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3.06 (1 H, m), 2.39-1.75 (1 H, m), 1.67-1.34 (3 H, m), two overlap-
ping triplets centered at 1.19 (2.34 H, t, J = 7 Hz) and 1.13 (0.66
H, t,J = 7 Hz), 1.06-0.72 (1 H, m), 0.66-0.21 (2 H, m); mass spec-
trum m/e (rel intensity) 114 (8), 97 (19), 86 (14), 79 (6), 73 (12), 72
(100), 68 (15), 67 (17), 57 (14), 44 (59), 43 (51), 41 (41).

Anal. Caled for CsH1409: C, 67.58; H, 9.92. Found: C, 67.66; H,
9.90.

trans- and cis-3-Methoxy-1-methyl-2-oxanorcarane

(trans- and cis-3c). Treatment of 5.05 g (24 mmol) of a 80:20-

mixture of trans- and cis-3-methoxy-1-methyl-2-oxa-7,7-dichloro-
norcarane (trans- and cis-2¢) as described above for irans-2a, ex-

cept that 945 mg (135 mg-atoms) of lithium was used, afforded a

80:20 mixture (analyzed by GLC) of trans- and cis-3¢ which dis-
tilled together, yielding 2.10 g (62%) of a colorless oil: bp 145-155°
(760 mm); ir (film) 3080, 3010, 2960, 2880, 2840, 1450, 1365, 1240,
1210, 1120, 1100, 1040, 1010, 970, 920, 900, 880, 855 cm~1; NMR
(100 MHz, CCly) 6 4.31 (0.8 H, t, J = 3 Hz, equatorial anomeric
proton), which overlaps slightly with 4.23 (0.2 H,d of d, J = 2.5
and 7 Hz, axial anomeric proton), 3.31 (2.4 H, s), 3.28 (0.6 H, s),
2.25-1.76 (1 H, m), 1.75-1.32 (3 H, m), 1.29 (3 H, s), 1.00-0.52 (1 H,
m), 0.51-0.25 (2 H, m); mass spectrum m/e (rel intensity) 142 (M*,
0.7), 114 (8), 112 (5), 111 (12), 72 (20), 71 (18), 67 (14), 58 (100), 55
(8), 45 (15), 43 (55), 41 (24).

Anal. Caled for CsH1409: C, 67.58; H, 9.92. Found: C, 67.31; H,
9.87.

trans- and cis-3-Ethoxy-1-methyl-2-oxanorcarane (trans-
and cis-3d). Treatment of 3.32 g (14.8 mmol) of a 95:5 mixture of
trans- and cis-3-ethoxy-1-methyl-2-o0xa-7,7-dichloronorcarane
(trans- and cis-2d) as described above for trans-2a, except that
640 mg (91 mg-atoms) of lithium was used, afforded a 95:5 mixture
(analyzed by GLC) of trans- and cis-3d which distilled together,
yielding 1.80 g (78%) of a colorless oil: bp 170-175° (760 mm); ir
(film) 3080, 3010, 2970, 2880, 1460, 1380, 1250, 1120, 1105, 1055,
1030, 965, 930, 890, 860, 840 cm™%; NMR (100 MHz, CCly) 6 4.45
(ca. 0.95 H, t, J = 3 Hz, equatorial anomeric proton), slightly de-
tectable apparent quartet at ca. 4.34 (ca. 0.05 H, axial anomeric
proton), two overlapping quartets centered at 3.78 (L H,d of q,J =
7 and 10 Hz), two overlapping quartets centered at 3.38 (1 H, d of
q,J = 7 and 10 Hz), 2.33-1.76 (1 H, m), 1.70-1.35 (3 H, m), 1.30 (3
H, s), 1.19 (ca. 2.85 H, t, J = 7 Hz) superimposed on 1.15 (ca. 0.15
H, t, J = 7 Hz), 1.03-0.60 (1 H, m), 0.54-0.27 (2 H, m); mass spec-
trum m/e (rel intensity) 156 (M*, 2), 141 (1), 128 (25), 112 (17),
111 (28), 99 (8), 95 (8), 93 (15), 86 (39), 72 (100), 67 (24), 57 (23), 55
(25), 44 (46), 43 (79), 41 (24), 39 (14).

Anal. Caled for CoH1409: C, 69.20; H, 10.32. Found: C, 68.90; H,
10.29.
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Dicyclohexylidene diperoxide (I) has been prepared by
the “dehydration” of 1-hydroxy-1’-hydroperoxydicycloh-
exyl peroxide (II)12 and by reaction of 1,1’-dihydroperoxy-
dicyclohexyl peroxide (III) with lead tetraacetate.?-5 Dicy-
clohexylidene diperoxide (I) has also been prepared ‘“di-
rectly” from cyclohexanone and hydrogen peroxide®
(Scheme I).

Scheme I
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The disadvantages of preparing diperoxides such as I
from the “open” peroxides such as II and III follow. For op-
timum results, the intermediate open peroxides should be

. purified by recrystallization before use. In general, “open”

peroxides are more hazardous to work with owing to the
shock sensitivity of thesematerials. The yields of the diper-
oxides prepared using this procedure are generally low.1-5

The former procedures for the direct conversion of cyclo-
hexanone to the diperoxide also give low yields. Further-
more, the procedures often give mixtures of I, the triperox-
ide (IV), and “open” peroxides such as II and III that can
be difficult to purify.®
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Table I
Preparation of Some Alkylidene Diperoxides
Peroxide Registry no, v Mp (lit.), °C Yield, %
0-—0 a b -}
(Ko X 183-84-6 126-130 (128-130) 87°(84)
n-Pr. 0—0 n-Pr
N N 7a. d-f
P \ P ' 55208~76-9 52-54 (4'1-48) (89)°
n-Pr —Q nPr
t-Bu 0—0. Me
AN AN /
y /c< Y / \ 20732-35-8 122125 (124-125)% & 4 (26)°
e O t-Bu
0—0 ,
§Z><O_O><__J§ 55208 -77 -0 184-186% 1 (48)°
0—0
O<O_O>O 5681-37-8 97-98 (98)%+ /1% (20)°

@ Reéference 6. * VPC yield. ¢ Isolated yield.  Reference 9. ¢ Satisfactory combustion analytical data for C, H (£0.35%) were provided. Ed.
7' Mol wt caled 260, found 270. 8 Mol wt caled 232, found 200. # Reference 10, ¢ Mol wt calcd 340, found 373. 7 Mol wt caled 284, found 293.

& Reference 11.

Yield (%)
w
o

2 »n

1 2 3 4 5
Time (hr)
Figure 1. Plot of percent yield of cyclohexanone peroxides vs. time

(hours): @, cyclohexanone triperoxide; ®, cyclohexanone diperox-
ide; A, sum of diperoxide plus triperoxide.

v

Since dicycloalkylidene diperoxides are useful for the
preparation of macrocyclic compounds,” an investigation of
this synthesis was conducted. After a rather extensive se-
ries of experiments in which we varied acids, solvents, tem-
perature, mole ratio, etc., we found that high yields of the

. diperoxide (I) could be obtained by the reaction of cyclo-
hexanone with hydrogen peroxide in the presence of anhy-
drous methanesulfonic acid (MSA) using an acetonitrile~
methylene chloride solvent system.

Under optimum conditions (given in the Experimental
Section), an 87% yield of the diperoxide I has been ob-
served along with only trace amounts of the trimeric perox-
ide IV and the “open” peroxides II and III. The product
can be conveniently isolated to afford pure dicyclohexyli-
dene diperoxide (I) without recrystallization. It should be
noted that this procedure greatly simplifies the work-up of

the subsequent thermolysis mixture, since the number of
components is reduced.

Story and coworkers have shown that, under a variety of
conditions, the diperoxide I is formed from the triperoxide
IV rather than the dehydration of the “open” peroxide I1.7
The following scheme was proposed (Scheme II).

Scheme II
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Figure 1 is a plot of the yield of cyclohexanone diperox-
ide (I) and triperoxide (IV) vs. time. (The initial conditions
are given in the Experimental Section.) One notes immedi-
ately the high yields of the triperoxide in the early stages of
the reaction. It is also very evident that the diperoxide is
formed at about the same rate that the triperoxide is de-
stroyed. Furthermore, the diperoxide is much more stable
than the triperoxide under the conditions of this series of
experiments. This is in agreement with the results pre-
viously reported by Story and coworkers.® These workers
found that, under a variety of conditions, tricyclohexyli-
dene triperoxide (IV) was the kinetic product and dicyclo-
hexylidene diperoxide (I) was the thermodynamic product.

The major by-product from the diperoxide synthesis was
caprolactone or products derived from caprolactone (i.e.,
polycaprolactone or the hydroxy acid). A Baeyer-Villiger-
like reaction® would account for these products (Scheme
111).

Since the procedure was so successful for the preparation
of cyclohexanone diperoxide, a few representative ketones
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0
0O
¥ o) - |-
+ — + H30+
0—0—H

\"k’é/ I

polymer CH,(CH,),COOH + H*

OH
l H,0* A

were chosen and an attempt was made to synthesize the di-
peroxides under essentially the same conditions. The re-
sults are shown in Table I. No attempt was made to maxi-
mize the yields of any but the first entry in Table I.

In conclusion and summary, the procedure given in this
paper is useful for the preparation of high-purity cyclohex-
anone diperoxide in high yield. Furthermore, there is an in-
dication that the diperoxide I is formed from the triperox-
ide IV, although one cannot discard the possibility that
some of I is formed from the “open” peroxide II. The pro-
cedure is also useful for the preparation of peroxides de-
rived from noncyclic ketones as well as cyclic ketones.

e

Experimental Section

Preparation of Diperoxide. Typical Procedure. Acetonitrile
(25 ml) and methylene chloride (25 ml) were placed in a 300-ml
round-bottom flask equipped with a stirrer and thermometer. Cy-
clohexanone (9.8 g, 0.1 mol) was placed in the flask. The mixture
was cooled to about 5° and 8 ml of anhydrous methanesulfonic
acid was added slowly (small exotherm). Hydrogen peroxide (90%,
3 ml, 0.11 mol) was then added dropwise over about a 10-min peri-
od (exothermic). The temperature was maintained at 5° during the
addition and during the hold period. At the end of the hold time,
100 ml of water and 100 ml of methylene chloride were added to
the reaction mixture. The contents of the flask were transferred to
a separatory funnel and the organic and water layers were sepa-
rated. The water layer was washed with 25 ml of methylene chlo-
ride. The methylene chloride was then separated and combined
with the first cut. The methylene chloride solution was washed
onhce more with an equal volume of water, dried over anhydrous so-
dium sulfate, and analyzed for percent cyclohexanone diperoxide
and triperoxide by VPC using an internal standard. In some cases
an aliquot of the methylene chloride was removed from the sample
before it was submitted for VPC analysis and a crude yield of per-
oxide was obtained. In most cases the crude yield was within a few
percent of the yields determined by VPC. The solid peroxide was
isolated by removing most of the methylene chloride on a rotary
evaporator, adding methanol, and collécting the solid by filtration.

Material Balance Experiment. Methylene chloride (250 ml)
was placed in a 1-l. flask along with 250 ml of acetonitrile and
cooled to about 5° in a methanol-water—ice bath. Anhydrous
methanesulfonic acid (80 ml) was then added slowly (mild exo-
therm) such that the temperature did not rise above 10°. Hydro-
gen peroxide (90%, 30 ml, 1.1 mol) and cyclohexanone (98.1 ml, 1.0
mol) were then added simultaneously (slowly) to the stirred mix-
ture by means of two addition funnels. The temperature was main-
tained within £2° of 5°, Addition of cyclohexanone required about
45 min. Addition of hydrogen peroxide required about 25 min. The
mixture was kept at about 5° and checked for “open” peroxide by
TLC. Only a trace of “open” peroxide remained after 2 hr.

Methylene chloride (300 ml) was then added along with 200 ml
of water. The mixture was transferred to a separatory funnel and
shaken, and the organic and water layers were separated. The
water layer was washed with 50 ml of methylene chloride and this
was combined with the first cut. The methylene chloride was
washed with 300 ml of saturated bicarbonate solution and dried
over magnesium sulfate. An aliquot was withdrawn for VPC analy-
sis. The crude yield of isolated dimer was 84%. By VPC the yield
was 87.1% dimer and 0.1% trimer.

After filtration of the dimer, an oil was isolated (16 g, 14 wt %)
which still contained some dimer~trimer (TLC). By ir, this oil ap-
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peared to be mainly a polymer of hexanolactone. (Some 6-hy-
droxyhexanoic acid was also present), VPC indicated that there
was less than 1% cyclohexanone remaining.

-VPC Assay for Dicyclohexylidene Diperoxide and Tricy-
clohexylidene Triperoxide. Although the peroxides are thermal-
ly unstable, they can be successfully chromatographed at tempera-
tures below 150° using on-column injection into glass columns that
have been silynized. The yields for dxcyclohexyhdene diperoxide
and tricyclohexylidene trlperoxlde reported in this paper were de-
termined on a 10 ft X 0.375 in. glass column packed with 0.1%
OV-17 on glass beads 60-80 mesh, Methyl stearate was used as an
internal standard.

Acknowledgment. We would like to thank Story Chem-
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During research aimed at pinpointing the relationships
between configuration and activity in meprobamate-type
substances, it was necessary to obtain, as starting products,
the three 2-methyl-2-n-propylcyclopentane-1,3-diol iso-
mers (4-6). Their synthesis and structure determined by
NMR spectra in the presence of Eu(DPM); are reported
here. -

Chemistry. Sodium borohydride reduction of 2-methyl-
2-allylcyclopentane-1,3-dione! gave the expected mixture
of three isomeric diols, 1, 2, and 3, that were separated by
column chromatography. Further catalytic reduction with
hydrogen afforded, in nearly quantitative yield, 4, 5, and 6
(Scheme I). This method was preferred to the one involving
a previous reduction of the allyl group as it gave better
yields and easier chromatographic separations.

To obtain the corresponding 4,5-unsaturated com-
pounds, 2-methyl-2-n-propyl-4-cyclopentene-1,3-dione (8)
was synthesized. Yet reduction of 8 with sodium borohy-
dride or lithium aluminum hydride afforded the known
mixture of saturated diols 4-6 because of the prevalence of
1,4 over 1,2 addition (Scheme I).

Structure Determination. No compound of the 1-3
and 4-6 series gives the characteristic reactions of the cis
diols, probably owing to the considerable steric hindrance



