6.24, N: 4.13; found C: 70.53, H: 6.14, N: 4.57.

(1S, 2R, 3S, 4R)- [(S)- 2,2-Dimethyl-1,3-dioxolan-4-yl]-bicyclo[2.2.1]hept-5-en-2-spiro-{4'[2'-
phenyl-5'(4'H)-oxazolone} (2b).

Mp 83 °C; [¢]p = - 103.4 (c = 1 in CHCl3); IR 1807, 1657 cm-1; TH NMR (CDCl3s, 300 MHz) 5 1.07 (s,
3H), 1.19 (s, 3H), 1.58 (ddd, 1H, J7a-7s = 9 HZ, J7a-1 = 1.8 Hz U754 = 1.8 Hz, H7a), 2.23 (d,1H, J7s.7a
=9 Hz, Hys), 2.64 (dd, 1H, Jax.A = 10 Hz, J3x-4 = 3 Hz, H3x), 2.85-2.91 (m, 1H, Hy), 3.02-3.07 (m,
1H, Hy), 3.59 (dd, 1H, Jc-A = 7.6 Hz, Jc.B = 7.6 Hz, Hc), 3.81 (ddd, 1H, Ja-3x = 10 Hz, JA-B = 5.5 Hz,
JA-c = 7.6 Hz, Ha), 3.95 (dd, 1H, Jg.A = 5.5 Hz, JB.c = 7.6 Hz, Hg), 6.30-6.38 (m, 2H, Hs He), 7.40-
7.46 (m, 2H, Arom), 7.48-7.56 (m, 1H, Arom), 7.90-7.96 (m, 2H, Arom).13C NMR (CDCl3, 75 MHz) 5
25.6, 26,8, 45.1, 47.1, 53.9, 57.1, 68.2, 75.3, 75.6, 108.8, 126.5, 127.8, 128.5, 132.2, 135.0, 137.1,
160.1, 182.5. Anal. cal. for CaoH21NO4 C: 70.78, H: 6.24, N: 4.13; found C: 70.59, H: 6.07, N: 4.24.
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(1S, 25, 3R, 4R)- [(S)- 2,2-Dimethyl-1,3-dioxolan-4-yl]-bicyclo[2.2.1]hept-5-en-2-spiro-{4'[2-phenyl-
5'(4'H)-oxazolone} (3a).

Mp 145 °C; [o]p = - 27.6 (¢ = 0.5 in CHClIg); IR 1809, 1647 cm-1; TH NMR (CDCl3, 300 MHz) 5 1.31 (s,
3H), 1.33 (s, 3H), 1.66-1.72 (m, 1H, H7a), 1.99 (dd, 1H, Jan.a = 10.2 Hz, J3n-4 = 1.8 Hz, H3y), 2.37
(d,1H, J7s-7a = 9 Hz, Hyg), 2.80-2.84 (m, 1H, H4), 3.11 (dd, 1H, Jc.-A = 6.9 Hz, Jc.B = 8.1 Hz, Hg),

3.26-3.31 {m, 1H, Ha), 3.87 (dd, 1H, JB.A = 6.3 Hz, JB.c = 8.1 Hz, Hp), 4.23 (ddd, 1H, Ja-3nh = 10.2
Hz, JA.-B = 6.3 Hz, Jao.c = 6.9 Hz, Hp), 6.19 (dd, 1H, Js-5 = 5.7 Hz, Jg-1 = 3 Hz, Hg), 6.60 (dd, 1H, J55
= 5.7 Hz, J5.4 = 3.3 Hz, Hs), 7.42-7.50 (m, 2H, Arom), 7.53-7.60 (m, 1H, Arom), 7.94-8.00 (m, 2H,
Arom). 13C NMR (CDCl3, 75 MHz) 5 25.4, 26,7, 46.7, 46.8, 56.0, 57.7, 68.6, 73.8, 76.4, 108.6,
125.7, 127.8, 128.8, 131.8, 132.8, 141.7, 160.2, 179.8. Anal. cal. for CogH21NO4 C: 70.78, H:
6.24, N: 4.13; found C: 70.36, H: 5.98, N: 4.12.

(1R, 2R, 3S, 4S)-[(S)- 2,2-Dimethyl-1,3-dioxolan-4-yl}-bicyclo[2.2. 1]hept-5-en-2-spiro-{4'[2'-phenyl-
5'(4'H)-oxazolone} (3b).

Mp 98 °C; [a]p = + 34.5 (c = 1 in CHCI3); IR 1807, 1651 cm™1; TH NMR (CDCl3, 300 MHz) § 1.11 (s,

3H), 1.20 (s, 3H), 1.65-1.72 (m, 1H, Hza), 2.08 (dd, 1H, J3n.A = 9.6 Hz, Jan.4 = 1.8 Hz, Hay), 2.37
(d,1H, J7s.7a = 8.7 Hz, Hyg), 2.70-2.74 (m, 1H, Hy), 2.86-2.90 (m, 1H, Hy), 3.63 (dd, 1H, Jc-A=7.6
Hz, Jc.B = 7.6 Hz, Hc), 4.07 (dd, 1H, Jg.A = 5.4 Hz, Jg-c = 7.6 Hz, Hp), 4.21 (ddd, 1H, JA.3n = 9.6 Hz,
Ja-B = 5.5 Hz, Jao.c = 7.6 Hz, Ha), 6.23 (dd, 1H, Js-5 = 5.7 Hz, Js-1 = 3 Hz, Hg), 6.55 (dd, 1H, Js6 =

5.7 Hz, Js.4 = 3.3 Hz, Hs), 7.42-7.48 (m, 2H, Arom), 7.50-7.58 (m, 1H, Arom), 7.94-8.00 (m, 2H,
Arom). 13C NMR (CDCls, 75 MHz) 5 25.6, 26,8, 45.4, 47.7, 54.8, 57.7, 68.4, 73.8, 75.6, 108.7,
126.6, 127.8, 128.6, 132.1, 132.3, 141.5, 159.7, 180.6. Anal. cal. for CooH21NO4 C: 70.78, H:
6.24, N: 4.13; found C: 70.92, H: 6.37, N: 4.02.
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