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The reaction of NOCl with cembrene at –50 °C in CH2Cl2 results in 1,2-addition to the conjugated system of double bonds.

Cembrene 1 is the most widespread representative of cembrane-
type diterpenoids.1,2 Of the chemical properties of this natural
compound, electrophilic cyclizations and oxidative transforma-
tions (Jones oxidation, oxidation by ozone and per acids, autoxi-
dation, etc.) were studied.

As a rule, reactions of NOCl with conjugated dienes result in
tar-like products or complex mixtures of derivatives. We used
the nitrosochlorination of cembrene at the system of conjugated
double bonds for preparation of nitrogen-containing derivatives.

Cembrene 1 does not form crystalline nitrosochlorides with
alkyl nitrites in acidic media or with a solution of NOCl; a

complex mixture resulted from the reaction in both cases. A
cembrene molecule has two conjugated double bonds and is very
reactive towards electrophilic addition. The reaction of cembrene
with an NOCl solution completed in a second at –5–0 °C to form
a tar. At a lower temperature, adduct 2 was formed, as evidenced
by a bluish colour of the reaction mixture. The colour became
dark brown on heating to –5–0 °C. The formation of adduct 2
was supported by the isolation of corresponding α-amino oximes
after treatment of the reaction mixture with amines (Scheme 1).
The amino oximes can be prepared in good yields as described
below. A solution of NOCl in CH2Cl2 (1.1 ml, 1.8 mmol cm–3)
was added to a solution of 1 (0.545 g, 2.0 mmol) in dry CH2Cl2
(20 ml) with stirring at –50 °C. A blue colour appeared imme-
diately and disappeared after adding morpholine (0.52 g, 6.0 mmol)
at the specified temperature. The reaction mixture was allowed
to heat spontaneously to room temperature, and a crystalline
precipitate was formed. The reaction mixture was heated and
allowed to stand at reflux for 5 min. The mixture was diluted
with light petroleum (40 ml) and extracted with 1M aqueous HCl
(2×10 ml). The combined acidic extracts were washed with
tert-butyl methyl ether (10 ml), neutralised with concentrated
aqueous ammonia and extracted with tert-butyl methyl ether
(2×10 ml). The combined extracts were dried over MgSO4 and
concentrated at reduced pressure to give 0.82 g of the crude
product as viscous yellow oil, which became solid at staying for
several hours. Crystallization from hexane affords morpholine
derivative 4 (0.46 g, 59%).† Derivatives of ethanolamine 5‡ and
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† (1S,2E,4S,7E,11E)-4-(Morpholin-4-yl)cembra-2,7,11-trien-5-one (E)-
oxime 4: white crystals (yield 59%) from hexane, mp 141–142 °C;[a]17

580
+305 (c 1.0, CHCl3). NMR spectra were measured on a Bruker AM-400
spectrometer, 400.13 and 100.61 MHz for 1H and 13C, respectively
(0.32 mmol cm–3 in CCl4–C6D6, 4:1 v/v, 25 °C). 1H NMR (hereafter, 1H
chemical shifts put in square brackets were taken from the 2D hetero-
nuclear 13C–1H chemical shift correlation spectra), d: 1.70 (dddd, H-1,
J 9.3, 9.3, 4.4 and 4.3 Hz), 5.20 (dd, H-2, J 15.7 and 9.3 Hz), 5.32 (d,
H-3, J 15.7 Hz), 3.44 (dd, H-6, J 13.5 and 10.8 Hz), 3.10 (dm, H-6, J
13.5 Hz, W1/2 7 Hz), 5.47 (dd, H-7, J 10.8 and 3.0 Hz), [2.09, 2.04] (H-9),
[2.10, 2.04] (H-10), 4.92 (br. s, H-11, W1/2 11 Hz), [1.90, 1.84] (H-13),
[1.47, 1.23] (H-14), 1.49 (dqq, H-15, J 4.3, 6.8 and 6.7 Hz), 0.80 (d,
H-16, J 6.7 Hz), 0.78 (d, H-17, J 6.8 Hz), 1.24 (s, H-18), 1.62 (t, H-19,
J 1.3 Hz), 1.43 (d, H-20, J 0.8 Hz), 3.56 (dd, CH2OCH2, J 4.6 and
4.6 Hz), 2.51 and 2.20 (2dt, CH2NCH2, J 11.7 and 4.6 Hz), 9.48 (br. s,
=NOH). 13C NMR, d: 46.59 (C-1), 133.86 (C-2, 1JC–H 151.5 Hz), 134.74
(C-3, 1JC–H 156.6 Hz, 2,3JC–H 3.7, 3.7 and 3.7 Hz), 66.16 (C-4, 2,3JC–H
2.9, 2.9, 2.9 and 2.9 Hz), 162.97 (C-5), 24.69 (C-6, 1JC–H 129.2 Hz,
2,3JC–H 3.3 Hz), 122.10 (C-7, 1JC–H 157.5 Hz), 133.46 (s, C-8 or C-12),
38.87 (C-9, 1JC–H 127.8 Hz), 23.63 (C-10, 1JC–H 125.3 Hz), 124.92 (C-11,
1JC–H 152.3 Hz), 132.16 (C-12 or C-8), 36.33 (C-13, 1JC–H 126.3 Hz),
28.05 (C-14, 1JC–H 126.4 Hz), 33.86 (C-15, 1JC–H 126.8 Hz), 20.98 (C-16,
1JC–H 124.7 Hz, 2,3JC–H 5×4.8 Hz), 19.68 (C-17, 1JC–H 124.5 Hz, 2,3JC–H
5×4.7 Hz), 11.49 (C-18, 1JC–H 127.0 Hz, 2,3JC–H 4.2 Hz), 15.65 (C-19,
1JC–H 125.0 Hz, 2,3JC–H 8.0, 3.9 and 3.9 Hz), 15.84 (C-20, 1JC–H 124.2 Hz,
2,3JC–H 8.4, 5.2 and 2.8 Hz), 67.79 (CH2OCH2, 1JC–H 142.6 Hz, 2,3JC–H
3.6 and 3.6 Hz), 47.31 (CH2NCH2, 1JC–H 132.6 Hz, 2,3JC–H 4.2 and 4.2 Hz).
IR (CHCl3, n/cm–1): 3590 (νO–H). IR (KBr, n/cm–1): 1105 (δO–C), 980
(δCH=CH), 955 (νN–O). MS, m/z (%): 388.30856 (M+, 8), 371 (M+ – OH,
100), 303 (8), 301 (10), 286 (21), 284 (20), 260 (11), 258 (19), 208 (20),
166 (16), 140 (10), 107 (9), 95 (10), 93 (10), 86 (14), 81 (22), 79 (12), 69
(17), 67 (14), 57 (10), 55 (18). Found (%): C, 74.5; H, 10.5; N, 7.3. Calc.
for C24H40N2O2 (%): C, 74.18; H, 10.37; N, 7.21.
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benzylamine 6§ were prepared in the same manner. The amino
oximes 4–6 exhibit the same properties as other α-amino oximes
of terpenic nature:3 they are soluble in dilute aqueous solutions
of inorganic acids and can be easily extracted back after neutra-
lization with aqueous ammonia; they loss a tertiary amino group
upon heating to 100 °C in toluene (compound 4) to form a mix-
ture of unsaturated ketoximes; they easily undergo the Beckman-
type fragmentation. Thus, the treatment4 of a solution of mor-
pholino derivative 4 (0.33 g, 0.85 mmol) in CH2Cl2 with PCl5
(0.21 g, 1.0 mmol) at 10 °C resulted in 0.36 g of a pale yellow
oil, which was purified by column chromatography on a silica
gel column to give keto nitrile 7 (0.22 g, 86%).¶ 

The formation of amino oximes 4–6 proceeds via nitroso
olefin 3 (as was found for other amino oximes3), which can be

considered as a stereochemical analogue of starting cembrene
1. Thus, the conformational behaviour of the molecule of nitroso
olefin 3 in a solution should resemble that of the molecule of
cembrene 1, which is conformationally homogeneous, having
the same conformation in a solution5 and in the crystal state.6

In such a form, double bonds are practically perpendicular to an
imaginary plane of the macrocycle. Thus, addition reactions to
the double bonds proceed stereoselectively to give products
arising from an attack of a reagent from the outside plane of the
double bond.7 Therefore, the addition of amines to nitroso olefin
3 should proceed stereochemically similar to the addition of
electrophiles to the 4,5-double bond in 1 and lead to the S-con-
figuration of carbon in the 4-position. This reaction stereo-
chemistry was supported by NMR spectroscopy and calculated
data. A comparison of chemical shifts and coupling constants
for compounds 4–6 shows that all of the compounds have the
same conformation of the macrocycle and the same configura-
tion of the C4-carbon. An analysis of the spin–spin couplings
3JH–H for compounds 4–6 allows one to believe that in these
molecules the conformation of the fragment containing C1–C4
atoms resembles that of a cembrene molecule: pseudoequatorial
isopropyl, protons at C1–C3 and methyl at C-4 are almost in the
same plane; H1 and H2 are antiperiplanar. An insignificant dif-
ference in the chemical shifts of H6α and H6β protons for

‡ (1S,2E,4S,7E,11E)-4-(2-Hydroxyethylamino)cembra-2,7,11-trien-5-one
(E)-oxime 5. White crystals (55% yield) from hexane–CHCl3, mp 139–
141 °C; [a]17

580 +336 (c 1.0, CHCl3). NMR data (0.30 mmol cm–3 in
C5D5N). 1H NMR (60 °C) d: 1.81 (dddd, H-1, J 9.9, 9.9, 4.7 and 4.7),
5.46 (dd, H-2, J 15.5 and 9.5 Hz), 5.83 (d, H-3, J 15.5 Hz), 3.68 (dm,
H-6, J 13.2 Hz, W1/2 9 Hz), 3.62 (dd, H-6, J 13.2 and 10.2 Hz), 5.84 (dd,
H-7, J 10.2 and 3.1 Hz), [2.17, 2.11] (H-9), [2.19, 2.05] (H-10), 5.14 (dd,
H-11, J 4.4 and 4.4 Hz), [1.98] (H-13), [1.58] (H-14), 1.31 (dddd, H-14,
J 13.6, 10.0, 4.9 and 4.9 Hz), [1.55] (H-15), 0.90 (d, H-16, J 6.8 Hz),
0.87 (d, H-17, J 6.9 Hz), 1.76 (br. s, H-18), 1.71 (br. s, H-19), 1.53 (br. s,
H-20), 3.90 (dd, NCH2CH2O, J 5.5 and 5.5 Hz), 3.01 and 2.78 (2dt,
NCH2CH2O, J 11.7 and 5.5 Hz), 12.00 (s, =NOH), 3.9 (br. s, CH2OH).
13C NMR (30 °C) d: 46.63 (C-1, 1JC–H 128.6 Hz), 130.67 (C-2, 1JC–H
147.5 Hz), 136.96 and 156.2 (C-3), 61.17 (C-4), 161.65 (C-5), 25.08 (C-6,
1JC–H 131.2 and 128.4 Hz, 2,3JC–H 2.5 Hz), 123.35 (C-7, 1JC–H 156.4 Hz),
133.40 (C-8 or C-12), 39.04 (C-9, 1JC–H 125.2 Hz), 23.59 (C-10, 1JC–H
126.3 Hz), 125.18 (C-11, 1JC–H 152.2 Hz), 132.59 (C-12 or C-8), 36.57
(C-13, 1JC–H 125.5 Hz, 2,3JC–H 7.3, 3.8 and 3.3 Hz), 28.16 (C-14, 1JC–H
124.8 Hz), 33.50 (C-15, 1JC–H 128.8 Hz), 20.83 (C-16, 1JC–H 124.6 Hz,
2,3JC–H 5×4.1 Hz), 19.40 (C-17, 1JC–H 124.6 Hz, 2,3JC–H 5×5.1 Hz), 20.56
(C-18, 1JC–H 127.2 Hz, 2,3JC–H 4.0 Hz), 14.99 (C-19, 1JC–H 125.2 Hz,
2,3JC–H 4.4 and 3.2 Hz), 15.07 (C-20, 1JC–H 125.0 Hz, 2,3JC–H 4.5 and
3.5 Hz), 62.44 (NCH2CH2O, 1JC–H 140.2 Hz, 2,3JC–H 6.9, 4.0 and 4.0 Hz),
46.08 (NCH2CH2O, 1JC–H 132.2 Hz). IR (CCl4, n/cm–1): 3599 (νO–H),
3309 (νN–H), 949 (νN–O). MS, m/z (%): 362.29333 (M+, 2), 346 (23), 345
(M+ – OH, 100), 317 (4), 303 (5), 302 (8), 301 (5), 286 (5), 285 (4), 284
(3), 274 (6), 258 (10), 182 (15), 140 (13), 114 (31), 95 (10), 86 (13), 81
(17), 79 (10), 69 (14), 67 (12), 55 (12), 41 (13). Found (%): C, 73.0; H,
10.5; N, 7.4. Calc. for C22H38N2O2 (%): C, 72.7; H, 10.5; N, 7.7.
§ (1S,2E,4S,7E,11E)-4-Benzylaminocembra-2,7,11-trien-5-one (E)-oxime
hydrochloride 6. A solvate with 0.5 mol of acetonitrile. White crystals
(68% yield) from acetonitrile, mp 131.5–133.0 °C (decomp.); [a]20

580 +90
(c 1.0, CHCl3). NMR data (0.25 mmol cm–3 in CDCl3, 30 °C). 1H NMR,
d: 1.78 (ddd, H-1, J 8.9, 8.9, 4.8 and 3.7 Hz), 6.08 (dd, H-2, J 16.0 and
8.9 Hz), 5.67 (d, H-3, J 16.0 Hz), 3.16 (dd, H-6, J 15.5 and 7.9 Hz), 3.03
(dd, J 15.5 and 5.3 Hz), 4.97 (dd, H-7, J 7.9 and 5.3 Hz), [2.09, 2.03]
(H-9), [2.23, 2.05] (H-10), 4.81 (dd, H-11, J 8.9 and 3.5 Hz), [1.99]
(H-13), [1.55] (H-14), 1.42 (dddd, H-14, J 14.1, 9.5, 4.8 and 4.3 Hz),
[1.68] (H-15), 0.89 (d, H-16, J 7.0 Hz), 0.91 (d, H-17, J 7.0 Hz), 1.69
(br. s, H-18), 1.57 (br. s, H-19), 1.50 (br. s, H-20), 3.92 and 3.89
(PhCH2N, AB-system, JAB 13.7 Hz), 7.60 (d, 2H, PhCH2N, J 7.2 Hz),
7.22 (m, 2H, PhCH2N), 7.20 (m, 1H, PhCH2N), 10.21 (s, =NOH), 10.1
and 8.6 (2br. s, NH2

+), 1.94 (s, MeCN). 13C NMR, d: 47.08 (C-1, 1JC–H
127.0 Hz), 141.13 (C-2, 1JC–H 149.1 Hz), 126.29 (C-3, 1JC–H 157.3 Hz),
65.85 (C-4), 155.97 (C-5), 24.70 (C-6, 1JC–H 129.5 Hz, 2,3JC–H 3.5 Hz),
118.72 (C-7, 1JC–H 153.8 Hz), 133.07 (C-8 or C-12), 38.25 (C-9, 1JC–H
125.0 Hz), 23.66 (C-10, 1JC–H 129.0 and 124.5 Hz), 124.93 (C-11, 1JC–H
150.8 Hz), 131.12 (C-12 or C-8), 36.32 (C-13, 1JC–H 125.0 Hz), 26.50
(C-14, 1JC-H 125.9 Hz), 32.18 (C-15, 1JC–H 125.5 Hz), 20.05 (C-16, 1JC–H
124.4 Hz, 2,3JC–H 5×5.1 Hz), 19.83 (C-17, 1JC–H 124.8 Hz, 2,3JC–H 5×4.4 Hz),
23.35 (C-18, 1JC–H 129.7 Hz), 15.33 (C-19, 1JC–H 125.2 Hz, 2,3JC–H 8.0,
3.9 and 3.9 Hz), 14.85 (C-20, 1JC–H 125.2 Hz, 2,3JC–H 8.5, 5.2 and
3.2 Hz), 47.60 (t, PhCH2N, 1JC–H 143.5 Hz), 131.01 (d, PhCH2N, 1JC–H
158.8 Hz, 2,3JC–H 6.4 and 6.4 Hz), 128.51 (d, PhCH2N, 1JC–H 160.4 Hz,
2,3JC–H 7.6 Hz), 128.75 (d, PhCH2N, 1JC–H 160.6 Hz, 2,3JC–H 7.6 and
7.6 Hz), 136.64 (s, PhCH2N), 1.57 (q, MeCN, 1JC–H 135.9 Hz), 116.09
(s, MeCN, 2,3JC–H 10.2 Hz). IR (KBr, n/cm–1): 1575 (δN–H), 1455
(νC=CAr), 977 (νN–O). MS, m/z (%): 408.31425 (M+, 4), 392 (30), 391
(M+ – OH, 98), 317 (15), 303 (17), 286 (13), 284 (15), 260 (11), 258
(12), 228 (12), 160 (21), 148 (8), 107 (21), 106 (47), 95 (8), 92 (10), 91
(100), 81 (14), 79 (15), 69 (10), 67 (11), 55 (12), 41 (18), 36 (11), 32
(11). Found (%): C, 72.2; H, 9.1; Cl, 7.5; N, 7.1. Calc. for C27H41ClN2O·
·0.5CH3CN (%): C, 72.23; H, 9.20; Cl, 7.61; N, 7.52.

¶ (3E,7E,11S,12E)-11-Isopropyl-4,8-dimethyl-14-oxopentadeca-3,7,12-
trienenitrile 7. Viscous yellowish oil, [a]14

580 –10 (c 1.0, CHCl3). NMR
data (0.73 mmol cm–3 in CDCl3, 30 °C). 1H NMR, d: 2.93 (dq, H-2, J
7.0 and 0.7 Hz), 5.05 (ttq, H-3, J 7.0, 1.3 and 1.3 Hz), [1.95] (H-5),
[1.98] (H-6), 4.94 (tq, H-7, J 6.7 and 1.2 Hz), [1.82, 1.73] (H-9), [1.52]
(H-10), 1.30 (dtd, H-10, J 13.5, 9.6 and 5.3 Hz), [1.84] (H-11), 6.49 (dd,
H-12, J 15.9 and 9.6 Hz), 5.89 (d, H-13, J 15.9 Hz), 2.14 (s, H-15), 1.56
(br. s, H-16), 1.46 (d, H-17, J 1.2 Hz), [1.60] (H-18), 0.80 (d, H-19, J
6.7 Hz), 0.75 (d, H-20, J 6.7 Hz). 13C NMR, d: 118.04 (C-1), 15.70
(C-2), 111.49 (C-3), 134.83 (C-4), 38.70 (C-5), 25.57 (C-6), 123.35
(C-7), 141.60 (C-8), 37.00 (C-9), 29.29 (C-10), 48.40 (C-11), 150.20
(C-12), 131.90 (C-13), 197.79 (C-14), 26.49 (C-15), 15.89 (C-16), 15.52
(C-17), 31.21 (C-18), 20.20 (C-19), 18.76 (C-20). IR (CCl4, n/cm–1):
2245 (νCºN), 1690, 1675, 1630 (νC=O, νC=C), 1250, 980 (δCH=CH). UV
[EtOH, lmax/nm (lge)]: 227 (3.83). MS, m/z (%): 301.24041 (M+, 7),
286 (2), 258 (14), 243 (4), 216 (2), 207 (4), 189 (8), 163 (7), 149 (15),
139 (23), 126 (14), 123 (12), 121 (16), 109 (21), 107 (22), 97 (35), 95
(28), 93 (24), 81 (53), 79 (16), 71 (38), 69 (24), 68 (15), 67 (27), 55 (28),
53 (12), 43 (100), 41 (28).

Figure 1 Molecular structure of the most stable conformation of com-
pound 4. The characteristic dihedral angles and calculated and experimental
spin–spin coupling constants are as follows: H1–C1–C2–H2 +158°, 3Jcalc.
10.3 Hz (3Jexp. 9.3 Hz); H1–C1–C14–H14α –160°, 3Jcalc. 11.5 Hz (3Jexp.
9.3 Hz); H1–C1–C14–H14β –49°, 3Jcalc. 2.3 Hz (3Jexp. 4.3 Hz); H6α–C6–
C7–H7 +63°, 3Jcalc. 3.4 Hz (3Jexp. 3.0 Hz); H6β–C6–C7–H7 +163°, 3Jcalc.
10.8 Hz, (3Jexp. 10.8 Hz); H1–C1–C15–H15 +65°, 3Jcalc. 3.4 Hz (3Jexp. 4.4 Hz).
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compounds 4–6 (∆dH = 0.05–0.3 ppm), as compared to known
amino oximes with six-membered carbocycles (0.7–1.4 ppm),8

indicates that there is another type of orientation of the methy-
lene group adjacent to the oxime moiety. Such a disposition is
possible in the case of a synclinal position of protons of the
methylene group and the oxime moiety. The methyl C-18 group
is antiperiplanar to H-2 [nuclear Overhauser effect (3H18ÞH2)].
Conformational anaylsis by molecular mechanics (MM2) and
quantum-chemical semiempirical calculations (MNDO, PM3)
show that there are at least six stable low-energy conformations
(∆∆Hf

0 = 0.0, 1.7, 3.4, 3.5, 3.6 and 5.4 kcal mol–1), which differ
in the orientation of endocyclic carbon–carbon double bonds.
The calculated couplings 3JH–C(sp2)–C(sp3)–H (obtained by a known
equation9) for the least strained conformation of morpholino
derivative 4 are in good agreement with the experimental values
(Figure 1).

This work was supported by the Russian Foundation for Basic
Research (grant no. 96-15-97017) and INTAS (grant no. 97-0217).
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