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OZONOLYTIC TRANSFORMATIONS OF OLEFINIC DERIVATIVES
OF L-MENTHOL AND RICINOLIC ACID
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Ozonolysis and reduction of olefinic derivatives of ricinolic acid and L-menthol were studied using
hydroxylamine hydrochloride and sodium trisacetoxyborohydride to reduce the peroxide products.
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L-Menthol and ricinolic acid are promising substrates for chiral polyfunctional compounds owing to their high optical
activities and availability from mint and castor oils. The polyfunctional compounds can then be used as convenient building
blocks to synthesize organic compounds with more complicated structures.

Herein we report experimental results on expanding the synthetic potential of the title compounds using ozonolytic
transformations of their olefinic derivatives such as castodajlgnd its acetatelp), a secondary homoallylic alcohd)(
obtained fromla [1], and the regiospecific dehydration product of L-(-)-menth@! [2], (R)-menth-3-enel(1) and its
3-substituted analogd, 18, 20, 21). The last compounds were prepared by acid dehydration (TsOH,APt24, h) of
previously reported [3] tertiary alcohols¥15). 3-Methylmenthol 13) formed a single cycloolefirl), like when oxalic acid
is used (100°, 24 h) [4]. Dehydration of 3-ethylmenthd) produced in 87% a mixture (94:3:3) of all possible isomers at the
double bond with the thermodynamically most stable 3-gthglenth-3-enel8) dominating. The same situation was observed
upon dehydration of phenyl-substituted mentli8).( The ratio of the thermodynami2d) and kinetic 21) products was 7:3.

We used hydroxylamine hydrochloride as one of the reductants of the peroxide products. It has been used only in a
few instances for these purposes and always in methanol solution. Depending on the nature of the substrates, aldehydes [5]
aldoximes [6, 7], and methyl esters were formed [8].

It seemed logical to assume that hydroxylamine hydrochloride would react with the ozonolysis products in methanol
to form at first aldehydes that would then convert to aldoximes and undergo Beckmann rearrangement to the corresponding
nitriles, the nitrile groups of which would convert to carboxymethyls to form the methyl esters. We confirmed this hypothesis
using the conversion of the ozonolysis peroxide products into a whole series of disub4tEutby {risubstituted 11), and
tetrasubstitutedl) olefins using hydroxylamine hydrochloride.

Oxidation of castor oilXa, 85% ricinolic acid) and its acetatkbj by ozone (3 mol) in methanol followed by work up
with hydroxylamine hydrochloride produced mixtures (1.6:4.9:1 and 1:4.6:2.4) of hydroxgedied diester3, and its
mononitrile derivativel, respectively. Oxidation of homoallylic alcolilwhich is available from castor oil4) [1], with an
equimolar amount of ozone and work up with hydroxylamine hydrochloride produced a mixture (1:1:1.6) of the same
hydroxyesteR, nitrile 8, and methyl este¥ of nonanoic acid. Work up of the peroxide products from ozonolysis of oleffins
andl16 confirmed that their ketones are relatively unreactive compared with the aldehyde toward hydroxylamine hydrochloride.
These cycloolefins were converted in high yields and sleectively into the previously described k&&)¢8telQ] and diketone
17[4]. The products were identified using NMR spectroscopy and mass spectrometry in combination with chromatographic
separation of the components.
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Interesting results were obtained for the ozonolysis of castdrayil methylenechloride. Successive work up with
hydroxylamine hydrochloride (boiling, 10 h) and methanol in the presene&sdH (boiling, 6 h) produced a single low-
molecular-weight product, hydroxyaceal Therefore, hydroxylamine hydrochloride acted only as a reductant of the ozonides
formed most probably under these conditions to give the precur8p(3s)-hydroxynonanab.

Thus, previous results [5-8] and those presented herein indicate that hydroxylamine hydrochloride is an effective
reductant of the peroxide products from ozonolysis of olefins to give carbonyl compounds. Depending on the nature of the
substrate, solvent [11], and work up conditions, the resulting aldehydes undergo subsequent transformations by the route
aldehyde- aldoxime - nitrile - ester, forming pure compounds or their mixtures, or the corresponding acetal.

Because dehydration of alcoh@éand15 produced mixtures enriched in one cycloolefin or another, we used sodium
trisacetoxyborohydride, which can selectively reduce an aldehyde without affecting a ketone [12, 13], to convert their peroxide
products from ozonolysis.

Ozonolysis and reduction of a mixture enriched in 3-gbthylenth-3-enel8) under the aforementioned conditions
led to facile chromatographic separation of the corresponding diké®dnem the other minor products. Reduction of the
ozonolysis products of a mixture (7:3) of 3-phenylsubstituted mentB8mesi21 formed in 65% purity (according to GC and
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NMR) diketone22. Another probable product of ozonolytic transformatiodlohydroxyketon®3, was not observed, like the
substrate itselfA1). We explained this observation by the possible preferential polymerization of the styrene deBi¥ative (
under the ozonolysis conditions.

EXPERIMENTAL

IR spectra of thin layers were recorded on a Specord M-82 instrument. NMR spectra were recorded on a Bruker
AMX-300 spectrometer (300.13 MHz working frequencyXdrand 75.47 fof-3C) in CDCk and acetonegtelative to TMS.
Chromatographywas performed on Chrom-5 [1.2-m column, silicone SE-30 stationary phase (5%) on Chromaton N-AW-DMCS
(0.16-0.20 mm), working temperature 50-300°C], Chrom-41 [2.4-m column, PEG-6000 stationary phase, working temperature
50-200°C], and Shimadzu GC-9A instruments [25-m quartz capillary column, OV-101 stationary phase, working temperature
80-260°C] with He carrier gas. Mass spectra were recorded in a computerized GC—MS consisting 05890 HP
chromatograph with an HP 5972A mass-selective detector, a HP 5MS chromatography column (25 m x 0.25 mm), 40°C column
temperature, 5-min isotherm, heating at 8°C/min to 250°C, injector temperature 260°C, mass spectral scanning of 28-300 amu
in 1 s. Optical rotation was measured on a Perkin—Elmer 241-MC polarimeter. TLC used Sorbfil (Rugsi@dBi@n
chromatography used Sj70-230, Lancaster, England). The ozonator produced 40 mgpkOhour. Isolation and
chromatography usdebutylmethylether (TBME).

General Method of Dehydrating Methyl- (13), Ethyl- (14), and Phenyl{15) p-Menthols. A mixture of the
appropriate alcohol (20.0 mmol), which was prepared as before [3p-880H (1.15 g, 6.7 mmol) in benzene (20 mL) was
boiled for 24 h, cooled, diluted with hexane (20 mL), washedessively with saturated solutions of NaHE&@d NacCl, dried
over MgSQ, and evaporated.

(4R)-2,4-Dimethyl-1-(1-methylethyl)cyclohex-1-ene (16)Yield 2.74 g (90%)d]52°+9.0 £ 2.5, CHCY). IR, PMR,
and13C NMR data were practically identical to those previously reported [4].

(4R)-4-Methyl-2-ethyl-1-(1-methylethyl)cyclohex-1-ene (18)Yield 2.88 g (87%). IR spectrum (KBr,cntl): 1645
(C=C). PMR spectrum (CDgId, ppm): 0.75-1.00 [12H, m, Gj&-4, (CH;),C, CH,CH,), 1.48-1.70 (2H, m, K3, H-5), 1.84-

2.08 (2H, m, B3, H,5), 1.85-2.05 (3H, m, H-4, H-6), 2.05-2.10 (2H, m,fCH5). 13C NMR spectrum (CDG| 8, ppm):
13.43 (g,_®15CH,), 21.91 [q, CH(®l3),], 22.32 (g, CHC-4), 22.95 (t, CHCH,), 25.76 (t, C-6), 25.82 [d,H{CH,),], 28.6
(d, C-4), 34.55 (t, C-5), 38.32 (t, C-3), 129.79 (s, C-1), 134.0 (s, C-2).

(4R)-4-Methyl-2-phenyl-1-(1-methylethyl)cyclohex-1-ene  (20) and ®)-4-Methyl-2-phenyl-1-(1-
methylethyl)cyclohex-2-ene (21).Yield 3.77 g (88%) of a mixture (7:3) of olefiga® and21.

(4R)-4-Methyl-2-phenyl-1-(1-methylethyl)cyclohex-1-ene (20)13C NMR spectrum (CDG| ®, ppm): 20.72 (q,
CH;C-4), 21.34 and 21.58 [q, CHKR),], 22.49 (t, C-6), 29.18 [d, l{CHjy),], 30.26 (d, C-4), 31.23 (t, C-5), 41.49 (t, C-3),
126.09 (d, C-4 128.18 (d, C-3 C-5), 128.38 (d, C-2 C-6), 134.94 (s, C-2), 137.48 (s, ©;1143.87 (s, C-1).

(4R)-4-Methyl-2-phenyl-1-(1-methylethyl)cyclohex-2-ene (21)13C NMR spectrum (CDG| ®, ppm): 20.72 (q,
CHC-4), 21.26 and 21.62 [q, CHKR),], 21.77 (t, C-6), 28.84 (d, C-4), 31.04 (t, C-5), 31.36 [H(CH,),], 41.57 (d, C-1),

125.15 (d, C-3, 125.76 (d, C-3), 126.76 (d, C-&-5), 128.75 (d, C-2 C-8), 131.20 (s, C-2), 141.70 (s, O:1

General Ozonolysis Method of Olefins (1a, 1b, 7, 11, 16). Method An O3/O, mixture (calc. 1 mol @per 1 mol
double bond) was bubbled through a solution of olefin (10.0 mmol) in absolute MeOH (50 mL) at 0°C. The reaction mixture
was purged with Ar, stirred at 0°C, treated over 0.5 h with@HHCI (2.4 g, 35.0 mmol, per one double bond), boiled until
the peroxide disappeared (10 h), evaporated, diluted wi$lCIKILOO mL), and washed with,®. The organic layer was dried
over NgSQO, and evaporated.

Ozonolysis of Castor Oil (1a).Yield 10.1 g containing the methyl ester BEBydroxynonanoic acidj, dimethylester
of nonanedioic acid3}, and methyl ester of 8-cyanooctanoic adidif a 1.6:4.9:1 ratio according to GC.

Ozonolysis of Castor QOil Acetate (1b).Yield 9.2 g containing the methyl ester &-Bydroxynonanoic acid?j,
dimethyl ester of nonanedioic acig),(and methyl ester of 8-cyanooctanoic adidif a 1:4.6:2.4 ratio according to GC.

Ozonolysis ofR-Octadec-Z-en-7-ol (7). Yield 2.6 g of product containing the methyl ester®iydroxynonanoic
acid @), nonanenitrile§), and methyl ester of nonanoic ac®) in a 1:1:1.6 ratio according to GC.

Methyl Ester of 3R-Hydroxynonanoic Acid (2). [G]D20-198.7° €0.08, CHCI,). IR spectrum (KBrv, cntl): 3420
(OH), 1740 (C=0), 1140 (C-0O). PMR spectrum (acetg&;¢pm, J/Hz): 0.93 (3H,%)=7.0, H-9), 1.35 (8H, m, H-5—H-8),

1.52 (2H, m, H-4), 2.41 (1H, d&) = 15.131=8.1, H-2), 2.50 (1H, dd?J = 15.13] = 4.8, K-2), 3.67 (3H, s, CG@CH;), 3.98-
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4.03 (1H, m, H-3)13C NMR spectrum (acetonggd, ppm): 13.32 (g, C-9), 22.24 (t, C-8), 25.51 (t, C-5), 28.97 (t, C-6), 31.56

(t, C-7), 36.90 (t, C-4), 41.96 (t, C-2), 50.50 (q,4083), 67.54 (d, C-3), 171.89 (s, C-1). Mass spectrmnyg, (,o, %): 188

(0.3) [M]*, 170 (1), 139 (8), 138 (8), 111 (0.6), 115 (1), 113 (8), 103 (100), 97 (8), 96 (10), 87 (8), 74 (100), 59 (8), 45 (7),
31 (10).

Methyl Ester of 8-Cyanooctanoic Acid (4).IR spectrum (KBry, cntl): 2220 (&N), 1745 (C=0). PMR spectrum
(acetone-g, &, ppm, J/Hz): 1.35 (6H, m, H-4—H-6), 1.40-1.50 (2H, m, H-7), 1.55-1.65 (2H, m, H-3), 2.30 (2H, t, J = 7.2, H-2),
2.46 (2H,t,J=7.0, H-8), 3.61 (3H, s, Gl}Hy). 13C NMR spectrum (acetonggd, ppm): 16.04 (t, C-8), 24.47 (t, C-3), 25.08
(t, C-7), 28.57 (t, C-4—C-6), 34.85 (t, C-2), 50.42 (q,,CB3), 120.00 (s, C-9), 173.03 (s, C-1). Mass spectman (,g|,

%): 183 (0.2) [M}, 152 (39), 124 (21), 123 (20), 110 (19), 111 (7), 98 (9), 97 (32), 96 (9), 83 (32), 82 (25), 74 (100), 69 (11),
68 (7), 59 (39), 54 (8), 41 (25), 40 (8).

Nonanenitrile (8). IR spectrum (KBry, cntl): 2230 (&N). PMR spectrum (acetong;d, ppm, J/Hz): 0.94 (3H,
t,3J = 7.0, H-9), 1.3-1.5 (10H, m, H-4—H-8), 1.68 (2H, g, J = 7.0, H-3), 2.50 (2H, t, J = 7.0, H@NMR spectrum
(acetone-g, 6, ppm): 13.39 (g, C-9), 16.09 (t, C-2), 22.32 (t, C-8), 25.17 (t, C-3), 29.06 (q, C-4—C-6), 31.46 (q, C-7), 92.41
(s, C-1).

Ozonolysis of R)-Menth-3-ene (11). 3-MentheneX1) isolated as before [2] afforded after chromatography{SiO
PE:MTBE (50:1),R; 0.34] the methyl ester of57-dimethyt6-oxooctanoic acid1@, 1.30 g, 65%),d]p23 +9.5° € 5.27,
CHCl,). IR and NMR spectra were practically identical to those reported previously [9, 10].

Ozonolysis of R)-3-Methyl-p-menth-3-ene (16).3-Methylmenthenel@) isolated as before [2] affordedRy4,8-
dimethyl-2,7-nonanediond 7, 1.59 g, 86%),d]52° +8.9° € 2.5, CHCL). IR and NMR spectra were practically identical to
those reported previously [4].

(3R)-1,1-Dimethoxy-3-nonanol (6). Method B.An O3/O, mixture (calc. 3 mol @per 1 mol castor oil) was bubbled
through a solution of castor oilg, 1.0 g, 1.1 mmol) in CkCl, (10 mL) at 0°C. The reaction mixture was purged with Ar,
diluted with CHCI, (6 mL), stirred at 0°C, treated over 0.5 h with JZHi-HCI (0.8 g, 11.55 mmol), boiled until the peroxide
disappeared (10 h), diluted with @1, (100 mL), and washed with,®. The organic layer was dried over,S&, and
evaporated. The solid (0.94 g) was boiled for 6 h with MeOH (5 mL) in the presence of a catalytic ampdis®@idf The
solvent was evaporated. The remainder was diluted with MTBE (100 mL) and washegitfifie organic layer was dried
over NgSQ, and evaporated. The solid was chromatographed,(8iBCl,, R; 0.45) to affords (0.42 g, 98%). The IR and
NMR spectra were practically identical to those reported previously [14].

General Ozonolysis Method of 3-Ethyl- (18) and 3-Phenyl- (20, 2d)menth-3-enes. Method B An O3/O, mixture
was bubbled through a stirred solution of olefin (10.0 mmol) and glacial AcOH (1.20 g, 20.0 mmoldh (28 mL) at -4
to -2°C until 10.3 mmol of @was absorbed. The reaction mixture was purged with Ar, diluted wijiClcKlL4 mL), stirred
at 10°C, and treated with a previously prepared suspension of NaBH(fprepared by adding a solution of glacial AcOH
(8.22 g, 137.0 mmol) in CJ€I, (14 mL) to a suspension of NaBKlL.74 g, 45.8 mmol) in C}€l, (69 mL) with subsequent
stirring for 2 h]. The reaction mixture was warmed to room temperature, stirred for 3 h, cooled to 10°C, and treated with a
solution of NaOH (3.12 g) in water (69 mL). The organic layer was separated, washesssely with saturated N&I
solution and water, dried over p&0,, and evaporated.

2,6R-Dimethyl-3,8-decanedione (19)Yield 1.44 g (73%),d]52°+7.3° € 1.5, CHCY). IR spectrum (KBry, cntl):

1712 (C=0). PMR spectrum (CDLbB, ppm, J/Hz): 0.88 (3H, d, J = 2.0, g&46), 1.08 (6H, d, J = 2.0, GB-2, C-1), 2.11
(3H, s, H-10), 0.93-1.00 (2H, m, H-5), 1.15-1.65 (1H, m, H-6), 2.15-2.65 (6H, m, H-4, H-7,’AONMR spectrum (CDG|
o, ppm): 18.33 (g, H-1, CH2), 19.71 (d, CHC-6), 28.36 (g, C-10), 31.95 (t, C-5), 36.52 (t, C-7), 37.99 (t, C-9), 40.65 (d, C-2),
49.74 (t, C-4), 211.21 (s, C-8), 214.66 (s, C-3).

3R, 7-Dimethyl-1-phenyl-1,6-octanedione (22)Yield 1.60 g (65%) ,Q]D20-14.9° €2.5, CHC}). IR spectrum (KBr,
v, cmrd): 1708 (C=0), 1594 (Ar). PMR spectrum (CRG@, ppm, J/Hz): 1.02 (3H, d) = 6.6, CHC-4), 1.09 (6H, d, CKLC-9,
H-10), 1.40-1.60 and 1.62-1.75 (2H, m, H-5), 2.10-2.25 (1H, m, H-4), 2.45-2.60 (2H, m, H-6), 2.63 (1H3beffet, H-8),
2.71 (1H, dd,21=14.133 = 7.8, H-3), 2.95 (1H, dd) = 14.13) = 5.7, H-3), 7.47 (2H, 8J = 7.2, H-3, H-5), 7.58 (1H, t,
31 =17.2, H-4), 7.95 (2H, &) = 7.2, H-2, H-6). 13C NMR spectrum (CDG| &, ppm): 18.30 (g, CKC-8, G9), 19.84 (q,
CHC-4), 29.34 (d, C-4), 30.82 (t, C-5), 38.08 (t, C-6), 40.81 (d, C-8), 45.78 (t, C-3), 128.04'(€-6)3128.56 (d, C-2
C-6), 132.95 (d, C-3, 137.28 (s, C-}, 199.87 (s, C-2), 214.62 (s, C-7).
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