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Study of alkaloids from plants of Siberia and Altai
4.* N-Deethylation of diterpene alkaloids of the aconitane type
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A method for NM-deethyviation of diterpene alkaloids of the aconitane type by the Cope
reaction was developed using conversions of lappaconitine and elatine as examples. The
previously unknown nitrones of N-deethvlated lappaconitine, elatine. and elntidine were

prepared.
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Diterpene alkaloids of the aconitane series are very
promising natural compounds due to their biological ac-
tivity and the possibitity of their isolation from widespread
plants of Siberia and Altai.!=3 One of the lines of investi-
zation of these alkaloids deals with transformations of
their molecules with the aim of preparing new structurai
types of active agents. In the present work, we report the
previously unknown conversions of alkaloids of the
aconitane type directed to changing the structure of one of
the Kev centers, wiZ., of the heterocvelic fragment of the
molecules. We chose lappaconitine (1) and elatine (2),
which were isolated from roots of northern wolfsbane
Aconitum seprentrionale K. and candle larkspur Delphinium
efam L., respectively, as objects of studies.

Previously,® we have studied thermal decomposition
of N-oxides of compounds I and 2 according to the
Cope reaction®™* (Scheme 1). The previously unknown
elatine M-oxide (6) was prepared as a solvate with
CHCI; by oxidation of elatine 2 with perbenzoic acid.
The structure of compound 6 was confirmed by the
NMR spectral data. As expected.® the 13C signals for
the atoms directly bound to the nitrogen atom (C(17).
C(19), and CH,CH;) are shifted downfield by 15—
20 ppm, whereas the signal for the carbon atom of the
methyl group of the N—Et fragment is shifted upfield by
5.3 ppm compared to the corresponding signals in the
13C NMR spectrum of efatine.? Note also the downfield
shift of the 'H signal of the mecthyl group of the NEt
fragment (A& = (0.23) compared to that in the '"H NMR
spectrum of clatine 2.

Thermolysis of N-oxides 3 and 6 in vacuo afforded
hydroxylamine derivatives, viz., N-deethyl-N-hydroxy-
lappaconitine (4) and N-deethy!- N-hydroxyelatine (7),

* For Part 2, see Refl 1.
** The thermolysis of lappaconitine N-oxide 3 has been re-
ported previously.”

respectively. Treatment of hydroxylamine 7 with acetic
anhydride gave the individual N-deethyl- V-acetoxyelatine
(8) in gquantitative yield. In the '3C NMR spectra of
compounds 4 and 7, as in the spectra of V-oxides 3 and
6. the signals for the carbon atoms directly bound to the
nitrogen atom are shifted downfield by 4—6 ppm com-
pared to the corresponding signals of lappaconitine 1
and elatine 2, respectively.

Under the action of K;Fe(CN)e/NaHCO;,1® com-
pounds 4 and 7 formed nitrones of N-deethvllap-
paconitine (5) and N-deethyielatine (9). Nitrone 5 was
also prepared? by oxidation of hydroxvlamine 4 with
MnQ.. The '"H NMR spectra of nitrones 5 and 9 have
signals for the H(19) protons at § 7.23 and 6.88, respec-
tively. The '3C NMR spectra of these compounds have
doublet signals for the sp?-hybridized carbon atoms at
5 133.2 and 134.8. The above-mentioned chemical shifts
agree with the data for compounds containing structur-
ally similar fragments of nitrones (see Refs. 11 and 12).

It should be noted that the preparation of nitrone of
N-deethylelatidine (11) from elatidine (12) through for-
mation of N-oxide 1s complicated by the formation of a
number of by-products. We synthesized this nitrone ac-
cording to an alternative procedure. Hydrolysis of com-
pound 7 with an alcoholic solution of NaQOH afforded a
mixture of N-deethyl-V-hvdroxyelatidine (10) and the
structurafly related nitrone 11 (the 19 : 11 ratio was
= 3 : 1). Apparently. the latter was formed due to
autooxidation of hydroxylamine 10 in an alkaline me-
dium (¢f Ref. 13). We found that compound 10 was
completely oxidized to form nitrone 11 under the action
of K;Fe(CN),/NaHCO;. Nitrone 11, in tum, gave com-
pound 10 in 87% yicld upon reduction with sodium
borohydride. The chemical shifts of the corresponding
carbon atoms in the '3C NMR spectra of hvdroxylamines
7 and 10 as well as of nitrones 9 and 11 are very similar
(Table [). The above-considered regularities of the changes
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Reagents and conditions: ¢) m-CPBA. CHCIs, 20 °C. 4 h: #) 100—i40 °C. 5 Torr, 2 h: ¢} K;Fe(CN)y/NaHCO;, CHCl;, 20 <C.
3 h: ) MO, CHCl;. 20 °C, 9.3 h: ) PhCOzH. 20 *C, 16 h: /) 95 °C, 3 Torr, 1 hi g) Ac,O0, 95 °C, 13 min: /) NaOH/EtOH.

~80 °C. 0.5 h: /) NaBH,/MeOH. 0.5 h.
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Table 1. Chemical shifis and the assignment of the signals in the “C NMR spectra of compounds
4—7 and 9—-12 (&)

Atom 4 5 6 7 9 10 11 12
i $3.2 31.6 $4.3 82.9 82.7 $3.0 827 83.2
C(2) 264 216 3.3 26.4 23.7 26.7 23.6 261
C(h 309 295 309 30.5 2838 30.1 28.9 310
C(d 4.9 34.6 39.0 8.8 428 40.0 442 37.8
C(3) 4707 41.7 50.9 514 489 0.9 48.6 St8
C(6y 239 24.0 87.8 88.8 89.5 88.7 88.9 89.0
C(7) 47.1* 47.0 $8.2 90 8 89.0 91.0 89.2 91.9
C(8) 754 73.3 §5.8 83 3.0 $3.8 82.9 33.0
C(9 78.6 76.2 39.0 397 393 399 39.2 39.7
C{io 499 327 30.6 47.8 46.8 43.0 16.6 48.3
C(lh 534 52.8 196 s0.3 30.6 50.4 S0.8 49,7
Ciiyy 268 269 28.2 273 28.3 27.6 276 7.6
Cei3) 36.6 36.4 36.0 38.5 38.3 38.5 38.0 38.2
Cldy $£9.9 89.1 860.7 80.2 78.3 80.7 78.9 81.4
C(t» 44.3 43.5 336 4.2 338 344 34.0 34.5
C(16) 827 %0.0 81.9 Sto 80.7 §1.2 80.7 SL1.3
C(17) 66.4 754 79.4 67.8 773 638 76.3 64.0
C(13) — - 698 68.7 66.2 673 64.3 67.8
C(19 60.0 133.2 729 38.7 1248 593 139.5 529
N—-(;H:CH: — — 69.5 —= — — 301
N—CH-CH; - - 8.5 — — - -~ 13.5
1-QCH;, 36.3 36.6 56.0 352 53.6 353 336 547
6-OCH; — — 37.3 57.5 57.7 575 377 37.4
14-OCH, 57.8 37.7 39.0 38.9 594 387 388 383
16-OCH; 56.0 36.7 36.2 559 36.3 56.0 36.2 53.7
Cith 4 114.5 126.0 126.6 126.3 — - -
(27 141.6 141.7 1326 132.7 132.9 — - —
C(3") 120.2 120.2 129.0 129.0 129.3 — - —
Ci{d") 134 4 134.8 1335 133.3 133.8 — ~ —
Cish) 122.2 122.2 130.7 130.8 130.9 - - —
C6") 1309 [30.6 129.6 129.6 129.9 — - —
C(7} 1674 {66.0 163.5 163.7 163.7 — - -~
C2M — - 1753 175.4 175.7 - — —
C(3" — — 348 349 352 — — -
C(4") - - 36.5 36.7 36.9 — - -
Cs — - 179.3 179.4 179.6 - — —
OCH-0O -— — 934 939 94.3 310 941 931
CH.CO 16$.8 168.0 - - — — -

CH:CO 254 252 — — — — — —
C(3H; — — 15.9 16.1 16.3 — — —

* The assignmients might be reversed.

in the chemical shifts on going from the nitial atkaloids
to their M-deethvlhvdroxylamino derivatives are also ob-
served in the 3C NMR spectra of efatidine 12 and N-
deethyl- ¥-hydroxyclatidine 10 (see Table ).

To summarize, we developed a method for V-de-
ethviation of diterpene alkaloids of the aconitane type
according to the Cope reaction and propose a conveni-
ent procedure for the preparation of nitrones of N-deeth-
vlated lappacenitine (1), elatine (2), and elatidine (12).

Experimental

We used freshly distitled solvents. reugents of chemically
pure grade, and MnQO, of "caralysis” grade (TU 6-09-3192-84,
Reakhim). Analytical TLC of lappaconitine 1 and its deriva-
tives 3—5 was pertormed using Alufol neutral (Type E) plates

(Merck) with a CHCI—MeCN—propan-2-ol mixture (61 4: 1
by votume) as the etuent. Analytical und preparative TLC of
elatine 2 and tts derivatives 6—12 were carried out using glass
plates with a laver of sorbent (0.04 ¢ cm™-: 3/40 pm neutrad
Al; 05 (Chemapol. Czech Republic) containing | wt.% of the
luminophore K-35 (TU 6-09-1438-76, Russia) and 3% of
Na,CO3), which were prepared according to a procedure de-
scribed previously T Prior to chromatography. the plates were
activated by heating at 70 °C for 30 min. The spots of alkaloids
in dried plates were visugiized with UV light. In the case of the
analytical chromatograms. the spots were also visualized with
iodine vapor.

The IR spectra were recorded on a Vector 22 spectrometer.
The LV spectra were measured on a Specord UV VIS spectro-
photometer. The molecular weights and the elemental compo-
sitions of the new compounds were determined on a high-
resolution Finnigan MAT 8200 mass spectrometer. The melt-
ing points were determined on a Kofler stage.



3560 Russ. Chem. Bull., Vol 49, No. 3, March, 2000

Osadchil er al.

The optical rotation was measured on a Polamat A polar-
imeter. The 'H and '3C NMR spectra were recorded on a
Bruker AC-200 nstrument {operating at 200.13 and
50.32 MHz for 'H and '“C. respectively) at 25 °C with
resonance stabilization using the signal of deuterium of the
solvent (CDCI;). The chemical shifts were measured refative to
the signal of the sofvent (CHCl:): &H) 7.24 and &(C) 76.90.
The multiplicities of the signals in the PC NMR spectra were
determined according to standard procedures in the J-modula-
tion mode (JMOD) and using the oif-resonance irradiation of
protons. The assignment of the signals in the NMR spectra of
compounds 5, 1. and 12 was made with the use of different
tvpes of proton-proton and carboa-proton correlations. The
2D 'H—'H (COSY) and "*C—'H {COSY 125 Hz. COLOC
7 Hz) NMR spectra were measured on a Bruker DRX 500
instrument operating at 300.13 and 125.76 MHz for 'H and
3C. respectively, with the use of standard programs {Bruker).
The data of '*C NMR spectroscopy of compounds 4—7 and
9—12 are given in Table 1.

Lappaconitine 1 was isolated from air-dried roots of north-
arn wolfsbane Aconitum sepientrionale K., which were collected
in the Novosibirsk region in August 1997, The yield was 0.5%
with respect to the weight of the dry raw material. m.p. 220—
220 °C (Me,CO). [a} sz <2947 (¢ 1.7, CHCL) (it datals:
isolated from A. prientale Mill., m.p. 217--218 °C (Me,CO.
[ilp +25.8° (¢ 9.0. CHCly: lit. datal®: isolared from
A. septentrionale ¥._. m.p. 227 “C (ELO), [}y +28.20 e 2.1,
CHCI:)) The results of '"H and ''C NMR spectroscopy are in
complete agreement with the published data 816

Eiatine 2 was isolated according 1o a known procedure’
from air-dried roots of candle larkspur (Delphinium elatum L.).
which were collected in the Maiminskii district (Altai) in
August 1998, The vield was 0.74% with respect to the weight of
the dry raw maierial. M.p. 222225 *C (EtOH). Ja}q;4 +3.7¢
(¢ 3.0, CHCly) (lit. data??: m.p. 222--225 °C (E(OH). [alp
+34% (¢ 3.5, CHCH)). The data of 'H and 3C NMR spectros-
copy are identical to those for svathetic efatine preparcd by
methvlenation of methyllveaconitine.?

Elatidine 12 was prepared by alkaline hvdrolysis of elatine
2 according to a procedure reported previousiy.!? mop. 172
174 °C (Me €Oy, [ 5z4 ~40° (¢ 10.6, CHCl3) (lit. data!™:
m.p. 172—174 °C (Me,CO). 'H NMR, & 095 (1. 3 H.
NCH,CHy. / = 7 Hz) 1.27—133 (m. 2 H, H,C(3) and
HC(S)): 1.57—1.66 {m. 2 H. H T3y and H,C12)); 1.73 (dd,
I H. H,C(15). J = 16 Hz and J = 7.3 H2); 1.96-2.06 (m,
I H.H,Cyand HC(10)): 2.12¢d. } H, H,C(19), J =12 Hz);
222 HLHC(13). /= 5 Hz): 232 (dd. | H. HC(13). /=
16 Hz and J = §.3 Hz): 2.35 (brs, I H, OH): 2.46 (dd, | H.
H,CI1D. J = 14 Hz and J = 3.3 Hz): —-2.59 (m. 2 H.

2.52
H,C(19) and H, of the CH,CH; group); 2.72 (dq, 1 H, Hh of
7

the CH.CH; ¢ roup J = 13 Hzand J = 7 Hz): 2.89 (t.
HC(1H, J =83 HL)‘ 3.03 (s, 1 H. HCOI)): 3015 im. ] H,
HC(16)); 53.16 (s. 3 H., O(HCHj): 3.23 (s. 3 H. O(16)CH;),
325 (d. | HUH, CHS) J =103 Hz) 3.26 (s. 3 H. O(14)CH;);
3.32 (s, 3 H. O(6)CH 0 3.39¢d. t H. HCo18)., J = 10.5 Hz):
352 (brs. 2 H, HC(D and HCi6)); 3.38 (t. | H, HC(), J =
6.3 Hz): 4.94 (s, 2 H. OCH,0).

Lagpaconitine N-exide (3). A solution of lappaconitine 1
(1.40 g. 2.39 mmol) in CHCI; (12 mL) was added with stirring
toa >0hmon of MCPBA (1.20 ¢ 2. 6.94 mmol) in CHCI, (13 mL).
The reaction mixture was kepl at ~20 °C for 4 h. Then the
organic acids were removed by shaking with a saturated
NaHCO, solution. The chloroform laver wus dried with MgSOy,
the solvent was removed, and product 3 was obtained in a vield
of 1.32 g (92%). m.p. 161—162 ~C (with decomp., needles
from CHCI,—Me,CO), Ja]s +23.3° (¢ 0.17. CHCly).

The product was identified based on the 'H and MC NMR
spectral data 8

N-Deethyl- N-hydroxylappaconitine, {4-[(2-acetylamino)-
benzoyloxy]-1a, 14, 163 -trimethoxyaconitane-8,9,20-triol) (4).
Lappaconitine N-oxide 3 (U.231 g) was heated at {00—140 °
(5 Torr) for 2 h. Compound 4 was obtained in a vield ot . ’0\ g
194%). m.p. 135—139 =C (with decomp.. from a Vk;(,O—
pentane mixture), {al®5 v13.8° (¢ 0.25. CHCly). High-
resolution MS, m/z 372.2733 [M]™. CyyHyyN-04. Calenlated:
M 372.2734. MS. m/z (g (B3 MY 572 (2), (M — 2 H|”
370 (21, 326 (21), 393 (78). 377 (100, 376 (91). 162 (90),
and 120 (49). 'H NMR, 5 2.17 (s. 3 H, H;CCO): 3.25, 3.28.
and 3.67 (alt s. 3 H cach, 1-OMe, 16-OMe, and 14-OMe,
respectively); 3.06 (d) and 3.89 (d) (AB system. | H cach.
H}C(N) J =11 H7) 698 (ddd. | H, HC(3)). /= 8.0 H..

= 7.5 Hz. and J < 1.0 H2); 7.45 (ddd. T H, HC{4"). /= 8.0
H/ J =80 Hz and /= 1.5 Hz): 7.87 (dd. | H, HC(6"), / =

5 Hzand J = 1.5 Hz), 8.62 (dd, 1 H, HC(3"). J = 8.0 Hz
and J < 1.0 Hz): 1094 {s. t H, NH). IR (KBr). viem™': 730,
FIS5, 1260, 1290, 1310, 1360, 1440, 15320, 1573, 1600, 1675,
1690, 2810, 2920, 3400. IR (CCly). v/em™: 35300 (NH), 3340
(OH, free and associated). 3575 (N—-OH).

Nitrone of N-deethyilappaconitine, {4-{(Z-acetylaminon)-
benzovtoxyl-la,14a,163-trimethoxyaconit-19-ene-8,9-diol
20-oxide} (3). MnO, (0.174 ¢, 2.0 mmol) was added portionwise
with stirring to a solution of compound 4 (0.288 g. 0.5 mmobh
in CHCl3 (4 mlL). The mixture was stirred at ~20 °C until the
initial compound was cousumed (9.5 h, TLC control). The
precipitate was separated. and the filtrate was concentrated
and dried in vacuwo. Nitrone 5 was obtained as an amorphous
powder in a vield of 0.22} 2 (77%). [a]®¥s5 —9.7° tc 2.47.
CHCly). High-resolution MS. m/z 570.2593 [M]*.
CanHygNyOq. Caleulated: M 3702577, TH NMR, 6. 1.40 (m.
P H, HCOI ) £73 (m 1 HL, HCOS): 181 (m, | H, HC(6)):
196 (m. | H. HC(15)): 208 (m. 3 H, HC(2), HC(3).
HC(12)): 2215 (m, 1 H, HC(7)): 2.19 (5. 3 H, H;CCO); 1.40
(m. 1 HL HCA3Y)): 242 (d. U HL HC(H0), 7 = 4.0 Hzy 2.47
(m. 1 M, HC(3)):; 2,61 tm. 2 H. HC(2). HC(6)): 2.72 (d, T H,
HC(5). / = 3.1 Hz); 3.25. 3.26, and 3.36 (all s, 3 H each,
[-OMe. 16-OMe. and 14-OMe. respectivety): 3.32 (m, | H.
HCy: 3.37 (m. L H, HCL6Y: 341 (m. 1 H HCo14)): 3.70
(s.  H, HC(17)): 6.99 (ddd. | H. HC(5"), / = 7.5 Hz, ./ =
7.5 Hz. and J = 1.0 Hz); 7.23 (s. | H, HC(I9)): 7.49 (ddd.

H. HCi4y, J = 8.0 H/ J =73 Hz and J = .5 Hz); 7.86
(dd. }+ H. HC(6"), J = 7.3 Hz and J = 1.5 Hz); 8 66 (dd. | H,
HC({3'). /= 8.0 Hz und J = 1.0 Hz); 10.81 (s. 1 H. NH). IR
(KBr), v/em™h 750, 1080, 1110, 1260, 1290, 1360. 1440,
1520, 1375, 1600, 1675, 2825, 2880, 2950, 3400. UV (MeOH).
bmay/mm (18 €): 224 (4.32). 233 (4.17), 312 (3.56).

Elatine N-oxide, {4S5-4-{2-(35-3-methyl-2,5-dioxo-1-
pyrrotidinyl)benzoyloxymethyl]-20-ethyl-1«,68.14a,160-tetra-
methoxy-7,8-[methylenebis(oxy)]aconitane 20-oxide} (6). a
solvate with chloroform. A solution of PhCO;H (1.03 g
7.46 mmol) in CHCl; (13 ml) cooled to 5 °C was added
dropwise with stirring to a solution of elatine 2 (1.03 g,
1.48 mmol) in CHCly (13 mL). The resulting solution was kept
at 20 °C for 16 h. the organic acids were removed by shaking
with a saturated NaHCO; solution (4x14 ml), and the reuac-
tion sofution was fltered. Chloroform was distilled off in
vacup. The residue was dissolved in propan-2-ol and subjected
to preparative TLC using a PAOH—EO mixture (1 @ 4 by
volume) as the cluent. The product was eluted (with MeOH)
from the UV-absorbing band of the sorbent (Ry 0.48). the
solvent was removed, the residue was dissolved in CHCI;. and
the solution was filtered. After removal of CHCI;, the residue
was dried (20—25 °C, 20 Torr). An amorphous powdet of the



N-Deethviation of diterpene alkaloids

Russ. Chem. Buil., Vol. 49, No. 3, March, 2000 361

sotvate of efanine A-oxide 6 with chioroform was obtained in a
vield of 1.01 g (32%). {«]* "7 —6.8° (¢ 4.4, CHCI}). Accord-
ing to the data of analvtical TLC (under conditions ol prepara-
tive TLC). the product did not contain admixtures visualized
with iodine vapor (R 0.48 and 0.93 for N-oxide 6 and elatine
2 as the reference. respectively). For the solvate of compound
6. found (%): (‘ 35.79. 55.88: H. 6.20. 6.11: C), 12,10, 12.40:
NU338. 344 CyHegN0 (- CHCLy ml.)H\,u 3N-05;). Cal-
culated (%) C, 3641 H. 6.20: CI. 1281 N, 337, '"H NMR.
&80 130—1.40 (m, 6 H. H{CC{3") and Cﬂ_w,CH_). 308 (6 H).
3.24 (3 H). and 3.30 (3 H) (all s. 1-OMe, 6-OMe, 14-OMe.
and 16-OMe); 5.00 (s, 2 H, OCH,0): 7.15 (dd. | H, HC(3").
J =8 Hzand J = 2 Hz): 7.24 (s, CHCI 2 744 (d. b HL
HC(3 ). /=8 Hzand J= 2 Hz): 733 (td. | H, HC). /=
Hzand J = 2 Hzi: 790 (dd, | H, HC6'). J=8 Hzand / =
2 Hz). IR (KBr), v/em™ 1090, 1124, 1187, 1262, 129315371,
F454, 1494 1715 (C=0), 2754, 2823, 2886, 2937. UV (£tOH),
R/ M (g £): 233 (3.79) and 278 (2.83),

N-Deethyl- N-hydroxyelatine, {45-4-]2-(35-3-methyl-2.5-
dioxo- I-pyrrolidinyl)benzoyloxymethyl}-1c,603, 14a,163-tetra-
methexy-7,8-[methylenebis(oxy) Jaconitan-20-o0l} (7). The chlo-
roform solvare of elatine N-oxide 6 (0.830 g) was heated to
95 *C with continuous evacuation (3 Torr) and kept under
these conditions for 1 h. The thermolysate was dissolved in
CHCl;y and chromatographed under the conditions used for
purification of N-oxide 6 (see above). The sorbent of the UV-
absorbing band with Ry 0.67 was collected. the product was
ctuted with MeOH. the solvent was removed i vacuwo. the
residue was dissolved tin CHCly, and the solution was filtered.
Chloroform was removed in vacuo, and the residue was dned
at 20 Torr and recrystallized from botling PPOH. Compound 7
was obtained in a vield of 0.519 g (76%). m.p. 228-230 °C.
[n] W =177 (¢ 7. CHCI3). Found (%): C. 63.49, 63.38: H,
711, 6.970 N, 4.04. 4.17. CyeHigN2 Oy Caleulated (%) C.

63.32; H. 6.80: N. 4.10. '"H NMR, 5 140 (brd, 3 H,
CHLC(3"), 4 = 7 Hzy: 323, 3.25, 328, and 3.36 (all s, 3 H
each. 1-OMe, 6—0Me. t4-OMe, and 16-OMe); 507 (s, 2 H.
OCH 50): 6.09 (s, I H, OH): 7.20 (dd. t H. HC(3"). /= 8 Hz
and J = 2 Hzy: 746 (td, | H, HC(5"), J =8 Hz and J =
2 Hzy; 761 (id, 1 H, HC4 ), J =8 Hz and J = 2 Hn), 7.97
(dd. t H, HC®"). / = 8 Hz and J = 2 Hz). IR (KBr).,
viem™ U 1089, T35, 1186, 1258, 1296, 1393, 1454, 1492, 1716
(C=0), "‘x’”, 2880, 2937, 2968. UV (EtOH), a4,/nm (g ¢):

230 ¢3.60). 275 ¢2.73).

./\«-Deethyl-N—aceto,\yelatine, {20-acetoxy-45-4-{2-(35-3-
methyl-2,5-dioxo~1-pyrrolidinyl)benzoyloxymethyl}]-
1,63, 140, 16-tetramethoxy-7.8-[methylenebis(oxy)]aconi-
tane} (8). Compound 7 (0.113 g, 0.1658 mmol) was dissolved in
Ac;O (0.536 g. 3.45 mmol) upon heating on a bath (95 °C).
The solution was kept at this temperature for 15 min, the
solvent was removed in vacuo. and the residue was dried (95
°C. 3 Torr).
0120 ¢ (100%). mop. 222--224 °C, {a}™?57¢ —8.8° (¢ 2.5,

~CHCH).- According to the data of analytical TLC. a only spot
with Ry (.80 was observed (a2 PPOH—ELO mixture (1 : 4 by
volume) as the eluent: compound 7 with Ry 0.67 was used as
(hc reference). Found (%) C. 6319, 6343 H 742,722 N,
377, 3.80. CigHueN20 . Caleulated (% . 6296 H. 6.69;

N, 387 ‘H‘\J\lRo 1.43 ¢d. 3 H. CH;C( ). J =7 Hzy 2.07
{s. 3 H. H;CCO): 3.27. 3.32. 3.33, and 34[ (alt s, 3 Y each,
1-OMe, 6-OMe. I4 OMe, and 16-OMe); 3.1 (5. 1| H) and
5128 l H) (OCH:0); 7.24 (dd. | H, HC(3"), J = § Hz and
J=2 H 2750 (ed, t H, HC(5"), J = 8 Hz and J = 2 Hz):
7.65 (1d. ! H HC(4). /=8 Hzand /= 2 Hz); 798 (dd. t H,
HC(6), J = 8 Hz and J = 2 Hz). IR (KBr), vicm™!: 967,
1012, 1090, 1108, 1130, 1204, 1265, 1295, 1366, 1396, 1439,

Crystalline acerate 8 was obtained in a vield of

1497, 1604, 1721 (C=0), 1773 (C=0).2 9 75%6 2934, 2968,
3089 UV (ELOH). g, /nm (g £): 230 (3.78), 278 (2.88).

Nitrone of N-deethylelatine, {4R-4- [2 (35—3—methy|-2,5-
dioxo- 1-pyrrelidinyl)benzoyloxymethyl}-1a,6,14a,16{-tetra-
methoxy-7,8-[methylenebis(oxy)]aconit-19-ene 20-oxide} (9).
A solution of compound 7 (0.300 g, 0.446 mmol) in CHCl,
(12 mL) was vigorously stirred with a solution of K;Fe(CN),
(3.30 g. 10 mmol) and NaHCO; (0.34 ¢. 18 mmol) in water
(18 mL) until the initial compound completely disappeared in
the chloroform laver (3 h, TLC controi. a PrrOH—E(,0O
mixture (I : 4 by volume) as the eluent: Ry .67 and R, 0.30 for
compounds 7 and 9. respectively). The organic laver was
separated and dried with MgSO,. Atter removal of the solvent,
nitrone 9 was obtained as an amorphous powder in a vield of
0.272 g (91%). [a]Psss —1L1° (¢ 1.8, CHCL). High-resolu-
tion MS. m/z 630.2949 {M]". JGHNN -0y, Calculated: M
680.2945. IH NMR. & 143 {(d. 3 H, H:CC(3"., J =7 Hz):
3.24. 3.3i. 3.33, and 3.42 {(all s, 3 H each. 1-OMe, 6-OMe.
14-OMe. and 16-OMe): 4.28 and 4.32 (both d. AB system.
I H cach. H,C(18). J = 10 Hz); 514 and 5.13 (both 5, 1 H
eagh OCH,0): 6.88 (s, | H. HC(19)); 7.26 «dd. 1 H, HC(3"),
J=3Hzand f=2Hn: 751 d, t H, HC(5"). J = 8 Hz and

= 2 Hzy: 768 (1d. t H. HC(4"), / = 8 Hz and J/ = 2 Hu);
8.01 (dd. t H, HC(6"), J = 8 Hz and J = 2 Hz) IR {(KBrn).
v/em™h 713, 747, 910, 1048, 1089, 1119, 1189, 1234, 1261,
1293, 1374, 1391, 1434, 1494, {713 (C=0). 1773 (C=0).
2824, 2391, 2938, UV (EtOH), Ap,/nm (g €): 240 (3.62).

N-Deethyl- ¥V-hydroxyetatidine, {45-4-hydroxymethyi-
ta, 6. 142, 163-tetramethoxy-7,8-[ methylenebis(oxy) jaconitan-
20-ol} (10), and nitrone of NV-deethyletatidine, {4 R-4-hydroxy-
methyl-1a,63.14a,16p-tetramethoxy-7,8-[methylenebis-
(oxy)]aconit-19-ene 20-oxide} (11). An 8.3% NaOH solution
(0.6 mL. contained 1.3 mmol of NaOH) was added w0 a solu-
tion of compound 7 (0.283 g, 0.423 mmol) in EtOH (3.7 mL).
The resulting solution was refluxed for 0.5 1. Then the alcohol
was distilled oif in vacuo (the temperature of the bath was
80 °C) and the residue was treated with a mixture of water
(1 mL) and CHCI; (S mbL). The ofganic Javer was separated
and the aqueous laver was extracted with CHCly (3x3 mb).
The combined chloroform extracts were filtered and the sol-
vent was removed /a1 vacuo. The residue was obtained as a mix-
ture of compounds 10 and 11 1n a ratio of ~3 : | (according to
the data of '"H NMR spectroscopy) and a total yield of 0.138 ¢.
Compounds 10 (weakly UV-absorbing band with R, 0.64) and
11 {intensively absorbing band with Ry 0.49) were separated by
preparative TLC (PrPrOH as the eluent). The products were
eluted with methano! and treated as in the case of isolation of
N-oxide 6. After removal of the chloroform, the residues were
obtained as amorphous powders.

Compound 10, [«}20;4 —8.8° (c 2.5, CHC!;). High-resolu-
tion MS, m//:: 449 2445 l:\‘ - 181'. For the Cz_;H;iNO?
[M - 18]* ion, calculated: 449.2413. TH NMR_ a: 3.26. 3.29.
3.36. and 3.40 (all s. 3 H each, 1-OMe, 6-OMe, 14-OMe. and
16-OMe): 310 (s. .2 H, OCH,0); 576 (brs. I H, OH). IR
(KBn. v/em™': 972, 1088, 1124, 1174, 1201, 1234, 1387,
1449, 1470, 1638, 2749, 2822, 2891, 2930.

Nitrone 11, [¢]20-¢ =0.8° (¢ 2.6, CHCly). High-resolution
MS. m/z 466.2427 M + 1|7, For the CyH3 NOg [M - 17
ion, calculated: 466.2441. 'H NMR ﬁl)o 13 MHz). &
1.53—1.61 (m, 2 H. H,C(3). H,C(12)): 1.62 (s, } H, HC(S));
1.72—1.97 (m. 3 H. H,C(2), Hl,C(B) HC( l’) and H,C(15):
224 (m, | H, HC(10)); 2.35 (1, T H, HC(13). J = 4.5 Hz):
2.63 (dd. | H, HyC(15), J = 16 Hz and J = 8 H2): 3.17 (1,
1 H, HC(16), J = 8 Huz): 3.31 (m. U H. HC(1)); 3.20. 3.27,
3.32. and 3.38 (all s, 3 H each, 1-OMe, 6-OMe, 14-OMe, and
j6-OMe): 3.52 (1, 1 H. HC(®). J = 6 Hz): 3.59 ¢d) and 3.77
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(d) (AB system. | H cach. H>C(I8). /= 10 Hzy: 3.64 (1. | H.
HCil4, J = 4.5 Hz), 367 (s. | H. HC(6)): 393 (5. 1 H.
HC(17)y: 472 (brs. | H. OH): 505 and 311 (both s, | H
cach, OCH-0y: 7.04 (s, { H, HC(19)). IR (KBr). v/em™!:
IS, 9160 930, 1091, 1119, 1190, 1388, 14354, 2826, 2886,
2933, UV (EWOH), jy,/nm (g g): 250 (3.46).

Reduction of nitrone 11. NaBH, (43 mg, .14 mmol) was
added portionwise with stirring to a solution of nitrone 11
(24 myg, 0.032 mmob in anhvdrous MeOH (0.7 mbL). After
0.5 h, water (| mL) was added to the reaction mixture and the
mixture was extracted with CHCl; (3% 3 mL). The extract was
filtered and concentrated in vacuo. Compound 10 was ob-
tained in a yield of 21 mg (87%). This compound was virtually
identical {according to the 'H NMR spectral data) to the
above-described sampie.

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 97-03-
32876).

References

1.S. AL Osadehii. E. E. Shults, and G. AL Tolstikov. Khaim.
Prirod. Soedin.. spets. vvp. “Materialy konferenisii, posvva-
shchennoi pamyari akademika S. Yu. Yunusova,” Tashkent.
1999 18 [Chem. Nar. Comp., 1999 (Engt. Transl.)}.

2.S. A, Osadchii. E. Yu. Yakovleva, M. M. Shakirov, E. E.
Shults, and G. A. Tolstikov, fov. Akad. Nauk, Ser. Khim.,
1999, 800 [ Russ. Chem. Bull.. 1999, 48. 796 (Engl. Transl].

. F. N. Drzhakhangirov, M. N.. Sultankbodzhaev.
B. Tashkhodzhaev. and B. T. Salimov. Khim. Prirod. Soedin..
1997, 254 | Chem. Nar. Comp., 1997. 190 (Engl. Transl)f;
L. N. Popova. M. P. Dolgikh, N. A. Deys. T. G. Tolstikova.
N. A. Pankrushina, and E. E. Shults, Absir. far. Conf. on
Naturai  Products and  Physioivgically  Acrive Substances.
Novosibirsk. Russia. 1998, 72

4. Rastirel nye resursy SSSR: Tsvetkovye rasteniva, tkh khimi-
cheskii sostav, ispol Zovanie. Semeisiva Muagnoliaceae —

(o8]

wh

. Flora Sibiri (Siberian Flore), in

1A Grigorev, Gl 1L

. L. Marion.

.S, W. Pelletier, N. V. Mody.

Limoniaceae {( Plant Sources of USSR: Flowering Plants, Their
Chemical Compositions, and Apllication. The Magnoliaceae
— Limoniaceae fumilies). Nauka, Leningrad. 1983 (in Rus-
stan).

14 volumes, Eds. L. 1.
Malysheva and G. A. Peshkovoi, Nauka, Siberian Branch,
Novosibirsk, 1993, 6 (in Russian).

CK. V. Vatsuro and G. L. Mishchenko, Imennve reckisii v

organicheskoi khimii | Name Reactions in Organic Chemis-
trv], Khimiya, Moscow. 1976 (in Russian).

_N. A. Pankrushina, E. E. Shults, and G. A. Tolstikov,

Abstr. Int. Conf. on Natural Products and Physiologically
Active Substances. Novosibirsk. Russia. 1998, 130.

.Y, Bai, H. K. Desai. and S. W. Pelletier, J. Ner. Prod..

1995, 58. 929.

°S. W. Pelletier. H. K. Desat, P. Kuolanthaivel, and B. S.

Joshi. Hererocyeles, 1987, 26, 2833,

J. Thesing, A. Milier. and G. Michel, Chem. Ber., 1955,

83. 1027.

Shehukin, V. V. Martin, and V. L.
Mamatyuk, Khim. Geierotsikl. Soedin., 1985, 252 [Cirem.
Heterocyel. Compd., 1985 (Engl. Transh)].

. E. Breuer. in Chemistrv of Functional Grotips. Suppl. F,

Part. 1. Ed. S. Patai. Interscience, Chichester erc., 1982,
459.

. D. H. Johnson. M. A. T. Rogers. and G. Trappe. J. Chem.

Soc.. 1956, 1093.

_A. D. Kuzovkov and P. S. Massagetov. Zh. Obshch. Khim.,

1955, 25. Chem. USSR, 1935, 25 (Engl

Transl.)].

178 [J. Gen.

L. Fonzes. C. K. Wilkins, J. P. Bocca,
F. Sandberz, R. Thorsen, and E. Linden, Canad. J. Chem..

1967. 45. 969.
and R. S. Sawhney, Canad.

J. Chem.. 1979, 537, 1632.

7.M. S. Rabinovich. Zh. Obshch. Khim.. 1934,
24, 2242 |J. Gen. Chem. USSR. 1954, 24 (Engl
Transl)).

Received July 1, 1999;
in revised form September 29. 1999




