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DEMETHYLATION OF NORDITERPENOID ALKALOIDS
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Abstract — The reaction of the aconitine-type alkaloids delphinine and delphisine,
and the lycoctonine-type alkaloids delsoline, ajacine, and deltaline has been
carried out with HBr-AcOH in glacial acetic acid. These reactions proceed by
partial demethylation and acetylation of the hydroxy! groups formed during the
demethylation.

The norditerpenoid alkaloids are highly toxic bases which are substituted by a number of acetoxyl, hy-
droxyl or methoxyl groups.! To date, well over 300 alkaloids of this class have been isolated from Aconi-
tum, Consolida and Delphniurn species and their structures have been established. Most of the naturally
occurring aceniting- and lycoctonine-type alkaloids appear o have a tertiary nitrogen substituted by a
methyl or an ethyl group. Also, most of them possess an oxygen function at C(1), C(8), C(14) and C{16).
Some of the aikaloids bear oxygen functions at C{3), C(6), C(7). C(9), C(10), C(13}, C(15), C(18) and
rarely at the C(5) position. The oxygen function in the naturally-occurring alkaloids at C{3), C(5), C(7),
C{8), C(10), C{13) or C{15) is always a hydroxyl group; however, C(1) and C(6} are substituled by an ace-
toxyl, hydroxyl or methoxyt group. The only exceptions are polyschistine C and 1-deoxydelsoline which do
not possess an oxygen function at C(1). The carbon atoms at C{8) and C(14) are substituted by a hy-
droxyl, methoxyl or an ester function. Franchetine and 8-deoxy-14-dehydroaconesine are the only exam-
ples lacking an oxygen function at the C{8) position. The majority of norditerpenoid alkaloids bear a
methoxyl group at C(16).2 Delbiterine® and delstaphisine,* however, have a hydroxyl at C(16). Car-
diopetaline and cardiopetalidine lack the oxygen function at C(16). The heteratisine-type alkaloids con-
taining a 8-lactone in the ring C are devoid of an oxygen function at this position. The primary ¢xygen
function at C(18) is usually a hydroxyl, methoxyl or an aromatic ester group.

Selective demethylation reactions would be useful in facilitating the structure determination of newly iso-
lated naturally-occurring norditerpenoid alkaloids. Unsuccessful attempts were mads by Jacobs and co-
workers 1o demethylate norditerpenoid alkaloids and their derivatives with HI-P and with AICl3. Partial
demethylation occurred with hydrochloric acid and in a few cases with nitric acid.®> Treatment of octahy-
droisopyro-a-oxodelphinine (1} with aqueous ZnClz in 5% HCI afforded the dimethoxy ether (2); this
reagent gave closely analogous desmethylanhydro derivatives.® Similar demethylation to form cyclic
ethers was carried out on nesling” and N-acetyl-N-deethylisopyrochasmanine.® Several attempts were
made in our laboratory to demethylate delphinine with BFz-ether, BFs-ethanedithiol, BCl3, BBra,
iodatrimethylsilane, chlorotrimethylsilane and 9-borabicyclo(3.3.1)nonane; no identifiable products were
isolated from these experiments.

Treatment of the aconitine-type alkaloid delphisine {3) with 48% aq. HBr at 20°C gave two compounds,
identified as delphidine (4) and neoline (5). A saturated solution of HBr in glacial acetic acid is a well
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known reagent in carbohydrate chemistry for the preparation of giycosyl bromides.® The reagent is also
employed in cleaving benzaylcarbamates used as protective groups for aminoacids.1? +Buty! ethers of
primary hydroxyl groups'! and aromatic ethers'2 can be cleaved with HBr-AcOH at 20°C. When 3 was
treated with 30% HBr-AcOH in glacial acetic acid, an amorphous compound CagHagNO1g was isolated in
48% yield. This alkaloid, containing a C-6 methoxyl group (8 3.18, s, 3H; 58.1 ppm ) has been assigned
structure (6) essentially on the basis of its 1H and 13C nmr spectral data (Table 1}. Alkaling hydrolysis of 6
atforded 16 by deacetylation of the acetoxyl groups at C-8, C-14, C-16 and C-18. A similar reaction of del-
phinine (7} with HBr-AcOH atforded two compounds 8 and 9, the struciures of which are consistent with
their spectral data. In both the cases, the primary methoxyl group at C(18) has been demethylated. In del-
phinine (7), the yield of 8, C35H45NOyq, mp 191.5-193.5°C, formed by demethylation of the C-16
methoxyl group pradominates (48%) compared to 8 (11%) in which the methoxy! group at C{16} is unal-
fected.

7: R'=H; R?=R%=CH,
8: R'=R® =Ac RZ=CH;
9: R =H; RP=R’=Ac

In the case of the lycoctonine-type alkaloid delsoline (10), treatment with HBr-AcOH gave 11 in 24% yield
by demethylation of only the C{16) methoxyl group. Similarly ajacine (12) and deltaline (13) afforded 14
and 15, respectively. The structures of these alkaloids are consistent with their spectral data (Table 1). In
the case of deltaline (13) both the C(14) and C(16) methoxyl groups are demethylated and acetylated and
the methylenedioxy group is cleaved to give the diol (15).

Although thera is little specificity in the demethylation of norditerpencid alkaloids with HBr-AcOH, the C-16
methoxyl group is demethylated in all cases; the C-18 methoxyl is demethylated in the two aconitine-type
alkaloids which possess an «- methoxyl group at the C-6 position; the C-18 methoxy! is not demethylated
in delsoline (10), a lycoctonine-type alkaloid which has a 8- methoxyi group at C-6. In all the alkaloids, the
C-1 and C-6 methoxyl groups do not appear to underge demethylation with this reagent.
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10: R'=H; R%= R®=CH,4 13 15
11: R'=H; R?= Ac; R® =CH, NHAc
12: R'=R?zCHy; R®= CO

NHAC

14: R'=CHg; R’= Ac; R®= co—-@

EXPERIMENTAL

Geperal: — Melting points are corrected and were determined on a Thomas-Kofler hot stage equipped with
a microscope and a polarizer. Optical rotations were measured on a Perkin-Elmer model 141 polarimeter.
Ir spectra were recorded on a Perkin-Eimer model 1420 spectropholometer. 1H Nmr spectra were deter-
mined cn a Bruker WM 300 spectrometer in CDClz solution. 13C Nmr spectra were recorded on JEOL FX-
80 and FX-270 spectrometers in CDCls; the chemical shift assignments for all compounds were deter-
mined from DEPT spectra and are reported in Table 1. Mass specira were recorded on a Finnegan
Quadrupole 4023 mass spectrometer.

General Procedure for Demethylation Reactions with HBr-AcQH: — Te a solution of the substrate in glacial
acetic acid, hydrogen bromide (30 wt.% solution in acetic acid, Aldrich) was added and the solution was
stirred at room temperature for three to four days in a glass-stoppered flask. The progress of the reaction
was monitored by tlc. The tlc plates were first exposed to ag. NH4OH {~ 3 min.) in a separate chamber and
than developed in an appropriate solvent along with the starting material. When the spot corresponding to
the slarting material disappeared, the reaction was worked-up in the following manner:

The reaction mixture was diluted with water (2—3 fold) and coocled in an ice bath. It was then basilied to pH
10 (at 0-5°) with saturated NaHCOg3 and NaxCQj3 solutions. The basic reaction mixture was then repeat-
edly extracted with CHClz. The major homogeneous product(s) were obtained by fractionation on an
alumina or a silica gel rator of a Chromatotron.13.14

Action of ag.HBr on Delphisin : — A solution of delphisine (3, 100 mg) in aq. HBr (5 mi, 48% HBrin
water, Eastman) was stirred at room temperature for four days. The reaction mixture was basified to pH 10
with ag. NazCQ3 solution and the basic solution was extracted with CHCIa (30 ml x 5), washed with water,
dried (NazS04) and evaporated to dryness in vacuo. The mixture was separated on an alumina rotor (1
mm, EM 1104-3). The products were identified as delphidine {4, 20.3 mg) and neoline (5, 48.5 mg) having
identical mixture mp, tic behavior, TH and 13C nmr spectra with those of authentic delphidine and neoling,
respectively.

Action of HBr-AcCH on Delphisine {3): — To a solution of delphisine (3, 90 mg) in acetic acid (2 ml} a solu-
tion of HBr in AcOH (0.3 ml) was added and the mixture was stirred for three days at room temperature.
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Usual work-up and purification on an alumina rotor gave 6 as a homogeneous amorphous compound
{48.0 mg, 48%) besides traces of some minor compounds, [«]19 +20.8° (¢, 0.25; CHCIz); eims m/z (%]},
577.1 (M+ for CagHaaNQ1g, 1.2), 560 {M-OH]+ (10.5), 518 [M- QAc]* (4.5); ir (nujol) vmax: 1735(br), 1370,
1255 and 1235 em1; TH nmr: 8 1.16 (3H, ¢, J = 7.1 Hz , NCH2CH3 ), 1.97, 2.01, 2.04, 2.06 (each 3H, 5,4 x
OAc), 2.20 (1H, d, J = 6 Hz, C(5)- B-H), 2.33, 2.64 (each 1 H, ABq, J = 12 Hz, C(19)-H), 3.04 {1H, s, C(17}-
H), 3.18 {3H, s, OCHa), 3.65 (1H, br s, C{1)-g-H), 4.03 (1H, o, J = 6.5 Hz, C(6)-p-H), 4.07, 4.20 (2H, ABg ., J
=10.3 Hz, C(18)-H), 4.83 (1H, ¢, J = 4.7 Hz, C{14)-p-H). For 13C nmr values see Table 1.

Action of HBr-AcOH on Delphinine (7}: — To a solution of delphinine (7, 150 mg) in acetic acid (3.5 ml} a
solution of HBr-AcOH (0.5 ml) was added and the mixture was stirred for four days at room temperature.
Usual work-up and purification on an alumina rctor gave two homogenecus products: 8 (19.1 mg, 11.3%)
and 9 (80.2 mg, 48.8 %). Compound 8 was amorphous, [o]24 +18° (¢, 0.25; CHCI3); eims m/z (%), 669
(M*+ for CagH47NQO14, 0.1}, 652 [M-OH}* (0.5), 638 (M- OCHg]* (35.1); ir {nujol) vmax: 1730 (br}, 1460, 1375,
1250 ¢m-1; TH nmr 5 1.23 (3H, s, C(B)-DAc), 2.06 (6H, 5, 2 x OAc), 2.34 (3H, s, N-CHg), 3.10, 3.28, 3.40
(each 3H, s, 3 x OCH3), 3.97 (1H, d,J = 6.5 Hz, C(8)-3-H), 4.04 (1H, dd, J1 = 5.6, J2 = 8.9 Hz, C(16})-0-H),
411,425 (2H, AB g, J = 10.4 Hz, C(18)-H}, 5.12 (1H, d, J = 5.2 Hz, C(14)-p-H ), 7.40-8.10 (5H, aromatic
protons). For 13C nmr values see Table 1.

Compound 9 crystallized from CHzCla-hexane, mp 191,5-183.5°C, [«]24 + 17.8° (¢, 0.275, CHCl3); eims
miz (%}, 655 (M+ for CasHasNO14 2}, 624 [M-OCHg]*+ (32.7); it (nujol) v max: 1730, 1460, 1450, 1380 cm™!;
'H nmr 5 1.36 (3H, s, C(8)-3-0Ac), 2.02, 2.07 (each 3H, s, 2 x OAc), 2.31 (3H, s, N-CHa), 3.08, 3.24 (each
3H, 5,2 x OCHa), 3.95 (1H, d, J = 6.5 Hz, C{6)-p-H), 4.08, 4.22 {2H, AB q, J = 10.4 Hz, C(18)-H}), 4.98 {1H,
d,J = 4,7 Hz, G{14)-p-H), 7.40-8.10 {5H, aromatic protons}. For *3C nmr values see Table 1.

Action of HBr-AcOH on Delsoline (10): — To a solution of delsoline {10, 50 mg) in acetic acid (2 ml} a solu-
tion of HBr-AcOH (0.25 mi) was added and the mixture was stirred for three days at room temperature.
Work-up and fractionation of the product on an alumina rotor gave 11 as a homogeneous amorphous
product {12.1 mg, 22.6 %), [«]26 +16.8° (c, 0.125; CHCI3); sims m/z (%), 495 (M+ for CagHgq¢NCg, 2.3), 480
[M- CH3z)* (14.8), 478 [M-OH]* (9.4), 464 (M-OCHa I* (5.6); ir (nujol) vmax: 3450, 1730, 1250 cm1; *H nmr §
1.13 (3H, t, 7.2 Hz, NCH2CH3 ), 2.06 (3H, s , OAc), 3.34, 3.36, 3.44 (each 3H, 5, 3 x OCH3), 3.29, 4.06
(each 1H, 5, 2 x OH exchanges with D20Q), 3.65 (1H, ¢, J = 4.5 Hz, (14)-8-H }, 3.68 (1H, br s, C(1)-p-H),
4.01 (1H, 5, C(6)-o-H), 4.82 (1H, ¢, J = 8.5 Hz, C(16)-o-H). For 13C nmr values see Table 1.

Action of HBr-AcOH on Ajacine (12 ). ~ Te a solution of ajacine (12, 100 mg) in acetic acid (3 ml) a solu-
tion of HBr-AcOH (0.5 ml} was added at room temperature and the mixture was stirred for three days.
Usual work-up and purification on an alumina rotor gave 14 as an amorphous homogeneous compound
(18.1 mg, 17.2 %}, [0]28 +51° (c, 0.2; CHCI3); eims m/z (%), 656 (M+ for C35HagN201g, 0.2), 641 [M-CHa]*
(1.8), 625 [ M-OCHg]* (36.1); ir {nujol) vmax: 3450, 1730, 1690, 1580, 1525, 760 cm!; TH nmr 5 1.08 (3H, ¢,
J = 7.1 Hz, NCH2CH3), 2.06 (3H, s, OAc), 2.24 (3H, s, NAc), 3.25, 3.39, 3.43 ( each 3H, s, 3 x OCHz), 3.63
(1H, f, J = 4.5 Hz, C{14)-8-H), 4.18 (1H, 5, C{6)-a-H), 4.79 (1H, dd , J1 = 5.7, Ja = 9.2 Hz, C(16}--H}, 7.11
(1H, t, J=7.8 Hz, H-5"), 7.67 (1H, , J = 7.8 Hz, H-4"), 7.98 {1H, d, J = 8.0 Hz, H-3", 8.72 (1H, d, J = 8.0 Hz,
H-69, 10.99 (1H, br s, -NH -Ac). For 13C nmr values see Table 1.

Action of HBr-AcOH op Deltaline (13); — To a solution of deltaline (13, 150 mgq) in acetic acid (5 ml) a solu-
tion of HBr-AcOH (0.5 ml) was added at room tempserature and the mixture was stirred for three days.
Usual work-up and separation of the products on an alumina rotor and purification by ptle on silica gave a

— 1892 —




Table 1. 13C Nmr  (CDCl3) spectra of 3, and 6 to 15,

HETEROCYCLES, Veol. 31, No. 10, 1990

3 6 7 8 9 11 12 14 13
1 721 77.7d 849 846d 847d 72.6 83.9 83.92 79.2
2 2958 2893t 263 262t 259t 27.3 2641 26.0 271
3 3012 2963t 347 341t 341t 294 322 323 39.4
4 38.1 371s 393 385s 384s 376s 382s 37.7s 337
5 441 449d 488 493d 494d 43,7 43.3 43.6 50.4
6 842 836d 8302 828d B25d 90.4 91.0 90.1 77.3
7 483 478d 482 479d 48.0d 87.7s 886 886s 916
8 858 B854s B854 854s B4A7s 7845 775 77.1s 838
2] 433 43.0d 451 43.6d 45.5d 450 505 50.4 50.4
433" 430d 410 418d 41.2d 437 4617 458 816
498 496s 50.2 50.3s 50.1s 43.3s 49.1 49.0s 56.0
29538 2903t 357 b2t 361t 300 286 289 36.5
385 396d 748 821s 749s 383 376 37.9 38.5
75.5 75.1bd 78.9 776d 788d 84.1 83.9 g2.32 81,74
385 372t 393 394t 385t 326 338 33.2 34.8
827 745bd837a 800d 754d 753 826 749 81.53
627 628d 633 63.3d 632d 66.1 64.5 64.5 63.5
79.8 7151 80.2 717t 716t 77.4 69.8 68.8 25.7
56.8 56.5t b56.1 556t 556t 57.4 525 52.4 56.9
48.0 48.3t 423 4259 423q 50.4 51.0 51.1 50.2
12.9 128q - - - 13.5 14.0 14.1 13.8
- - 56.1 56.4q 56.3q - 55.8 55.8 55.3
580 58.1q §786 578q 578q 57.4 57.8 57.8 -
- - . - - 577 58.1 58.2 57.7
56.5 - 58.6 583q - - 56.3 - 56.2
59.0 - 58.9 - - 591 - - -
1704 171.3s 169.4 172251711 s 170.5s - 1708s 169.9
169.3 170.3(2C) - 17048 1704 s - - - -
- 169.6 s - 169.95 169.7 s - - - -
222 224 214 216qg 218¢q 21.4 - 21.5 218 216q
21.2 21.0(3C) - 214q 211 ¢ - - - -
- - - 21.1q 209¢q - - - -
- - 166.0 166,55 1666 s - 168.1 1681 s -
- 1 130.4 130.15 128.9s - 1145 1145s -
- 2' 129.6 130.0d1296d - 141.9 1420s -
3 1284 1286 d1285d - 120.6 120.7 -
- 4 132.8 133.3d133.4d - 135.0 135.0 -
- 5 128.4 1286 d1285d - 1225 12256 -
- 6’ 1286 1300d1296d - 130.3 1303 -
- - - - - - 169.0 169.1s -
- - - - - - 255 25.5 -
R . - R - - - 93.8
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homogeneous amorphous compound (15} (15.0 mg, 9.2 %); [0]28 +13.6° (¢, 0.25; CHCla); eims m/z (%),
551 (M+ for CagH41NOQ19, 0.3), 536 [M-CHa]*+ (0.5}, 520 [M-OCHg]* (24); ir {nujol) vmax: 3410, 1730, 1250
em1; TH nmr § 0.88 (3H, s, C{4)-CHa), 1.05 (3H, 8, NCH2CH3z), 1.99, 2.04, 2.10 (each 3H, s, 3 x OAc),
3.24 (3H, 5, OCHg), 5.24 {1H, br s, C{(6)-a-H), 5.34 (1H, ¢, J = 5.1 Hz, C(14)-B-H). For 13C nmr values see
Tabia 1.

Alkaline_Hydrolysis of 6: — A solution of (6; 18 mg) in 5% methanolic potassium hydroxide (5 mi) was
stirred at room temperature ior 10 h and evaporated in vacuo. The residue was dissolved in water {15 ml),
saturated with NaCl and extracled with CHCI3 (10 ml x 10). The organic layer was dried (NazSQO4) and
evaporated to give a residue (13 mg) which was passed through a short column of silica gel and eluted
with CHCl3, and increasing amounts of MeOH. The fraction obtained by elution with CHCl3:10% Me(OH
gave a residue which crystallized from acetone to afford 16 as colorless cubes (3.5 mg), mp 235-237°C;
eims m/z (%), 409 {M+ for CpaHasNCg , 15), 392(100), 376(8). Ir (nujol} vmax: 3350, 1451, 1378, 1300,
1230, 1190, 1160, 1100, 1050, 1028, 1000, 990, 970, 950 cm-1. TH Nmr: 5 1.13 (3H, t, J = 7.2 Hz,
NCH,CHs), 2.33, 2.72 (each 1H, ABg, J = 12.6 Hz, C{19)-H), 3.33 (3H, s, OCHz}, 3.51, 3.79 {each 1H,
ABg, J = 10.2 Hz, C(18)-H), 3.72 (1H, br t, J = 7 Hz, C(1)--H), 4.18 (1H, dd, J = 6.5 Hz, C{6)-p-H). 13C Nmr:
376.8 d(C-1), 30.52 £ (C-2), 31.42 1 {C-3), 40.2 5 (C-4), 4B.0 ¢ (C-5), 84.6 ¢ (C-6), 54.1 d {C-7), 75.5 5 (C-
8), 48.5 d (C-9), 45.9P & (C-10}, 50.8 5 (C-11), 29.7 t (C-12), 45.4b d (C-13), 74.2 d (C-14), 45.4 { (C-15),
73.7 d (C-186), 64.2 d (C-17), 70.1 t {C-18), 58.5 { (C-19), 49.1 t (NCH3p), 13.3 g (NCH2CH3), 58.3 g {C-6
OCHg). (2PThese assignments may be interchanged).
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