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CARBOXALDEHYDES VIA THE UNCATALYZED PERIODATE CLEAVAGE OF ENAMINES
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Summary: A mild procedure for the oxidative cleavage of aryl enamines to aryl aldehydes by
periodate without the need for transition metal catalysis is presented.

We were interested in a convenient large scale preparation of o-nitrobenzaldehydes such as 3
for use as intermediates in subsequent chemistry. Oxidation of the readily available o-nitro toluene 1
by the Krohnke aldehyde procedure! provided pure product but with inconsistent yields. Numerous
alternative reagents are available for oxidation of aromatic methyl groups. Many involve chromiunt
(CrOxCly, Btard reaction, CrOs/ Acx0),2 which can present disposal and isolation problems, while
radical mediated oxidations (e.g. the Kréhnke aldehyde synthesis! or ceric ammonium nitrate,? etc.)
had proven to be capricious. We therefore pursued an alternative approach exploiting the activation
of the methyl group by the o-nitro substituent in 3, The formation of enamines of o-nitrotoluenes
using N,N-dimethylformamide dimethyl acetal is well established3 and oxidative cleavage of 2
would generate the desired aldehyde 3. This cleavage has been accomplished with a wide variety of
reagents including ozone,4a singlet oxygen,4b< sodium dichromate4d.f and RuO4/NalOg.48h

Enamine 2, obtained in 80% yield as purple crystals,3 was first subjected to standard Lemieux-
Johnson conditions:> rapid oxidation with OsO4/NalOy4 occurred to produce 3 in 95% yield (see
Scheme). On a 50 gram scale-up, we premixed 2 with 3.0 eq. of NalOy4 in 50% aqueous THF and
observed a mildly exothermic reaction accompanying the rapid discharge of color without added
osmium tetroxide.! The enamine was cleanly converted at room temperature to the desired ary!
aldehyde 3 within 1 h. in 95% yield. This methodology has proven to be quite general and
reproducible for the preparation of a number of aryl aldehydes.6
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Table Enamine Formation and Periodate Cleavage of Activated Aryl Methyl Groups

L dN a IO.
L eavage RCHO
en RCH3 A .
oy yield (%) mp. oy yield (%) mp.
NeOyC. -’
1 @ 0% 76-77C 1 5% 67-68°C
NOy
,@ 9% 54.55°CP 2 %% 54-55°C
We0,C ~o,

3 @ 88% oil 1 0% 44-46 °C
NO,

4 o g( 2% 132-133 °Cb 1 2% 106-108 °C

5 '(:t‘,,, 80% 97.98 °C? 1 % il
no,

6 ne ¢ % 95-98°C n 2% il
N-O
. ]

7 ©:“,)-§- 6% 101-102 °C 1 a% 132-133°C

8 O:: H ™ 8283°C 05 % oll

9 @g\ 86% 172173°C 2 % 151-152°C
cHO
o { ¢
10 d\/ ~ 18 71% 147-148 °C
NO, 2-nitrobenzoic acid

a) Substrate warmed to 140 °C in DMF (1 Molar) with 1.3 eq. (CH30)2CHN(CH3)2 for 24 h under nitrogen.

Concentration affords product. Recrystallization from methanol where mp indicated. b) Enamine formation
complete in 2 h. ¢) 4 eq. NalOy, standard aqueous acidic workup.
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With other substrates, enamine formation under standard conditions3 provided essentially
pure materials after a single crystallization from methanol. This transformation has been
accomplished on the activated aryl methyl derivatives in the table; less activated systems fail to react
under these conditions.” Entry 10 exemplifies the conversion of a B-formylaryl enamine to 2-
nitrobenzoic acid involving two oxidative cleavage steps.8

While the mechanism of this transformation is uncertain, oxidations of activated methylene
compounds with periodate are known.? By analogy, we presume that oxidation of the enamine p-
carbon generates a hydroxy-iminium ion which is hydrated to an a-hydroxy aldehyde or aminal:
oxidative cleavage of this species by periodate generates product. Experiments are underway to
elucidate the mechanistic course of this process and will be reported in due course.

Experimental

In a typical procedure, enamine 2 (47.9 g, 195 mmol) and NalOy4 (125.3 g, 586 mmol) were
mechanically stirred in 50% aqueous THF (1 L) at ambient temperature for 1 h or until judged
complete by TLC. The insolubles (NalO3) were removed by filtration and washed with EtOAc. The
organic layer was washed with sat. NaHCO3 solution (3 x 100 mL) then dried over MgSO4.
Concentration and elution through a silica gel pad (150 g) with 50% CH>Clz/hexanes provides pure
3,(38.8 g 95%).
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