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Abstract—From thereaction products obtained by treating 3-carene with dinitrogen tetroxide a crystalline
compound N-[(1R,6R)-3-methyl-6-(1-methyl-1-nitroxyethyl)cyclohex-3-en|]-{1S,6S)-4- methyl-6(1-
methyl-1-nitroxyethyl)cyclo-hex-3-enyl]-E-diazeM&N'-dioxide was isolated. Mainly nitrate af-terpineol
formed in reaction of 3-carene with 70% nitric acid.

In extension of our studies on reactions of easily
available terpenes with dinitrogen tetroxide and nitric
acid we brought 3-carend)(in reaction with these
compounds. These reactionave not been investigat-
ed earlier.

The reaction of terpené with N,O, was carried
out in the presence of zeoliteASM-12, ZSM-5,
HB-2 (of large-porousp type), HY, erionite,K-10
clay, andwith no catalyst. Dichloromethane was used
as solvent. Taking int@ccount the readyarring of
reaction products the process was performed under
mild conditions: temperature50°C, molar ratio of
N,O, to 3-carene 1.3:1.From the mixture of
organic products formed in the reaction was isolated
by fractional extractionN-[(1R,6R)-3-methyl-6-(1-
methyl-1-nitroxyethyl)cyclohex-3-enyl{¥'-{1S, 6S)-4-
methyl-6(1-methyl-1-nitroxyethyl)cyclo-hex-3-enyl]-
E-diazeneN,N'-dioxide (I') that was a dimeric nitroso
derivative withp- andm-menthene skeletons. The best
yield of compound! (30%) was obtained in the pres-
ence of zeolite HY. with no catalyst and with K-10
clay the yield attained 27 and 18% respectively. The
temperature raised toC and the ratio NO,-3-carene
increased to 2.2:1 resulted in stronger tarring and
decrease in the yield t0-8%. Below is given the
presumable mechanism of compouhdormation.

The spatial structure of dimell established by
X-ray diffraction study is presented in thiiggre. The Structure of the molecule oN-[(1R,6R)-3-methyl-6-(1-
fragment of the molecule {N(O):N(O_)‘C is planar methyl-1-nitroxyethyl)cyclohex-3-enyl]-N[(1S, 69)-4-
within £0.021(3)A. The bond lengths in the fragment  methyl-6-(1-methyl-1-nitroxyethyl)cyclohex-3-enyi-di
measured by us are close to the published values azeneN,N'-dioxide according to the data of X-ray diffrac-
[3, 4], and lengths of the bonds-O-N(=0), are tion study. Selected bond lengthsAl: N'=N? 1.311(4),
— N'-O' 1.283(5), N-C® 1.471(6), N-O? 1.262(5), N-C*
The numeration of atoms corresponds to that in the NMR 1.499(6), G-N°® 1.403(7), N=0* 1.169(6), N=0°
spectra and X-ray diffraction study of the structure of com- 1.223(7), G®-0° 1.503(7), G-N* 1.403(7), N=0O~
pound Il . 1.218(8), N=0?% 1.199(7).
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like the average for the bond lengths in 44 structureg¢lV) that we formerly had prepared from- and
from the Cambridge StructuradDatabase[5]. B-pinenes under similar conditions; then one of the

The double bond planes in the 6-memberéts ;Jnldentlfled compounds, and terpene (estimated

1
are tilted to the above mentioned planes at anglesrom HNMR spectrumy.
82.7(3) and 89.4(3) for cl c? c® b and &t

c!? c'® ! respectively. The six-membered rings HNO
possess configuration of distorted semichair. 3
Thus we got one more confirmatiofsee [1, 2]) ONO,
I v

that N,O, can provide nitrosation products of terpenes.
The compound we prepared was not described in the
literature, and the isomeric dimer of nitroso deriv-
ative Il was previously obtained fromh by nitros-
ation reaction[6]. Like in the reaction described in
this paper the cyclopropane ring olefin | turned out
to be more reactive than the double bdmetause of
carbocation stabilization by two and not one methy

These results and also the formerly obtairtsda
[2] allow a conclusion that reaction ef-, B-pinenes
and 3-carene with 70% HNfQoccurs with conserva-
tion of a double bond affording nitrat®&/ which
therefore becomes easily available.

group. EXPERIMENTAL
ONO, .
0 \l/ X-ray diffraction study on dimel was performed
Q P on a diffractometer Bruker P4 (Md -radiation,
N=N graphite monochromator,626-scanning in the range
T~ é 20<50). For the experiment was used a colorless

ONO,™ 111 crystal of compoundll, crystal habit 0.8&0.2x
0.14 mm. Thecrystal was obtained by recrystalliza-

The reaction mixture obtained after treatment ofio" Of isolated dimerl from a mixture ofacetone
terpenel with N,O, besides the dimeH contained and a<_:eton|tr|Ie (1:1). Intensity of 2323 independent
unreacted original compound in amount depending Oﬁeﬂectlons were measured. The structure was solved

reaction conditions, and some unidentified product@yﬂthe dir?.%t n;etgod with thet_use of SI—I|EII_>$[SC-197
that we failed to isolate as individual substances. ~ >O'Wwaré. Theé nydrogens positions wecaicuiale
from geometrical considerations. The structural

By the action of 70% HNGQ on bicycloolefin|  parameters were refined by least-squares procedure
without catalyst or in the presence of zeolite HB-2 inin the full-matrix anisotropic approximation with the
CH,CI, as solvent we obtained a mixture composed taise of SHELXS-97 software. Parameters of hydrogen
80-85% of three components: nitrate afterpineol atoms were notrefined, their positions afteeach
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refining cycle were recalculateflom the coordinates Coordinates of atoms<(0%) and their equivalent thermal
of the corresponding carbon atoms. Fimalues factorsU,, (A, x 10°) for compoundl
are wR, 0.1378, S 1.038, 40parameters refined

(R 0.0535 for 1360 F> 4). Coordinates and Atom - y z Ugq
equivalent thermal factors of nonhydrogen atoms are
listed in a table. c; -4243(11) | 3664(4) | 57(3)

IR spectra were recorded on spectrometer Brukel, |~2726(10) | 3832(3) | 553(3) 64(2)
Vector 22 from KBr pellets. The equipment andn- C4 ~2921(7) 4616(3) | 918(2) 46(1)
ditions for registering NMR spectra, GLC analyses,C5 ~3520(7) 5248(3) | 384(2) 49(1)
and optical rotation were described previou$8). 6 :gi;gggg igggg; ?fg;)( 4) 388
Zeolites were also characterized [B]. The original 7

3-carene contained 94% of the main compounds :gggg% égggg; ;%2?3(?) 22?2()5)

according to GLC, ¢J55+19.6° (¢ 6.2). NO, was o 4390(13) | 6661(5) | 184(4) 87(2)
prepared by procedure frorfv]. Cl0 |_4746(11) | 6097(4) | 1399(3) 66(2)
N-[(1R, 6R)-3-methyl-6-(1-methyl-1-nitroxy-  C** |3565(9) 5458(4) | 3291(3) 76(2)
ethyl)cyclohex-3-enyl]N'-[(1S, 6S)-4-methyl-6-(1-  C2 |3289(9) 4627(4) | 3152(3) 72(2)
methyl-1-nitroxyethyl)cyclohex-3-enyl}E-diazene-  C;7 [1423(8) | 4396(3) | 2832(3) | 55(2)
N,N'-dioxide (Il). To a suspension 0D.27 g of C_ 906(8) 5004(3) | 2266(3) 53(1)
freshly calcined zeolite HY in 2.7 ml of anhydrous C = |740(10) 5805(3) | 2597(3) 70(2)
CH,Cl, cooled to-50°C was added dropwise.12 g C, [2401(11) | 5975(4) | 3038(3) 78(2)
(1.34mmol) of N,O,in 1.2 ml of anhydrous CkCl,, ~ C ; [5236(10) | 5655(5) | 3726(3) | 109(3)
and the mixture was stirred a50°C for 10 min. o |1479(8) | 38567(3) | 2553(3) | 63(2)
Then was passed a flow of dmitrogen, and was CZO 2157(14) 3005(6) | 3129(5) 94(3)
added dropwise a solution @.14 g (1.04mmol) of N 2613215(31? fégg(g) gg(‘;) 471?1(?
3-carenel() in 1.0 anhydrous CkCl,. The stirring at N2 :952(6()) 482822; 19458 458
-50°C was continued for another 28in. Then to the 3
reaction mixture was added 15 ml whter, thewater 4 ~36009) 0440(3) | 486(3) 68(1)
: -1844(9) | 3200(3) | 2755(4) 89(2)

layer with zeolite was separated, the organic subz1

stances were extracted therefrom by CH, and the 52 ?;ég)@ 3%28 ggi(zz()z) ggg;
combined organic solutions were neutralized withy3 ~1782(6) 6308(2) | 984(2) 60(1)
water solution of NaHC@ washed Withwater, and 04 _554(7) 6318(3) _127(2) 85(1)
dried on MgSQ. On evaporating the solvent we o5 |1003(7) 6687(3) | 801(3) 93(2)
obtained0.21 g of amixture of reaction products. o6 | _375() 3310(2) | 2273(2) 70(1)

The cooled mixture was dispersedapetone (4+ 2+ o/ |_-3188(8) 2943(3) | 2440(3) 116(2)
1.5) ml, thesolution was decanted arfdtered, the 0o® |-1666(7) 3390(3) | 3370(3) 108(2)
residue was washed on the filter with 1.5 ml of
acetone. After removing of the solvent we isolated
0.028 g ofcolorless crystalline compound. The solu-3.39d.d.d (H?, J4a3a 12, 34554 12,1 6), 3.49d.d.d
tion was evaporated till the volume of 5 ml, cooled, (H**% Ji3.100 12, Jiga1aa 12, J 6), 5.31 m (H),

and treated as above with smaller amount of aceton& 39 m (H®), 5.70 m (H*® J 12), 5.76d.d.d (H?,

After sevenfold separation of the substance insolublg 12 10, 6).2%C NMR spectrum &, ppm): 131.85 s,

in acetone we isolate@.07 g ofcompoundll, yield 131 75 g @, clY, 118.53 d (€9, 118.07 d (€)
30%, mp 127128°C, [o]335-30.6° (¢ 0.6). IR'Spec- g3 g s, 93.02 5 (€ C). 61.07 d (&), 60.94 d
trum (KBr, cni”): 1190 (NO), 1620, 1295, 859 (C), 40.56 d (3%, 40.11 d (C), 32.72 t (@),

(ONG,). 'H NMR spectrum [5% solution, ppm ¢, 2 e
Hz): 1285, 1.335,1.59's, 163 5 (4QH1.67 brs 220 ! (C9), 28.47 1 (CY), 27.46 1 (C), 24.88 q,
(C H3)! 1.68br.s (éH?,)a 1.78-1.93m (Hl2a|, H5a.), 24.82 g, 21.57 g, 21.55 q ?C cH, CF C O),

214 brdd (H?® Jipwise 17, Jipeisa 6), 22720 (C", 22.48 q (C). Data of X-ray analysis:
2.26 br.d.d.d (F®, Joy sy 17, Jsg 4a 6, Jsg g 5),  SPACegroup P22,2,, a 7.2115(11),b 17.415(2),c
2.45br.d.d (H®, g 5y 17,d0g 54 6) and 2.54br.d.d ~ 18.637(3)A, V 2340.5(6) A, Z 4, d . 1.295 g cn®,
(H?, 3 17, J,, 3, 10) AB system, 2.57 m (2H), up 0.101 mm'.
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Found, %: C52.87, 53.01; RA.27, 7.38; N11.60,
11.68. GH3,N,Og. Calculated, %: (52.62; H 7.06;
N 12.27.

Reaction of 3-carene with nitric acid. Through a
solution 0of0.16 g (1.17mmol) of olefinl in 3.2 ml
of anhydrous CHCI, cooled to 2C was bubbled dry
nitrogen, and 0.22 ml (3.5mmol) of 70% HNQG
was addeddropwise. The mixture was stirred for

30 mon at 2C. Then 15 ml of water was added, and
the mixture was worked up as in the synthesis ofl'

compoundll . After evaporation of the solvent we
obtained0.14 g oforganic substancasixture. Over-
all content of compoundd, Ill , and unidentified

substance in the mixture amounted to 82% according’

to 'H NMR data (chemical shifts of protonsom
compoundsllil
respectively in [28]). The ratio ofcompounds-Ill -

unidentified substance estimatédm the intensity of

olefin hydrogen signals and those of methyl groups

was 1:5.2:2.7.

and | were close to values given 7.
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