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ALKENE OXIDATION BY AN IROM(II)/PERSULFATE/ACETIC ACID SYSTEM
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Abetract - Mono- and disubstituted alkenes were converted to trans-vicinal diacetates by heating with an
iron(I1)/peraulfate/acetic acid system. The synthetic utility and limitations were identified. A mechanism for
the transfarmation {s proposed which involves an initial addition of sulfate radical anion to the alkene followed

by solvalysis, addition, hydrolysis, amd acetylation,

The persulfate ion, 82082', is an inexpersive and easily
handled axidant which is seeing continued® and growing
usage3 It 1S an extremely powerful addant (E° - 201V,
aq); the high activation energy barrier
(approximately 30 keal mol™') to uncatalyzed homolytic
decomposition renders persulfate less useful at reasonable
temperatures.

however,

Transition metal catalysts greatly
facilitate the decomposition of aqueous persulfate
salutions, This allows sharter reaction times, but also
complicates the mechanistic possibilities because of the
high valent metal species which {3 produced in addition to
a reactive sulfate radical anion, eq. 1.

sz()a2b + bf” — mﬂ +

b 2
SOyt ¢ SOy

eq. 1

The catalyzed reaction of peraulfate ion with unsaturated
organic compoads has been studied by many laborataries.
However, most of these effoarts have focused on aromatic
! because of their relationship to the Elbs®
reaction and reactios of Fentar's resgent, H0/Fetnl.
Studies of persulfate reaction with alkenes have generally
been limited to identifyirg the intermediate produced by
reaction of the sulfate radical anion with an alkene] d

substrates

The general process observed in these cases has been
addition to farm a S-sulfatoalkyl radical. Only one other
synthetic example of peraulfate oxidation of alkenes has
been reported'0 besides ar earlier communication of this
work'!, and one repart has propased a competitive oxidation
of alkenes and alconols.'? Polymerization of vinyl
monomers can also be catalyzed by 1;=e~:1‘111;’abe."3

We initiated our study of alkene oxidation by heating 1-
decene to reflux in acetic acid with a transition metal
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salt and ammonium persulfate., Two moncacetates and the
1,2-diacetate were the major products farmed. The results
with several different transition metal salts are
ammarized in Table 1. All the conditions tested, alang
with a oontral reaction with no transition metal species,
gave the same three products as the major components in the
product mixture, The variation in performance of the
additive roughly increased as the redox potential of the
oxidized metal ion decreased. Thus the strong axidants
CKIII) and Ag(II) gave poor yields of diacetates, while a
weak oxidant, Fe(III), Copper(11), a
relatively mild oxidant, did not fare as well as
anticipated on this scale. it is the most
efficient of all these metal ions at oxidizing alkyl
radicals, and so may be intercepting a radical intermediate
at some stage and thereby preventing efficient farmation of
diacetates. It was interesting that when run with no
additive the reaction still gave the same mix of products,
In this case though, the monoacetates outweighed the
diacetates.

1-Decene, in addition to the diacetate product, produced
both primary and secandary mancacetates with the secondary
predominating. Differing ratios of monoacetates were
obtained with the various metal ion reactions (Fig 1) It
was shown independently that the present reaction
conditions do produce the secondary moncacetate by acid
catalyzed Markovwnlkov addition of acetic acid across the
double bond, The primary moncacetate, an the other hand,
was produced via a reaction manifold which required
persulfate, The results in Fig. 1 indicated that a system
oontaining 5 male % Fe(II) gave the least amont of primary
acetate,

Further testing of the ferrous sulfate addend was done by
varying the amount of the addend as well as peraulfate {na

was the best.

However,
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Table 1. Various Trensition Metal Catalysts Baployed
in Paraulfate Oxidation of 1-Decens

Mole Equiv. Mole Equiv. Yield, %
Entry  Catalyst Catalyst Peraulfate Diacetate  Monoacetates

1 Co(ORe), 0.05 1.1 17 14
2 Agic 0.01 1.1 21

3 Cusy, 0.10 2.2 3

y Mn(CAc), 0.05 1.1 43 12
5 FesOy 0.05 1.1 51 18
6 Nane — 1.1 10 z

3/jeld was determined by GC with an intermal standard and appropriate response factors.
Each reaction used a 0.21 M solution of 1-decene in refluxing acetic acid with the

catalyst and oxidant amounts 1isted.

Teble 2. Optimization of Diacetate Yield with Iron(II) Catalyst
Mole Equiv. Male Equiv, Yield, $2
Entry Catalyst Catalyst Peraulfate Diacetate  Monoacetate
1 FeSOy 0.05 1.1 51 18
2 Fe0), 0.05 2.2 % 2
3 FesO, 0.05 25 69 2
" Fes0), 0.05 4,0 15 0
5 Fe0y, 0.01 2.2 57 1
6 FeSO, 1.00 3.0 61 2

860 footnote a fram Table 1.

A
tiOAg,. CgHy 73{-3: +

Catlyy @Gz + (0H);5,08
oy e

Gty + Gty
no catalyst 1 : 3.5
Cu(II) catalyst 1 1
Ag(1) catalyst 1
Mn(11) catalyst 1
Co(II) catalyst 1 :
Fe(I1) catalyst, 1% 1
Fe(II) catalyst, 5% 1 : >0
Fig. 1 Moanoaostate Fawation Ratio

serfes of small scale (1-2 mmale) experiments (Table 2).
Entries 1-4 show that the diacetate yield maximized at 22
The yleld dropped when the
Fe(II) was reduwed from 5 male § to 1 mole ¥ (entries 2,
5), but stayed relatively unchanged when the amaunt was

mole equiv. of persulfate.

increased to 100 mole % (entries 3, 6). When the reaction
was scaled up to 40 mmale of alkene, it proved useful to
increase the amant of Fe(II) wp to 5 male &

Small amounts of hydroxyacetates were found to be
produced in the reaction. These could be converted to
diacetates by treating the hot reaction mixture with acetic
arhydride and allowing the mixture to ocool befare wariup.
This simplified the {solation of the 1,2-diacetate product,
however, it should be noted that hydroxyacetates had been
produced in the reaction

The synthetic results using the optimized conditions
above are listed in Table 3. Entries include mano- and
disubstituted alkenes. Trisubstituted alkenes will be
discussed below. The yields are modest to good, and
compare favarably with other one-step preparations of 1,2-
diacetates from alkenes, In particular most metal oxidant
(e.g. Pb(OAC)y, ™ TL(OAe)y, 1> Namo3,'6 Re,0,'7 Te(1v)'8
routes are fraught with side reactions and farmation of a
multitude of products.

The sterecchemistry of 1,2-diacetate farmation can be
discerned from entries 3-6. Trans-l-octene, cyclchexene,
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Table 3. Preparation of 1,2-Diacetates from Alkenes.
Entry Alkene Diacetate Temp.°Ca Yield,%b
Ac0 OAc
1 C6H]3CH=CH2 C6 CHCH2 116 79
Ac? 9Ac
2 C8H1 7CH=CH2 CBHI 7CH(ZH2 116 76
H ,C3H7 AcO OAc
3 ,C=C\ C3H7CHCHC3 7 80 76
C H
3H7 (meso)
He M AcO 0Ac
4 L=C_ 3H7CHCHC3H7 90 49
C C.H
S (meso : d,1; 32 : 68)
0Ac
5 80 79
"0Ac
Ac Ac
6 50 28°¢
“DAc
(4:3) Ac
AcO
7 J 70 84
Ac
8 7 116 43
COOH 0
3 0
9 éi p. 70 409
COOH COOH
, CO0H 0 L X=0AC
4
b

Temperature at which the oxédation was performed.
3-Cyclooctenyl acetate {9%) and 1,8-octanedioic acid (35%) were also
Also obtained were 4, X=OH (15%); 4, X=H (5%); 2 dimethyl ester (2%); and 2 anhydride

or recrystaa1ized products.
isolated.
(20%) after treatment with d1azomethane

and cyclooctene (entries 3, 5, and 6) gave 1,2-dlacetates
which had resulted from highly stereoselective (< 98%)
anti-addition. Cis-l-octene (entry 4) gave predominantly
(68:32) the d,1-diacetate which was also the result of
anti-addition. The lower sterecselectivity in this cage
may be the result of either rotation about the sp? carbon
atoms at some intermediate stage during the reaction or
isomerization of the cis double bond prior to
diacetoxylation, In a separate experiment cls-li-octene was
in fact shown to be unstable to the reaction conditions
through conversion to a cis/trans mixture (14/86) by a
trace of sulfuric acid (< 199 1n 90° C acetic acid (8
hrs).

E'Y'ie'ld is based on chromatographed, distilled

Cyclooctene (entry 6) gave in addition to the tramns-1,2-
diacetate a product resulting from transannular 1,4-
hydrogen transfer, the cis-1,4-diacetate. Transarmular
chemistry commonly occurs {n an eight-membered ring that
has a radical or carbonium fon intermediate,

Anti-addition of the two carboxylate moieties continues
in the two norbomene acids, 1 and 2 {entries 8 and 9). In
both cases a lactone acetate, 3 or B, was produced. The
ylelds in these latter two cases were somewhat low, however
no substantial amount of other neutral (after diazomethane
esterification of ary free carboxylic acids) products could
be isclated. In particular, the product of rearrangement,

5.20 and the bis-lactone, 6,2'I were not observed.
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Norbarmene itself (entry 7) did not give a diacetate as the
majar product, but instead the monocacetate. Trace amounts

o0
Y
5

of what were presumed to be diacetates oould be detected by
gas chromatography but were not isolated. The mancacetate
appears to be the result of acid catalyzed addition of
acetic acid across the strained norbamene double bond, as
this addition could be effected by potassium bisulfate in
refluxing acetic acid in 84% yleldZ

The material balance was always poor when only the

volatile, neutral products were isolated under the
iron/persulfate reaction conditions, In an effort to
identify all the possible minor byproducts, a reaction was
rn under deliberately nonoptimum oonditions to magnify
these effects. Thus when 1-decene was heated to reflux
with ferrous sulfate (25 mole %) and ammonium persulfate
(25 male equiv.) under threefold dilution, the fallowing
neutral products were obtained: starting material and
telomer (approx. 13%), 2-decyl acetate (2%), 1,2-decyl
diacetate (56%), Y-dodecalactone (9%), and unidentified
polyacetates (approx. 4%). In addition, the acidic
material upon diazomethane esterification consisted of
methyl nonoate (16%). The major byproducts can be
accounted for in a number of ways, The Y-decalactone may
be the result of acetic acid radical addition to 1-decene
followed by oxidation of the type reparted by Giordano et
al.%3 in a related system which contained a large acetate
ion concentration, The telomer would be a logical
contaminant if a radical intermediate were invalved in the
mechanism (gee Fig. 3), and the nonanoic acid is a result
of oxidative cleavage of the double bond. This may well
ocour at the hydroxyacetate stage as diols are known to be
readily cleaved by persilfate?’ In any case, the major
byproducts are easily removed by a bicarbonate extraction
o simple distillation.

Trisubstituted alkenes were more easily oxidized and also
more easily overoxidized, Use of an excess of persulfate
generally led largely to overoxidation and uncharacterized
mixtures. When a stoichiometric amount of oxidant was used
the majar products obtained were ketones. Several examples
are shown in Fig. 2; however, in all cases the ylelds were
not synthetically useful.

In considering a mechanism for this iron catalyzed
persulfate diacetoxylation several facts had to be bom in
mind,  a) The most efficient metal additive was the least
likely to act as an oxidant itself. b) A high level of
anti-addition was observed. c¢) Endo-norbormenedicarboxylic

""":>="'/‘" aPr—  apr
_——
»-Pr.

—ei
OAc AcOo 'j‘

Figre 2.

acid, 2, cyclized to an acetoxylactone and not a dilactone.
d) No rearrangement of the norbarnyl system was seen. A
mechanism consistent with these facts is shown {n Fig 3.

The reaction i{s initiated by an uncatalyzed thermal
decomposition of persulfate (step 1). Simple homalytic
decomposition of persulfate i3 well known, but what we
found to be surprising was that Fe(II) salts did not
catalyze persulfate decomposition to any appreciable
extent. Thus aqueous and nomaquecus systems of persulfate
and metal ions can differ substantially in their chemistry.
Persulfate decomposition was followed by iodometric
titration of aliquots taken from refluxing acetic acid
salutions which contained various additives. The rate of
decomposition did not vary by more than a factor of four
when the reaction was allowed to proceed with no catalyst,
Fes0y, Fe(m,,)(sou)z, FeSOy and olefin, or simply alefin
The slight variation in reaction rates appear to be related
to the solubllity of ammonium persulfate and the ionic
strength of the solution, as addition of (NHy),S0, led to a
rate decrease very similar to that of l-‘eSOll or
Fe(NH,X(SOy),.  Moreover it should be roted that ammonium
persulfate and its decomposition product, (NH,),SOy, have
very limited solubility in hot acetic acid. The conclusion
drawn from these kinetic studies was that Fe(II) was not
catalyzing the decomposition of persulfate, but must be
improving the yleld of diacetate by slightly altering the
product determining step of the mechanism.

We have also found that the diacetoxylation may be run in
the presence of 25 mole % Fe(III), introduced as
Fe(MH,)(S0y),, and this resulted in an isolated diacetate
yield of 68%. This tends to confirm the proposition that
Fe in the +2 oxldation state is not specifically required,
for there i{s no obvious mechanism for reduction of Fe(III)
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5057 — = 20 m
2507 + F& — » [FeM50,) e [FelTls0T @)
A
HCH, + SOy ——» m.:ﬁ-o!z-moa' (3)
RHGLO0, e [OHGLT 502 W)
[RCH-CHZJ‘\HOAcs:RC.H-CHZOAc + H (5)
. )
RCH-CH A + so,f oA RCHCH,-Oc (6)a
[li‘enI]
RCH-CH0hc + 507 6
. H
%

mbﬂc*ﬂﬁ—»}tl}ﬂié)\c+lﬂ)u_ m

™ OAc

|
Kl}nizﬂc*l{)\c.___., RCHHOAe + HYP (8)

Fig. 3  Proponed Mechenisa

to Fe(II). The Fe(Il) additive, presumably i{s oxidized to
Fe(III) by sulfate radical anion, and possibly to an Fe(IV)
-—-[FenI-(BO3°'] specles, A, as in step 2 of Fig 3. In
this way the Fe additive cauld produce or stabilize, at
least transiently, a one electron oxidant which would take
part in the product determining step 6a.

The third step of the proposed mechanism was sub-
stantiated by several literature values far the rate com
stant of SO,7 additicn to carbonrcarbon dauble bonds which
were all within the range of 4 x 108 ~5 x 109 M1 571,
25° C).7 Thus addition to the double bond was only
slightly slower than diffusion controlled. ESR spectra of
the intermediate radicals definitely established them to be
f-sulfatoalkyl radicals.8:9:25 The direct formation of
qlefin radical cations through single electron transfer
oxidation by SO,7 has also been shown not to ocar. The
reported rate constant for SO, reaction with acetic acid
was for orders of magnitude lower than that of reaction
with alkenes. Acetate oxidation was two orders of
magnitude lower.” Thus oxidation of the acetic acld solvent
should not compete effectively with alkene addition, In
this regard, it was satisfying that under our reaction
cmditiommmmeumtraoeamnmdmz evalution were
ever observed by barium hydroxide trapping. When the
reaction was conducted in the presence of excess potassium
acetate, however, acetate axidation and the concomitant 002
evalution were obeerved®27 Tnis kinetic and ER data
coupled with the low redox potential of Fe(III) makes sou-'

addition the most reasonable way to initiate reaction of
the C<C.

The f-sulfatoalkyl radical produced in step 3 should
suffer ocne primary fate, Elimination of a good leaving
grop from S-substituted radicals to produce olefin radical
cations and the leaving group anion has been shown by
Schulte-Frohlinde et al, to be a very facile process.28
While they have not studied g-sulfato radicals
specifically, f-sulfate ester radicals were shown to
eliminate at rates faster than they could determine (210°
871, 18° C). The corresponding §-phosphato radicals
eliminate also as either the esters, the free acids or acid
salts, The olefin radical cation which was produced in
step 4 should then react preferentially with the more
rucleophilic acetic acid solvent to produce a S-acetoxy
radical, step 5. Reversal of this step 18 of course
allowed by the logic of step U4, however it would be
norproductive.

The S-acetoxyalkyl radical may combine with SO° or
species A to produce the relatively stable S-acetoxysulfate
of step 6a. The efficiency of this step would be enhanced
bty a high ooncentration of so,,-“ o a stabilized fam of
S0,% This is consistent with our results which
demonstrated the greater efficiency of the ira/persulfate
system over simple persulfate decomposition in producing
diacetoxylation. Thus the transition metal additive may be
simply providing a suitably stabilized form of sou-' which
effectively increases its concemtration, or possibly by
performing as an oxidant itself in the mechanism.
Alternatively, the Fe(I1I) ion may be complexed to the
{ntermediate S-acetoxy radical and stabilizing the radical,
step 6b. Such an explanation has been advanced previously
where Fe(III) promoted higher bimolecular radical coupling
of alkyl radicals, &9

This concept of increasing the effective ooncentration of
either the radical or sulfate radical anion appears to be
verified by the following experiment. The usual mixture of
alkene, persulfate and acetic acld were heated to reflux
while irradiating the reaction with a Hanovia ultraviolet
quartz light source filtered through Pyrex. The photalytic
decomposition of persulfate at this wavelength will
necessardly be low;X nonetheless, the 50,7 concentration
was increased so that a U5% yleld of diacetate was realized
compared to 10% without irradiation

The poasible oxidation of the S-acetoxyalkyl radical by
Fe(III) to a carbonium {on was considered despite the fact
that this is rot commonly cbeerved in aqueous solution.3!
When dioctanoyl peroxide was allowed to decompose in
refluxing acetic acid contalning ferric ammonium sulfate,
heptane (3%), tetradecane (2%) and heptanol (16%) were
identified as products. The poor material balance does rnot
allow a strang statement, however it does appear that in

acetic acid solution some oxidation of primary alkyl.
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radicals by Fe(III) can take place.

The conversion of alkyl sulfates, as in steps 7 and 8, to
acetates has been demonstrated. Sodium dodecylaulfate was
quantitatively converted to dodecyl acetate by refluxing
with potassium bisulfate in acetic acid. Sodium
dodecylsulfate was relatively stable in acetic acid in the
absence of bisulfate, Thus contrary to the implications of
a Russian report, alkylsulfates are not stable to the
present reaction eonditions.’o The intermediacy of
hydroxyacetates (step 7) provides a suitable substrate
material for oxidative cleavage as is observed in the
acidic reaction product. The 1,2-dlacetates, on the other
hand, were found to be stable to further oxidation by the
Fe(II)/persulfate system. Hydroxyacetates were observed by
gas chromatography of reaction mixtures which had not been
treated in the usual way with acetic anhydride before
woriap .

The proposed mechanism 1{s consistent with the
stereochemistry and lack of rearrangement seen in the
reaction. S-Acetoxy radicals have been felt to be
partially bridged or to rapidly interconvert between the
two {someric S-acetoxy radicals via the symmetrical
intermediate 7.2 Attadc of SO, on a f-acetoxy radical
should favar anti-addition on steric grouxds, The lack of
rearrangement in the narbarnene acids 1 and 2 illustrate

Me Me Me
A A
. OJ\O = o-0 = 9 °
s 5y Yy 4 ' o o
7

the lack of carbonium ion character in any intermediate.
The oarresponding 2-rarbamyl radicals are known not to
rearrarnge repidly33 The formation only o€ A ad not 6
from 2 requires that the acetate molety in 8 be introduced
in a fashin which would make formation of the bislactone 6
impossible, The hydrolysis of an exo-sulfate in 8 would
nicely satisfy this requirement.

~0,80

COOH
o

The iran(IIV/persulfate/acetic acid system constitutes a
new axidation system which effectively converts alkenes to
1,2-dlacetates. The iron(II) additive appears not to
operate as a catalyst far persulfate decomposition as it
does in aqueous salution, but instead to operate later in
the final carbon-oxygen bond forming step. Thus the

results are very different from those of Fe(Il) containing
aqueaus salutions ar the ocmmon Ag(I)/persulfate/solvent
systems in which Ag(II) is involved as the principal
oxidant.

Melting points were determined with an Electrothermal
apparatus and are uncorrected. H NMR spectra were
obtained on a Varian HFT-80 (80 MHz) or a Nicalet 300 Miz
instrument, Chemical shifts are reported in parts per
million relative to internal tetramethylsilane in
deuteriochloroform unless specified otherwise, Mass
spectra were obtained with an AE1 Kratos MS-30 (electron
impact) or a Finnigan 4000 (chemical ionization)
spectrometer, Infrared spectra were obtained an a Beciman
4250 spectrophotometer. Gas chromatography was perfarmed
with a Varfan 3700 model equipped with FID's and a Hewlett-
Packard 3390A integrator. The columns used were 5%
Carbowax 20M on 100/120 mesh Chromosord W, 03 cm x 6 m;
108 SF-96 on 80/100 mesh Clromoscrb W, 0.3 cm x 6 m; or a
silver nitrate/ethylene glycol on 80/100 mesh Chromosord P
to determine alkenes. Chromatography refers to medium
pressure liquid chromatography (FMI pump, silica gel
calumn, refractive index detectar, Altex model 156) with
ethyl acetate/hexane elution,

Starting alkenes were commercially obtained except gs_—l&-
octene which was prepared by a literature method and found
to be 97% cis-U-octene contaminated by 3% of the trans
1somer3¥  Ammonium persulfate and all metal catalysts were
commercially available,

The products in Table 3 were identified by comparison of
experimental and literature spectral properties (NMR, IR),
b.p. or mp,, and in some cases either MS. or G.L.
retention time versus an authentic sample. Literature
references for the nontrivial diacetates are entry 6%
820, 936,

General Procedure for Deta in Tables 1 and 2. 1-Decene
(1.5 mmol) and dodecane (0.75 mmol) along with the
transition metal additive and ammonium persulfate amounts
1isted in the entries were brought to reflux in acetic acid
(7 ml) under N, After refluxing far 6 hrs the slury was
cooled, poured onto water (20 ml), and extracted with
petraleum ether (3 x 6 ml), The combined extracts ware
washed with satd. NaHCO3 (1 x 20 m1), dried (MgSOy) and
filtered. Product yields were determined by GC using
appropriate response factors.

General Procedure for Data in Table 3. The alkene (40
mmol), ammonium persulfate (100 mmal) and ferrous sulfate
heptahydrate (10 mmol) were heated to the listed
temperature in acetic acid (125 ml) for 2-4 hrs. Acetic
anhydride (2 ml) was then added to the hot reaction slurry



Alkene oxidation by an iron(II)/persulfate/acetic acid system 1475

ard the mixture allowed to cool to room temperature, The
reaction mixture was diluted with water (500 ml) and
extracted with ether or petroleum ether (3 x 100 ml). The
ocombined arganic layers were extracted with water and satd,
NaHOO; before dryirg (MgSOy) and evaporating the solvent.
Products were purified by distillation, recrystallization
ar chromatography.

Isomerization of Cis-#-Octenn, Cis-i-octene (0 mg) was
dissolved in acetic acid (3 ml), sulfuric acid added (1
drop) and the mixture heated to 90° C for 28 hrs, By GC
using the silver nitrate column, the initial cis/trans
ratio (97:3) had been converted to 14:86, No isomerization
was detected when the sulfuric acid was omitted.

Aoetic Aclid Addition to Narbamena  Norbormene (168 mg)
and potassium bisulfate (61 mg) were heated to reflux under
N2 in acetic acid, After 5 hra the reaction was worked wup
in the usual way., The reaction mixture was spiked with
decane and analyzed by GC. No norbornene remained and a
calculated yield of 84% of exo-2-norbormyl acetate was
obtained using the appropriate response factor,

Complete Material Balance Rxpariment. The reaction was
run acoording to the general procedure of Table 3 with 1-
decene (0.73 g) except that acetic anhydride was not added
to the hot reaection mixture which had been performed unier
threefald dilution. The products obtained after dilution
of the reaction mixture with water and etha extraction
were refluxed in 6N KOH for 12 trs. The hydralyzed mixture
was acidified to pH = 1 with HC1l, satd. with NaCl, and
extracted with ether (5 x 40 ml), The comdined extracts
were washed with brine, dried (MgS0Oy), and evaparated. The
crude products were dissolved in ether, treated with an
excess of diazomethane, and then refluxed with acetic
anhydride (4 ml) and pyridine (1 ml) under N2 far 12 hrs,
The acetylated reaction mixture was diluted with 05 N HC1
(100 ml) and extracted with ether (4 x 35 ml). The
combined ether extracts were washed with water (3 x 40
ml), satd. NaH}03 (2 x 40 ml), dried (Mg30,) and evaparated
to give the crude product, Chromatography yielded a
norpalar fraction containing 1-decene and unidentified
telomer (30 mg, approx. 13%), methyl nomcate (32 mg, 16%),
2-decyl acetate (21 mg, 2%), 1,2-decyl diacetate (728 mg,
56%), r-dodecalactone (92 mg, 9%), and a polar fraction
containing polyacetoxylated material 86 mg, approx 4%).

Photolytic Decomposition of Persulfate, 1-Decene (1.46
g) and ammonium persulfate (456 g) were heated to reflux
in acetic acid (50 ml) while irradiating through the Pyrex
flask with a Hanovia ultraviolet quartz lamp. After 3 hrs
the light was tumed off, acetic anhydride (15 ml) added,
and the mixture allowed to cool. After the usual workup
dodecane (0.300 g) was added and the reaction mixture
analyzed by GC. The diacetate was the major product (calod
1.14 g, 45%) along with trace amounts ({ 1%) of several
monoacetate products,

Hydrolysis of Sodium Dodecylsulfate. Sodium
dodecylsulfate (050 g), ferric ammonium sulfate (021 g),
and potassium bisulfate (024 g) were heated to reflux
under N2 in acetic acid. After 3 hrs the reaction was
worked up in the usual way, decane (29 mg) added and
analyzed by GC. The reaction products were dodecanal
(calod 16 mg), 1-dodecyl acetate (calod 308 mg, 82%), amd
an unidentified primary acetate (calcd approx 100 mg,
20%). The unidentified acetate was probably due to an
lmpurity in the starting sodium dodecylsulfate,
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