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Abstract - The structures of three new C,43 diterpencid alkaloids, flava-
conidine (1), N-acetylflavaconitine (2}, and flavaconijine (3), isolated

in the continuing investigation of Aconitum flavum Hand-Mazz, were deter-

mined on the basis of spectroscopic evlidence and chemical correlations.
They are the first examples of natural diterpenold alkalolds bearing an

acyl instead of usual alkyl group on the nitrogen.

3-Acetylaconitine, a major constituent responsible for analgesic and antiphlogis-

tic effeets of the roots of Aconitum flavum Hand-Mazz, has now becen employed in

China for the treatment of periomethritis, rheumatic and rheumatold arthritis,
sciatica, lumbago, dorsalgia, waist and joint sprain, etcl. In the works on the
searching for pharmacological active components from the plant, we previously re-
ported the isclation of a number of diterpenoid alkaloidsl. Further Investigation
led to the isclation of other three new compounds named flavaconidine (1), N-ace-
tylflavaconitine (2), and flavaconijine (3). These new diterpenoid alkalcids are
characteristic with the presence of acyl instead of usual alkyl group on nitrogen.

This paper deals with the structural elucidaticn of these compounds.

(1) Ry=CHG, Ro=0H flavaconidine
{(2) R,=C0OCHg, Ro=0H N-acetyiflavaconitine
(3) R{=COCHg, Ro=H flavaconijine

(4) Rq=H, Ry =0H

CH:0

Flavaconidine (1) had mp 186.5-189.0°C, [«]3 -49.0" (c=0.568, DMF) and gave a
molecular formula corresponding to CgoHyyNOjs by the investigation of ms fragment
at m/z 571.2433 (C30H37N010, Calcd 571.2449). This ion appeared as base peak in the

lower resolution ms and was resulted from the loss cof acetic acld from the melecu-

— 997 —



lar ion, The ir spectrum exhibited absorptions at 3400 (hydroxyl), 2820, 1833 (for-
mamide), 1720, 1295, 1100 (ester), and 1804, 1594, 1485, 713 cm™ 1 (aromatic ring).
The lg_nmr  in pyridine—d5 showed the following signals, §1.37 (3H, s, OCOCHS},
3.06, 3.27, 3.78 {each 3H, s, OCHS), ahd 7.40-8.26 (5H, m, OCOCgHg). From the mole-
cular formula and the above spectral data, it was suggested that this compound
belonged to Cgg diterpencid alkaloidsZ. The unusual downfield proton signal at
§6.29 (1H, d, J=5.0 Hz, pH-14) and upfield signal of 0COCH4 at §1.37 (3H, s) sug-
gested that the acetoxy and benzoyloxy groups should be'assigned to C-8 and C-14 or
C-14 and C-8, respectively, and the one at C-14 should be in eotorientation so that
the two substituents were close each other spatlally and OCOCHz shifted upfield by

the shield effect of benzoyloxy group3'4.

Here, the acetoxy group was assigned to
C-8 and the benzoyloxy was assigned to C-14 according to chemical shift of OCOCH4
which would be in the range of d1.25-1.45 if acetoxy group was linked to €-8 and
benzoyloxy to C-14 or about #1.76 if the two substituents switched over as in
ezochasmaconitine®, The assignment of OCOCHz to C-8 was also confirmed by the ms
fragment at m/z 571 (M+-CHSCOOH. 100%) which was resulted from elimination of ace-
toxy group at C-8 due to spatial interaction between 1,3-syn-axial substituents,
acetoxy and benzoyloxy groups3. The three methoxys were assigned to C-18, C-6, and
C-16, respectively, because the ether proton signals on these carbons were observed
at §3.28, 3.77 (each 1H, ABg, J=8.4 Hz, 2H-18), 4.35 (1H, d, J=7.7 Hz, pH-8), and
3.90 (1H, d, J=5.2 Hz, =H-16). The assignments were confirmed by the carbon sig-
nals at §80.4 (CH;, €-18), 84.0 (CH, €-8), and 92.1 (CH, C-18). The orientation of
methoxys at C-6 and 16 was assigned to be o« and g respectively, based on the carbon
shifts of C-6, 384.0, and C-16, §92.1, which were identical with neomal chemical
shifts of those carbons among aconitine-type compounds with «CH;0-8 and pCH30—164.
The proton chemical shift of methoxy group at C-16, §3.78, indicated the presence
of hydroxyls at C-13 and 15%. Irradiation of signal at § 5.10 (1R, dd, J=5.2, 2.9
Hz, pH—lS) collapsed signals at §3.90 (1H, d, J=5.2 Hz, =H-16) and §.32 (1H., d.
J=2.9 Hz, 0H), providing evidence for the presence of OK-15. An ot-configuration
was assigned to OH-15 (with C-15 chemical chift,d79.8) according to observing the
carbon chemical shift of C-15, §78.5-79.0 with «0H-15 and 68.1 with @OH-15 in
nagarines. The ld-nmr spectrum showed that the methylene protons of C-12 appeared
as ABq peaks at 92.85, 4.34 (each 1H, J=15.5 Hz), indicating both hydrogens at C-10

and ¢C-13 were substituted by hydroxyls, which were confirmed by quaternary carbon

slignals at &§78.5 (C-10) and 76.0 (C-13). The presence of hydroxy group at C-10

— 998 —




HETEROCYCLES, Vol. 29, No. 6, 1989

Table I. IH-Nor Data (400 Milz, §. pyridine-dg} for the Alkalolds
Proton 1 2 3 4
H-1 4.95, m 4.96, m 3.85, m 4.77, br s
2H-2 2.04, 2.11, m 2,09, m 1.98, m 1.98. m
2H-3 1.92, m 1.82, m 1.78, 1.86, m 1.98, 2.10, =
H-5 3.28, d, 3.24, d, 2.31, d, 3.23, 4,
J=7.3 Hz J=6.T7 Hz J=6.8 Hz J=7.0 Hz
H-6 4.35, d, 4,33, d, 4.19, 4, 4.28, d,
J=7.7 Hz J=5.8 Hz J=6.9 Hz J=6.4 Hz
H-7 3.21, s 3.18, s 3.05, s 3.22, s
H-9 3.38, d, 3.39, d, 3.12, m 3.34, d,
J=5.0 Hz J=5.0 Hz J=3.9 Hz
H-10 2.28, m
2H-12 2.95, 4,34, 2.97, 4.35, 3.77, m, 2.94, 3.45,
ABq, J=15.5 Hz ABq, J=15.6 Hz 2.83, t, ABq, J=14.8 Hz
J=14,0 Hz
H-14 6.29, d, 6.29%, 4, 5.49, 4, 6.24, d,
J=5.0 Hz J=5.1 Hz J=4.6 Hz J=4.8 Hz
H-15 5.10, dd, 5.09, dd, 4.96, m 5.00, m
J=5.2, 2.8 Hz J=5.5, 3.4 Hz
H-186 3.90, d, 3.83, d, 3.77, m 3.77, d,
J=5.,2 Hz J=5.6 Hz J=5.7 Hz
H-17 4.60, s 4.85, s 4.65, s 3.66, s
2H-18 3.28, 3.77, 3.30, 3.80, 3.44, 3.69, 3.12, 3.73,
ABg, J=8.4 Hz ABgq, J=8.3 Hz ABq, J=8.1 Hz ABq, J=8.1 Hz
ZH-13 3.55, 4.37. 3.51, 4.32, 3.48, 4.62, 2,42, 3.52,
ABgq, J=13.3 Hz ABq, J=13.3 Hz ABq, J=13.2 Hz ABq,J=10.8 Hz
CHg0-18 3.06, s 3.06, s 3.12, s 3.08, s
CHqa0-6 3.27, s 3.26, s 3.29, s 3.28, s
CHq0-16 3.78, s 3.81, s 3.78, s 3.75, s
AcO-8 1.37, s 1.38, s 1.44, s 1.41, s
Bz0-14 7.39, 2H, t, 7.38, 21, t, 7.39, 2H, t, 7.35, 2H, t,
J=7.3 Hz J=7.7 Hez J=7.5 Hz J=7.8 Hz
7.52, 1H, t, 7.51, 1H, t, 7.70, 1H, t, 7.48, 1H, t,
J=7.4 H=z J=7.3 Hz J=7.6 Hz J=7.3 Hz
8.28, 2ZH, 4, 8.25, 2H, &, 8.25, 2H, 4, 8.23, 2H, d,
J=7.9 Hz J=7.7 Hz J=8.3 Hz J=7.7 Hz
OH-1 6.55, d, B.57, d, 6.52, d, 6.52, br s
J=3.9 Hz J=3.9 H=z J=3.8 Hz
OH-15 5.32, d, 5.33. d, 5.30, d, 5.18, d,
J=2.9 Hz J=3.2 Hz J=3.0 Hz J=2.4 Hz
0OH-10/13 6.62, 7.16, s 6.80, 7.12, s
N-CHO 8.87, s
N-COCHg 2.90, s 2.80, s
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gave the best explanation why pH-14 signal (§6.29, 1H, d, J=5.0 Hz) was much iowcr

than the usual one even considered effect of solvent shift of pyridine—d5 (seo
Table 1), which was due to spatial interaction between OH and H at C-10 and 145.
Decoupling experiments revealed that the signal at 34.95 (1H, m, pH-1) was corre-
lated with §2.04, 2.11 (each 1H, m, 2H-2) which were associated with §1.92 (211, m,
2H-3), suggesting the presence of a hydroxy group at C-1 or C-3. As the carboen
signal of C-4 appeared at ¢&38.6, the hydroxy group was assigned to C-1 because the

4

carben chemical shift of C-4 would be in the range of 43.0-44.0 ppm~ if the hydroxy

group was linked to C-3, Flavaconidine (1) had no alkalofd properties and did nct
react with Dragendorff's reagent. The ir spectral absorptions at 2820 and 1633 cmf1
suggested there was a formyl group attached to nitrogen, which was confirmed by
proton signal at J&8.87 (1H, s, N-CHO) and earbon signal at J§163.3 (N-CHO). Com-
pared the lg-nmr spectrum with that of flavaconlitine (4) (see Table I), 1.04 and
0.99 ppm downfield of H-17 and 2H-19, respectively, provided evidence for the pre-
sence of N-formyl group which has strong electron drawing property. The spectrosco-
pic studies above permitted deplcting the structure of flavaconidine as (1). Unfor-
tunately, the configuration of OH at C-1 remained unknown due to influence of the
substitutlon of Tormyl group at nitrogen and hydroxy group at C-10. Among the Cig
diterpenold alkaloids, there are few examples having a hydroxy group at C-1 in -
orientatlonT. S0 the most possible confliguration for OH-1 was of. Conflrmation of
the structure (1) was obtained by partial synthesis. By reaction with N-formyloxy-
succinimide at room temperature, flavaconitine (4) afforded N—for'mylflavaconitine8
which was identical with flavaconidine (1) in all of speectra included ir, 1H7nmr,
ms, and tlc behaviour. Thus, the structure of flavaconldine (1) was established.

N-Acetylflavaconitine (2), Cg3HyaNO o (m/z B45.2772, Calcd 645.2784), with mp
274.5-275.5°C  and [«1{® -45.6°(c=1.54, CHgOH). had similar property to flavaconi-
dine (1), i.e. 1t did not react with Dragendorff's reagent. The Ir spectrum exhl-
bited absorptions at 3500 (hydroxyl), 1620 (amide), and 1720, 1280, 1100, 718 em !
{(benzoyloxy) . The lH-nmr spectrum was very similar to that of flavaconidine (1)
except the presence of §2.90 (3H, s, N-COCHg) and the absence of 48.87 (1H, s, N-
CHO) (see Table 1), suggesting that an acetyl instead of a formyl group attached
to the nitrogen. Therefore, the structure (2) was deduced to this compound. By the
partial acetylation with acetic anhydride at room temperature, flavaconltine (4)

furnished N—acetylflavaconitine9 which showed 1ir, lH—nmr. ms, and tlc behaviocur

identical with the natural compound. Thus, the structure {(2) was established.
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Table TT. 13C-Nmr Data (100 MHz, §, pyridine-dg) for the Alkaloids

Garbon 1 2 33 4b Carbon 1 2 38 4b
1 67.6 67.9 73.5  69.2 8 58.0  58.1 57.9  59.1
2 31.9 31.9 31.5  28.7 16" 1.5 61.6 61.3  61.9
3 33.5 33.8 33.8  30.2 18" 59.1 59.0 59.2  59.5
4 38.6 38.4 38.3  38.3 c=0 172.2  172.2 172.1 173.4
5 54.9 54.2 51.1 53.3 Hy 21.4  21.4  21.3 21.4
8 84.0 84.5 83.5  83.2 c=0 166.4 166.4 166.0 167.1
7 51.9 51.7  48.0 482 _ AL 1 130.9 130.8 130.1 130.7
8 89.6 89.9 91.3  88.9 s 2 130.1 130.0 129.7 130.7
9 44.9  44.2  43.7  40.5 4 3 129.0 129.0 128.7 129.9

10 78.5 78.6  41.1  78.9 4 133.6 133.5 133.3 134.8
11 55.9 56.7  50.4  54.9 5 129.0 129.0 128.7 129.9
12 45.3  45.9 36.6  48.5 6 130.1 130.0 129.7 130.7
13 76.0 76.0 74.4  76.0 N-CHO  163.3

14 80.8 79.8 78.9  80.8 N-C=0 170.3  170.7

15 79.8 80.6 78.9  79.4 éns 22.9 22.4

16 92.1 92.1 90.5  91.4

17 59.4 58.7  59.2  59.1

18 80.4 80.5  79.8  79.8

19 49.0 49.4  46.8  49.3

#« The spectra of a) and b) were taked In CDClg4 and methanol-d, respectively.

Flavaconijine (3} had mp 248.5-249.5°C, [ulg -55.5%(¢=0.492, DMF) and its molecular
formula, 033H43N011, was established by high resolution ms, m/z 569. 2646,
CgHggNOg, M+—CHSCOOH, Calcd 569,.2B87. Like the compounds discussed above, it also
had no basicity. The ir spectrum showed absorptioms at 3500 (hydroxyl), 1820
(amide), and 1720, 1280, 1100, 710 em™1 (benzoyloxy). Its l4-nme  in pyridine-dg
exhibited signals of OCOCH5-8 (91.44, 3H, s), 0COCgzH5-14 {(§7.40-8.25, 54, m, aro-
matle ring and §5.49, 1H, d, J=4.8 Hz, pH-14), N-COCHz (§2.80. 3H, s), and three
methoxys, CHg0- 18, 8, 18, (§3.12, 3.29, 3.78, each 3H, s). The presence of OH at
C-13 and 15 was suggested by proton chemical shift of methoxy group at C-~18, §3.78
(3H, 5)5, and was confirmed by decoupling correlation signals at ¥4.96 (1H, m., pH-
15) and §3.77 (1iH, d, =H-16) as well as #5.30 (1H, d, J=2.5 Hz, OH). The orienta-
tion of substituents on C-6, 15, and 16 was assigned to be of, o, and B respec-
tively according to carbon chemical shifts of those positions {see Table II). Com-
pared with N-acetylflavaconitine (2), 0.80 ppm upfleld of H-14 {(see Table I) Indi-
cated a hydrogen instead of a hydroxy group present at C-10. Irradiation of signal
at §2.28 (1H, m, H-10) collapsed the signals at #2.63 (1H, t, J=14.0 Hz, pH-12),

3.77 (1H, m, wH-12), and 3.12 (1H, m, H-9), the last of which was associated with
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pH-14 signal at §5.49 (1H, d, J=4.8 Hz). This irradiation provided evidence for the

presence of H-10. Decoupling experiments also revealed that the signal at d 3.85
(1H, m, pH-1) was assoclated with signal at d1.98 (2H., m, 2H-2) which was correlat-
ed with §1.78, 1.86 {each 1H, m, 2H-3), suggesting the presence of OH-1. Irradia-
tion of H-1 signal at d§3.85 (1H, m) caused 10% enhancement of @H-10 signal at
§2.28 (iH, m) in n.0.e. difference and i{rradiation of pH-10 signal enhanced H-1
by 9%, indicating the H-1 was p—orientation. The n.0.e. between pH-1 and pH—lO gave
a reasonable explaination for 1.11 ppm upfield of pH—l compared with N-acetylfla-
vaconitine (2) which had a hydroxy group instead of a hydrogen at C-10 to cause de-
shielding of the proton at 1,3-syn-axial position,. All of assignment were agreeocd

with the structure (3) (see Tables 1, II).
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