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Abstract: Structure of o-hydroxyl amino oxime derived from monoterpene hydrocarbon limonene was
carefully determined using NMR technique and confirmed by chemical transformations. This o-
hydroxyl amino oxime derivative of limonene. that was believed to be a simple monocyclic compound,
is in fact a derivative of isoquinuclidine.

o-Hydroxyl amino oximes are readily prepared by treatment of the corresponding nitrosochlorides either
with free hydroxylamine or hydroxylamine hydrochloride, and a number of a-hydroxyl amino oximes derived
from different olefins has been described.' When applied to terpene hydrocarbons, this reaction results in

* which are of interest from the viewpoint of their use in the synthesis of

functionalized terpene derivatives®
useful organic molecutes * The a-hydroxyl amino oxime of the limonene series, described by G.Cusmano at
the beginning of the century,’ was believed to have the normal monocyclic structure, in spite of its unusual
chemical behavior ® Now we report experimental evidence of the unusual structure of the limonene o-
hydroxyl amino oxime 6 that is in fact a derivative of 2-azabicyclo[2.2.2]octane (isoquinuclidine), whose
derivatives are of special interest due to their properties.’

We prepared a-hydroxyl amino oxime 6 according to the standard procedure described as a method for
preparing “limonene a-hydroxyl amino oxime™ using limonene nitrosochlorides 2a and 2b as intermediates.

Nitrosochlorination of limonene 1 is used in the process of making carvone and has been studied
previously * We prepared both rrans- (2a)° and cis- (2b)"° limonene-nitrosochlorides and examined them as
starting compounds in the preparation of the bicyclic compound 6. Unexpectedly, both cis- and frans-
nitrosochlorides display two sets of signals in NMR spectra. Both frans- (2a) and cis- (2b) nitrosochlorides
are F.-dimers in the solid state according to IR spectroscopy. When registered immediately after dissolving, the
NMR spectrum of each isomer shows one set of signals possessed by the £-isomer at the N=N double bond of
the dimeric nitrosochloride. In a period of 4 hours the NMR spectra show equilibrium mixtures: £:7=5:3 for
trans-isomer (2a) and 4:3 for cis-isomer (2b). Dimeric nitroso compounds with the structural fragment of
N,N'-azodioxides are known to exist in £- and Z- forms at the N=N bond!' which can undergo fast

interconversion in a solution: '
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('is- and trans- limonene nitrosochlorides are more stable than other terpenic nitrosochlorides,” the cis-
isomer 2b is completely transformed to a-chloro oxime 3 in a chloroform solution at room temperature in two
weeks, whereas the degree of conversion is only 60% for trans-isomer 2a. Reaction of both cis- and #frans-

nitrosochlorides with hydroxylamine results in one and the same compound 6, the reaction of the cis-isomer
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The numbering of the C-atoms of the isoquinuclidine derivatives shown on the scheme does
not coincide with the numbering of the system according to {lUPAC. This numbering scheme
is usual for the p-menthane type monoterpenoids and given for NMR interpretation only.
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being to some extent faster due to the axial position of proton H*, which is more favorable for the formation of
the corresponding intermediate nitroso olefin 4.

The chemical structure of the bicyclic product was solved by NMR spectroscopy using the “C-"C
coupling constants. The “C and 'H NMR data for compound 6 and other limonene derivatives obtained are
collected in Table I and Table 2 respectively. Signal assignment of the gem-dimethyl fragment was carried out
using Nuclear Overhauser Effect for compound 11 irradiation of the H® methyl at 5 1.10 ppm (d¢ 23.00 ppm)
gave 5% enhancement of the signal at & 2.78 ppm (H'-ex0) and 2% enhancement of the signal at § 1 81 ppm
(H*). E-Configuration of the oxime group in 11 was determined by comparing values of the coupling constants
1J(CI_CZ) and 'J(Cz_ci) 18 Comparison of the 'H and C NMR data for 11 with those of the other bicyclic
derivatives obtained shows the same configuration of the oxime moiety in molecules 6,8-10. In addition,
molecular mechanics calculations using MMX program'® show the E-isomers to be ca. 2-3 kcal/mol more
stable. '"H NMR chemical shifts and proton-proton couplings in compounds 6,8-11 are in agreement with the
NMR parameters of a number of known synthetic isoquinuclidine derivatives.'” Transformations of the a-
hydroxylamino oxime into a number of derivatives, including the stable nitroxyl radical 7,'"® shown on the
Scheme, supports the bicyclic structure of the isoquinuchidine type 6 for this compound. Bicyclic compound 6
appears to be due to an intramolecular acid-catalyzed cyclization of intermediate monocyclic o-hydroxyl
amino oxime of normal structure (5, R=0H), whose formation is postulated as a result of nucleophilic
substitution of the chlorine atom via corresponding nitroso olefin 4 with the retention of the C'
configuration '> We tried to perform the intramolecular cyclization of other monocyclic limonene derivatives
of this type (5, R=Me, Ph, CH,Ph>') by the action of inorganic acids under various conditions, but our
attempts failed and the starting compounds were recovered unchanged. The intramolecular cyclization of the
N-hydroxylamino derivative 5 (R=0OH) is possible due to the low basicity of N-hydroxylamino group. When
the limonene nitrosochloride reacts with hydroxylamine, the N-hydroxylamino derivative § (R=OH) is formed
as hydrochloride. This hydrochloride is in equilibrium with the free N-hydroxylamino derivative which can be

attacked by hydrogen chloride at the C* atom to give the cyclization product:
g p

i
R
+N/
— ————»= 6
NOH

Corresponding N-alkyl amino oximes 5 (R=Alk) are more strong bases by a factor of 10°-10* so the

NHRxHCI

NOH
NOH

cyclization should be much slower, if at all.

EXPERIMENTAL
General experimental procedures. All the solvents used were reagent quality. Diethyl ether was freshly
distilled. Removal of all solvents was carried out under reduced pressure and all commercial reagents were
used without additional purification. Analytical TLC plates were Silufol® (Silpearl on aluminum foil,

Czechoslovakia) Preparative column chromatography was performed on SiO; ("KSK", Russia, 100-200
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mesh, air dried and activated at 140°C for 5h). IR spectra were obtained using a Specord M-80 infrared
spectrophotometer. IR spectra for nitrosochlorides 2a and 2b were obtained using a Bruker 1IFS-66 infrared
spectrometer. A Polamat A polarimeter was used to measure optical rotation at 578 nm. Melting points were
obtained using a Kofler melting point apparatus. Mass spectra were obtained on a Finnigan MAT 8200
instrument using the Electron Impact Ionization technique (100-220°C, 70eV). Microanalyses were obtained
using a Hewlett Packard 185 analyzer and a Carlo Erba 1106 analyzer. ESR spectrum was recorded using a
Bruker ESR 300 istrument

NMR experiments. 'H and "°C NMR spectra were recorded at room temperature using a Bruker AC-
200 instrument (‘H 200.13 MHz, °C 50.32 MHz) locked to the deuterium resonance of the solvent using
standard Bruker NMR Software System. The chemical shifts were calculated relative to the solvent signal
using as the internal standard: 8 7.24 ppm and 5¢ 76.90 ppm for CDCls, 8y 2.55 ppm and 3¢ 39.60 ppm
for DMSO-dg. NOE and INADEQUATE experiments were performed on a a Bruker AM-400 instrument
(*H 400.13 MHz, "°C 100.61 MHz). NOE experiment for 11 was carried out for the deoxygenated solution of
the compound in CD,Cl, (20 mg/ml) (84 5.32 ppm for CD;Cl;). Carbon-carbon coupling constants IJCC
were measured by a standard version of INADEQUATE with adjustment at 40 Hz, and selective
INADEQUATE (INADSEL™) with adjustment at 3 Hz was used for measuring of the long-range carbon-

carbon couplings;”' 128K of the memory were used for one spectrum, and digital resolutions were 0.2-0.5 Hz.

Table 1. "C NMR Data for Compounds 2, 3, 6, 8-11.

6C' ¢

i | Z2a® | E-2a® | Z-2b" | E2b? | 3° 6 8° 9°b 105 | 11¢cde
69.42 | 6953 | 7019 | 7019 | 6922 | S9.60* | 57.03 | 51.58* | 6649 | 60.18
67.52 | 67.14 | 7046 | 6926 | 160.13 |15843 |211.81 [162.89 |212.11 | 156.58

20.24 29.52 30.70 31.30 2689 | 27.72 40.83 28.25 39.88 27.89
37.17 37.05 4329 43.48 4422 | 3618 37.62 3513 38.29 36.44

26.36 26.30 26.35 26.35 2539 | 21.53 22.03 2233 20.83 21.36
37.23 3723 42.02 41.75 4296 | 30.61 28.92 31.25 27.64 3133
148.00 | 148.09 | 14733 | 14733 | 147.64 | 60.04* | 5124 52.33* 60.79 61.72
109.54 [ 10954 | 10997 | 110.14 | 110.02 | 24.15 30.93* | 31.05* 28.95 23.00
20.61 20.54 20.33 20.24 20.44 | 29.00 28.76* | 29.30* 23.57 29.61
10| 29.44 28.96 3138 30.43 28.35 20.40 19.85 22.16 18.30 20.01

O 0 N N R W N e

? chemical shifts are given in ppm; ¢ = 5-10%; assignments marked with an asterisk may have to be
reversed; ”in CDCly; “in DMSO-d; .  other signals: & 18.83 ppm (CH;CO-) and 3 170.30 ppm
(CHsCO-); ° J(ci.¢i) according to INADEQUATE, Hz: 1,2 = 48.1£0.5; 2,3 = 371205, 3,4 =
33+1; 4,5 =32+1; 5,6 =32+1; 1,6 =34.7+0.5, 1,10 =43 7+£0.5; 4,7 = 33.2+0.5; 7.8 = 40.8+0.5; 7.9
= 38.610.5, CH;-CO- = 58%1; according to selective INADEQUATE, the carrier frequency was
adjusted at the C'"° resonance: 7,10 = 2.1+0.2;, 5,10 = 3.5+0.2.
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Table 2. 'H NMR Data for Compounds 6, 8-11.7

8569

8H', ppm (J, Hz) -
H 6 8 9 10 11
3exo 2.62 ddd 2.55 ddd 2.83 ddd 2.70dm (19.5) 273 ddd
(190,3.0,30) (190,35,35)  (195,35,3.5) (19.0, 3.5, 3.0)
3endo 208 dd 1.97 dd 229dd 210 dd 2.39dd
(19.0, 3.0) (19.0, 3.0) (19.0,3.0) (19.5, 3.0) (19.0, 3.0)
4 1.66 m =]1.76 1.69m ~] 85-2.05* 1.74 dddd
Wi, =9 Hz Wy, =10 Hz (3.52.525.2.5)
Sexo,endo | ~1.13-1.55% =140, =175 ~] 30-1.65% ~1.30-1.70* ~].28 =188
6exo ~1.67-1.87* =] 95 ~2.03 =2 00
6endo =] .67-187* ~1.47 ddd ~].77* ~1.85-2.05* 1.60 ddd
(12.5,12.5.2.5) (13.5,11.52.5)
8 1025 099 s 1.09s 130s 1.03s
9 115s I.1ls 120s 130s 1325
10 109 083s 1135 1.20s 1.12s
other 7.4 br.s (N-OH) 1.15 br.s (NH) 6.4 br W, = 1.95 5 (CH;CO)
signals 60 Hz (NOH)
10.3 br.s (=NOH) 89 brs
(=NOH)

“ '"H NMR data for the monocyclic derivatives 2 and 3 are given in the text below; be=510%in
the same solvents as for the data given in Table I. ° assignments marked with an asterisk may have
to be reversed.

(R)-(+)-Limonene was purchased from Aldrich Chemical Co. (x)-Limonene (95% purity) was purchased

from The Central Institute of Forest Chemistry (N.-Novgorod, Russia). Nitrosochlorination of limonene was

carried out by standard methods using gaseous NOCI and a CH,Cl; solution of limonene in the preparation of
cis-isomer (2b) and -AMONO-HC! in the preparation of trans-isomer (2a).”> Purification of the

nitrosochlorides was performed by triple precipitation from chloroform solutions by adding of precold

methanol.

(- )-Limonene trans-nitrosochloride, (+)-(2a). m.p. 100-101°C, (x)-Limonene trans-nitrosochloride, (+)-

(2a) m.p. 96-98°C. IR (0.25% in CaF;) v = 1643, 1394, 1198, 1188, 1163, 901, 897 cm "

'H NMR (in CDCl).
E-dimer — 577 ddd 1H, J= 50, 3.0 and 2. 0 Hz (H*): 4 71 br.s 2H (H®); =2 57 1H (H*), 249 ddd 1H, J
=14.5, 100 and 7.0 Hz (H%-ax.); 2.18 ddd 1H, J = 15.0, 12.5 and 5.0 Hz (H*-ax.); 1.91 dddd 1H, J = 15.0,
4.0,4.0 and 2.0 Hz (H-eq.); 1.68 br.s 3H (H°); 1.61 s 3H (H").
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Z-dimer — 5.71 ddd 1H, J=5.0, 3.0 and 2.0 Hz (H?); 4.73 br.s 2H (H®); ~2.57 1H (H*); 2.52 ddd 1H, J
=14.5, 10.0 and 7.0 Hz (H%-ax.); 2.16 ddd 1H, J = 15.0, 12.5 and 5.0 Hz (H*-ax.); 1.92 dddd 1H, J = 15.0,
4.0,4.0 and 2.0 Hz (H*-eq.); 1.68 br.s 3H (H%); 1.65 s 3H (H").

(—)-Limonene cis-nitrosochloride, (+)-(2b) m.p. 100-102°C; (~)-Limonene cis-nitrosochloride, (£)-(2b):
m.p. 91-92.5°C. IR (0.25% in CaF,): v = 1647, 1456, 1445, 1395, 1286, 1252, 1202, 890 cm™".

'"H NMR (in CDCls)

E-dimer — 5.68 dd 1H, J = 12.0 and 3.5 Hz (H%); 4.77 ddgq 1H, J = 1.0, 1.0 and 1.0 Hz (H%a); 4.75 dg
1H, J =13 and 1.3 Hz (H%); 239 ddd 1H, J =123, 123 and 123 Hz (H*-ax.); 1.73 dd 3H, J= 13 and 1.0
Hz (H%); 1.59 s 3H (H)

Z-dimer — 5.53 dd 1H, J = 12.0 and 3.5 Hz (H%), 473 br.s 2H (H*), 2.31 ddd 1H, J = 123, 12.3 and
123 Hz (H-ax.), 1.71 1 3H, J= 1.0 Hz (H*); 1.70 s 3H (H').

(1R* 48*)-1-Chloro-p-menth-7-en-2-one oxime (3), '"H NMR (in CDCly): 8.9 br.s 1H (=NOH), 4.78 ddg
2H, J=1515and 1. 5Hz (Hs), 334dm1H,J=120Hz W;,=5Hz (Hseq.); =3 1m lH, 1.76 br.s 6H (H9
and H')

by neutralization of NH;OHxHCI, 3.5 g, 50 mmol with NaOH, 2.0 g, 50 mmol) in MeOH (40 ml) was added
to a suspension of dimeric nitrosochloride 2a or 2b (2.0 g, 10 mmol) in Et;O (10 ml). The reaction mixture
was stirred under reflux for 4 h. White precipitate was collected by filtration, washed with H,O (2x10 ml),
MeOH (2x10 ml), Et;O (20 ml), and dried to give 1.3 g (63%) of the title compound Sublimation of the
crude product in vacuum afforded an analytical sample with m.p. 228-229°C (decomp.) for racemate and 141-
143°C for optically active material (lit * m.p. 145°C); found C 60.5, H 9.4, N 14.1; C1oH1s0;N, requires C
60.58, H 9.15, N 14.13; MS, mz (%) 198.1369 (M", 33%, calc for C1oH1s02Nz 198.1368), 183 (M-
CHs 17), 181 (100), 122 (11), 108 (19), 95 (40), 81 (19), 55 (11), 42 (16), 41 (19). IR (0.25% in KBr): v =
3310 br. (O-H), 1650 (C=N) cm .

(1)-1,3,3-Trimethyl-2-oxyl-2-azabicyclof 2, 2, 2 Joctan-6-one oxime (7). Reaction of 6 (0.15 g, 0.76 mmol)
with PbO; (0.15 g,0.63 mmol) in MeOH (5 ml) at room temperature for 30 min. resulted in 0.14 g (98%) of
the title compound as yellow crystals. Column chromatography of the crude product afforded an analytical
sample with m.p. 151-153°C (decomp); found C 61.1, H 8.9, N 14 3; C4H47N20; requires C 60.89, H 8.69,
N 1420, MS, m z (%) 197.1298 (M, 64 calc. for C1oH17N20, 197.1290), 167 (41), 152 (28), 149 (26), 134
(20), 124 (100), 110 (55), 108 (30), 94 (31), 79 (38), 69 (33), 55 (30), 41 (33). IR (0.25% in CaF,): v =
3310, 1466, 1447, 1369, 1227, 1146, 957, 941 cm ' ESR spectrum (in CHCls): auy=145G.

(#)-1,3,3-Trimethyl-2-azabicyclof 2, 2, 2 Joctan-6-one (8). Reduction of 6 (0.99 g, 5 mmol) with Ti(S04);
(15% aqueous solution, 30 ml, 10 mmol) in a mixture of dioxane (25 ml), H;O (10 ml) and AcOH (5 ml) in
the presence of NaOAc (164 g, 20 mmol) for 4 h at room temperature gave 0.70 g (84%) of the sitle
compound as white crystals. Sublimation of the crude product in vacuum afforded an analytical sample with
m.p. 54.5-55.5°C; found € 72.0, H 10.5, N 8.5; C4oH47NO requires C 71.81, H 10.25, N 8.37; MS, m/z (%)
167 (M, 5), 139 (63), 124 (95), 110 (89), 98 (100), 96 (27), 70 (19), 57 (20), 42 (30). IR (0.25% in KBr): v
= 1708, 1460, 1403, 1383, 1088 cm ;IR (1% in CHCl3). v=3310cm "
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(1)-1, 3, 3-Trimethyl-2-azabicyclof 2, 2, 2 Joctan-6-one E-oxime (9). Reduction of 6 (0.40 g, 2.0 mmol) with
Zn-dust (1.0 g, 15 mmol) in AcOH (6 ml) for 2 h at room temperature resuited in 0.30 g (82%) of the fitle
compound as colorless crystals. Sublimation of the crude product in vacuum afforded an analytical sample
with m.p. 144 5-145°C; found C 66.1, H 10.2, N 15 4; C4oH1aN2O requires C 65.90, H 9.95, N 15.37, MS,
mz (%): 182 (M, 6), 165.1393 (M*—OH, 100, calc. for C1oH17N2 165.1392), 153 (6), 139 (4), 126 (5), 108
(14), 97 (11), 70 (8), 58 (7), 42 (13). IR (0.25% in KBr): v = 3280, 1650, 1450, 1420, 1375, 1200, 1090, 925
cm™’; IR (1% in CHCly): v = 3580 cm™

(#)-1, 3, 3-Trimethyl-2-hydroxy-2-azabicyclof 2,2, 2 foctan-6-one (10). Hydrolysis of 6 (0.99 g, 5 mmol)
with aq. CH20 (40%, 5 ml) and conc. HCI (15 mi) for 10 h at reflux resulted in 0.80 g (88%) of the #itle
compound which was then sublimated in vacuum to give an analytical sample with m.p. 130-132°C; found C
658, H9.6, N 7.7, CsH1zNO; requires C 6554, H9.35, N 7.64, MS, m/z (%) 183.1261 (M", 6, calc. for
C1oH7NO, 183.1259), 155 (57), 140 (30), 138 (100), 126 (68), 86 (19), 82 (32), 73 (17), 55 (28), 42 (62),
41 (58); IR (0.25% in KBr): v = 1725, 1460, 1410, 1180, 1060 cm™"; IR (1% in CHCl): v = 3580 cm™".

(H-1,3,3-Trimethyl-2-acetoxy-2-azabicyclof 2,2, 2 Joctane-6-one oxime (11). A solution of Ac,0 (0.24
ml, 2.5 mmol) in Et,O (5 ml) was added dropwise at 10°C to a stirred suspension of 6 and Na,CO; (0.13 g,
1.25 mmol) in Et;0. The reaction mixture was stirred for 2 h at room temperature to give 0.50 g (95%) of the
title compound with m.p. 167-168°C (CH,Cly), found C 59.9, H 8.7, N 11.6; C1;Hz0N,O5 requires C 59.98,
H 8.39, N 11.66; MS, mz (%) 240.1472 (M, 15, calc. for C1,HaoN2Os 240.1474), 223 (10), 198 (61), 183
(17), 182 (13), 181 (100), 124 (8), 108 (9), 95 (21). 81 (13), 79 (9). 67 (8), 55 (8). IR (0.25% in KBr): v =
1745, 1420, 1380, 1230, 1200 cm ', IR (1% in CHCIs) v = 3580, 1185, 1005, 945 em™.
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