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Direct Oxidation of Alkanoic Acids and their Amides to y-Lactones by

Peroxydisulphate-containing Systems

Gennady . Nikishin,” Igor V. Svitanko, and Emmanuil I. Troyansky
N. D Zelinsky Institute of Organic Chemistry, U.S.S.R. Academy of Sciences, Moscow, U.S.S.R.

The reaction of one-electron oxidation of alkanoic acids (I) and their amides (VI) on treatment with Na,-
S,0g-containing systems has been studied. As a result of the direct one-pot reaction acids (I) and amides
(VI) are converted into y- and 3-lactones, the reaction being regioselective and leading mainly to y-
lactones in up to 35% yield. The regioselectivity of the oxidative lactonisation depends greatly on the
nature of alkyl substituents. The results obtained are presented in terms of a mechanism suggesting the
generation of acyloxyl and amidyl radicals from (I) and (VI), respectively, followed by a rearrangement
via a 1,6- or 1,6-H shift into the corresponding 3- and 4-carboxy- or -carboxamido-alkyl radicals. The
latter undergo oxidative cyclisation to produce y- and §-lactones. The system Na,S;0g~NaCl-NaOH
converts carboxamides (VI) into amines with loss of one carbon atom as a result of a Hoffmann type

rearrangement.

Reactions of one-electron oxidation of organic compounds
including the formation of free radicals have recently become
an effective method of organic synthesis.! Important among
them are the reactions leading to remote functionalization of
carboxylic acids and their derivatives, revealing new ap-
proaches to polyfunctional compounds, particularly lactones
which are parts of many physiologically active substances.?

The present paper deals with a direct oxidative lactonization
of carboxylic acids and their amides by means of the oxidative
system sodium peroxydisulphate-metal chloride.*

Results and Discussion

The interaction of carboxylic acids with oxidants, e.g.
derivatives of Pb'Y, Ag!!, Co'! and other polyvalent metals 37
or with the oxidative systems S,042 -Ag*, $,042 -Ag*-—
Cu?*, etc.®® results usually in their decarboxylation and
generation of alkyl free radicals. The maintenance of the
carboxylic group in this kind of reactions was only observed
when the acids underwent conversion into lactones by peroxy-
disulphuryl difluoride !° and on treatment of alkanoic acids
bearing a tertiary y-C atom with the alkaline KMnO,.!*

We have found that alkanoic acids under the action of 1: 1
Na,S,0s-CuCl, in aqueous media at 80—90° are converted
into y-lactones (Ila—g) with high selectivity. In the case of
acids (Ib—e), along with the predominant formation of y-
lactones (IIb—e), the corresponding 8-lactones (IIIb—e) are
formed. Acids (Ia—g) also undergo partial decarboxylation
(Table 1).

The efficiency of the formation of y-lactones (II) increases
on passing from (Ia) to (Ib) and then decreases from (Ib) to
(Ic—e). 3-Methylbutanoic acid (If) is oxidized to B-methyl-y-
butyrolactone (IIf) less effectively than (Ib) to y-methyl-y-
butyrolactone (IIb). 4-Ethyloctanoic acid (Ig) is selectively
oxidized to the y-lactone (IIg). Therefore the selectivity of the
oxidation of (I) to (IT) depends greatly on the C-4 substituents
of the acids, the contribution of oxidative lactonization being
lowest when this atom is primary in (Ia) and (If) and sub-
stantially increased when it is secondary in (Ib—e) or tertiary
in (Ig).

The contribution of oxidative decarboxylation with CO,
evolution increases in parallel with a decrease in the lactone
yield. During the oxidation of (Ie) 1-chloroheptane was also
identified as a result of the interaction of the heptyl radical
formed by the decarboxylation of (Ie) with Na,S,0s-CuCl,.

In order to investigate the mechanism of this regioselective
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Table 1. Oxidation of alkanoic acids (Ia—g) in Na,S;0~CuCl, *

Con- Reaction products, yield (%) based on
version the acid converted

Substrate %) CO, v-Lactone &-Lactone

(Ta) 44 36 (IIa), 34

(Ib) 45 11 (Ilb), 77 (Ilib), 9

(Ic) 45 13 (Iic), 60 (I1lc), 22

Id) 40 25 (11d), 45 (111d), 17

(Ie) 31 30t (Ile), 30 (Ille), 12

If) 30 47 (IIf), 50

(g 2 27 (Tlg), 64

*85—90° 5 h; 100 mmol (I), 100 mmol Na,S,0s, 100 mmol
CuCl,2H,0; 110 ml water. 1 1-Chloroheptane was also identified
in 23%; yield based on (Ie) converted.

oxidative lactonization of acids (I) to y-lactones (II) and to
discover some other effective oxidative systems, a study was
made of the oxidation of (I) by means of Na,S,0j in the pre-
sence of different salts (Table 2).



596

J. CHEM. SOC. PERKIN TRANS. II 1983

Table 2. Oxidation of pentanoic acid (Ib) by Na,S,0,-M"X,, *

(Ib)
Molar ratio converted
M*X, Na,S,0; : M"X, (VA)
CuCl, 1:1 45
CuCl, 1:2 52
CusSO, 1:1 8
CuCl,-FeSO, 1:1:0.1 55
FeCl, 1:1 44
FeCl, 1:1 51
CoCl, 1:1 52
Cex(SO0.)s 1:1 44
NiCl, 1:1 65
NacCl 1:2 37

Reaction products, yield (%)
based on (Ib) converted

CO,

+8++g&=

—
o0

y-lactone
(IIb) Other products
7 (I11b), 9
38 (II1b), 4
Traces
55 (IlIb), 4
40 (I1Ib), 4
47 (I1Ib), 8
30 (IIIb), trace
80
55 CI(CH,),COOH (IVa), 14
C,HsCHCICH,COOH (1Vb), 15
76 (IlIb), 8

* 85°, 5 h; 100 mmol acid (Ib), 100 mmol Na,S,0s, 110 ml water. + Not measured.

Céo $,08™-cu?”
AN NN AN
OH — ]
lszog'—t:uz’
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NN

The most effective and selective oxidation of (Ib) to (IIb)
occurs with Na,S;05—CuCl,, Na,S,05-Ce,(S0,)s, and Na,S,-
Og-NiCl,. The higher the amount of CuCl,, the lower the
selectivity of the formation of (II) and the higher the contribu-
tion of the decarboxylation reaction. In the presence of Fe!l,
Fe''!, and Co!! species the selectivity of the oxidation of (Ib)
to (IIb) shows a marked decrease.

Na,S,05-NaCl (1: 2) converts 25% (Ic), the yield of (IIc)
and (IIIc) being 60 and 20%, respectively [based on (Ic) con-
verted].

It should be noted that (IIb) is inert to oxidation and
undergoes no lactonization when treated with KMnO,—
NaOH, used previously to produce lactones from substituted
alkanoic acids bearing a tertiary y-carbon atom!! (see
Experimental section).

We suggest the mechanism of lactone formation involves
one-electron oxidation of alkanoic acids by Na,S,04—
M** to acyloxyl radicals of type (A) stabilized by co-ordin-
ation with a polyvalent metal. These radicals undergo a 1,5-
and 1,6-H shift to rearrange into the 3- and 4-carboxyalkyl
radicals (B) and (C). The oxidation of (B) and (C) to the cor-
responding carbocations and cyclization of the latter or the
homolytic cyclization of (B) and (C) by intramolecular
addition to the C=0 group and subsequent oxidation (cf. ref.
12) afford y- and 3-lactones, respectively (Scheme 1).*

One can also expect the formation of hypochlorites RCH,-
CH,(CH,),C(O)OCI as intermediates with Na,S,0s~CuCl,
and Na,S,05-NaCl (¢f. ref. 13). The homolytic scission of the
O-Cl bond results in the generation of radicals which undergo
conversion, after being rearranged into (B) and (C), into y-
and 3-lactones.

* A referee has suggested that intramolecular hydrogen atom
abstraction involves the acyloxy-cation radical rather than the
acyloxyl radical, and that proton loss occurs after the hydrogen
atom abstraction. Such a scheme is equally compatible with the
observed products and is consistent with the formation of lactones,
even in the absence of polyvalent metals.
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Scheme 2.

Another possible scheme involves a thermal or a catalytic
process in the presence of Cu?* or Ce®*, generating sulphate
anion radicals as well as Cl radicals in Na,S,0s-CuCl, and
Na,S,0s-NaCl. This allows the nonselective abstraction of
the hydrogen atoms from the alkyl moiety of the carboxylic
acid to generate carboxy-substituted alkyl radicals. Radicals
(B) and (C) produce y- and 8-lactones (Scheme 2),

To refine the proposed mechanism of the oxidation of
acids (I) to lactones (II) and (III), a study was made of the
interaction of methyl valerate (V) with Na,S,0s-CuCl,.
Under conditions when no hydrolysis of (V) to produce (Ib)
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occurs, the conversion of (V) is 8. Under similar conditions
the conversion of (Ib) is 299, the yield of (IIb) being 24%,
(see Experimental section). The hydrogen-donating ability of
the CH;CH,CH,CH, moiety in (Ib) and (V) with respect to
SO, or Cl' is probably the same and the radical CHj-
CHCH,CH,C(O)OCHs, an analogue of (B), originating from
ester (V) can also be oxidized to y-lactone (IIb) (cf. ref. 14) in
the oxidative systems containing Na,S,0s. We believe that
the observed inertness of (V) to Na,S,0s—CuCl, allows us to
reject a mechanism of the formation of (IIb) involving initial
attack of SO,~" or Cl- on the alkyl moiety of (Ib). This
scheme does not account for the high regioselectivity of the
formation of y-lactones (II) either, compared with that of
8-lactones (III). Due to the fact that the hydrogen atoms
are abstracted by the electrophilic radicals usually from the
(0 — 1) carbon atom of the alkyl residue ! the interaction
of (Ic) with the electrophilic SO, and CI- would probably
produce predominantly a precursor of 8-lactone (IIlc), the
radical CH;CH(CH,);COOH, stabilized by interaction with
the CH, group, the yield of which, however, is considerably
lower than that of the corresponding y-lactone (IIc).

Thus the mechanism involving the generation of O-centred
acyloxyl radicals as a key step followed by a rearrangement
involving a 1,5- or 1,6-H shift to produce 3- and 4-carboxy-
alkyl radicals seems more reasonable. According to the
general principles of rearrangements in radical systems, a
1,5-H shift dominates over a 1,6-one,'® which is in line with
the regioselective formation of y-lactones (II). According to
this scheme the maximum yield of y-lactones is observed in
the oxidation of (Ib) when a 1-methyl-3-carboxypropyl radical
stabilized by conjugation with the CH; group is generated.
The low yield of (IIa) from (Ia) is due to a disadvantage in the
rearrangement of the corresponding acyloxyl radical CH;CH,-
CH,C(0)O to a primary 3-carboxypropyl radical.

In distinction to Na,S,0s-CuCl,, Na,S,0s-NaCl, and
Na,S;05-Ce,(SO.),, there is a contribution, following from the
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identification of chloro-acids (IVa and b), due to a mechanism
involving an initial hydrogen abstraction from the alkyl
fragment when (Ib) is oxidized by means of Na,S,04-NiCl,.

Recently detailed studies have been made of hetero-
centred amidyl radicals with an odd electron at the nitrogen
atom.'”"® Methods for the generation of these radicals have
been developed based mainly on the homolysis of N-halogeno-
amides,'?*2' and some general reactions, e.g. intra- and
inter-molecular addition to the C=C bond,!® rearrangement
involvinga 1,5-H shift, and cyclization into 2-iminotetrahydro-
furans 2°-22 have been explored. The structure of the ground
state of the amidyl radicals has been established by theoretical
calculations and e.s.r. spectroscopy.?®* Few studies have been
made to date on the reactions of amidyl radicals in systems
containing compounds of polyvalent elements.?*

An investigation of the one-electron oxidation of carbox-
amides (VIa—c) to the amidyl radicals (VIIa—e) and reactions
of the latter with Na,S,03-CuCl,, Na,S,0s-NaCl, and
Na,S,0s-NaCl-NaOH has been made to compare the
chemical behaviour of the acyloxyl and amidyl radicals under
similar conditions. The oxidative conversion of NN-di-
ethylpentanamide (VIf) in the system Na,S,0s-CuCl, has also
been studied.

We found that on treatment with equimolar amounts of
Na,S,05-CuCl, and Na,S,0s-NaCl (the latter being taken
in two-fold excess) in aqueous media at 85—90° (VIa—c) are
oxidized to the y-lactones (ITb—d) and 8-lactones (Illc, d). A
direct one-pot conversion of carboxamides into lactones was
not previously known, although y- and &-lactones can be
produced from amides via a number of successive reactions
including halogenation of amides into N-halogenoamides,
followed by photolytic rearrangement into 4- and 5-halo-
genocarboxamides and cyclization of the latter on treatment
with alkali.?0-22

Under the lactonization reaction conditions amides (VIa—
c) also undergo hydrolysis to produce the corresponding
alkanoic acids (Ib—d) (Table 3).

Thus, for the two systems investigated, Na,S,0s—CuCl, and

CH3(CHy)3CO,Me Na,S,05-NaCl, amide (VIa) undergoes regiospecific con-
version into y-valerolactone (IIb) and amides (VIb and c)
(v) produce a mixture of y-lactones (Ilc and d) and &-lactones
. R $,027-cl .
R'CH,CH,CH,CH,CONHR R'CH,CH,CH,CH,C ( 0)NR?
(Vla-e) a;R'=R2:=H (VILa-e)

b; R' = Me,R2=H
c; R =Et,R2:=H
d;R'=H,R2= Me
e;R' = H,R?: Et

Table 3. Oxidation of alkanamides (VIa—e) by Na,S,05-CuCl, and Na,S,04-NaCl *

NazSZOg-CuClZ

Na2520a—NaCI

Reaction products, yield (%)
based on the amide converted

Conversion N N

Substrate (VA y-Lactone 8-Lactone Acid
(VIa) 98 (I1b), 45 (Ib), 55
(VIb) 20 (Iic), 30 (Illc), 15 (Ic), 50
(VIc) 92 (11d), 22 (I11d), 15 1d), 50
(VId) 60 (Ilb), 2 (Ia), 90
(Vle) 48 (Ilb), 6 (Ia), 83

Reaction products, yield (%)
based on the amide converted

Conversion .
) y-Lactone d-Lactone Acid
80 (11b), 42 (Ib), 45
68 (lc), 40 (llc), 19 (Ic), 41

* 85—90° 10 h; 50 mmol (VI), 50 mmol Na,S,04, 50 mmol CuCl,2H,0 or 100 mmol NaCl, 150 ml water.
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(ITlc and d) with a considerable predominance of the y-
species. The total yield of the lactonization products in the
system Na,S,0s-CuCl, is 40%, it being independent of the
length of the alkyl group in the primary amides (Vla—c).

The oxidative lactonization of monoalkylamides (VId and
e) proceeds only moderately, the yield of (IIb) being 2—6%.

The mechanism of the lactone formation is assumed to
involve a one-electron oxidation of amides (Vla—e) to amidyl
radicals (VIla—e) by means of Na,S,0s-Cl~ (cf. ref. 24).
The primary radicals (VIla—c) are rearranged by 1,5-and 1,6-
H shifts into the 3- and 4-carboxamidoalkyl radicals (D) and
(E). As a result of the homolytic cyclization of (D) and (E)
which proceeds via addition to the C=O group followed by
oxidation (c¢f. ref. 25), the intermediate cations (F) and (G)
are obtained. The immediate hydrolysis thereof under the
reaction conditions affords y-lactones (IT) and §-lactones (11I)
thus ensuring a one-pot pathway for amide lactonization.

Lactones (I1) and (IIT) can also be obtained in the oxidation
of radicals (D) and (E) in the course of heterolytic cyclization
of the resulting carbonium ions or chloroalkanamides.

The rearrangement of the more oxidizable, as compared
with the primary radicals (VIla—c), secondary N-alkylamidyl
radicals (VIId and e) into carboxamidoalkyl radicals is less
favourable thermodynamically, and this is responsible for the
low yield of y-lactone (IIb) from the N-alkylamides (VId and
e). The inertness of (VId and e) towards oxidative lactoniz-
ation under the reaction conditions studied disagrees with the
literature data for the high tendency of N-chloro-N-methyl-
valeramide to be converted into y-valerolactone in non-
aqueous media.?

The ratio of lactones (II) : (1II) in the amide reaction differs
substantially from that observed for the corresponding
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alkanoic acids. No CO,, a product of oxidative decarboxyl-
ation of alkanoic acids in the presence of Na,S,04,>® has been
detected in the reaction studied. This enables us to exclude the
possibility of the formation of lactones (II) and (III) by
hydrolysis of (VI) into acids (I) and lactonization of the
latter under the reaction conditions. It has been shown by a
check experiment that (VIa) is stable in the system NaHSO,~
CuCl, (see Experimental section) and, thus, acids (I) are
obtained as a result of the oxidative hydrolysis of amides (VI).

Comparison of data on the oxidative cyclization of alkanoic
acids (Ic and d) and that of the corresponding amides (VIb
and ¢) by Na,S;04—CuCl, leading to y- and &-lactones
(Tables 1 and 3) indicates that the regioselectivity of acid
lactonization, as judged by the (II): (II) ratio, is usually
higher than that of the corresponding amides, it being ca. 1.5
times higher for the pairs (Ic)~(VIb) and (Id)—~(VIc). Intra-
molecular rearrangements of alkylaminyl radicals involving
1,5- and 1,6-H shifts are known to be characterized by a lower
regioselectivity than those of alkoxyl radicals.!” A similar
feature seems to be typical of the intramolecular rearrange-
ments of amidyl and acyloxyl radicals, appearing as a reduced
regioselectivity of the oxidative lactonization of the former.

Under the action of Na,S,05-CuCl, NN-diethylpentan-
amide (VIf) undergoes de-ethylation to produce N-ethyl-
pentanamide (VIe). No lactone (IIb) was detected in the
oxidation products from (VIf).

The addition of NaOH to Na,S,0s-NaCl causes a drastic
change in the nature of the oxidative conversions of amides
(VI) and they undergo conversion into primary amines (VIII)
with loss of one carbon atom. Under the reaction conditions
amides (VIa—c) are hydrolysed into acids (Ib—d) similarly
to their behaviour in the systems Na,S,0,-CuCl, and
Na,S,0s-NaCl (Table 4).

The most probable mechanism for the formation of amines
(VIIIa—c) appears to be that involving the oxidation of
amides (VIa—c) or amidyl radicals (VIla—c) to N-chloro-
amides, their dehydrochlorination into nitrenes (IXa—c) and
a Hoffmann-type rearrangement of the latter 2® to produce



J. CHEM. SOC. PERKIN TRANS. 11 1983

Table 4. Oxidation of amides (VIa—c) by Na,S,04~NaCl-NaOH *

Reaction products, yield (%) based

Conversion on the amide converted

Substrate (VA Amine Acid
(VIa) 100 (VIIIa), 30 (Ib), 55
(VIb) 100 (VIIIb), 36 (Ic), 56
(VIc) 100 (VIlIc), 35 (Id), 49

* 85—90°, 7 h; 50 mmol (VI), 50 mmol Na,S,0s, 100 mmol NaCl,
100 mmol NaOH, 200 ml water.

(VIIIa—c). Thus the introduction of NaOH into oxidative
system Na,S,04-NaCl has made it possible to interrupt the
homolytic reaction pathway for amides (VI) in favour of a
carbenoid one (Scheme 3).

Experimental

G.Lc. analyses were carried out on an LKhM-8MD chrom-
atograph fitted with a flame-ionization detector. Columns
used were 3 000 X 3 mm with 10%, Carbowax 20M treated
with H;PO, ¥’ on Celite 545 (52—60 mesh); 1 700 X 3 mm
with 3%, PEGS on Chromosorb G treated with dimethyldi-
chlorosilane; and 2 000 X 4 mm with 10% Carbowax 20M
treated with NasPO, on Celite 545 (52—60 mesh). 'H N.m.r.
spectra were run for solutions in CD;CN and CCl, and
recorded with a Tesla BS-497 spectrometer (100 MHz) with
hexamethyldisiloxane as internal standard. Mass spectra
were obtained with a Varian-MAT CH-6 instrument with a
direct inlet system and an ionizing voltage of 70 eV. IL.r.
spectra were obtained with a Perkin-Elmer 577 spectrometer
for thin layers and CCl, solutions. G.l.c.-m.s. was carried out
on a Varian-MAT CH-111 instrument with a chromato-
graphic inlet an ionizing voltage of 70 eV.

Na,S;,0s was a commercially available analytical grade
sample; CuCl,, NaCl, NaOH, FeCl,, FeSO,, FeCl,;, CoCl,,
NiCl,, CexS0O.);, NaCl, and KMnO, were commercially
available reagent grade samples used. without additional
purification. Alkanoic acids (Ia—g), commercially available
reagent grade samples, were purified by distillation in vacwo.
Amides (VIa—c) were obtained by reaction of the cor-
responding alkanoyl chlorides with NH,OH 2® and purified
by recrystallization from ethanol, (VIa) m.p. 104—105°
(lit.,? 106°); (VIb) m.p. 100—100.5° (lit.,° 101°); and (VIc)
m.p. 96.5° (lit.,”*> 98—-98.5°). The interaction of valeroyl
chloride with CH;NH,, C,Hs;NH,, or (C,H;),NH ?® pro-
duced (VId—f) purified by distillation in vacuo; (VId) b.p.
150° at 75 mmHg (lit.,>® 169° at 90 mmHg); (VIe) b.p. 125°
at 10 mmHg (lit.3! 113—115° at 7 mmHg); (VIf) b.p. 108—
110° at 18 mmHg (lit.,3? 94—95° at 10 mmHg). The spectral
data of amides (VId—f) are summarized in Table 5.

Oxidation of Alkanoic Acids (la—g).—A solution of
Na,S,05 (100 mmol) in water (50 ml) was added dropwise at
85—90° for 0.5—1 h to a vigorously stirred mixture of alkanoic
acid (100 mmol) and other components (see Tables 1 and 2) in
water (90 ml). The mixture was heated at the same temperature
for 4—4.5 h with vigorous stirring. On cooling the mixture was
extracted with ether (3 X 100 ml). The extract was dried
(MgSO0,), the ether evaporated, and the residue was analysed
by g.l.c., using propionic acid as standard. To isolate lactones
(IT) and (III), the residue was neutralized with a saturated
solution of Na,CO,, extracted with ether, dried (MgSO,), the
ether evaporated, and the residue distilled in vacuo. The yields
of lactones (II) and (IIT) as well as the conversion of acids (I)
are summarized in Table 1. The properties and spectral data
of the products are summarized in Table 5.
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CO, was measured by taking it up in a flow of argon into
two U-tubes filled with Ascarite (CO, absorbent). Yields of
(IT) and (III) and conversion of (I) were the same as in the
experiments conducted in a non-inert atmosphere.

Reaction of Methyl Valerate (V) with Na,S,0s—CuCl,.—To
a mixture of (V) (100 mmol) and CuCl-2H,0 (100 mmol) in
water (90 ml) at 85—90° for 0.5 h, was added a solution of
Na,S,05 (100 mmol) in water (50 ml). The mixture was heated
at the same temperature for 1.5 h with vigorous stirring,
cooled, extracted with ether (3 x 100 ml), dried (MgSO,),
and the ether evaporated. Ester (V) (92 mmol) was found in
the residue by g.l.c.

Oxidation of (Ib) by the System Na,S,05-NiCl,.—A solution
of Na,S,04 (100 mmol) in water (50 ml) was added dropwise
at 85—90° for 1 h to a mixture of (Ib) (100 mmol) and NiCl,
(100 mmol) in water (90 ml). The mixture was heated at the
same temperature for 4—4.5 h with vigorous stirring, cooled,
treated with a saturated solution of Na,CO; to pH 9, and
extracted on cooling with ether (3 X 100 ml). The extract was
dried (MgSO,), the ether evaporated and y-valerolactone (IIb)
estimated by g.l.c. The aqueous phase was acidified to pH
3—4 and extracted with ether (3 X 50 ml). The extract was
dried (MgSO,) and the ether evaporated. The residue was
distilled in vacuo to isolate 3- and 5-chlorovaleric acids (IVa
and b).

Interaction of (Ib) with KMnO,~NaOH.—To a mixture of
(Ib) (100 mmol) and NaOH (120 mmol) in water (150 ml), a
solution of KMnO, (100 mmol) in water (100 ml), was added
dropwise at 85—90° for 1 h with vigorous stirring. The mixture
was heated at the same temperature for 5 h, cooled, treated
with Na,SO; until the solution became colourless, acidified to
pH 3—4 with diluted H,SO,, and extracted with ether (3 X
100 ml). The extract was dried (MgSO,) and the ether evapor-
ated. The residue was analysed by g.l.c. and spectral methods.
Acid (Ib) (95 mmol) was recovered.

Oxidation of Alkanamides (VIa—c) in Na,S,0s—-CuCl, and
Na,S;05-NaCl.—To a mixture of amides (VIa—c) (50 mmol)
and CuCl, (50 mmol) or NaCl (100 mmol) in water (100 ml),
a solution of Na,S,05 (50 mmol) in water (50 ml) was added
dropwise at 85—90° for 2.5—3 h with vigorous stirring. The
mixture was stirred at the same temperature for another 7 h
and cooled down. The residue was filtered off and washed
with cold water and a small amount of ether. The residue was
found to be unchanged amide (VI). The filtrate was extracted
with ether (3 X 100 ml) and chloroform (2 X 100 ml). The
extract was dried (MgSO,) and evaporated. The residue was
examined by g.l.c. using an acid with oneless methylene group
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Table 5. Physico-chemical properties and spectral characteristics of lactones (II), (III), acids (IV), and amides (VI)

Found
Lr. (required)
B.p. (°C) spectra Mass spectra )
Compd. (p/mmHg) (vfcm™) 'H Chemical shifts (8) (m/z, rel. intensity) Formula C H
(IIa) 100 (27) 1780 2.10 (m, 2 H, CH,CH,CH,) — CH(0, 55.7 6.9
2.35 (t, 2 H, CH,CO) (558 (1.0
4.28 (t, 2 H, CH,0)
(11b) 105—107 (26) 1780 1.25 (d, 3 H, CH») Similar to ref. 33 CsH; 0, 59.55 1.7
2.25 (m, 4 H, CH,CH,) (60.0) (8.0)
4.50 (m, 1 H, CHO)
(Ilc) 102—104 (20) 1770 1.10 (t, 3 H, CH,) Same CsH,00, 62.5 8.6
1.70 (m, 2 H, CH,CH,CH) (63.15) (8.6
2.25 (m, 4 H, CH,CH,)
4.50 (m, 1 H, CHO)
(11d) 109 (16) 1770 1.05 (t, 3 H, CH3y) Same C;H;,0, 65.15 9.15
1.65 (m, 4 H, CH;CH,CH,) (65.6) (9.45)
2.26 (m, 4 H, CH.CH,)
4.50 (m, 1 H, CHO)
(1le) 115 (36) 1780 1.17 (d, 3 H, CHy,) 41 (100), 42 (95), 55 (20), CsH;0, 59.65 7.85
2.05 (d) and 2.43 (d,) 56 (65), 39 (50), 57 (7,) (60.0) (8.0
2 H, CH,CO) 100 (M, 7), 85 (2),
2.55 (m, 1 H, CH)
3.75 (m) and 2.22 (m,
2 H, CH,0)
(11) 104 (10) 1775 0.90 (t, 6 H, CH,) 29 (100), 41 (95), Ci0H;50, 70.3 10.45
1.25—1.8 (m, 10 H) 47 (90), 113 (90), (70.6) (10.55)
240 (t, 2 H, CH,CO) 55 (86), 43 (40),
141 (40), 56 (35),
85 (25), 69 (25)
(IIIb) 1730 Similar to ref. 33
(1Ic) 1725 Same
(111d) 1730 Same
(IVb) 143—145 (15) 790, 1.08 (t,3 H, CH,) 60 (100), 42 (75), CsHClO, 43.8 6.5
1710 2.05 (m, 2 H, CH,CH,) 41 (70), 55 (65), 56 (60), (43.95) (6.6)
4.10 (m, 1 H, CHCI) 43 (60), 73 (30), 100 (20)
(IVa) 149—152 (13) 790, 2.00(d, 4 H, CH,CH,) 73 (100), 55 (90), C;sH,ClO, 43.8 6.5
1710 3.60 (t, 2 H, CH,Cl) 41 (80), 43 (70), (43.95) (6.6)
2.30(t, 2 H, CH,CO) 60 (70), 56 (60), 100 (60),
54 (50), 42 (50)
(VI1d) 150 (75) 1640, 0.90 (t, 3 H, CH,CH,) 73 (100), 55 (90),
3 070, 1.50 (m, 4 H, CH,CH,) 41 (80), 43 (80),
3350 2.20 (t, 2 H, CH,CO) 60 (60), 54 (50),
2.60 (s, 3 H, CH3N) 56 (50), 100 (40),
7.25 (s, 1 H, NH) 83 (20)
(Vle) 125 (10) 1640, 0.92(t, 3 H, CH,CH,CH,) 87 (100), 72 (80),
3070, 1.24 (m, 3 H, CH,CH,N) 44 (40), 57 (25),
3340 1.60 (m, 4 H, CH,CH,CH,) 41 (21), 100 (20),
2.23 (t, 2 H, CH,CO) 85 (15), 114 (10),
3.31 (g, 2 H, CH,N) 129 (M*, 7), 128 (6)

5.8 (s, 1 H, NH)
(VIf) 108—110 (8) 1640 0.9 (t, 3 H, CH,CH,CH;) 58 (100), 44 (90),

1.24 (m, CH;CH,N, 6 H) 41 (70), 57 (60),
2.62 (m, 4 H, CH;CH;CH,) 72 (50), 56 (40),
2.20 (t, 2 H, CH,CO) 46 (40), 100 (40),
3.24 (g, 4 H, CH,N) 115 (60), 128 (30),

157 (M*, 10)
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as standard for the identification of lactones and acids. To
determine the amide recovered in the residue, the lower homo-
logue of the amide was used as standard.

Toisolate lactones (II) and (I1I), the residue was neutralized
with a saturated solution of Na,CO;, extracted with ether
(3 x 100 ml), dried (MgSO,), the ether evaporated, and the
residue distilled in vacuo. The properties and spectral data of
lactones (IIb—d) and (IIlc, d) are listed in Table 5.

Oxidation of the N-Substituted Valeramides (VId—f) in
Na,S,0s—CuCl,.—To a mixture of (VId—f) (100 mmol) and
CuCl, (100 mmol) in water (150 ml), a solution of Na,S,04
(100 mmol) in water (100 ml) was added at 85—90° for 2 h
with vigorous stirring. The mixture was stirred at the same
temperature for 7 h and extracted with ether on cooling. The
extract was dried (MgSO,) and the ether evaporated. The
residue was fractionated in vacuo.

Attempted Hydrolysis of (V1a) in NaHSO,~CuCl,.—A mix-
ture of (VIa) (100 mmol), NaHSO, (200 mmol), and CuCl,
(100 mmol) in water (250 ml) was heated at 85—90° for 10 h
with vigorous stirring. On cooling the mixture was extracted
with ether (3 x 100 ml). The extract was dried (MgSO,) and
evaporated. The residue contained the recovered (VIa) (98
mmol).

Oxidation of Alkanamides (Vla—c) in Na,S;0s-NaCl-
NaOH.—To a mixture of (VIa—c) (50 mmol) and NaCl
(100 mmol) in water (100 ml) were added dropwise at 85—
90° for 2 h with stirring from two funnels solutions of Na,S,-
O3 (50 mmol) and NaOH (100 mmol) in water (50 ml), the
NaOH solution being added at a rate twice that of the Na,-
S,0; solution. The mixture was heated at the same temper-
ature for another 5 h and on cooling it was extracted with
ether. The extract was dried (MgSO,) and the ether evaporated
in vacuo. Amines (IITa—c) were isolated by distillation. Their
physical constants and spectral data are identical with those
of the known samples. The aqueous layer was acidified with
IN-HCI to pH 3—4 and extracted with ether (3 x 100 ml).
The extract was dried (MgSO,) and the ether evaporated.
Distillation in vacuo produced alkanoic acids (Ib—d) identical
to the known samples.
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