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Abstract - A variety of methods for the conversion of a,B8-unsaturated aldehydes

to the corresponding acids have been explored.

The best approach uses sodium

chlorite and gives the desired transformation even in systems where steric

hindrance and/or sensitive functionality are present.

In a recent investigation,l the oxidation
of oa-methylene aldehydes to the corresponding
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strong oxidizing agents like Jones reagent” and
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potassium permanganate” were not appropriate.

= was to

In addition, the use of silver oxide4
be avoided because of the high initial invest-
ment and the bothersome recycling of silver
which is necessary for economic reasons.

Several methods have been developed for
the oxidation of @,B-unsaturated aldehydes

3.6 The

to the corresponding acids or esters.
procedure employing Caro's acid6a has been ap-
plied to acrolein, methacrolein and crotcnal-
dehyde only. In addition, the necessary
reagent is prepared with concentrated sul-
furic acid@ and this may cause problems with
sensitive molecules. A second very clever
method was developed by CoreySa based on the
in situ formation of a cyanchydrin which
undergoes oxidation by manganese dioxide to
give an acyl cyanide. 1In the presence of an

alcohol, the ester is isolated. Alternatively,
silver (II) oxide converts the cyanohydrin
into the unsaturated acid. A recent modifica-
tion treats the trimethylsilyl protected
cyanchydrins of o,B-unsaturated aldehydes

with pyridinium dichromate.eb Allylic oxi-
dation also occurs so that Az-butenolides are
isolated. No a-methylene aldehydes were oxi-
dized by either of these methods using cyano-
hydrins. Another approach uses selenium
dioxidc6C but requires 90% hydrogen peroxide
and thus presents some danger particularly
with large scale reactions. Finally, cin-

namaldehyde has been oxidized via the
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corresponding dithiane anion6d and oxime.6e
We now wish to report the results of a detailed
study of the reaction of equation 1.

The first method which was examined was
that developed by Corey.Sa Consequently,
citral was converted into the corresponding
methyl ester without difficulty; however, when

the a-methylene aldehyde 1 (R=C CH2) was

efls
allowed to react according to the prescribed
directions, a variety of products resulted.
These included compounds derived from conjugate

addition of cyanide ion.

7 CHo
|

In view of the unusual regioselectivity
for 1,2-addition in the reaction of trimethyl=-
silyl cyanide (TMSCN) with enones,7 it was
felt that a modification of Corey's procedure
may improve its general synthetic utility by
increasing the scope of the reaction.8
Indeed, TMSCN reacts with a variety of alde-
hydes to give good yields of the trimethyl-
silyl-protected cyanohydrins which react with
manganese dioxide9 in methanol containing ace-
tic acid to yield the corresponding methyl
esters (see Table I). In many cases, a cleaner
product can be obtained if the oxidation is
run in benzene as a solvent. In addition,
the cyanohydrin can be liberated by deprotec-
tion of the TMSCN product and then allowed
te react with manganese dioxide. These changes
reduce the amcunt of unreacted aldehyde which
all

sometimes is obtained. Nevertheless,

attempts to oxidize aldehyde 1 (R=C6H5CH2)10
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via the cyanchydrin gave significant amounts
{typically 50%) of recovered starting
material in addition to the desired methyl
ester.

The ammonium persulfate procedure6a was
studied next.11 Despite the use of concen-
trated sulfuric acid to prepare the reagent,
a 90% yield of methyl cinnamate is obtained
from cinnamaldehyde. Oxidation of aldehyde 1
(R=C6H5CH2) gives an 83% yield of a 1:1 mix~-
ture of the desired ester and isomerized
starting material (eg 2).12 The free alco-
hol 1 (R=H} gives an 87% yield of the
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Neither of these latter results with alde~

At

hyde 1 are acceptable for the intended goals.
Another method for the oxidation of alde-
hydes employs sodium chlorite in the pre-
sence of various chlorine scavenqers14 but
this has never been applied to g-methylene
aldehydes. With 2-methyl-2-butene as the
chlorine trap,lqb a 95% yield of cinnamic
acid is isolated. Even more significant is the
result from aldehyde 1 (R=C

CH,} where a

6"1sCH>
90% yield of pure acid is obtained,

In addition, oxidation of citral (65/35 mixture

of E and Z isomers) gives the corresponding
acid as a 71/ 29mixture of E/Z iscmers.1
Consequently, the oxidation reaction is
stereospecific. The results using sodium
chlorite are summarized in Table II.

In summary, numerous methods for the oxi-
dation of o,B-unsaturated aldehydes have been
explored. Only sodium chlorite works well
with sensitive substrates containing the
o-methylene aldehyde unit. This reagent
effects clean coxidations quickly and in a
stereospecific manner. 1In addition, it is
very inexpensive. This method has considerable

synthetic potential.

EXPERIMENTAL SECTION

All reactions involving air-sensitive
reagents were run under nitrogen in flamed-out
apparatus. Proteon NMR spectra were ru® on
Varian T-60 or EM-390 spectrometers. Infrared
spectra were recorded on Perkin-Elmer model
297 or 599B spectrophotometers. Mass spectra
were obtained with a Finnigan 4023 GC/MS.

Typical procedures for oxidations are
provided.

Oxidation of E- 2,4-dimethyl-2-hexenal via
the cyanchydrin

The aldehyde (1.26 g, 10.0 mmol) was re-
fluxed with 1.4 g (14 mmol) of freshly dis-
tilled TMSCN and 1 mg of anhydrous zinc iodide
overnight. Distillation of the product gave
2.15 (95%) of the siloxynitrile: BP 52-57°C
(0.2 mm): NMR (cc14) § 0.1 (s, 9H), 0.8-1.4
{m, 84), 1.6-1.8 (m, 4H), 4.6 (s, lH), 5.2
{m, 1H); IR (NaCl} 2950, 2220, 1460, 1250,
1070, 860, 840 cm *.

The siloxynitrile (2.15 g, 9.50 mmol) was
stirred at room temperature overnight with
10 ml1 of 10% HCl and 50 ml of THF. The
reaction mixture was poured into water and
extracted with three 20 ml portions of ether
which gave 1.5 g (98%) of the cyanohydrin
after drying and concentration: NMR (CCl,) ¢
0.8-1.5 {(m, 8H), 1.6-2.0 (m, 4H), 4.3 (br s,
i8), 4.7 (s, 1H)}, 5.5 (4, J = 8 Hz, 1lH};

IR (NaCl) 3420, 2960, 2240, 1460, 1040,
1020 em L.

The cyanohydrin (1.5 g, 9.5 mmol) was
dissolved in 70 ml of dry benzene and 3 ml
of methanol containing 5 drops of glacial
acetic acid. Manganese dioxide (6.0 g, 69

mmol) was added and the reaction mixture was
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allowed to stir overnight at room temperature.
The reaction mixture was filtered through
celite, diluted with water and extracted with
three 30 ml portions of ether. The combined
ether layers were dried and concentrated to
give, after distillation, 1.4 g (90%) of methyl
E-2,4~damethyl-2-hexencate: BP 100-110° (40
mm); NMR (CCl,) 6 0.8-1.5 (m, 8H), 1.6-2.0

(m, 4H), 3.6 (s, 3H), 6.4 {4, J = 10 Hz, 1H);
IR (NaCl) 2960, 1715, 1650, 1430, 1270, 1240,
1150, 1090, 740.

Oxidation of Aldehyde 1 (R=H) with Caro's Acid

Caro's acid was prepared by adding 3.0 g
{13 mmol) of ammonium persulfate in portions
to 3.5 g of concentrated sulfuric acid such
that the temperature was maintained below
15°C. This solution was added dropwise to
a solution of aldehyde 1 (0.83 g, 5.0 mmol)
dissolved in 15 ml of methanol at 0°C. The
reaction mixture was stirred for 6 hours at
0°C, diluted with 50 ml of water and extracted
with three 30 ml portions of ether. The com-
bined ether layers were dried and concentrated
to give, after bulb to bulb distillation, 0.71
g of a mixture of the corresponding ester and
the cis-o-methylene lactone: BP 170-173°C (3.1
mm) ; NMR (CC1,) § 3.7 (s, 3H, CO,CHy), 5.5
{s, 1lH, CH=CC02CH3}, 6.1 (s, 1H, CH=CC02CH3],
5.3 (s, 1H, CH=C-CO2), 5.9 (s, 1H, CH=CC02):
IR (NaCl) 3450, 2930, 2850, 1773, 1720, 1628,
1435 cn %, GO/MS m/e (ester) 198, 181, 166,
149, 138, 120, 110, 94, 81, 67, 53, 41 (lac-
tone) 166, 138, 94, 67, 53, 41, 39. The ratio
of ester to lactone was approximately 80:20

by GC and NMR.

Oxidation of Aldehyde 1 (R=C6H5CH2) with

Sodium Chlorite

The aldehyde (0.30 g, 1.2 mmol) was dis-
solved in 25 ml of tert-butyl alcohol and 6
ml of 2—methy1a2-butene.16 A solution of
sodium chlorite (1.0 g, 11 mmol) and sodium
dihydrogenphosphate {1.0 g, 8.3 mmol) in 10 ml
of water was added dropwise over a 10 minute
period. fThe pale yellow reaction mixture was
stirred at room temperature overnight. Volatile
components were then removed under vacuum,
the residue was dissolved in 30 ml of water
and this was extracted with two 15 ml portions
of hexane. The aquecus layer was acidified to
pH 3 with HCl and extracted with three 20 ml
portions of ether. The combined ether layers

were washed with 50 ml of cold water, dried

and concentrated to give 0.20 g (90%) of a
pale yellow oil which was identified as the
desired acid: NMR (CC14) § 0.8-2.8 {m, 11H),
3.2-3.8 (m, 1H), 4.3 (AB q, .= S Hz, Jy =

28 Hz, 2H), 5.4 (s, 1H), 6.2 (s, 1H), 7.1 (s,
SH), 9.4 (br s, 1H}; IR (NaCl) 3600-2400, 1630,

1620, 1450, 1280, 1100, 1060, 690 cm_l.
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TABLE I. OXIDATION OF ALDEHYDES VIA CYA.NDHYDRI‘NSa

ALDEHYDE SILOXYNITRILE (% YIELD)b ESTER (% YIELD)

OTMS
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CN

All yields refer to products purified by distillation.

b prepared from the aldehydes with TMSCN under ZnIz catalysis.

€ The cyanohydrin was prepared by deprotection with dilute HCl {(98%) and
oxidation with Mno2 in benzene containing methanol gave the ester {90%) .

d

This ester was contaminated with at least 50% of the starting aldehyde.
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TABLE II. OXIDATION OF ALDEHYDES WITH SODIUM

ALDEHYDE ACID (% YIELD)
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CHO CopH

b
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CHO

All products are distilled or recrystallized.

E/Z = 65/35

€ E/Z = 71/29 (determined on methyl esters)



