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obtained starting from FMOC-L-Phg-Cl and also when the cou-
pling of either the D or L isomer was carried out by the two-phase
method (CH,Cl,-NaHCO3-H,0) with H-Phe-OCMe;, H-Phe-
OMe, or H-Ala-OMe. See table I for characterization data.
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Regeneration of carbony! compounds from their oximes,
semicarbazones, and other derivatives under mild condi-
tions has recentlyl?®2a received much attention. Classi-
cally, it involved hydrolytic cleavage by exchange® under
acidic conditions (phthalic anhydride-water,® H* /pyruvic

(1) (a) Vankar, P.; Rathore, R.; Chandrasekaran, S. J. Org. Chem.
1986, 51, 3063. (b) Moriarty, R. M.; Prakash, O.; Vavilikolanu, R. Synth.
Commun. 1986, 16, 1247. (c) Salmon, M.; Miranda, R.; Angeles, E. Synth.
Commun. 1986, 16, 1827. (d) Narayanan, S.; Srinivasan, V. S. J. Chem.
Soc., Perkin Trans. 2 1986, 1557. (e) Shim, S. B.; Kim, K.; Kim, Y. H.
Tetrahedron Lett. 1987, 28, 645. (f) Drabowicz, J. Synthesis 1980, 125.
(g) Araujo, H. C,; Ferreira, G. A. L.; Mahajan, J. R. J. Chem. Soc., Perkin
Trans. 1 1974, 2257. (h) Yakawa, Y.; Sakai, M.; Suzuki, S. Bull. Chem.
Soc. Jpn. 1966, 39, 2266. (i) Erickson, R. E.; Andrulis, P. J., Jr.; Collins,
J. C.; Lungle, M. L.; Mercer, G. D. J. Org. Chem. 1969, 34, 2961. (j) Bird,
J. W.; Diaper, D. G. M. Can. J. Chem. 1969, 47, 145. (k) Narayanan, C.
R.; Ramaswamy, O. S.; Wadia, M. S. Chem. Ind. (London) 1977, 454. (1)
Olah, G. A.; Ho, T. L. Synthesis 1976, 610. (m) Barton, D. H. R.; Lester,
D. J.; Ley, S. V. J. Chem. Soc., Chem. Commun. 1977, 445. (n) Olah, G.
A.; Vankar, Y. D.; Prakash, G. K. S. Synthesis 1979, 113. (o) Ho, T. L.
Synth. Commun. 1980, 10, 465. (p) Firouzabadi, H.; Sardarian, A. Synth.
Commun. 1983, 13, 863. (q) Maeda, K.; Moritani, I.; Hosokawa, T.;
Murahashi, S. I. Tetrahedron Lett. 1974, 797. (r) Corey, E. J.; Hopkins,
P. B.; Kim, S,; Yoo, S.; Nambiar, K. P.; Falck, J. R. J. Am. Chem. Soc.
1979, 101, 7131. (s) McKillop, A.; Hunt, J. D.; Naylor, R. D.; Taylor, E.
C. J. Am. Chem. Soc. 1971, 93, 4918. (t) Butler, R. N.; Morris, G. J.;
O'Donohue, A. M. J. Chem. Res. Synop. 1981, 61.

(2) (a) Alvarez, C.; Cano, A. C.; Rivera, V.; Marquez, C. Synth. Com-
mun. 1987, 17, 279. (b) Nitta, M.; Sasaki, I.; Miyano, H.; Kobayashi, T.
Bull. Chem. Soc. Jpn. 1984, 57, 3357. (c) Alper, H.; Edward, T. J. Org.
Chem. 1967, 32, 2938. (d) Sugden, J. K. Chem. Ind. (London) 1972, 680.
(e) Timms, G. H.; Wildsmith, E. Tetrahedron Lett. 1971, 195. (f) Corey,
E. J; Richman, J. E. J. Am. Chem. Soc. 1970, 92, 5276. (g) Ahmad, M.
S.; Siddiqui, A. H. J. Indian Chem. Soc. 1969, 46, 44. (h) Staskun, B.;
VanEs, T. J. Chem. Soc. C 1966, 531.
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Scheme I°
R\1 Fi{
Dowex - 50
C=—NR3 ————m =0
/ : /
R2 A2

¢R; = alkyl; R, = alkyl or H; Ry = OH, or NHCONH,,

Table I. Cleavage of Oximes and Semicarbazones with
Dowex-50

refluxing yield

entry regenerated carbonyl compounds®  time (h) (%)®

1 cyclohexanone 2 87¢
904
2  acetophenone 1 90¢
96¢
3  indanone 2 85°
91¢
4  benzophenone 3 85¢
90¢
5  benzaldehyde 5 32¢
204
6  m-methoxybenzaldehyde 5 30;
26

7  citral 8 no reactn
8  ethyl 2-oxacyclohexanecarbozxylate 3 74;
76
9  ethyl 2-oxacyclopentanecarboxylate 3 75;
78
10 4-carbethoxy-3-methyl-2-cyclo- 3 80¢
hexen-1-one (Hagemann’s ester) 85¢

%The regenerated carbonyl compounds are compared with the
authentic samples (TLC, IR, NMR). ?Yield refers to isolated
products. ¢Carbonyl compounds obtained from oximes.
@ Carbonyl compounds obtained from semicarbazones.

acid, 3¢ aqueous oxalic acid,®® nitrous acid,® levulinic
acid-aqueous hydrochloric acid,* hydrochloric acid—form-
aldehyde,* aqueous acetic acid,® sodium hydrogen sul-
fite®). Since these methods exclude acid-sensitive ketones
and aldehydes, a variety of oxidative! (cetyltrimethyl-
ammonium permanganate (CTAP),'* (diacetoxyiodo)-
benzene,' chromyl chloride,'® potassium bromate,!d di-
nitrogen tetroxide,'® pyridinium chlorochromate,'f chro-
mium(VI) oxide in the form of Jones and Collins reagent,®
lead(IV) acetate,' ozone, cerium(IV) ammonium nitrate,l
nitrosochloride-pyridine,'* nitronium and hitrosonium
salts,!! Barton’s reagent,'™ bromine,'” alkaline hydrogen
peroxide,’® periodic acid,'® bis(pyridinesilver) per-
manganate,' bis(triphenylphosphine)palladium/oxygen,
sodium nitrite,’* thallium(III) nitrate,’® thallium(III) ace-
tate!t) and reductive? (pentacarbonyl iron,? aluminum
triisopropoxide,?d titanium(III) chloride,? chromium(II)
acetate,” zinc—acetic acid,’® Raney nickel alloy in alkaline
solution (nascent hydrogen)?) procedures have been de-
veloped over the years. These methods, though satisfac-
tory for simple molecules, often are less useful for complex
molecules because of (a) oxidation or reduction of other
easily oxidizable or reducible groups present in the mol-
ecule and (b) overoxidation or overreduction of the lib-

(3) (a) Gillam, A. E.; West, T. F. J. Chem. Soc. 1945, 95. (b) Hersh-
berg, E. B. J. Org. Chem. 1948, 13, 542. (¢) Chamberlin, E. M.; Chemerda,
J. M. J. Am. Chem. Soc. 1955, 77, 1221. (d) Royals, E. E.; Horne, S. E.,
Jr. J. Am. Chem. Soc. 1951, 73, 5856. (e) Herzog, H. L.; Payne, C. C.;
Jevnik, M. A,; Gould, D.; Shapiro, E. L.; Oliveto, E. P.; Hershberg, E. B.
J. Am. Chem. Soc. 1955, 77, 4781. (f) DePuy, C. H.; Ponder, B. W. J. Am.
Chem. Soc. 1959, 81, 4629. (g) Cava, M. P.; Little, R. L.; Napier, D. R.
J. Am. Chem. Soc. 1958, 80, 2257. (h) Taub, D.; Hoffsommer, R. D;
Slates, H. L.; Kuo, C. H.; Wendler, N. L. J. Am. Chem. Soc. 1960, 82,
4012. (i) Pines, 8. H.; Chemerda, J. M.; Kolowski, M. A. J. Org. Chem.
1966, 31, 3446.

© 1988 American Chemical Society



Notes

erated ketones and aldehydes. Often, these reagents are
toxic* and expensive. Thus, the literature still demands
a reagent that would be mild, selective, nonhazardous, and
inexpensive.

We describe in this note a simple method for the re-
generation of carbonyl compounds from their oximes and
semicarbazones (Scheme I) using a cation exchange resin
Dowex-50° (Table I).

In a typical reaction, the derivative (oxime or semi-
carbazone) of the carbonyl compound was heated at reflux
with stirring in an aqueous suspension of Dowex-50. At
the end of the reaction (monitored by TLC), the reaction
mixture was steam-distilled and the product was isolated
in a pure state by solvent extraction of the steam-distillate.
If the reaction was carried out on a milligram scale, the
product could be isolated by direct extraction of the
aqueous filtrate of the reaction mixture. Ketones were
obtained readily in high yield (Table I, entries 1-4),
whereas aldehydes (entries 5, 6) were formed slowly.
However, the remaining oxime or semicarbazone after
isolation of the aldehyde could be recycled to raise recovery
to a good level. It is noteworthy that the oxime and the
semicarbazone of citral remain unaffected under these
conditions. Our method is especially good for recovery of
B-keto esters (entries 8, 9) and the vinylogous 8-keto ester
(entry 10), which are, in general, succeptible to decar-
boxylation in acidic media.

The above results suggest that this procedure will show
considerable selectivity for the regeneration of ketones over
that of aldehydes. This was established by an experiment
in which a mixture of an equal amount of the derivatives
(oxime or semicarbazone) of acetophenone and benz-
aldehyde was treated with Dowex-50 for 1 h under this
condition, followed by steam distillation to give a quan-
titative (90%) recovery of acetophenone with a trace of
benzaldehyde.” If the bissemicarbazone (mp 195 °C; IR
1690 cm™) of the keto aldehyde 18 (IR 2720, 1720, 1700
cm1) was treated with Dowex-50 for 1 h under identical
conditions, the extract of the aqueous filtrate of the re-
action mixture gave the monosemicarbazone 2 (IR 1700,
1690 cm™!, absence of 2720 and 1720 cm™ peaks) as a
semisolid mass in low yield.? This technique of selective
deblocking of a ketone in the presence of an aldehyde can
serve as an alternative to the Luche reaction.°

0 o]

i
OHC H2NCHNN==HC
1 2

In conclusion, the methodology described here for the
regeneration of carbonyl compounds from their oximes and
semicarbazones with Dowex-50 is manipulatively simple,
mild, highly selective, and economical!! and it avoids

(4) Luckey, T. D.; Venugopal, B.; Hutcheson, D. Heavy Metal Tox-
icity, Safety and Hormology; Academic Press, New York; 1975.

(5) Dowex-50 used was manufactured by Fluka A. G., Switzerland.
The commercial Dowex-50 was soaked in 4 N HCI overnight and then
washed with distilled water until acid-free (tested with AgNO; solution)
and used in moist form.

(6) The yield of aldehyde did not change even after prolonged heating
or with a larger quantity of Dowex-50. The rest of the material other than
aldehyde is starting oxime or semicarbazone.

(7) The ratio of acetophenone and benzaldehyde is found to be ~93:7
by 'H NMR integration.

(8) Conia, J. M.; Faget, C. Bull. Soc. Chim. Fr. 1964, 1963.

(9) No attempt has been made for optimization of yield.

(10) Luche, J. L.; Gemal, A. L. J. Am. Chem. Soc. 1979, 101, 5848.

(11) The used Dowex-50 after being washed with methanol and water
can be recycled after regeneration.’

J. Org. Chem., Vol. 53, No. 4, 1988 879
disadvantages of other methods.

Experimental Section

Melting points were taken in an electrical bath (Gallenhamp,
England) and are uncorrected. For comparison, IR spectra were
recorded on a Perkin-Elmer Model 298 spectrometer and ‘H NMR
spectra were recorded on a T60A spectrometer of Varian Asso-
ciates in CCl, or CDC]; solutions with Me,Si as internal standard.
Thin layer chromatography was done on precoated silica gel plates
(Eastman Kodak Co.). Oxime and semicarbazones were prepared
by standard methods.!2

General Procedure for the Regeneration of Carbonyl
Compounds from Oximes and Semicarbazones. The oxime
or the semicarbazone (5 mmol) was heated at reflux (bath tem-
perature 120 °C) with stirring in an aqueous (25 mL) suspension
of regenerated’® Dowex-50 (50% of the derivative by weight) for
1-5 h (Table I). The reaction mixture was steam-distilled.’* The
distillate was saturated with sodium chloride and was extracted
with ether (3 X 25 mL). The ether extract was dried (Na,;SO,)
and was evaporated to give the pure carbonyl compound which
was identified by comparison with an authentic sample (TLC,
IR, and 'H NMR).

Regeneration of Acetophenone and Benzaldehyde from
a Mixture of Their Semicarbazones and Oximes. 'Aceto-
phenone semicarbazone (532 mg, 3 mmol) and benzaldehyde
semicarbazone (490 mg, 3 mmol) were heated with Dowex-50 (500
mg) in aqueous suspensions under identical conditions as above
for 1 h. After steam distillation, the distillate was extracted (ether)
to give a colorless oil (355 mg) which was found to be a 93:7
mixture of acetophenone (recovery 90%) and benzaldehyde by
'H NMR analysis.

The mixture of oximes under identical conditions produced
an almost identical result (acetophenone/benzaldehyde 94:6).

Preparation of Monosemicarbazone 2. The bissemi-
carbazone of 1 (1.1 g, 4 mmol) was heated at reflux with Dowex-50
(500 mg) in a similar way as above for 1 h. The reaction mixture
was cooled to room temperature and was filtered. The filtrate
was saturated with sodium chloride and was extracted with ether
(3 X 30 mL). The ether extract was dried (Na,SO,) and was
evaporated to leave a semisolid mass (265 mg, 30%), which was
identified as the monosemicarbazone 2: IR (CHCl;) 1700, 1690
cm™! (absence of CHO peaks at 2700 and 1720 cm™).
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(13) In the case of 8-keto esters (entries 8, 9, 10), a fresh batch of
Dowex-50 was added before steam distillation for completion of reaction
and better recovery.



