Cycuic 1,2-Diors

J. Org. Chem., Vol. 37, No. 6, 1972 851

TABLE V¢

Br~

R + I
>s—CHzc—©—Br
RI

Caled, % Found, %

R R’ Registry no. Mp, °C pK C H Br 8 (o] H Br 8
C.H, C.Hs 6320-83-8 122-123 6.46 39.15 4.38 43.41 8.71 39.22 4.33 43.46 8.76
—CH:(CH,),CH,-  19158-69-1 123-1256 7.54 39.37 3.85 43.65 8.76 40.18 3.93
-CH,(CH,);CH,- 33046-62-7 141-142 7.00 41.07 4.24 42.04 8.43 40.47 4.07 42 .43 8.56
—CH,(CH;),CH,~  33046-63-8 149-150 42,66 4.60 40.55 8.13 42,66 4.96 40.17 7.99

R = R’ = CHj, reference 4; R, R’ = ~-CH,CH,SCH,CHy— and —-(CH,)S(CH,),— supplied by Professor N. J. Leonard.

borates.—The procedure used is illustrated by methylphenyl-
4’-chlorophenacylsulfonium tetrafluoroborate. Phenyl-4-chlo-
rophenacyl sulfide (26.2 g, 0.1 mol) was added to trimethyloxo-
nium tetrafluoroborate (14.8,g, 0.1 mol) in 200 ml of methylene
chloride at room temperature. The mixture, after standing for
10 days, was diluted with ether and filtered. The methylphenyl-
4-chlorophenacylsulfonium tetrafluoroborate was obtained as a
white solid which after washing with ether and drying gave 34.2 g
(94%,), mp 155-157°. The salts prepared are listed in Table II.

‘Preparation of Dialkyl-4’-bromophenacylsulfonium Bro-
mides.—The procedure used is illustrated with 4'-bromophenacyl-
tetramethylenesulfonium bromide. Tetrahydrothiophene (17.6
g, 0.2 mol) and 2,4’-dibromoacetophenone (55.6 g, 0.2 mol) were
mixed in 200 ml of benzene and heated to effect solution. After
allowing the mixture to stand for 5 days the solid was removed
by filtration. It was washed with benzene and dried in air to
give 54.5 g (75%) of product, mp 123-125°. The sulfonium
bromides prepared are listed in Table V.
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The oxidative cleavage rates of cis- and trans-1,2-cycloalkanediols by peroxydisulfate (8;0s27) in AgI-catalyzed
teactions have been measured. The mechanistic implications of the observed reaction rates are discussed in

terms of two mechanistic paths for the oxidative cleavage reactions.

with the diol.
intermediate in oxidative cleavage by path I.

Path T proceeds by interaction of Agll!

The kinetic data suggest the possible formation of a dsp? square planar complex as a reaction
The more rapid oxidative cleavage by path II is a free-radical

chain reaction involving attack of the diol by Ag!! and apparently does not require formation of & cyclic complex

between Ag!! and the diol.

The oxidative cleavage reactions of glycols by per-
oxydisulfate in silver(I)-catalyzed reactions reported
by Greenspan and Woodburn? have been the object of
several mechanistic investigations.®-®8 Recently we
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Agl
rd—dr 4 91052~ —> 2
H OH R

N
=0 + 2H* + 2802~ (1)

reported, on the basis of the kineties of the reactions,
that these oxidative cleavages were accomplished by
two paths.® One route (path I) involves Ag'?, formed
by oxidation of an Ag!(8,05%~), complex, as the cleav-
ing agent. The other route (path II) is a chain se-
quence of free-radical reactions involving Ag! as the
oxidative cleaving agent. Initiation of the chain se-
quence 6-8 is accomplished by reaction of Ag!’ with
Ag! (reaction 5) yielding the chain-carrying Ag!! radi-
cal. Formation of Ag'! is the rate-determining factor
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for reaction by path I, whereas the rate of oxidative
cleavage by path II, which is generally more rapid than
reaction by path I, may depend on a variety of factors.
Most significant of these is the partitioning of the Ag!!
formed in reaction 3 between the substrate, resulting in
cleavage by path I, and Ag' which initiates the more
rapid oxidation vig the chain sequence. The relative
amounts of cleavage by paths I and II depend on both
the concentration of the substrate and its ability to
interact with Ag!'', Thus, at lower substrate concen-
trations the overall rates of oxidative cleavage are
faster, since more of the reaction is occurring by the more
rapid free-radical chain sequence. On the other hand,
if the substrate is capable of reacting readily with Ag',
cleavage by the slower path I will be more prevalent
than with substrates that react less readily with Ag™®.
The latter situation allows for more extensive reaction
of Ag'! with Ag!, thereby initiating the faster oxida-
tive cleavage by the free-radical chain reaction.

Path I

ks
AgI + 282052~ ?_ Agl(82032_)a: (2)

k
Agl(8:0527). -—s> Agll 4 280,27 + (& — 1)S:0s*~  (3)
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Both Ag'! and Ag'' form dsp? square planar com-
plexes with bifunctional species such as glyecols.’* If
the Agl-catalyzed peroxydisulfate oxidative cleavages
of diols proceed vie such intermediates, the reactions
would be expected to have stereochemical requirements
of the hydroxy groups similar to those encountered in
periodic acid!* and lead tetraacetate!? cleavage reac-
tions which proceed by decomposition of eyclic inter-
mediates formed from the diol and the oxidative cleav-
age agent. Cyclic intermediates capable of decomposi-
tion in this manner are formed more readily from cis
1,2-diols than from the corresponding trans isomers, as
evidenced by the more rapid rates of cleavage of cis
diols.?

To determine if the dsp? square planar cyeclic com-
plexes are intermediates in the Ag'-catalyzed peroxy-
disulfate reactions, we have examined oxidative cleav-
ages of c¢is- and trans-1,2-dimethyleyelopentane-1,2-
diols (1 and 2, respectively) and cis- and trans-1,2-di-
methyleyclohexane-1,2-diols (3 and 4, respectively) with
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these reagents. The cleavage products from 1 and 2
and from 3 and 4 are the expected diketones 2,6-
heptadione (5) and 2,7-octadione (6), respectively.
Table I lists the initial rates of oxidative cleavageof these
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TabLE 1
InimAL Ox1DATIVE CLEAVAGE RATES® oF CYCLIC
1,2-Diovrs BY PEROXYDISULFATE AT 30° ¢

[Diol]

Diol [Agl] X 108 0.0375 0.00938
1 5.12 0.565

1 2.56 0.296 (0.040) 0.355
2 5.12 0.879

2 2.56 0.457 (0.079) 0.516
3 5.12 0.299

3 2.56 0.160 (0.113) 0.225
4 5.12 0.916

4 2.56 0.488 (0.120) 0.597

@ Rate expressed in mol 1.7! min~! X 10¢ and measured over
the first 109, of the reaction. * Rate of oxidative cleavage in pres-
ence of 0.1 M allyl acetate. °pH = 1.7, [S;042] = 0.01 M.,

0] 0O

Yol
1 (or 2) + $:02~ —> 28042~ + CH;C(CH.),CCH; + 2H*
5 (10)

(0] (0]
o
3 (or 4) + 8;052~ —> 280,42~ + CHj (CH2)4 CH; + 2H™
6 (11)
diols by peroxydisulfate in silver(I)-catalyzed reac-
tions. The reaction rates follow the rate law
Joks [AgI][S:0s2~ ]2 H1
ks [8:08%7] + k-2

keokesknles e
(ks(k3[32032“] + k_g)) [Agl][8:0a2-] @021 (12)

rate =

where the first term is the rate of cleavage by path I
and the second term that for path II provided chain
termination occurs only by reaction 9, the most likely
termination route under these conditions.®

The reactions are very nearly first order in [Ag!].
However, changes in the diol concentration have an
inverse effect on the oxidative rate, which is indicative
of more reaction of Ag! with Ag' at the lower diol
concentration, thereby initiating the more rapid cleav-
age by the free-radical chain mechanism (path II).
That some cleavage oceurs by path II in each case is
also evidenced by the effect of allyl acetate, a free-radi-
cal chain inhibitor, on decreasing the overall reaction
rate.

Assuming that the observed oxidative cleavage rates
at the lower diol concentrations reflect mainly reaction
by path II, then the similarities of the rates of oxidative
cleavage of the trans diols relative to the corresponding
cis diols obviate the necessity of formation of a cyelie
intermediate of the diol with Ag'! for cleavage via the
free radical chain mechanism. The necessity of eyclie
complexes as reaction intermediates has been disposed
of in oxidative cleavage reactions effected by Ce!V and
VY. These species also effect one-electron oxidations
generating a free radical from the glycol in a manner

R u R .
= H
R—j—O s R0 *
(" k_\MxH
R

(Mx+1 =AgH, CeIV, VV)
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similar to the reactions of Agt. Involvement of both
oxygens of the diol is not required in these processes.
Cyeclic intermediates have been suggested to be neces-
sary only in oxidative cleavage reactions that involve
two-electron oxidants [e.g., I0,~, Pb(OAc).]. In
such oxidations, the electron movement involves all of
the atoms of the rings and apparently is more facile if
the participating atoros are coplanar (or very nearly so).

Oxidative cleavage by path I involving Ag!l, a two-
q
/ r\>10_ — g + + 10, @3
R——0" \ >=0
0 R
R
i R
R_‘E‘——O\" R>= 0
V\/Pb(OAc)z —_— R + <+ Pb(OAc), (14)
R R

electron oxidant, may require the formation of a eyclic
intermediate. By analogy with the periodic acid and
lead tetraacetate reactions, cyclic complexes that de-
compose yielding the oxidative cleavage products
should be formed more readily between Ag'! and the

cis diols than with the trans isomers.’® Although
H R
4 R
N
_/A ra>Agm — 4+ 4+ Agl +oHT (1B
R\ R
o R>=O

there is no direct evidence for a c¢yclic intermediate in
the oxidative cleavages by path I, the formation and
participation of such a species ean be inferred from the
kinetic data in Table I. Since the cis diols would be
expected to undergo cleavage by path I more readily
than the trans isomers, less Ag'! would react with Ag
to initiate oxidative cleavage by the more rapid free-
radical chain sequence of path II. Initiation of the
chain reaction could be expected to oceur more readily
in the reactions of the trans isomers because the Agl!
is not so efficiently consumed by the trans diols as it is
by the corresponding cis diols, which can form the
cyclic intermediates that decompose by path I. The
somewhat faster rates of cleavage of the trans isomers
with respect to the corresponding cis isomers may re-
flect, therefore, a greater amount of cleavage by the
more rapid path II.

In the case of ¢is-1,2-dimethyleyclohexane-1,2-diol
(3), not only is the oxidative cleavage rate decidedly
slower than that of the trans isomer under similar
conditions, but allyl acetate is considerably less effec-
tive in inhibiting the reaction rate of the cis isomer.
Both factors suggest that a significant amount of the
oxidative cleavage of 3 occurs by path I because Ag'!
complexes readily with this diol. The more effective

(15) A cyclic complex having essentially the same strain as that obtained
from the cis-cyclohexane-1,2-diol (8) should be formed from the trans-
diequatorial cyclohexane-1,2-diol (4). However, 3 low-energy transition state
for the decomposition of the trans isomers complex cannot be attained owing

to the conformational aspects of the cyclohexane ring that prevent 1,2-
diequatorial substituents from becoming coplanar.
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retardation of the overall cleavage rate of 1, 2, and 4
reflects a larger proportion of the available Ag'!! being
partitioned in the reaction with Ag' to initiate cleavage
by path II.

Experimental Section

Materials.—1,2-Dimethylcyclohexene, bp 129-135°, =¥p
1.4601, was prepared by dehydration of 1,2-dimethyleyclohexan-
1-ol, which in turn was obtained by reaction of methylmagnesium
iodide with 2-methyleyclohexanone (Aldrich Chemical Co.).
trans-1,2-Dimethylcyclohexane-1,2-diol, mp 92-93° (lit.1* 93°),
was obtained in 229, yield from the performic acid hydroxyl-
ation” of 1,2-dimethyleyclohexene. c¢is-1,2-Dimethylcyclohex-
ane-1,2-diol, mp 51° (lit.!8 50°), was obtained in about 29, con-
version from the reaction of 1,2-dimethylcyclohexene with
osmium tetroxide and hydrogen peroxide.'® ¢rans-1,2-Dimethyl-
cyclopentane-1,2-diol, mp 104-105° (lit.® 105-107°), was
prepared in 16% conversion by performic acid hydroxylation!
of 1,2-dimethyleyclopentane (K and X Laboratories, Inc.).
cis-1,2-Dimethylcyclopentane-1,2-diol, mp 23° (lit.2! 24°), was
obtained in about 7%, conversion from the osmium tetroxide
catalyzed hydroxylation of 1,2-dimethyleyclopentene with
hydrogen peroxide.18

Ozxidative Cleavage of cis- and ¢rans-1,2-Dimethylcyclopentane-
1,2-diol.—A reaction mixture consisting of c¢is-1,2-dimethyl-
cyclopentane-1,2-diol (0.130 g, 1 mmol), potassium peroxy-
disulfate (0.270 g, 1 mmol), and silver nitrate (0.0136 g, 0.08
mmol) in 20 ml of water was allowed to stand at room temper-
ature under a nitrogen atmosphere for 2 days. A saturated
solution of 2,4-dinitrophenylhydrazine in 2 N HCI (120 ml) was
added to the reaction mixture. 2,6-Heptadione bis-2,4-dinitro-
phenylhydrazone, mp 184-185° (lit.?! 183-185°), was isolated in
799, yield (0.387 g). In a similar experiment the 2,6-heptadione
bis-2,4-dinitrophenylhydrazone, mp 184°, was obtained from
trans-1,2-dimethylcyclopentane-1,2-diol (0.466 g, 95% of theory).

Oxidative Cleavage of cis- and ¢rans-1,2-Dimethylcyclohexane-
1,2-diols.—A solution of ¢is-1,2-dimethyleyclohexane-1,2-diol
(0.144 g, 1 mmol), potassium peroxydisulfate (0.270 g, I mmol),
and silver nitrate (0.135 g, 0.08 mmol) was allowed to react under
a nitrogen atmosphere for 2 days. Addition of 120 ml of 2 2 N
HCI solution saturated with 2,4-dinitrophenylhydrazine resulted
in formation of 0.242 g (489 of theory) of 2,7-octanedione bis-
2,4-dinitrophenylhydrazone, mp 218-219° (lit.22 219°), In a
similar experiment employing 1.5 mmol of potassium peroxy-
disulfate, the 2,7-octanedione bis-2,4-dinitrophenylhydrazone
was obtained in 71% yield. Oxidative cleavage of 0.144 g
(1 mmol) of trans-1,2-dimethylcyclohexane-1,2-diol with 0.27
g (1 mmol) of potassium peroxydisulfate and 0.0136 g (0.08
mmol) of silver nitrate yielded 0.492 g (96% of theory) of 2,7-
octanedione bis-2,4-dinitrophenylhydrazone which melted at
218-218.5°.

Kinetic Measurements.—The reactions were performed in
distilled water buffered to a pH of 1.7 by 0.25 M sodium sulfate
and 0.25 M sodium bisulfate. The organic substrate and po-
tassium peroxydisulfate were dissolved in the buffered solution
and placed in a painted three-neck 500-ml flask. The flask was
placed in a water bath maintained at 30 == 0.1° and nitrogen was
bubbled through the solution for 1 hr to remove any dissolved
oxygen. An appropriate amount of 0.4 M silver nitrate was
added and immediate reaction ensured. Aliquots of the reac-
tion mixture were removed at appropriate time intervals and the
unreacted peroxydisulfate was determined by the iodometric
method described by Bartlett and Cotman.?s

Registry No.—1, 33046-19-4; 2, 33046-20-7; 3,
33046-21-8; 4, 33046-22-9; silver(I) iom, 14701-21-4;
peroxydisulfate, 15092-81-6; 2,7-octanedione bis-2,4-
DNP, 33046-95-6.
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