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Bis(1-benzyl-4-aza-1-azoniabicyclo[2.2.2]octane) Peroxodisulfate:
A Mild and Efficient Oxidant for Cleavage of Nitrogen Double Bonds and
Oxidation of Alcohols under Anhydrous Conditions
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Bis(1-benzyl-4-aza-1-azoniabicyclo[2.2.2]octane) peroxodisulfate (1), is readily prepared as an orange solid from
commercially available 1,4-diazabicyclo[2.2.2]octane and potassium peroxodisulfate. This reagent easily converts hydra-
zones, semicarbazones, oximes, and alcohols to the corresponding carbonyl compounds with excellent yields.

Oxidation of organic compounds in an organic solvent un-
der mild conditions is very important in modern organic syn-
thesis. Over the years several new oxidizing reagents have
been prepared.'—® Unfortunately, most of these reagents
suffer from at least one of the following disadvantages: 1)
cost of preparation, 2) hygroscopicity, 3) photosensitivity, 4)
instability, 5) long reaction time, 6) high acidity, 7) no selec-
tivity, 8) dangerous procedure needed for their preparation,
and 9) tedious work-up procedure.

Highly crystalline hydrazone and oxime derivatives con-
stitute a very efficient method for the isolation, purifica-
tion, and characterization of aldehydes and ketones. Thus
the regeneration of the aldehydes and ketones from such
derivatives constitutes an important synthetic process. The
classical method for the conversion of hydrazones to the cor-
responding carbonyl compounds involves hydrolysis under

acidic conditions and is not suitable for acid-sensitive and

asymmetric compounds.*® Several other reagents®' —® have
been developed, to supplement acid hydrolysis.

As part of an ongoing project, we required an efficient
and rapid method for the conversion of compounds such as
hydrazones, semicarbazones, and oximes to the correspond-
ing carbonyl compounds. We wish to report the synthesis
of bis(1-benzyl-4-aza-1-azoniabicyclo[2.2.2]octane) peroxo-
disulfate (BAABCPS) (1) and its reaction with derivatives
of carbonyl compounds and alcohols. We have found that
the reaction of 1 with carbonyl compounds derivatives in
refluxing acetonitrile gave the corresponding carbonyl com-
pounds. The reagent was examined on a wide variety of
carbonyl compound derivatives such as oximes 2, hydra-
zones, and semicarbazones 4 (Schemes 1 and 2).

Our results show that oximes, hydrazone, and semicar-
bazones are converted to the corresponding aldehydes and
ketones in excellent yields; no further oxidations to their
carboxylic acids were observed (Tables 1 and 2).

We have also found that the reagent is able to oxidize

the alcohols to the corresponding carbonyl compounds, and
a-hydroxy ketones to diketones (Scheme 3).

The alcohols and a-hydroxy ketones (6) were oxidized
with the reagent 1 to the corresponding carbonyl compounds
in high yields (Table 3). The oxidation of compounds with
unsaturated double bonds was also investigated. It was found
that the reagent selectively oxidized the alcohols and was
ineffective in oxidizing double bonds (Table 3).

Another noteworthy advantage of the reagent lies in the
exclusive formation of the carbonyl compounds irrespective
of the presence of other oxidizable functions (alcohol and
double bond). When we treated one equimolar amount of
oxime in the presence of very reactive benzyl alcohol only
the oxime was selectively oxidized (Scheme 4). When we
treated ¢, -unsaturated alcohols or ¢, f-unsaturated oximes,
only the hydroxyl groups or C=NOH groups was selectively
oxidized to the corresponding carbonyl compounds and the
reagent was ineffective in oxidizing double bonds (Table 1,
oxime 3m and Table 3, alcohols 6r—6u). In order to evaluate
the greater chemoselectivity of the reagent, we treated one
equimolar amount of oxime in the presence of thiol; only
the thiol was selectively oxidized. In the reaction of alcohol
in the presence of thiol with the reagent, only the thiol was
selectively oxidized. We have also found that the reaction of
alcohol in the presence of sulfide with the reagent, only the
alcohol was selectively oxidized (Scheme 4).

In conclusion, we report here an efficient, rapid, and inex-
pensive method for the conversion of oximes, hydrazones,
semicarbazones, and alcohols to the corresponding carbonyl
compounds which is superior to previously reported meth-
ods in terms of selectivity, high yields, purity of products and
simple and rapid work-up.

Experimental

All yields refer to isolated products. Products were characterised
by comparison with authentic samples (IR and NMR spectrum, thin
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_j 2007 + NG MeCN R Table 1. Converting of 2 to Carbonyl Compound 3
k R2 refiux, 40-80 min o Starting Product” Reaction Yield® Mp/°C or bp/°C/Torr”
2 4 5 material time/min % (1it, 262937y
Comound R! R® G 2a 3a 15 95  127—130/760 (127—130)
4a Ph Ph PhNH 2b 3b 15 95 154—156/760 (154—156)
4b Ph Me PhNH 2¢ 3c 15 98 1777760 (179)
dc 3,4-(MeO),C¢H; Me PhNH 2d 3d 20 97 240/760 (240)
4d p-PhCeH, Me PhNH 2e 3e 15 99 42—44 (41—44)
de 2-Pyridyl Ph PhNH 2f 3f 15 100 204/760 (203)
ar 4-Pyridyl Me PhNH 2g 3g 15 100 49—52 (50—52)
4g p-MeOCsH, Me PhNH 2].1 31.1 15 97 55—57 (55—57)
4h  o-MeOCeHs;  Me PhNH 2i 3 30 95 58—60 (58—60)
4 Ph Ph  p-NO,CsH, 2j 3j 15 98 80—83 (80—83)
4j p-MeOCeH, H p-NO,CeH, 2k 3k 20 95 232/760 (234)
4k p-CICeH, Me p-NO,CsHs 21 31 15 98 117119 (117—118)
41 p-PhCeH, Me p-NO,CsH, 2m 3m 25 94 126/760 (125—128)
4m Ph Ph Me;N a) were confirmed by comparison with authentic sample (IR and
4n Ph Me MexN NMR). b) yield of isolated pure carbonyl compound. c) 1
40 (MeO),CsH3 Me Me;N Torr = 133.322 Pa.
4p p-MeOCsHa Me Me:N
4q Ph H NH;CONH
4r Ph Me NH>CONH bromide was precipitated. The crystals were collected, washed with
4s p-MeOCeHy4 Me NH,CONH acetone (20 ml) and then dried under high vacuum (0.01 mmHg),
4t 3,4-Me0),CsH; Me NH,CONH yield 25.5 g (90%), 'THNMR (D20) 6 = 7.60 (s, SH), 4.60 (s, 2H),

Scheme 2.

layer chromatography, melting and boiling point).”2*" All reac-
tions proceeded in acetonitrile; all '"HNMR spectra were recorded
at 90 MHz in CDCl3; and CCly relative to TMS (0.00 ppm). Ele-
mental analysis was performed by Research Institute of Petroleum
Industry, Tehran, LR. Iran.

General Method. Preparation of BAABCPS (1): The
reagent was prepared in two steps: In step one, to a solution of 1,
4-diazabicyclo[2.2.2]octane (DABCO) (0.1 mol, 11.22 g) in acetone
(200 ml) was added to benzyl bromide (0.1 mol, 17.1 g) dropwise.
The white solid of 1-benzyl-4-aza-1-azoniabicyclo[2.2.2]octane

3.80 (s, 4H), 3.20 (s, 8H). In step two, to a solution of 1-benzyl-4-
aza-1-azoniabicyclo[2.2.2]octane bromide (0.1 mol, 28.30 g) was
added a solution of K»S,0z (0.05 mol, 13.52 g) in H,O (60 ml)
dropwise. The orange solid of BAABCPS (1) was precipitated.
The reaction mixture was stirred at —5 °C for 30 min. The crystals
were collected, washed with water (20 ml) and then dried under
high vacuum (0.01 mmHg), yield 35.5 g (85%), "HNMR (DMSO-
dg) 0 = 7.60 (s, SH), 4.80 (s, 2H), 3.90 (s, 4H), 3.30 (s, SH).
The oxidant was titrated three times following this representative
procedure: to 2.5 ml of 0.01 M BAABCPS (1 M =1 mol dm™?)
solution in a 20 ml conical flask were added 0.7 ml of 5 M sodium
bromide solution and 0.2 ml of 3 M sulfuric acid. Stopper the flask.
Swirl the content. Then add excess 0.05 M ammonium iron(Il)
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Table 2. Converting of 4 to Carbonyl Compounds 5

Starting Product” Reaction Yield®  Mp/°C or bp/°C/Torr

material time/min % (1it,%37)
4a Sa 60 90 48 (47—49)
4b 5b 45 90 82—85/760 (83—85)
4c 5S¢ 80 85 48 (47—50)
4d 5d 50 98 118 (117—119)
de Se 60 96 42 (41—43)
4f 5t 45 96 78/760 (76—79)
4g S5g 45 96 38 (37—39)
4h 5h 45 91  244—-249/760 (245—248)
4i 5i 80 65 49 (47—49)
4j 5j 80 55 120/760 (118—121)
4k 5k 80 50 232/760 (232)
41 51 80 65 118—120 (117—119)
4m Sm 40 91 48 (47—49)
4n 5n 60 95 84/760 (83—385)
40 S0 45 100 48—49 (47—50)
4p Sp 55 98 37—39 (37—39)
4q 5q 80 70 178—190/760 (117—179)
4r 5r 80 60 84—85 (83—385)
4s Ss 80 75 38 (37—39)
4t 5t 80 59 47—49 (47—50)

a) were confirmed by comparison with authentic sample (JR and
NMR). b) yield of isolated pure carbonyl compound.

sulfate (1.5 ml), and allow to stand for 30 min. Add 0.1 ml of 0.001
M ferroin indicator, and titrate the excess of Fe?* ion with 0.02 M
cerium(V) sulfate in 0.5 M sulfuric acid to the first color change from
orange to yellow. The average of the three trials gave 32.02+0.6%
by weight of the active oxidizing agent (BAABCPS). Found: C,
52.20; H, 6.40; N, 9.20; S, 10.60%. Calcd for CosH3sN4S,0s: C,
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52.16; H, 6.40; N, 9.36; S, 10.71%.

Oxidation of 2 to 3: The oxime 2 (2 mmol) was added to
a stirred solution of oxidant 1 (2 mmol, 1.2 g) in acetonitrile (15
ml). The mixture was heated at reflux until TLC showed complete
disappearance of starting material, which required 15—30 min de-
pending on the substrate (Table 1). The mixture was cooled and 3
g of silica gel was added to the reaction mixture. It was stirred for
5 min; the solid was then separated by filtration through Celite and
washed with acetonitrile (2x 10 ml). Evaporation of the solvent
gave carbonyl compound 3. The product was purified by short-path
distillation or column chromatography on silica gel using a mixture .
of ethyl acetate and hexane as eluent (90 : 10).

Oxidation of 4 to 5:  The compound 4 (2 mmol) was added
to a stirred solution of oxidant 1 (2 mmol, 1.2 g) in acetonitrile (15
ml). The mixture was heated at reflux until TLC showed complete
disappearance of starting material, which required 40—80 min de-
pending on the substrate (Table 2). The mixture was cooled and 3
g of silica gel was added to the reaction mixture. It was stirred for
5 min; the solid was then separated by filtration through Celite and
washed with acetonitrile (2x10 ml). Evaporation of the solvent
gave carbonyl compound 5. The product could be further purified
by column chromatography on silica gel using a mixture of ethyl
acetate and hexane as eluent (90 : 10).

Oxidation of 6 to 7:  The alcohol 6 (2 mmol) was added to
a stirred solution of oxidant 1 (2 mmol, 1.2 g) in acetonitrile (15
ml). The mixture was heated at reflux until TLC showed complete

Table 3. Oxidation of Alcohols 6 to Carbonyl Compounds 7%

Alcohols R R? Reaction  Yield®  Mp/°C or bp/°C/Torr
time/min % (1it,>>7)

6a Ph H 10 98 1797760 (178)

6b 4-NO,CgHy H 20 95 104 (104—105)

6c 3,4-(Me0),CsHj H 30 98 82 (81—83)

6d 4-PhCeHy Me 15 97 117—119 (117—119)

Ge 2-Pyridyl Ph 10 96 84/760 (83—85)

6f Ph Me 15 96 119/760 (118—121)

6g 4-MeOCsH, H 5 97 3537 (35--37)

6h 2-MeOCsH, H 30 97 47 (47—49)

6i Ph Ph 60 95 102/760 (100—103)

6j 3-MeOCsHs H 10 99 45 (45—47)

6k 4-CICsH, H 20 94 196/760 (195—198)

6l 2-CICsH4 H 10 96 212/760 (212—214)

6m Ph PhCH, 25 98 54 (54—55)

6n 4-BrCsH,4 Me 30 95 49—50 (49—51)

60 4-CICeH, Me 15 100 232/760 (232—234)

6p Ph PhCO 25 96 95 (94—96)

6q 2,3-(Me0),C¢H; H 30 95 4952 (49—53)

6r PhCH=CH Ph 20 95 54—57 (54—5T)

6s PhCH=CH Me 60 95 39 (39—40)

6t 4-NO,CsH,CH=CH H 40 90 138—142 (139—142)

6u PhCH=CH H 60 99 127/760 (125—128)

a) were confirmed by comparison with authentic sample (IR and NMR).

carbonyl compound.

b) yield of isolated pure
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disappearance of starting material, which required 10—60 min de-
pending on the substrate (Table 3). The mixture was cooled and
3 g of silica gel was added to the reaction mixture. It was stirred
for 5 min; the solid was then separated by filtration through Celite
and washed with acetonitrile (2x 10 ml). Evaporation of the sol-
vent gave carbonyl compound 7. The crude product was purified
by column chromatography on silica gel using a mixture of ethyl
acetate and hexane as eluent (90: 10).
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