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3-Nitro-5,6-dihydro-dH-pyran , a Latent -CHO Equivalent: A New Synthesis of Aldehydes'
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Abstract: 3-Nitro-5,6-dihydro-4H-pyran. reacts with organoaluminum compounds and, after
hydrolysis with 3 N HCI, gives aldehydes arising from a formal carbonylation of the alane.

The conjugate addition of organoalanes to (gnitro olefins is a totally general reaction
that allows the transfer of both sawrated and 1-unsaturated alkyl chains to the B{'arbon

atom of the substratc;2

it should be noted that the reaction produces the comresponding
nitro- or carbonyl compounds, depending on the conditions of hyd.rolysis.2b

On this basis 3-nitro-5,6-dihydro-4H-pyran (1) appeared to be the most suitable pre-
cursor  of (E)-2-(1'-alkenyl)-tetrahydropyran-3-ones  (2) (Scheme 1), in tumm  useful in-
termediates in  the synthesis of 3- or  4-alkylsubstituted  (E)-2-(1'-alkenyl)-tetrahydropy-

rans; such compounds, at present, represent the main objective of our research.
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The synthesis of 13 was easily performed (85%) according to the procedun:4 described by
Kogan for the preparadon of l-ethoxy-2-niroethylene. The reaction of 1 with triisobu-
tylaluminum was carried out as usual? and hydrolysis with 0.2 N HCl provided a good vyield
(70%)  of 2-i.butyl-3-niu'otetrahydropyran5 (3, as expected In a further preparation,
hydrolysis was carried out using 3N HCl in order to obtain, through the solvolytic Nef
reactionZ'8 the corresponding carbonyl compound.
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Surprisingly, only a small amount {(20%) of 2-i.butyltetrahydropyran ~3-one’ 4) was re-
covered and the main product (70%)% of the reaction was 3-methylbutanal  (Scheme 2).
Since the synthesis of aldehydes from alanes is a rather unusual pm(:css'9 and consid-
ering the fact that the reaction performed resulted in an indirect formylation of the

aluminum compound, further experiments were carried out to establish the applicability of
this new reaction.

Scheme 2
NO,
(O 0 Bul
NO, NG, /
I .
(0] AlBua (0] Bu' \
Bul—cHO

However, taking into account the self-immolative character of the reaction (only one
chain of the alane is transft:rred)8 and the high degree of selectivity showed by diisobu-
tyl, l-alkenylalanes?®°9 in wansferring the unsawrated chain to  Q-nitroolefins, experi-
ments were carried out using these unsaturated aluminum derivatives in order to establish
whether the procedure constitutes a new approach to the synthesis of @, ﬁ-unsaturated alde-
hydes.

The results obtained (see Table) clearly indicate that 1 s able, formally, to trans-
fer a formyl group to the unsaturated chain of the aluminum derivative, independently of
its structure, and to give the corresponding stercoisomerically (E) pure aldehydes (5), in
satisfactory yields.

Table: Reaction of 1 with (E)-(i.Bu) ) Al-CR=CHR'

Run R R’ (E)-5% yield **
1 H n.Bu 71(52)
2 H t.Bu 80(58)
3 Et Et 67(43)
4 H n.Hexyl 90(70)°
5 n.Pr n.Pr 90(70)°

*Glc evaluation (<5% unknown products were rejected), the numbers in
brackets are isolated yields of chemically pure products; *Spectral data
(IR, NMR, Mass) confirmed the structure of the compounds recovered;
‘THF (200ml) was added to 3N HCI (see Experimental).
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At present no mechanistic study of the reaction has yet been carried out;
our opinion, the formation of aldehydes from aluminum nitronates probably occurs through
an acid catalyzed rearrangement of the aci-nitro intermediates (Scheme 3) which has not
yet been reported; the presence of butyrolactone10 and 2H—tetrahydro-1,2-oxazin-3-one]0
in the reaction mixture, supports this hypothesis. Further studies are in progress.

however, in

Scheme 3
/OH
’ N
— ~ — N
(\1 - l\/j: L (i‘ ~OH

0 OH

N

0o R

Typical procedure

A hexane solution of DIBAH (20 mmol) was reacted with the suitable alkyne (20 mmol)
according to reported proccdurcs;T| the solution was cooled at ca. -25°C and 1 (20 mmol),
dissolved in CH, Cl;, was added dropwise. After 10 min., the cooling bath was removed and
the reaction mixture was stimed at room temperature for a further 30 min  and then poured
into a flask containing a stirred cold (0°C) solution of 3N HCl (ca. 300 mi). After 20 min
the pale yellow mixture was extracted into  pentane.  After drying and evaporating the
solvent, an almost colorless liquid residue was recovered and it was purified by flash
chromatography.
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