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2-Vinyl-trans-octahydro-1,3-benzoxazine: Cyclization
and 1,3-Dipolar Cycloaddition of Nitrile Oxides
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Abstract: A study of the stereochemistry of the acid-catalyzed cyclization between (-)-8-
tosylaminomenthol (derived from (+)-pulegone) and acrolein diethyl acetal afforded two novel chiral perhydro-
1,3-benzoxazine isomers 4a and 4b. Catalyst type as well as the reaction conditions dramatically affected the
isomeric ratio. An X-ray crystal structure of 4a established a chair-boat conformation. The usefulness of this
auxiliary was demonstrated by highly diasiereoseleciive (Le. $0% de) 1,3-dipolar cycloadditions with nitrile
oxides. © 1998 Elsevier Science I.td. All rights reserved.
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As part of a research program aimed at the asymmetric synthesis of 2-isoxazolines for their
application in the total synthesis of natural products, we envisaged the use of 2-vinyloxazines to
oxides. We have previously described the use of 2-vinyl-N-benzyi-4,4,7a-trimethyi-trans-
octahydro-1,3-benzoxazine in the 1,3-dipolar cycloaddition of acetonitrile oxide which resulted
in a process up to 90% de.! Then we wished to study structural modifications of 1 to investigate
if higher stereoselectivity could be induced. To this end, we prepared the N-tosyl derivative 3,
since the same derivative was found to give a significant levels of asymmetric induction in the
(+)-norephedrine model. Futhermore, these heterocycles can easily be obtained and feature the
necessary water and silica gel stability.> These experiments also led to the discovery of new

isomeric dipolarophiles issued from the same auxihary.

(-)-8-Tosylaminomenthol, 3, was prepared as shown in scheme 1. Debenzylation of
- . S . k] T T -
compound 1 under reductive conditions gave the amino aicohol 2.° Unfortunately, attempts to

selectively tosylate the amine function using the Scotten-Baumann conditions* or with tosyl
chloride and Et;N, gave substantlal amounts of the O-tosyl by-product. Therefore we chose to
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Scheme 1 Conditions: a) HCO.NH,, Pd/C, MeOH, H,O; b) n-Buli, Et,0, -78°C; ¢) TBDMSCI, Et,0, -78°C—rt; d) TsCl,
Et;N, CH,Cl, A, 12 hrs; e) TBAF#3H,O, THF, rt.

Condensation of 3 with acrolein diethyl acetal in the presence
isomers: 4a and 4b.° The absolute configuration at the n

4b was determined by nOe difference measurements (Figure I). Irradiation of the axial proton
at C-9 of 4a gave rise to positives nOe's for the signals attributed to the axial Me-4,,, H-7, H-8,,
H-2weak, and the ortho protons of the tosyl group. The last two results support a cis, but distant,

relationship between H-9 and H-2, as well as a spatial proximity between H-9 and the tosyl
group. Surprisingly, irradiation of the olefinic proton H-1" enhanced the signals assigned to H-
10, H-2 and H-8. weak. Thus, these resuits support a boat conformation for the oxazine ring.

Keeping in mind the striking structural differences observed for the N-benzyl derivative,' the

sll U\Jlule eA\zepb AVI WiV U™
group, which projects for the most part towards the N-tosyl appendage.
In the case of isomer 4b, irradiation of the axial proton at C-9 gave rise to an nOe for the two

signals attributed to olefinic protons H-1' and H-2' and none was observed for the signal

SRy

osyl group upon wrradiation at H-2
4b in which the C-2 vinyl group is cis to H-9 and the N-tosyl group is cis to H-2.

s

Figure 1 Left: X-ray crystal structure of 4a. Right: Relevant nOe enhancement in 4a and 4b.
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Several Lewis acids were investigated and the reaction conditior
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control the formation of 4a or 4b, and the results® are summarize
acids investigated (entry 1-4), the weak Lewis acid MgBr,#Et,0 was found to be incapable of

hemical yield.
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A good conversion yield was observed when the reaction was catalyzed by PPTS, BF;eEt,0 and
BBr; (entry 2,6,9). Isomer 4a could be obtained with better 95% selectivity (entry 5-8) using
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Table 1 The stereoselectivity of the cyclization of 3 to isomers 4a and 4b*
Entry Acrolein diethyl Catalyst  Solvent T Time 4a® 4b" Yield
acetal (Eq.) (°C)  hrs (%) (%) (%)
1 1.5 MgBr ,oEt,0 Et,0O 20 4 0 0 0
2 i PPTS Bz 80 5 64 36 83
3 1.5 AlCh EtO 20 4 80 20 14
4 2 BF; Et;0 20 4 80 20 66
5 5 BF; Et,O 20 4 95 5 71
6 10 BF; Et,O 20 4 95 5 80
7 5 BF; Et,O -15 4 98 2 60
8 5 BF; Et,O 0 4 98 2 69
9 5 BBr; CH,CI, 20 4 ii 89 8i

a) The acid was added to a solution of 3 and acrolein diethyl acetal at -30°C and then the mixture was
allowed to reach the indicated temperature; b) Product ratio were determined hv 'H NMR annlvut of the

reaction mixture®; c) Isolated ylelds.

BF;eEt,O with 5 to 10 equivalents of acrolein diethyl acetal starting at -30°C and rising to room
temperature.” Futhermore, isomer 4a readily crystallized from pentane in pure form. On the

other hand, isomer 4b was obtained in good yield but with lower selectivity usir ng a milder Lewis
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acid, BBr; (entry 9). This isomer was found to be unstable in the presence of BF;eEt,O, and

attempts to induce isomerization of 4b in the absence of acrolein diethyl acetal yielded 3 only.
The reaction between isomer 4a and an excess (i.e., 10eq) of acetonitrile oxide or
benzonitrile oxide, generated from their corresponding oxime® resulted, in each case, in a mixture
of two diastereomers, 5 and 6.>° This cycloaddition was found to be stereoselective (i.e., up to
90% de in favor of 5)*° and efficient (Scheme 2, Table 2). The stereochemistry for the epimeric
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2-isoxazolines products 5 and 6, is supported by nOe's.”” Due to increased steric constraints

imposed by the 2-isoxazoline ring, the preferred conformation of the cycloadducts is close to a
lanar with the N.O heteroatoms. Taking into
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half-chair in which the C-2 center is nearlv co
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account that the reactive conformer of the dipolarophile 4a is
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absolute configuration R at the C-5' center of the major isomer, 5, can be explained by a
cycloaddition on the exposed Re face of the alkene function. The cycloaddition of benzonitrile
oxide led to a slightly higher level of asymmetric induction.
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4a (5'R)-5a.b (5'8)-6a,b
Scheme 2 L 5
Table 2 Diasteregselectivity in 1 3-dinolar cycloaddition of nitrile oxides with isomer 4a.
Entrv R Yield %° % de® (conf)*

1 a: CH; 75 86 (5’R)

2 b: Ph 70 90 (5’R)
a) Isolated yields; b) Determined by 'H NMR and “C NMR; c) Determined by nOe experiments.
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conformation for the nrmhvdrnhennsxaﬂne mmetv The absence of an nOe between protons H-2 and H-5' for isomer Sa and a
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coupling constant of 8Hz supports an anti spatial arrangement between these two protons. Since an nOe enhancement of the
protons corresponding to C-4’ was observed upon irradiation of the Me-4.,, the methylene C-4’ points towards the Me-4,,
which gives an R absolute configuration at the C5’ center. The 5(S)-isomer 6a is characterized by an nOe between the protons

H D and H. & nand a cannling aanctant af A & He whish ennnarte o gaucha ralatinnchin hatuman thaca twn nrotone  Sines an
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nOe enhancement was observed between the proton H-4', and H-8., and none was observed with the signal attributed to the
Me-4,, protons, the methylene C-4' is oriented towards C-8. The results of the nOe experiments for 5b and 6b are very similar
to those observed for 5a and 6a (e.g. compare 5a and 5b above).



