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Condensation of N-substituted glycines with chiral 3-allyl-2-formyl perhydro-1,3-benzoxazines forms an azomethine ylide that cyclizes to give
octahydropyrrolo[3,4-b]pyrrole derivatives. The [3 + 2] dipolar cycloadditions are stereoespecific leading to a single diastereoisomer. The
chemical yields are dependent on the reaction temperature and the presence or absence of a base.

The 1,3-dipolar cycloaddition reaction is one of the most

place easily even with unactivated dipolarophiles such as

useful methods for the preparation of five-membered het- terminal alkenes, which do not react intermoleculérly.
erocycles, and consequently, it has been extensively stlidied. Therefore, this powerful strategy has been extensively applied

In particular, the reaction of azomethine ylidesth alkenes

toward the synthesis of complex moleculgacluding the

provides pyrrolidine ring systems that are the central skeletonpreparation of enantiopure substituted actahydropyrrolo[3,4-

of numerous alkaloidsand the core of physiologically active
compounds. The intramolecular version of this reaction
results in the formation of new fused or bridged nitrogen-
containing bicyclic systems and generally occurs with high
regio- and stereocontrdlThis intramolecular reaction takes
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racemate. Enantiopure pyrrolidines have been also obtaine
in good de by cyclization of azomethine ylides, generated
in situ by decarboxylation, with alkenes bearing oxazolidi-
nones or (R)-phenethylamine derivativesas chiral auxil-

iaries. The intermolecular asymmetric cycloaddition is well
known}!'2 whereas the intramolecular version using a
removable chiral auxiliary or catalyst has been less studied.

Recently, we have exploited—{-8-amino menthot?
prepared from the easily accessible naturg)-pulegone,
as a chiral environment and the source of the nitrogen atom
in diastereoselective cyclization processes leading to nitrogen
heterocycled®'® We now report the stereoespecific 1,3-
dipolar cycloadditions of nonstabilized azomethine ylides
with unactivated alkenes positioned on a chiral perhydro-
1,3-benzoxazine moiety.

The starting 3-allyl-2-formyl perhydro-1,3-benzoxazines
4a—d were prepared as single diastereoisomers in good
chemical yields from<)-8-amino menthol in three steps as
summarized in Scheme 1. Condensation of the amino alcohol
with glycolaldehyde dimer at room temperature afforded
nearly quantitative 2-hydroxymethyl perhydro-1,3-benzox-
azine2, which was transformed infd-allyl derivatives3a—d
by alkylation with allyl-, crotyl-, methallyl-, and cinnamyl
bromides, respectively, in refluxing acetonitrile and potas-
sium carbonaté&’ Swern oxidatio# of 3a—d yielded the
starting compoundéa—d, respectively, in good yields (70
74% from1) as single diastereoisomers.
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Scheme 1. Synthesis of Octahydropyrrolo[3,4-b]pyrroles by
Intramolecular [3+ 2] Dipolar Cycloaddition
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The formation of the unstabilized azomethine ylides was
carried out by decarboxylative condensation of aldehydes
4a—d with N-substitutech-amino acids?2° Different reac-
tion conditions were initially tested on compou#d (Table
1).

Condensation ofla with N-benzyl glycine hydrochloride
in the presence of potassium carbonate provides, after

. decarboxylation, the azomethine ylide, which cyclizes to

yield the cis adduckf as a single diastereomer but in low
yield. The change to triethylamine as a base only slightly
increases the yield of the desired adduct. In both reactions
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s 2-formyl-3-methallyl perhydro-1,3-benzoxazidewas trans-

Table 1. Dipolar Cycloadditions of Compoundga—d formgq into 5¢ in 90% yielq. N.evertheless, uqder these
conditions the cinnamyl derivativéd yielded 5d in only
56% yield, and it was necessary to increase the reaction
temperature to reflux and the reaction time to 6 h, usindlEt

1 4a N-Bn-Gly KzCOs; DMF (90) 60 5f (26), as a base to achievid in 76% yield (entries 12 and 13).

amino solvent time
entry compd acid base (T (°C)) (min) products?

6a (60) . .

2 4a N-BnGly EtN DMF (90) 60 5f(38). It is noteworthy that. 'Fhe reagtlon for' all the compounds
6a (46) 4a—d was stereospecific, leading to cis,syn-adduzs-f

3  4a N-Ph-Gly EtN DMF (153) 300 5e (16), as single diastereoisomers, and other d.iaster_eoisomers were
6a (30) not detected on th&H NMR of the reaction mixtures. The

4  4a N-Ph-Gly none DMF (90) 120 5e (34), relative stereochemistry of the tetracyclic compounds was
6a (30) determined on the basis of NOESY and COSY experiments.

5 4a  N-Ph-Gly none PhCH3(110) 120 5e (70) The values of the coupling constants betweeg ahd H,

6 4a N-MeGly EN DMF (90) 60 5a(61). (8.4-8.9 Hz) point to a cis,syn relationship for the
6a (25) cycloadductgo

7  4a N-Me-Gly EGN DMF (153) 60 5a(52), . . ) i

nterestingly, the signal for ears as a singlet in the

6a (22) Int tingly, the signal f g—lapp gl't' th

8 4a M-Me-Gly none DMF (153) 45 5a (76), H NMR spectra for all the cyclization compounds, indicating
6a (16) that it does not couple with the vicinalld These data show

9 4a N-Me-Gly none DMF (90) 60 5a (94) that the fusion of the oxazinine ring and the pyrrolidine was

10 4b  N-Me-Gly none DMF (90) 45 5b (78) established in a “cis” axiatequatorial fashion, and conse-

11 4c  N-Me-Gly none DMF (90) 45 5c¢(90) quently, the dihedral angle betweeg &hd H. is near 90°.

12 4d N-Me-Gly none DMF (90) 120 5d (56), . .
6d (18) The absolute stereochemistry was determined by trans-

13 4d N-Me-Gly EtsN DMF (153) 360 5d (76) formation of5d into 1-methyl-3-phenyl-5-tosyl octahydro-

pyrrolo[3,4-b]pyrrole8. Cycloadductd was reduced in 97%
yield with aluminum hydride in THF at-10 °C for 10 min
to 8-aminomenthol derivativd. The elimination of the

aYields in parentheses refer to isolated and pure compounds.

the major product isolated was the 8-allylaminomentw| menthol appendage was effected by oxidatior with PCC
resulting from the hydrolysis ofa (entries 1 and 2 in Table in the presence of sodium acetate at room temperature to
1). the 8-amino menthone derivative, which spontaneously

The reaction oflawith N-phenyl glycine in boiling DMF decomposed to give (+)-pulegone and the diazabicyclic
for 5 h, in the presence of g, yielded a complex reaction  derivative. This compound was isolated as tosy! derivative
mixture from which5e and6a were only isolated in 16 and 8 in 34% yield by treatment of the reaction mixture with
30%, respectively. When the reaction was carried out in DMF 10% NaOH solution and tosyl chloride. The absolute
at 90°C for 2 h, in the absence of the base, the addiect configuration of8 was established asRRB&S,6aS) by X-ray
was only isolated in 34%; however, the yield of the desired diffraction analysis (Figure 1), corroborating the absolute
cyclization product was improved to 70% when a mixture configuration of5d and the stereochemical outcome of the
of N-phenyl glycine andla was boiled in toluene for 2 h  [3 + 2] dipolar cycloaddition.
under Dean—Stark conditions (entries 3—5).

The best results were obtained whémmethyl glycine was
used as a condensation amino acid for the formation of the
azomethine ylide. In this way, aldehyda was condensed
with sarcosine (1.5 equiv), in the presence ofNe(1.5
equiv), in DMF at 90 C for 1 h leading tdba as a single
diastereoisomer in 61%. When the reaction was carried out
at reflux of the solvent, compourteh was isolated in only
52% vyield. In the absence of &, cycloadduct5a was
isolated in 76% yield after refluxing a mixture df and
sarcosine for 45 min (entries—). In all these reactions,
16—60% yields of 8N-allylamino menthoba, resulting from
the hydrolysis ofda, were isolated.

These results indicate that both an increase in the reactionFigure 1. ORTEP diagram for compourfl
temperature and the presence of\Eas a base decreased
the yield of the cyclized product. Then, a mixturedafand
sarcosine (1.5 equiv) was heated in DMF fioh at 90 C The cis,syn stereochemistry of the cyclization products can
leading to5ain excellent yield (94%) as a single diastereo- be only explained by accepting that the {3 2] dipolar
isomer. Under the same experimental conditions, 3-crotyl- cycloaddition occurs with total diastereofacial selectivity
2-formyl derivative4b yielded a single cycloaddué&b in from the conformation shown in Scheme 2. In this confor-
78% after heating with sarcosine in DMF for 45 min, and mation, the allyl substituent attached to the nitrogen atom is
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Scheme 2. Proposed Stereochemistry of the Intermediate

Ylide in the Formation oba—f
: Ho.
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5a-f

in an “axial” arrangement, and the reaction occurs only in
an endo mode.

In summary, we have shown that the intramoleculat[3
2] dipolar cycloaddition of nonstabilized azomethine ylides
with unactivated alkenes performed on a chiral perhydro-
1,3-benzoxazine template occurs with total regio- and
stereoselectivity and provides an efficient synthesis of

2516

enantiopure nitrogen heterocycles. Efforts are currently
underway to optimize the reaction yield in both the cyclo-
addition and elimination of the chiral template.
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