ORGANIC CHEMISTRY

REACTION OF UNSATURATED COMPCUNDS WITH DIAZOALKANES.

COMMUNICATION 3. CYCLOPROPANATION OF CYCLOOCTATETRAENE
WITH DIAZOMETHANE*

Yu. V, Tomilov, T. L. Mitenina, A. I. Lutsenko, UDC 542.91:547.518:547.235.421
I. E. Dolgii, S. P. Kolesnikov, and 0. M., Nefedov

Cne of the most convenient methods for the production of cyclopropane compounds is cat-
alytic reaction of olefins with diazomethane. In the presence of compounds of Cu{I), diazo-
methane cyclopropanates practically any double bonds in mono- and polyolefins [2, 3], while
the degree of transformation of double bonds with various structures into cyclopropane frag-
ments depends on the tendency of these double bonds to form n-olefin complexes with the cat-
alyst. Here the side reactions of the initial olefins are eliminated almost completely, and
this makes it possible to use this method successfully for the cyclopropanation of reactive olefins.

One of the interesting subjects for cyclopropanation with diazomethane is the highly
unsaturated hydrocarbon 1,3,5,7-cyclooctatetraene (COT). Only the products from the mono-
and dicyclopropanation of COT have been described in the literature. The first of them, bi-
cyclo[6.1.0]nona-2,4,6-triene (I), has been synthesized by several methods and, in particu-
lar, by the reaction of methylene iodide with COT in the presence of a Zn/Cu couple [4] and
by the reaction of diazomethane with COT in the presence of cuprous chloride [5] with yields
of 5.5 and 25-30%, respectively. With diazomethane and cuprous chloride as catalysts the
double cyclopropanation products cis-tricyclo[7.1.0.0%s®]deca-2,7-diene (IIa) and tricyclo-
[7.1.0.0%s%]deca-5,7-diene (III) with unestablished configuration for the cyclopropane frag-
ments were also obtained from COT [6]}. The formation of trans-tricyclo[7.1.0.0%:%]deca-2,7-
diene (IIb) was observed during the thermal isomerization of pentacyclo[5.3.0.025503,5,08,10]
at 150°C [7]}. As established, conformational inversion of the eight-membered ring takes
place comparatively readily in the given isomer.

In the present work we studied the catalytic reaction of COT with diazomethane with the
reagents in various ratios and tried to identify all the products formed by cyclopropanation
of COT. The experiments were carried out at —10 to 0°C by passing diazomethane. diluted with
an inert gas (nitrogen or argon), into a solution of COT and methylene chloride (about 1:1
by volume) containing about 5 mole % of cuprous chloride. As expected, all the possible prod-
ucts from the cyclopropanation of COT appear under such conditions. Here the formation of
the products from more extensive cyclopropanation increases with the addition of diazometh-
ane, Thus, with a COT-diazomethane ratio of 1:1-1.2 the reaction mixture contains about 44%
of bicyclononatriene (I), 147 of tricyclodecadienes (II) and (IIT), and about 5% of triple
cyclopropanation products (IV). However, with a COT-diazomethane ratio of 1:3 the mixture
contains up to 367 of tetracyclo[8.1.0.02:%.0% 7] undecenes (IV) and 15-17% of pentacyclo-
[9.1.0.0%5%,0°%:7.,0%>1%]dodecanes (V) in addition to compounds (I-III). It should be noted
that after the addition of 1-1.3 mole of diazomethane calculated for 1 mole of COT the reac-
tion mass begins to darken as a result of the formation of metallic copper, and the cyclopro-
panation is greatly retarded. In order to continue successful cyclopropanation in accordance
with our previously proposed scheme of catalytic cyclopropanation of olefins with diazometh-
ane [3] we filtered the reaction mixture under argon and added a fresh portion of cuprous
chloride (see scheme on following page).

The structures of the hydrocarbons (I-V), which were enriched in the main component to
85-977 by high-performance vacuum rectification and preparative GLC, were established on the
‘basis of the high-resolution PMR spectra. As known [8], the triene (I) isomerizes compara-
tively readily at 90°C to 8,9-dihydroindene. We did not therefore try to isolate it, but
the formation of (I) was confirmed by recording the PMR spectrum of the reaction mixture ob-

*For Communication 2, see [1].
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tained with a small degree of conversion of the COT (about 30%Z). Under these conditions the
degree of formation of the double cyclopropanation products was still fairly small, but the
initial COT, which gives a singlet at § 5.79 ppm, does not interfere with the interpretation
of the spectrum of (I).

Among the double cyclopropanation products the simplest spectrum (Table 1) corresponds
to the symmetric molecule of (IIa), which evidently exists preferentially in the "boat" form
with two condensed exo-cyclopropane fragments. The isomeric hydrocarbon (1Ib) has the long-
est retention time (GLC, SE-30) among the double cyclopropanation products, and its PMR spec-
trum is characterized by a set of several strongly broadened signals. Hydrogenation of (IIb)
over Raney nickel at a hydrogen pressure of 80 atm and at 60-70°C leads to a mixture of hydro-
carbons, in contast to (IIa), which mainly gives cis-tricyclo{7.1.0.0“>®}decane (VI). Accord-
ing to the PMR spectrum [9], the main component of this mixture was bicyclo[7.1.0]decane,
formed as a result of the opening of one of the cyclopropane fragments. Such isomerization
is evidently due to the additional strains in the molecule arising from inversion of the eight-
membered ring and preferential initial hydrogenation of one of the intracyclic bonds.

The diene (III) is the trans isomers (IIIa), as confirmed by its hydrogenation under
analogous conditions to the known trans-tricyclo[7.1.0.02%> “Jdecane (VII); it was not possible
to detect the cis isomer (IIIb). At the same time, during the isolation of (I1a) both by
fractional distillation and by preparative GLC the isomeric hydrocarbon without the cyclo-
propane fragments was always detected. Its PMR spectrum contains a set of signals in the
region of 5.6-6.0 ppm and an unresolved signal at 8 2-2.2 ppm with equal intensity for these
two groups of signals. According to [10], this unsaturated hydrocarbon is trans-1,4,9,10-
tetrahydronaphthalene (VIII), which is probably formed by the isomerization of cis- (IIIb)
Analysis of the PMR spectrum of the reaction mixture showed that the triene (VIII) is present
in the initial mixture but does not appear from (IIa), (IIb), or (IIla) during their isola-
tion. The (ITa):(IIb):(IITa):(VIIL) ratios in the mixture obtained by the passage of two
moles of diazomethane into one mole of COT in methylene chloride amount to -2:1.5:5:1.
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Thus, the further cyclopropanation of (I) by diazomethane in the presence of cuprous
chloride is nonstereoselective. Unlike the cyclopropanation of 1,5-cyclooctadiene (COD) [3],
where the corresponding cis- and trans-tricyclodecanes are formed in an approximately equal
ratio, the present reaction involves the preferential formation of adducts with the exo con-
figuration in the cyclopropane fragments. The conjugated system of double bonds in the eight-
membered ring evidently fixes it in the "boat" form, as a result of which the double bonds
are similar in character to the double bonds in norbornadiene. This leads to preferred com-
plex formation between these bonds and the cuprous chloride on the side with least steric
hindrances and subsequent cyclopropanation by diazomethane to form the adducts with the exo
orientation of the cyclopropane fragments

The products from triple cyclopropanation of COT are formed as the three possible iso-
mers, among which the unsymmetrical isomer (IVc) is readily isolated both by preparative GLC
and by vacuum rectification. The other two isomers {IVa) and (IVb) have very similar boil-
ing points, but (IVa) crystallizes out from the mixture at —5 to 0°C.

The (IVa):(IVb):(IVc) ratios in the reaction mixture amount to 1.1:0.3:1. The PMR spec-
tra of all the obtained tetracycloundecenes (IV) have a characteristic set of signals corres-
ponding to the protons of two or three exo-cyclopropane fragments (Table 1). However, the
signals of the syn- and anti-methylene protons in the endo-cyclopropane fragments (IVb) and
(IVc) change places, and the signal for the H® proton in the trans position to the methine
protons of this cyclopropane fragment becomes downfield (Jtrans = 5-5.5 Hz). In addition,
the two methylene protons He and Hf in (IVb) have a small spin—spin coupling constant (J
~ 0.6 Hz) due to their coupling with the HC protons.

By wvirtue of the nonequivalence of all the protons the isomer (IVc) has the largest
number of signals in the PMR spectrum. Since some of the signals have approximately the
same multiplicity or overlap in pairs, the double resonance method was used for their assign-
ment. This made it possible also to establish that the angular protons in the oriented endo-
cyclopropane fragment have a downfield shift compared with the corresponding protons in the
exo-cyclopropane fragments (Table 1).

In order to confirm the structure of the obtained hydrocarbons, we studied the cyclopro-
panation of (IIa) and (IIb) with diazomethane under the same conditions. Here compounds
(IVa) and (Va) were obtained preferentially from (IIa), and the isomer (IVc) and the corres-
ponding product from total cyclopropanation (Vb) and a small amount, evidently, of (Vc) were
obtained from (IIb). The results show that the cyclopropanation of the dienes (II) and also
of the olefins formed from them is even more stereoselective than that of the triene (I) and
leads to the preferential formation of the corresponding homocyclooctatetraenes with the exo-
oriented cyclopropane fragments in the molecule. In addition, the formation of the hydro-
carbons (IVa) and (IVb) in a ratio of 10:1 from (IIa) does not agree with their ratio in the
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reaction mixture obtained during the cyclopropanation of COT and equal to 3-3.5:1. The pre-

cursor of (IVb) is evidently the conjugated diene (IIIb), since neither (IIb) nor (IIIa) can

give the isomer (IVb). Thus, the isomer (IIIb) is in fact formed in addition to other dienes
in the cyclopropanation of COT, and its isomerization to (VIII) under the reaction conditions
(50°) takes place fairly slowly.

Among the products from exhaustive cyclopropanation of COT the main products are the
isomers (Va) and (Vb), which also have the preferred exo orientation of the cyclopropane
fragments in the molecule. The more symmetrical isomer (Va) crystallizes out from the residue
obtained after the isolation of the preceding homocyclooctatetraenes (I-IV) and melts at 104~
107°C.

The use of palladium compounds, including the norbornadiene complex of Pd(0) as catalyst
for the cyclopropanation of COT was unsuccessful. 1In all the experiments the solution acquired
an intense red-brown color, but the COT remained unchanged. In this case the formation of
PA(II) cyclooctatetraenide through conversion of the cyclooctatetraene system into an arom-
atic dianion is evidently possible.

EXPERIMENTAL

The reaction mixtures were analyzed by GLC on an LKhM-8MD (V) chromatograph with a flame-
jonization detector and an I-02 integrator (300 x 0.3 cm columns with 5% silicone SE-30 or
10% Carbowax 20M on Chromaton N-AW-DMCS, helium, 30 ml/min). Preparative separation was re-
alized on an LKhP-71 chromatograph (150 x 1.2 cm column with 57 silicone SE-30 on Chromaton
N-AW-DMCS, 0.25-0.36 mm, nitrogen, 220 ml/min) and on an automatic Fischer HMS-500A fraction-
ating column. The PMR spectra were obtained on a Bruker WM-250 spectrometer at 250 MHz for
5-87 solutions in deuterochloroform with TMS as internal standard. The cyclooctatetraene
(COT) was distilled under vacuum before use. The diazomethane was obtained by alkaline hy-
drolysis of N-nitrosomethylurea (NMU), and cyclopropanation was realized according to [3].

Cyclopropanation of COT. To a solution of 5.2 g (0.05 mole) of COT in 5 ml of methylene
chloride was added 0.2-0.3 g of cuprous chloride. Diazomethane, diluted with argon in a ratio
of about 1:5 was passed at —10 to 0°C. After the addition of 10-11 g of NMU, which corres-
ponds to the passage of an average of 0.06 mole of diazomethane, the darkened reaction mix-
ture was filtered under argon through a dense filter, a further 0.1-0.2 g of cuprous chloride
was added, and cyclopropanation was continued. When a threefold molar quantity of diazometh-
ane had been passed (about 25 g of NMU), the reaction mixture was diluted with 20 ml of pentane
and filtered through a small layer of silica gel. The solvents were distilled, and the slight-
ly yellowish residue, obtained from two analogous experiments (total weight about 14 g), was
submitted to Fractional distillation under vacuum. The predistillate (1.6 g) boiling up to
85°C (60 mm Hg) consisted mainly of cis-8,9-dihydroindene in a mixture with its trans isomer
[9] and the initial COT; the fraction boiling at 93-94°C (40 mm Hg) (yield 0.9 g) was a mix-
ture of 1,4,9,10-tetrahydronaphthalene (VIII) of cis-tricyclo[7.1.0.0%:%]deca-2,7-diene (IIa)
in a ratio of ~2.2:1; the fraction boiling at 94-95.1°C (40 mm Hg) (yield 0.9 g) was also
a mixture of (VIII) and (IIa) but in a ratio of 1:2.8 and with a small amount of (IIIa) (~5%)
as impurity. The yield of (IIa) was ~7%, and the yield of (VIII) was 6%. All the intermediate
fractions, collected in amounts of 0.2-0.3 g, were mixtures of the respective hydrocarbons.

The yields of each of the components are given with due regard to their contents in the inter-
mediate fractions.

PMR spectrum of (VIII) (&, ppm): 5.98 m (2H), 5.76 m (2H), 5.71 dd (2H, J = 7 and 3
Hz), 2.26 m (4H), 2.1 m (2H). On storage compound (VIII) is oxidized and/or oligomerized
more rapidly than (IIa). The diene (IIa) can therefore be obtained with purity of up to 95%
by repeated vacuum distillation.

Further fractional distillation of the reaction mixture gave 1.6 g (13%) of trans-tri-
cyclo[7.1.0.025*]deca-5,7-diene (IIIa) with 5-77 of (IIa) as impurity [bp 104.8-105.6°C (40
mm Hg)) and 0.5 g (about 5%) of trans-tricyclo[8.1.0.025“.0%7]deca-2,7-diene (IIb) [bp 104.8-
105.6°C (40 mm Hg)}. PMR spectrum (8, ppm): broad signals at 5.6, 2.2, 1.6, 1.0, and 0.1
ppm with integral intensities of 4:1:4:2:1. By subsequent fractional distillation 0.5 g
(about 5%) of cis,cis-tetracyclo[8.1.0.02>"*.0%57][undec-8-ene (IVb) was obtained with 12-157
of the isomer (IVa) as impurity; bp 118-119°C (36 mm Hg) and also 2.2 g (187) of tranms, cis-
tetracyclo[8.1.0.02:%.0%>7 Jundec-8-ene (IVa) with 8-10% of the isomer (IVb) as impurity; bp
118-119°C (36 mm Hg). From the last fraction by the addition of 2 ml of hexane at —=5°C the
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isomer (IVa) was isolated with a purity of about 97%; mp 9-10°C. The fraction boiling at
118-119°C (36 mm Hg) represented trans,trans-tetracyclo[8.1.0.02:%,0%s7Jundec-8-ene {(IVc);

2.0 g (15%7). From the distillation residue after the addition of a small amount of hexane

0.8 g (about 7%) of trans,cis,trans-pentacycle{9.1.0.025%.0%:7,0%,1%] dodecane (Va) was isolated
in the form of colorless crystals; mp 104-107°C. From the filtrate after removal of the hex-
ane and distillation 1.55 g (10%) of a colorless liquid was obtained, boiling at 88-95°C (4

mm Hg) and containing 80-85% of cis,cis,trans-pentacyclo[9.1.0.02:%.0%57,0%5*%]dodecane (Vb),
11-13% of the isomer (Va), and evidently a small amount of the trans,trans,cis-pentacyclodo-
decane (Ve).

The dienes (ITa) and (IIb) were cyclopropanated similarly in the presence of cuprous
chloride with an equimoclar amount of diazomethane. From (IIa} under these conditions (IVa)
and (IVb) were obtained in a ratio of about 10:1 (overall yield 43%) and (Va) (yield 20%).
From (IIb) (IVc) (yield 45%) and also (Vb) and (Ve) were obtained in a ratio of about 7:1
(overall yield 20%).

Hydrogenation of trans-Tricyclo[7.1.0.0 “*¢ Jdeca-2,7-diene (IIb). In an autoclave we
placed 0.5 g of (IIb), 4.5 ml of hexane, and 0.3-0.4 g of Raney nickel. The mixture was agit-
ated at 60°C and a hydrogen pressure of about 80 atm for 1 h. According to chromato-mass
spectrometry, the obtained hydrogenation product contained not less than six components, for
two of which MY = 136 and 140 and for the others Mt = 138. The main component of the mixture
(65-70%), isolated by preparative GLC (150°C), corresponded to bicyclo[7.1.0}decane. PMR
spectrum (8, ppm: 1.97 m, 1.78 m, 1.3-1.65 m, 0.98 m (12 H, 6CH,), 0.76 m (2H, HC—CH), 0.51
ddd (1H, H-anti, Jgem = 4.6, JCiS = 7.6 and 8.8 HZ), -0.41 dt (lH, H-syn, Jgem = 4.6, Jtrans
= 5.5 Hz). The PMR spectrum of the reaction mixture also contained signals which coincided
fully with the corresponding signals of the crystalline trans isomer of tricyclo[7.1.0.0%2%}-
decane, formed at the rate of 10-127 (8, ppm): 2.18 m (4H, 2HC—CH), 0.7-0.95 m {8H, 4CH,),
0.56 dt (ZH, H-anti, Jgem = 4.2, Jeigs = 7.6 HZ), -0.16 dt (ZH, H-syn, Jgem = &-2, Jtrans =
4,8 Hz). In addition, the spectrum contained a narrow singlet at 1.5 ppm, which evidently
corresponds to cyclodecane.

cis-Tricyclo{7.1.0.0%%]decane (VI). By the hydrogenation of the diene (ITa) under
similar conditions cis-tricyclodecane (VI) was obtained with a yield of about 90% and identic-
al with the corresponding isomer obtained earlier [3]. PMR spectrum (&, ppm): 2.06 m (4H,
2CH,), 1.16 m (4H, HCCH), 0.88 m (4H, 2CH,), 0.64 dt (2H, H-anti, Jgem = 4.2, Jcis = 7.6 Hz),
—0,22 dt (2H, H-syn, Jgem = 4.2, Jtrans = 4.6 HZ).

trans-Tricyclo{7.1.0.02*%]decane (VII). trans-Tricyclodecane (VII) was obtained sim-
ilarly with the yield of about 907% by the hydrogenation of the diene (IIIa). PMR spectrum
(8, ppm): 2.1 m, 1.82 m, 1.2 m (6H, 3CH,), 0.85 m (4H, CH, and H-anti), 0.55 m and 0.42 m
(AH, HCCH), ~0.08 dt (ZH, H-syn, Jgem = 4,0, Jtrans = 4.7 Hz).

CONCLUSIONS

The cyclopropanation of the double bonds in cyclooctatetraene by diazomethane in the
presence of cuprous chloride is nonregioselective and leads to the formation of the corres-
ponding mono-, di-, tri-, and tetracyclopropanation products with yields determined by the
amount of added diazomethane. The obtained bis-, tris-, and tetrakishomocyclooctatetraenes
are characterized by a preference for the isomers with the exo orientation of the cyclopro-
pane fragments.
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OXIDATIVE CLEAVAGE OF CYCLOALKANONES BY HYDROGEN PEROXIDE

E. K. Starostin, A. V. Aleksandrov, UDC 542.943:547,.594.3+4547,514.472;
and G. I. Nikishin 546.215

Cycloalkanones react with aqueous solutions of hydrogen peroxide at about 20°C to give
complex mixtures of peroxides which are in equilibrium with themselves and with the starting
materials [1-3]. The principal factor determining the composition of the mixture is the pH
of the solution. Under neutral conditions, a mixture of adducts is obtained consisting of
the a-hydroxycycloalkyl hydroperoxide, a,a’-dihydroxydicycloalkyl peroxide, and a-hydroxy-

o' -hydroperoxydicycloalkyl peroxide [1]. In acidic media (HCl0,, acetic acid), cyclic cyclo-
alkanone di- and triperoxides are obtained [2]. Oxidation of cycloalkanones with hydrogen
peroxide at 40-70°C in acetic acid gives lactones [4]. There is, however, little information
in the literature on the reactions of cycloalkanones with hydrogen peroxide at higher tem-
peratures.

We have studied the reaction of cyclopentanone, cyclohexanone, cycloheptanone, and cyclo-
dodecanone with aqueous hydrogen peroxide over the temperature range 110-150°C. The effects
of temperature, hydrogen peroxide concentration, and the molar proportions of the reagents
on the composition and yields of the products have been examined in the case of cyclohexanone
(Table 1). The results obtained show that the principal products are 1,10-decandicarboxylic
(1), hexanoic (II), and adipic (III) acids, and caprolactone (IV). 1,10-Decanedicarboxylic
acid is formed by a radical mechanism from a,a'-dihydroxydicyclohexyl peroxide (V), which
is a product of the reaction of cyclohexanone with hydrogen peroxide. Thermal decomposition
of (V) gives the alkoxyl radicals, which undergo B-decomposition to give 5-carboxy-pentyl
radicals (VI), which apparently recombine in the solvent cell to yield 1,10-decanedicarboxylic
acid (I):

0—-0 0 "0

N\ A ST |- [HO00C(C ) Hy0Hy(CH2),COOH]

LA >\_/“9[u N e

" oH HO OH HO (an(vn (D
v HOOC(CHy)1,yCOOH

O

In part, the radicals (VI) undergo rearrangement with 1,5-migration of hydrogen to form
the a-carboxyalkyl radicals (VII). Subsequent recombination of radicals (VI) and (VII) gives
2-butylhexane-1,8-dicarboxylic acid (VIII). This reaction, however, is undergone by no more
than 6-8% of the total reaction products of the 5-carboxypentyl radicals:

(VI) — HOOCCH (CH,,CH, (2)
(VI

COOH

(VI) + (VII) — HOOG(CHg);CH(CHy)sCHs
(VIII) (3)

The radicals (VI) diffuse to some extent from the solvent cell into the bulk of the solu-
tion, and react with cyclohexanone with hydrogen transfer to afford 2-oxocyclohexyl radicals
(IX) and hexanoic acid. The radicals (IX) are converted into product molecules by mutual
recombination or by combination with 5-carboxypentyl radicals (VI):
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