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BOJAN PODOLESOV

REACTION OF C-ACETYL COMPOUNDS WITH
PHENYLIODOSODIACETATE

By the reaction of C-acetyl compounds with phenyliodoso-
diacetate in acetic acid, corresponding o -acetoxy-C-acetyl deri-

vatives were obtained.
In aqueous acetic acid, phenyliodosodiacetate effects oxi-
dative cleavage of the C-acetyl compounds and forms the

corresponding carboxylic acids in high yield.

Based on these results and the results of oxidative
cleavage of w-acetoxy-C-acetyl and w-hydroxy-C-acetyl compounds
and that of benzoin, possible pathway for this reaction are
presented.

In a previous paper', we described the oxidation of $-dike-
tones with phenyliodosodiacetate (PIDA). As a continuation of
investigations of the properties of polyoxo compounds?, we have
now examined the reactions of C-acetyl compounds with PIDA.

The action of PIDA on C-acetyl compounds has already been
investigated by Mizukami®, Pati* and Mahalingam® and their co-
workers. Mizukami employed anhydrous conditions and obtained
acetoxy derivatives as final products. Pati and Mahalingam exa-
mined the kinetics of oxidation of ketones in aqueous acetic acid.
Other hypervalent iodine compounds such as iodosylbenzene® and
hydroxy(tosyloxy)iodo benzene’ have been also used in the reac-
tions with ketones.”

We have examined the C-acetyl compounds given in Tables
I and II.

Reactions were conducted in both glacial acetic acid and
in aqueous acetic acid at 90—95°C for over 15—20 hrs. At room
temperature, no reaction occurs. In glacial acetic acid and with
1:1 molar ratios of reactants, only w-acetoxy-C-acetyl compounds
were obtained (Table I), these being identified by elemental, IR
and NMR analyses and from their hydrolysis products.

6*
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RESULTS AND DISCUSSION

In contrast to the results reported by Mizukami et al?, all
C-acetyl compounds studies by us gave w-acetoxy derivatives in
high yield and purity.

In aqueous acetic acid under the same conditions and with
C-acetyl: PIDA molar ratios of 1:4, CO, evolution was observed
and the carboxylic acids given in Table II were obtained in
high yield. With molar ratios of 1:1, 1:2 and 1: 3, besides carbo-
xylic “acids, the corresponding ©-acetoxy-C-acetyl and «-hydroxy-
C-acetyl compounds were detected.

The acetoxylation reaction probably proceeds through an
©-C-iodonium intermediate. Displacement of iodobenzene from
that intermediate with acetate ion as the nucleophile would give
o -acetoxy-C-acetyl derivatives while nucleophile displacement of
iodobenzene with water would give w-hydroxy-C-acetyl derivatives
(Scheme I). Under aqueous conditions, the w-acetoxy-C-acetyl and
©-hydroxy-C-acetyl apparently undergo oxidative cleavage. This
assumption is supported by the direct reactions of authentic
w-acetoxy-C-acetyl and o-hydroxy-C-acetyl compounds with PIDA
in aqueous acetic acid (molar ratio 1:3) to give CO; and the
corresponding carboxylic acids.

-+
0 OH +PhJ/0Ac/, 50_3,/Ph
R-C-CHj —_— R-C=CH, —_— 1 \\OAC B
~AcOH R-C=CH,
i
5 —— R-C~CH,~0Ac
@
R—g-CHz—J-Ph "
OAe +HOH 0
e R-C~CH,OH
-PhJ
-AcOH
R = CgHgs 4-ClCgHy; 4-BrCgHys 4-NO,CoHyi-CoHeCqllys 4-CH30CEH,

2-fluorenyl; 3-phenanthryl
Scheme 1

The oxidation of -hydroxy-C-acetyl derivatives (Scheme II)
with PIDA probably proceeds through a glycol cleavage’, the
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"glycol” being provided by hydration of the o -hydroxy-C-acetyl
compounds. Thus, when w-hydroxy-C-acetyl compounds were treated
with PIDA (1: 1, 90—95°, 90% acetic acid, 1 hr), the corresponding
carboxylic acids were isolated, and formaldehyde was detected
as its 24-dinitrophenyl hydrazone (Table III), With an excess
of PIDA, formaldehyde is oxidized to CO,, this being confirmed
by the direct oxidation of authentic formaldehyde in water solu-
tion with PIDA.

8 :ghg/OAc/z or 1 0 9
R-C-CH,OH il — R-C — C-H ———» R-C-OH + H-C-H
-2AcOH 5 | -PhJ
\J/
NpPh
?H PhJ/0Ac/, 0H
HeG-OH — ———— H-(E;iﬁ'-?h S
~AcOH -PhJ
H H ¥ OAc —AcOH
%
OH PhJ/0Ac/ o
: 2 H/Qd\a
HeC e ——p co2
8 «AcOH *§>’§) -PhJ
0 \ph =AcOH
c
Scheme 1I

Alternatively, the oxidation of w-hydroxy-C-acetyl derivatives
with PIDA may proceed through the endiol tautomers to give
glioxaldehydes and glyoxalic acids (Scheme III).

+PhJ(OAc)2
R-C-CH)OH gzR-C=CH ~ ————» R-{ TCH ———n
0 OH OH ~2AcOH 0 0 -PhJ
A4
J
1
Ph
+PhJ(OAc)2
+H20
R=C=C=-H e i R-C ~ C=0H
in o «PhJ 1] 1]
0 0 0 O
=-2AcOH

Scheme III
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These two modes of oxidation have been confirmed by
studies of the oxidation of benzoin (Scheme IV). In aqueous acetic
acid with benzoin: PIDA molar ratios of 1:1 besides benzoic
acid as main product, benzaldehyde and benzyl were obtained.
However in a molar ratio 1:2 only benzoic acid was obtained.
In an excess of PIDA, benzaldehyde and benzyl are oxidized
to benzoic acid. This was confirmed by the direct oxidation
of authentic benzaldehyde and benzyl with PIDA.

+PhJ(OAc)2
0 H oH H 0 o
€ H.=C = C=C.H i AT SO S 1 s C.H.C-0H # CuHg-C
L TR i . -
gls=C=(Cells  —— 55,0 176t Ty O6fs 65111
OH \ L/
J
\Ph
+PhJ(OAc)2 " B B somiadin
CoH =0 == CeCply i CpHp=C 2= Cm - - —Cal
675 ‘65-2ACOH 675 'SS-PhJ 6°5 1 | 678
0 o0 P 0 0
\g
‘Ph
5 +PhI(0AC), B o 9
-AcOH OAc =~
= o ~AcOH J
Scheme IV

The oxidative cleavage of w-acetoxy-C-Acetyl derivatives we
suggest to proceed through a second acetoxylation or hydroxi-
lation (Scheme I). The suggested v,0-diacetoxy-C-acetyl deriva-
tives and o-hydroxy-w-acetoxy-C-acetyl derivatives could subse-
quently be hydrolized to the corresponding glioxalic acids (Scheme
V). Glioxaldehyds and glioxalic acids were not isolated since they
easily undergo further oxidation as shown in a previous paper.

That the -hydroxy-C-acetyl compounds are products in the
reaction between C-iodonium intermediates and water (Scheme I),
but not hydrolizing products of the parallel formed ® -acetoxy-
C-acetyl compounds is confirmed by the fact that w-acetoxy-
C-acetyl compounds were unchanged by heating in 90% aqueous
acetic acid at 90—95°C during 15—20 hrs.
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A
+PhJ(0Ac) R-C —("J-H +2H20
(i OAc -2AcOH P OH
R-E-CHZ-OAC R-é—(l:-H =
]
OH
+PhJ(OAc)2
0 OH
i
R-C—C-H_ +H,0
Frog OAc ~AcOH
=-2AcOH
+PhJ(0Ac)2
0 0
+H20 i 1 +PhJ(0AC)2
S R-C=0H + H-C -0H e CO.z
-PhJ -PhJ
-2AcOH -2AcOH
Scheme V

The previously obtained results' by the reaction of B-dike-
tones with PIDA compared with these of C-acetyl compounds
indicate that the oxidative cleavage of the former is faster. This
could be explained by the greater activity of the metilen group in
8-diketones than the metil group in C-acetyl compounds.

EXPERIMENTAL PART

All the melting points are uncorrected.
The IR spectra were obtained on a Perkin Elmer 581 Spectro-

photometer.
The NMR spectra were obtained on Varian FT-80A Spectro-

meter.
The PIDA was synthetized according to the procedure given
by Pausacker.

General procedures

Acetoxylation of C-acetyl compounds

To 0.01 mole of a C-acetyl compound dissolved in 10 ml
glacial acetic acid, 0.01 mole of PIDA are added. The reaction
S ixture is heated at 90—95°C for 15—20 hours, and then evapo-
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rated under reduced pressure. From the dry residue the resulting
o-acetoxy-C-acetyl derivatives were isolated by recrystallization
from suitable solvent.

The resuits of the acetoxylation of the C-acetyl compounds
are given in Table I. The spectroscopic data for the obtained
o -acetoxy-C-acetyl compounds are given in Table IV.

Hydrolysis of w-acetoxy-C-acetyl compounds

A suspension of 0.005 mole of ®-acetoxy-C-acetyl derivatives
and 0.0025 mole of barium carbonate in 100 ml water was refluxed
during 3 hours. The solution was filtered hot and the resulting
o-hydroxy-C-acetyl compounds, after cooling, were isolated as
colorless crystals. In this way, the hydrolysis of -acetoxyaceto-
phenone, w-acetoxy-p-chloroacetophenone, w-acetoxy-p-bromoaceto-
phenone, and w-acetoxy-p-methoxyacetophenone was achieved. The
results of the obtained ©-hydroxy-C-acetyl compounds are given
in Table Ia. The spectroscopic data of the obtained «-hydroxy-
C-acetyl compounds are given in Table IV.

Oxidative cleavage of C-acetyl compounds

To 0.01 mole of C-acetyl compound dissolved in 10 ml 90%
aqueous acetic acid, 0.04 mole PIDA are added. The reaction
mixture is heated at 90—95°C for 15—20 hrs. The reaction pro-
ceeds with the releasing of CO,. The end of the releasing of CO;
indicated the end of the reaction. In order to remove the un-
reacted PIDA, few drops of ethylenglycol were added and the
reaction mixture was completely evaporated at reduced pressure.
From the dry residue the corresponding carboxylic acids were
obtained in high yield by recrystallization from suitable solvent
(Table II). The gas evolved by this reaction was detected as CO;
in a form of BaCO;. The gas gave negative reaction for CO with
PdCl;-solution.

The same procedure was also used for the oxidative cleavage
of o -acetoxy-C-acetyl compounds and o-hydroxy-C-acetyl com-
pounds with PIDA in molar ratio 1:3. The reaction proceeds
with CO; releasing and as reaction product only carboxylic acids
were isolated. The results are given in Table II.

Oxidative cleavage of w-hydroxy-C-acetyl compounds with
PIDA in molar ratio 1 : 1"

a. Isolation of carboxylic acid. To 0.01 mole of w-hydroxy-
C-acetyl compounds dissolved in 5 ml of 90% aqueous acetic
acid 0.001 mole of PIDA was added. The mixture was kept for
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an hour at 90—95°C, and was evaporated in vacuo. From the
dry residue corresponding carboxyllic acid was isolated by recry-
stallization from suitable solvent. In this way by oxidative cleav-
age of w-hydroxy-acetophenone, «-hydroxy-bromoacetophenone,
o-hydroxy-4-chloroacetophenone and  w-hydroxy-4-methoxy-aceto-
phenone, a corresponding carboxylic acid was obtained. The
results are given in Table III.

b. Identification of formaldehyde. To 0.001 mole of «-hydro-
xy-C-acetyl compounds dissolved in 5 ml of 90% aqueous acetic
acid, 0.001 mole of PIDA was added. After heating at 90—95°C
for an hour the mixture was diluted with 20 ml water. The mix-
ture was cooled in ice and the supernatant liquid was added to a
solution of lukewarm dilute hydrochloric acid that contained
0.2 g of 24-dinitro-phenyl hydrazine. The mixture was kept at
70°C for 30 minutes, and after cooling in ice the precipitate was
filtered with suction, washed with dilute hydrochloric acid and
dried. After recrystallization from ethyl alcohol, yellow
crystals of formaldehyde 24-dinitrophenylhydrazone with m.p.
155°C was obtained.

In this way, formaldehyde as 2,4-dinitrophenyl-hydrazone was
obtained by oxidative cleavage of w-hydroxy-acetophenone, «-hy-
droxy-bromoacetophenone, ©-hydroxy-4-chloroacetophenone and
o-hydroxy-4-methoxy-acetophenone. The yield in % is given in
Table III.

The oxidative cleavage of benzoin

To 1.06 g (0.005 mole) of benzoin dissolved in 6 ml of 90%
aqueous acetic acid, 1.6 g (0.005 mole) of PIDA was added. The
mixture was kept for an hour at 90—95°C. After adding 5 ml of
water, the mixture was evaporated in vacuo. In order to remove
benzaldehyde from the residue, 10 ml of water was added and
evaporation was repeated. From the dry residue (which is a
mixture of the benzoic acid, benzyl and unreacted benzoin)
the benzoic acid was first separated by extraction with
hot water. 0.250 g pure benzoic acid with m.p. 121°C was
obtained. From the yellow colored solid (0.450 g) which is undis-
solved in water, benzyl was isolated in form of quinoxaline deri-
vative as follows: the yellow solid was dissolved in 5 ml alcohol
and 0.3 g of o-phenylenediamine was added. The solution was
warmed for 30 minutes on a water bath. After cooling, the mixture
was diluted with water, and the separated solid was recrystallized
from alcochol. 0.27 g (19%) 2,3-diphenylquinoxaline as yellow
needles m.p. 122°C was obtained.

From the combined destilate obtained by the vacuum evapo-
ration of the reaction mixture, the benzaldehyde was identified

as p-nitrophenylhydrazone.

.,
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Identification of benzaldehyde as p-nitrophenylhydrazone. To
the combined destilate obtained by the vacuum evaporation of
the reaction mixture, 0.3 g of p-nitrophenylhydrazine was added
and the solution was warmed to 70°C. After 30 minutes the pre-
paration was diluted with 40 ml of water and kept in ice for 3
hours. The izolated crude product after recrystallization from
ethyl alcohol yielded 0.230 g (16%) of benzaldehyde-p-nitrophenyl-
hydrazone with m.p. 191°C.

Oxidation of benzaldehyde with PIDA

A. In the presence of water. To 0.530 g (0.005 mole) of
benzaldehyde dissolved in 5 ml of 90% aqueous acetic acid, 1,6 g
(0.005 mole) PIDA are added. The mixture was heated at 90—95°C
for 3 hours. In order to remove unreacted PIDA, 0.5 ml of ethylen
glycol is added and the reaction mixture is evaporated at reduced
pressure. From the dry residue, after recrystallization from water,
04 g of benzoic acid of m.p. 120°C was obtained.

B. In the absence of water. When the oxidation of benzal-
dehyde with PIDA was carried out in acetic acid—acetic anhy-
dryde, no benzoic acid was obtained.

Oxidation of formaldehyde hydrate

To a solution of 5 ml 90% aqueous acetic acid containing
0.24 g (0.01 mole) formaldehyde hydrate, 3.2 g (0.01 mole) PIDA
was added. The reaction mixture was heated at 90—95°C. During
the reaction of 5 hrs only CO, was released as a reaction product.

The oxidative cleavage of benzyl

The cleavage of benzyl and the isolation of the cleavage
product, were carried out in the same way as described for the
cleavage of benzoin. From 1.05 g (0.005 mole) of benzyl 0.5 g of
benzoic acid of m.p. 121°C was obtained.
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BOJAH I1OJIOJIEIIIOB
PEAKIIMJA HA C-ALIETUIJI COEOIMHEHM]JA CO GOEHUIIJOOO30ANALIETAT

(Pesume)

IIpu peaknujata Ha C-aleTuI coefuHEHNjaTa €O (PEHMIjO030/MALETAT BO
rranMjanHa OIEeTHA KUCENNHa, CE 106MBAAT COOJBETHM -aleTOKCH-C-aneTusi co-
eIMHEeHN]a. ;

AKO OBaa peakiyja ce mu3BeJyBa BO OLECTHA KuceauHa — Bopa, C-anetna
coeqMHEHMjaTa MPETPIYyBaaT PA3JlOXKyBamE JI0 COOABCTHM KapOOKCUIHM KUCEIVHU.

Bp3 OCHOB2 Ha OBJE DE3YNTATH U DPE3YIATATUTC OX OKCHaIjaTa Ha O-XUJ-
pokcu-C-aneTus, w-aneToKcu-C-aneTut coepuHeHuja ¥ Ha OGEH30MHOT TIPEJIONKCH
e MExXaHM3aM Ha 0Baa peaxiuja.
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