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Abstract—Cleavage by ozonolysis of a cyclic unsaturatestone, 3-caren-5-one, wasvestigated under
different conditions. The main reaction product is ketocar@uizl. A scheme of ketocaronic acid formation
was suggested basing on kinetics of ozone reaction with 3-caren-5-onéhanmdal decomposition of
peroxides.

The ozonolysis of cyclic olefins provides a pos- produced by (+)-3-carene oxidation in the liquid
sibility to prepare under mild conditions,,o-bi- phase [3] would extend the number of these reactions
functional oxygen-containing compounds fit for and provide a possibility to obtain new derivatives
further syntheses. For instance, starting with thepossessing usefuproperties.

ozonolysis products of chiral cyclierpenes(+)-a- According the data on some cases of ozonolysis
pinene and(+)-3-carene were carried out the syn- carried out witha,B-unsaturated cyclic ketones [4]
theses of optically activeheromones, juvenoids, and the reaction took an abnormal course with £O
pyrethroids [1, 2]. The ozonolysis of cyclic un- ejection. We established that from the reaction of
saturated ketones considerably diffdfrem that of excess ozone with carenong) (n a fair yield was
cyclenes, and it is relatively poorly investigated. Theobtained {)-(1R,39-2,2-dimethyl-3-(2-oxopropyl)-
study of ozone cleavage of 3-caren-5-one that igyclopropanecarboxylic acidl() [3].
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Several attempts were made to rationalize thisne ozonolysis involving an ejection of carbon
reactioncourse. For instance, possible mechanism oxides and a stabilization of an intermediate zwitter-
[5] was suggested by an example of polyphenylacetylion V.
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Fig. 1. Kinetics of peroxides accumulation at ozonization
of carenone I) in CH,CN at -20°C (1) and 22C (2),
carenonec, 0.24 mol I,

However the lack in the reaction products of com-
pound X and the requirement of twofold excess of
ozone for obtaining acidl in high yield permitted us

Cozonides,

mol I’ to presume that the reaction took another route
0'46: . involving the formation of a new double bond
042 ‘\. consuming the second molar equivalentazone in
- its cleavage.
038
- Our assumption was corroborated by kinetic study
0.34 1 of ozone consumption and ozonides accumulation
030 - ] (Fig. 1). The ozone consumption after complete
- e T disappearance of 3-caren-5-on¢ Was due to deeper
0.26 \ 2 oxidation of unsaturated ketong)(and to obtain the
ol . . . , . maximum yield of ketoacidl was required at least
' 0 20 40 60 80 100 120 a double ozonexcess. The character of the curves of
ozone consumption and ozonides accumulation
Fig. 2. Kinetics of peroxides decomposition in GEN at evidences that the rates of ozone reaction with sub-
-20°C (1) and 22C (2) at O, olefin molar ratio 2.7 1) strate and the primary product of its oxidation are
and 3.1 D). different. The high rate obzone consumption at the

beginning of the reaction is due to sufficiently

Razumovskiiet al. assume that the key stage of effective compensation by the inductive effect of the
the process is the rearrangement of zwitteridh  methyl group of the displacement of the double bond
resulting in excited state of phenylglyoxalic acid electron density to the carbonyl carbatom. Beside
(Va). The molecule may be stabilized either by dis-the electronic effects the reactioate isaffected by
sipation of the energy excess and formation of asteric factors due to the shielding of the keto group
stable ketocarboxylic acidb or by ejection of carbon in zwitterion VIII by the bulky gemdimethylcyclo-
oxides and formation benzoic acid/l() or benz- propane fragment of the molecule. Therefore the
aldehyde YI1'). At the same time the bipolar ioly  stabilization of the zwitterion by formation of ozonide
and acidVb in the course of the experiment do not X becomesimprobable. The rates of £Oabsorption
react with ozone, and this permits &xclude the and of peroxides formation notably decrease after
possibility of oxidative cleavage of acMb by ozone. complete disappearance of the initial ketondérom
In keeping with this mechanism it should be expectedhe reaction mixture: It isevidenced by a definite
that in ozonolysis of carenoné¢)(alongside ketoacid bend on the curves of ozone consumption and per-
II form a comparable amount of diketoadKl. oxides accumulationFig. 1).
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The study of thermal stability of ozonides obtained In the *H NMR spectrum at3.25 and 3.38 ppm
at different ratios @-3-caren-5-one showed that in appear signals from 12 protons of the dimethoxy
the reaction products were present at least two kindgroups. In the'*C NMR spectrum of the compound
of peroxides (Fig. 2). the signal a563.97 ppm corresponds to the dithoxy

We believe that in bipolar intermediatélll the 9roup close to the ketgroup, and at 51.88 ppm to
keto groups inu-position with respect to the reaction that far from the ketgroup. Thechemical shift of the
site favor its stabilization in the form of peroxyenol carbonyl carbon is 204.56pm. If theamount of the
XlI. This is in agreement with the published data thapzone-oxygen mixture passed through the solution of
1,2-dicarbonyl compounds are prone to enolizatiorketoneXIV is increased to 12 mol equiv of Qper
[6, 7]. The sole product of enolatél ozonolysis is 1 mol of alkene the above workup procedure afforded
ketoacidll . The decrease in ozone absorption at thanethyl 5,5-dimethoxypentanoate X\(). In the
second reaction rate may be ascribed to electroh’c NMR spectrum of compoun¥V appears a signal
deficiency of the double bond in the peroxide inter-at 3.52 ppmtwice less intensive compared to the
mediate XI. signals of dimethoxy groups &.25 ppm andequal

In order to corroborate theassumed reaction in intensity to that of CHO of the ester group of
mechanism and to establish the substituents effect weompoundXV. In the **C NMR spectrum of the
studied the ozonolysis of 1-methylcyclohexendl() compound the carboxy group carbon givepemk at

and cyclohexenoneX(V). 173.35 ppm, and theharacteristic signal of keto
group in 200 ppm region is lacking. The magsec-
(1) O;, MeoH trum also is consistent with the assumstducture.
CH —75°C CH, : . ,
3 (2)[H] O\/M Obviously the conjugation of the double bond and
O/ 0 the carbonyl group is decisive for the route of

ozonolytic cleavage of cyclohexenes. At the same
time it should be noted that the presence of an

After absorption of one mol equiv of ozone with electron-acceptor group reduces thg electror_l density
1-methylcyclohexene Xl ) in methanol at-75C ~ ONn the double bond and therewith considerably
followed by reduction of the peroxide ozonolysis decelerates the ozone attattlereto. Incarenone I
product with hydrogen on Lindlar catalyst wasthe gemdimethylcyclopropane fragment of the
obtained ketoaldehyd«IlII . molecule largely compensates the displacement of the

o , . electron density of the double bond to the carbonyl
promitgrug}a' Odzlgﬁgenvflﬁr:'v acsyagieer;';:_z'r_lotgg(Ir\(;‘;lcnoncarbon and thus facilitates the ozone addition and
After passing 3 mol equiv of ozone through the?2ccelerates theeaction.
methanol solution of ketonXIV at -40°C followed
by reduction of the peroxide reaction products with EXPERIMENTAL
dimethy! sulfide and boiling of the reaction mixture
in methanol withp-toluenesulfonic acids we separated IR spectra of compounds were registered on
1,1,6,6-tetramethoxy-2-hexanoné\Ml ). Its structure UR-20 spectrophotometer from thirfilm. The

X1 X1

was proved byH and**C NMR spectroscopy. specific rotation was measured &rerkin-Elmer 141
instrument in CHCl; solutions. '"H NMR spectra
831(\343,1\5/160H were recorflaed on spectrometer TesBS-576
) (100 MHz), °C NMR spectra were run on spectro-
MOCHS (3) n-TSOH/MeOH Q meter JEOL FX-90 Q (22.8MHz), solventCDCl,
CH,O OCH, internal referenceTMS. GLC was carried out on
XV 0 chromatograph Chrom-5, column 1204 mm,
(1) O.. McoH X1V stationary phase 5% SE-30 on Chromatpn N-AW-
(2)1\43525 o DMCS, oven temperature 5800°C, carrier gas
(3) n-TSOHMeOH CH,0 OCH, helium. Mass spectrum was measured\kh-1320
WOCHS instrument at ionizing electrons energy 70 eV.
CH,0 XVI Elemental analyses of compounds obtained were in

agreement with the calculatefigures.
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(-)-(1R,39)-2, 2-Dimethyl-3-(2-oxopropyl)cyclo-
propanecarboxylic acid (I). Through a solution of
0.45 g (3mmol) of 3-caren-5-onel) in 10 ml of
anhydrous acetonitrile at°’G was bubbled an ozone-
oxygen mixture(1.5-2 wt% of O,) at the flow rate
5.4 | W till the end of ozoneabsorption. Thevzone

241

distilled off at 10 mm Hg, the residue was dissolved
in ether, thesolution was washed witlwater, dried
with MgSQ,, and the ether was distilledff. We
obtained 16.2 g (91%) of 2-oxoheptanal XllII )
dimethylacetal, bp 5%0°C (1 mm Hg),n%° 1.4297.
IR spectrum ¢, cml): 840, 960, 1060, 1705.

concentration at the input and output of the reactotH NMR spectrum & ppm, J, Hz): 1.58 m (6H,

was monitored by iodometric titration. Qrompletion

CH,), 1.98 s (3H, CHCO), 2.45 m (2H, CHCO),

of reaction the reaction mixture was flushed with3.10 s (6H, OCH), 4.18 t (1H, OCHO,J 5.5 Hz).

argon, then 0.31 g (2.48 mmol) of NaSO,; was
added, and the mixture waeft standing atroom

Mass spectrumm/z (I,o, %): 174 M]* (0.1), 173
(5.0), 156 M-H,0]* (40.0), 143 M-OCH]* (10.1),

temperature till complete reduction of peroxides (till 110 M-2CH,OH]" (6.2), 75 (100).
negative test with the acidified aqueous solution of

KI). The reaction mixture was filtered, thsolvent
was distilled off, and to theresidue was added by
portions 15 ml of concentrated NaHG®olution till

Methyl 5,5-dimethoxypentanoate(XV). Through
a solution of 1 g (10.42nmol) of 2-cyclohexenone
(XIV) in 15 ml of anhydrous methanol a#t0°C was

CO, evolution ceased. Then the reaction mixture wa®ubbled an ozone-oxygen mixture (5 wt% of)@ntil

washed with ethyl ether (850 ml), thewater solu-
tion was acidifiedwith50% H,SO, till pH 2-3, and

12 mmol of G, was consumed per 1 mmol of cyclo-
hexenoneXIV. The reaction mixture was flushed

the organic layer was separated. Into the remainin¥/ith argon, 1,14 ml (15.53nmol) of (CH;),S was

water layer was addedlacCl till saturation,acid Il
was extracted with ethyl ether %0 ml). The

added, the mixture was stirred for 1 h aledt stand-
ing at room temperature for 12 h. The solvent was

combined organic solutions were washed with wateglistilled off, the residue was dissolved in 50 ml of

and dried on MgSQ On distilling off the solvent we

anhydrous methanol and boiled for 3 h in the

obtained0.74 g of oily substance that was subjected presence 00.012 g (0.07mmol) of p-toluenesulfonic

to column chromatography on Sjdeluent hexane
ether, 1:1).Yield of ketoacid 0.44 g (60%); n3*
1.4750, §]% -32° (¢ 1.0, CHCL). IR spectrum
(v, cml): 1130, 1180, 1240,1370-1380, 1450,
1700-1730, 2400-3600.H NMR spectrum §, ppm,
J, Hz): 1.17 s (3H, a-CH,C?, 1.24 s (3H,
B-CH,C?), 1.45-1.65 m (2H, GH, C°H), 2.18 s
(3H, CH;CO), 2.86:3.00 g.d (2H, CH, J, ; 33.01,
J,, 18.9, J, 15 6.73 Hz), 11.08 s (1H, C®).
13C NMR spectrum &, ppm): 14.24 ¢-C?), 26.45
(C?), 27.96 (C), 28.45 B-C*), 28.52 (C), 29.92
(C¥), 37.94 (&), 178.33 (&), 208.60 [C(O)O].

2-Oxoheptanal (XIII). Through a solution of 10 g
(104 mmol) of 1-methyl-1-cyclohexeneXli{) in
150 ml of methanol at70°C was bubbled an ozone-
oxygen mixture (5 wt% of Q) at a flow rate 5.4 | h
till the solution gotblue. Thereaction mixture was
flushed with argon, 0.5 g of Lindlarcatalyst was

acid. Then a solution of C}DNa in methanol was
added till stable alkaline pH, methanol was distilled
off at 10 mm Hg. The residue was dissolveceither,
the solution was washed wittvater, and dried on
MgS0O,. On removing the solvent we obtainé21 g

of oily reaction product that was subjected to vacuum
distillation to afford 0.41 g (22%) ofester XV, bp
38°C (3 mm Hg),ny’ 1.4491. IRspectrum ¥, cn):
1150, 1220,1370-1380, 1460,1715-1750.'H NMR
spectrum §, ppm): 1.52 m(2H, C*H,), 1.83 m (2H,
C%H,), 2.22 m (2H, GH,), 3.16 s (6H, OCH), 3.52

m [3H, C(O)OCHy], 4.22 t (1H, OCHO).**C NMR
spectrum &, ppm): 19.72 (€), 31.51 (¢), 33.58
(C?, 51.31 (GO), 52.31 C-0O-C°), 103.87 (C),
173.35 (G). Mass spectrumm/z (I, %): 145
[M-OCH,]* (5.8), 128 M-OCH,-OH]" (2.9), 113
(3.6), 101 M-75]" (3.9), 75 [(CHO),CH]+ (100),
71 (36.9), 58 (56.9).

added, and the reaction mixture was stirred under 1,1,6,6-Tetramethoxy-2-hexanone (XVI).
hydrogen atmosphere till negative test for peroxidesd hrough a solution of 1 g (10.42mmol) of 2-cyclo-
with acidified water solution of KI. The catalyst was hexenone (XIV) in 15 ml of anhydrous methanol at

filtered off. The purification and identification of
ketoaldehydeXlll was carried out by converting it

-40°C was bubbled an ozone-oxygen mixture (5 wt%
of O;) until 3 mmol of O; was consumed per 1 mmol

into dimethylacetal by treating the filtrate with 8.7 g of cyclohexenoneXIV. The reaction mixture was

(162 mmol) of NHCI and keeping it standing for
24 h. Then a solution of C}ONa in methanol was
added till stable alkalinereaction. Methanol was

flushed withargon, 1,14 ml (15.58mol) of (CH;),S
was added, the mixture was stirred for 1 h daft
standing at room temperature for 12 h. The solvent
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was distilledoff, the residue was dissolved in 50 ml

of anhydrous methanol and boiled in the presence of
0.012 g (0.07mmol) of p-toluenesulfonic acid till the 1.

disappearance of the initial cyclohexenondV
(TLC monitoring; Silufol, ethyl-acetatehexane,
1:1). Then a solution of CkONa in methanol was

added till stable alkaline pH, methanol was distilled3-

off at 10 mm Hg. The residue was dissolveceither,
the solution was washed wittvater, and dried on
MgS0O,. On removing the solvent we obtainéd32 g

of reaction product that was subjected to vacuum
P J 4. Beiley,P.S.,0zonation in Organic Chemistrypol. 1,

distillation to afford0.67 g (30%) oftetramethoxy-2-
hexanone XVI), bp 80-95°C (2 mm Hg), nd’

1.4410. IRspectrum ¥, cmY): 1150, 1220, 1330,
1380, 1460, 1715, 1730'H NMR spectrum &,

ppm): 1.56 m(6H, CH,), 3.25 m [6H, CHOC(O)],

3.38 s (6H, CHO), 4.32 m (1H, OCHO), 4.43 s
(1H, OC'HO). ¥*C NMR spectrum &, ppm): 17.3
(CH, 31.13 (©), 36.14 (C), 51.88 C-0-C"), 53.97
(C-0-CY), 103.45 (¢), 103.58 (&), 204.55 (@).

Mass spectrum,m/z (I, %): 221 (2.5), 203
[M-OH]* (65.0), 214 (3.7), 189NI-CH,0O]* (6.7),

173 (2.7), 157 (1.3), 145M-CH(OCH,),]* (0.9),

144 (5.8), 130 (6.2), 75 [CH(OCHb] (100).
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