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Cig-Diterpenoid Alkaloids from Aconitum hemsleyanunvar. circinatum

Feng Gao, Qiao-Hong Chen, and Feng-Peng Wang*

Department of Chemistry of Medicinal Natural Products, West China College of Pharmacy, Sichuamsidpj No. 17, Duan 3,
Renmin Nan Road, Chengdu 610041, People’s Republic of China

Receied January 9, 2007

Seven new gr-diterpenoid alkaloids, circinasines—#s (1—7), together with six known compounds, talatisamine,
yunaconitine, senbusine A, sachaconitine, hemsleyanisine, and isohemsleyanisine, were isolated from tieomitisrof
hemsleyanurwar. circinatum The structures oi—7 were determined by the interpretation of spectroscopic data and
by the single-crystal X-ray crystallographic analysissadnd the acetonide derivative @f In addition, the structures

of hemsleyanisine and isohemsleyanisine were revised &amd 9 to 10 and 11, respectively.

There is a long and fascinating history of the use of various
species ofAconitumsources of medicines in various civilizations.
Aconitumpreparations have been used as cardiotonics, febrifuges,
sedatives, and anodynk$he diterpenoid alkaloids froiconitum
plants are believed to be the main bioactive compounds. The plant
A. hemsleyanumaar. circinatumW. T. Wang (Ranunculace&¢)
is a species endemic to the Emei Mountains of Sichuan Province
in mainland China and has been used as a folk remedy for the
treatment of arthritic paifiln the present investigation on this plant,
seven new G-diterpenoid alkaloids, circinasines—-4 (1-7),
together with six known compounds were isolated. In this paper,
we report the separation and structure elucidation of these new
alkaloids.

The NMR and MS spectra of compountis7 showed that they Figure 1. Key 'H—1H COSY (bold lines) and HMBC (curved
are all aconitine-type -diterpenoid alkaloid$. arrows) correlations of.

Circinasine A () was isolated as a white, amorphous powder.
The HREIMS peak atvz 439.2736 corresponded to the protonated
molecular ion [M]} (C,3H3;NO7). The NMR spectra ol showed
the presence of ondCH,CHs; group ¢y 1.03, 3H, t,J = 7.2 Hz;

Oc 13.5 g, 49.1 t) and two methoxyl groupdy(3.24, 3.33, each
3H, s; 0c 56.3 g, 59.5 q). A one-proton doublet signdl €

4.8 Hz) atoy 4.20 could be assigned to H{14suggesting the
presence of an OH-b4group and substitution of H-9 or H-F3.
Two methoxyl groups could be located at C-1 and C-18 from a set
of 'H—13C long-range HMBC correlations between the CHL

(0n 3.24 s), CHO-18 Oy 3.33 s), and the related carbons C-1
(6c 83.6 d) and C-18d 78.5 t). The'H NMR spectrum revealed

a doublet signalJ = 8.8 Hz) atdy 3.73, which showed HMBC
correlations with C-13{c 76.6 s), C-14 §c 79.5 d), and C-15
(6c 43.7 t), implying the presence of a hydroxyl group at C-16.
The remaining hydroxyl groups could be assigned at C-5, C-8, and
C-13, respectively, by the careful analysis of the 2D-NMR
correlations (Figure 1). Therefore, the structure of circinasine A
could be assigned initially aka, a rare Gg-diterpenoid alkaloid
containing an OH group at C-16. In general, mogi-@iterpenoid Figure 2. ORTEP diagram fodb.

alkaloids possess methoxyl groups at C-16 ygibrientation, and

the hydroxyl group is of indefinite configuration. Thus, treatment that the structures of these two compounds are incorrect. Com-
of 1 (200 mg) with acetone (20 mL) and 2 drops of HCI at room parison by co-TLC (silica gel, 95:5 chlorofornmethanol, 1:1
temperature for 48 h producéth quantitively (Table S1, Supporting  ether-acetone) and the NMR data of their hydrolytic products with
Information). The structure dfb was confirmed by X-ray analysis,  circinasine A () has shown that the structures of hemsleyanisine
and the configuration of the hydroxyl group at C-16 was determined and isohemsleyanisine should be revised fi®and 96 to 10 and

as having g-orientation (Figure 2). The structure of circinasine 11, respectively.

A was thus determined s The HRFABMS of circianasine B2 exhibited a protonated

In the present investigation, we isolated two previously known molecular ion peak at/z590.2969 (calcd 590.2965), corresponding
alkaloids, hemsleyanisine and isohemsleyani&inbich have been to a molecular formula of §H43NO;o (16 mass units more than
obtained in earlier worR.Their 13C NMR data are very similar to  that of 10 and 11), suggesting tha? has an additional hydroxyl
those of circinasine A1) (Table 2). Accordingly, it is presumed  group. In thetH NMR spectrum of, a one-proton double doublet
signal § = 12.0, 6.0 Hz) aby 4.31 could be assigned to H3

* To whom correspondence should be addressed. Tel/Fa86-28- implying that the additional hydroxyl group is located at €¥hus,
85501368. E-mail: wip@wcums.edu.cn. the structure of circinasine B was deduced?as
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(HMQC, H—-1H COSY, HMBC) data. Owing to the complex
stereochemistry of circinasine F, single-crystal X-ray diffraction
analysis was used to determine the structure and relative stereo-
chemistry of circinasine F a&&

Circinasine G 7) was analyzed as #gH3gNO;o by HREIMS
(m/z 573.2362, calcd 573.2388). However, there was no evidence
giving a typicalNCH,CHjz group, but a R=C (19) signal {4 7.19,
1H, s;6c 163.0 d) was observed instead. Besides this difference
betweer and6, an additional anisoyl ester group could be assigned
at C-14 due to the presence of a one-proton doublet signal (
4.8 Hz) atdy 5.22% Therefore, the structure of circinasine G,
containing a rare €N imine group, was determined &s

The other four known alkaloids isolated from this plant were
identified as talatisaminéyunaconitin€®, senbusine A&, and sa-
chaconitin€!? respectively, by comparing their spectroscopic data
with those reported in the literature.

_ ) o Aconitum hemsleyanuis one of the most widely distributed
Figure 3. ORTEP diagram for circinasine f)( and highly variable species @fconitumthat is native to Chinat
Four variations ofA. hemsleyanurhave been subjected to phy-
Circinasine C 8), obtained as a white, amorphous powder, tochemical researct. hemsleyanurRritz, A. hemsleyanuraar.
showed the same HREIMS experimental result (z 573.2991, leucanthusA. hemsleyanumar. circinatum andA. hemsleyanum

calcd 573.2937) as isohemsleyanisirid)( The analysis of all  var. pengshinesand these have shown considerable differences in
spectra measured revealed that the structure of circinasine C is verytheir alkaloidal profileg2-15

similar to 11 except for the location of a hydroxyl group. This

hydroxyl group could be assigned at C-3 rather than C-Eliby Experimental Section
the HMBC correlations of H-3d 3.85) with C-1 ¢ 82.9), C-2 ) ) ) )
(8¢ 34.0), C-4 6 43.5), and C-18dc 77.2) (Figure S1, Supporting General Experimental ProceduresMelting points were determined

Information). Furthermore, the-orientation of OH-3 was estab- " an XT-4 micro melting point apparatus and are uncorrected. Optical

lished by a large coupling constart £ 12.0 Hz) between H{3 rotations were measured on a Perkin-Elmer 341 polarimeter. IR spectra
and H-21.5 Accordingly, the structure of circinasine C was were obtained on a Nicolet FT-IR 200 SXV spectrophotométdr.
elucidated a8 ' and'3C NMR spectra were taken on a Varian Unity INOVA 400/45

o . o NMR spectrometer in CDGlwith TMS as the internal standard. The

Circinasine D ), an amorphous powder, was also indicated 0 EgiMs and HREIMS were recorded on a VG Auto Spec 3000 or
be an aconitine-type diterpenoid alkaloid by the analysis of its 1D- Finnigan-MAT 90 instrument. Silica gel H (Qingdao Sea Chemical
NMR spectra, with the molecular formulag€l,3NOs, determined  Factory, Qingdao, People’s Republic of China) was used for column
by HREIMS (M* m/z557.2960, calcd 557.2988). Careful analysis chromatography. Spots on TLC (silica gel G) were detected with
of its H and®*C NMR and 2D-NMR spectroscopic data determined modified Dragendorff's reagent. A polyvinyl sulfonic ion-exchange
that the structure of circinasine D was very similar to that of resin (H-form, cross-linking £1, Chemical Factory of Nankai Uni-
hemslyanisineX0). The C-13 oxymethine alc 76.7 (s) in10 was versity, Tianjin, People’s Republic of China) was used in the extraction
dehydroxylated as a methylene signabat41.6 (d) in circinasine of the crude alkaloids.
D, as supported by the HMBC correlations between the methylene  Plant Material. Aconitum hemsleyaniumar. circinacumW. T.
signal Oc 41.6) and H-9 §4 2.68), H-14 64 5.29), and H-15 Wang was collected in the Emei Mountains, Sichuan Province, People’s
(0n 2.01, 2.30) and théH—1H COSY correlations between the  Republic of China, in July 2001 and authenticated by Professor W. T.
methylene protond 2.47) and H-144y 5.29) and H-164 3.80) Wang of the Institute of Botany, Chinese Academy of Sciences, where
(Figure S2, Supporting Information). On the basis of the above & voucher specimen (01-7-4) was deposited.
evidence, the structure of circinasine D was deduced as Extraction and Isolation. According to a method reported in the

. 6 o
Circinasine E §) gave a molecular ion peak atiz 423, literature'® powdered roots (4.0 kg) &. hemsleyanumar. circinatum

. . were percolated with 0.05 mol/L HCI (40 L). Wet resin (dry weight 4
corresponding to a molecular formula of#857NOs, as confirmed kg) was added to the percolate, followed by repeated washing on a

by HREIMS (M* m/z 423.2620, calcd 423.2640). {8C NMR suction filter with deionized bD. The air-dried resin was then alkalized

data were very similar to those of circinasine4) (Table 2), with with 10% aqueous NF¥DH (1.8 L), continuously extracted with ether
minor differences evident in the vicinity of C-14. On comparison (5.0 L), and evaporated to give the total crude alkaloids (68.0 g) as a
by co-TLC (silica gel, 98:2 chloroformmethanol, 3:1 ether yellowish, amorphous powder substance. The crude alkaloids (38.2 g)
acetone) and the NMR data of the hydrolytic product4ofiith were chromatographed over a silica gel column, eluting with a GHCI

circinasine E, the structure of circinasine E was establishesl as ?:I:c%gn(szg(g; ;:g ggcéier)]t Cs:y(sgt%m,)t(;r%vS FGGE“S;eﬁ%igﬁéi%:S%é
Circinasine F §) was obtained as colorless, cubic crystals from =9 29 29) <9

- - A (1, 1.4 g). Fraction C (9.6 g) was chromatographed on a silica gel
Me,CO with a molecular formula of GH3gNOg, as indicated by column eluting with CHG—CHsOH (97:3), to afford fractions C-1
the molecular ion peak at/z 469.2672 in its HREIMS. The NMR (800 mg), C-2 (1.2 g), hemsleyanising0( 1.2 g), isohemsleyanisine
spectra o6 showed the presence of oNEH,CH3 group ¢n 1.06, (11, 1.3 g), C-3 (2.3 @), and C-4 (1.5 g). Fraction C-1 was separated
3H, t,J = 7.2 Hz;6c 13.5 g, 49.0 t) and three methoxyl groups on a silica gel H column, eluting with etheacetone (4:1), to give
(6w 3.26, 3.37, 3.41, each 3H, & 56.4 q, 57.7 g, 59.4 q), which talatisamine (120 mg) and_ _sachaconitine (3_2 mg). Fraction C-2 was
could be assigned to C-1, C-16, and C-18 as a result of the HMQC a‘flo)”t‘am_g:gpheq over 352'05‘69“ §°|U_m_” with Cgkoggm“)ﬁtong
data and the HMBC correlations of GB-1 (8 3.26), CHO-16 ~+) 10 yleld circinasine B4, 26 mg), circinasine mg), an

(0n 3.41), and CHO-18 @y 3.37) witth:?eir é;minal)cartt&(')ns c-1 fractions C-2-1 (200 mg) and C-2-2 (400 mg). Further silica gel

: . chromatography of fraction C-2-2, eluting with CHEICH;OH (97:
(Oc 81.6), C-16 {c 84.7), and C-18dc 73.4), respectively. Five 3), produced senbusine A (20 mg), yunaconitine (60 mg), and

hydroxyl groups could be located at C-3, C-5, C-8, C-13, and C-14, gjicinasine C 8, 23 mg). Fraction C-3 was separated on a column of
respectively, also by the 2D-NMR correlations (Figure S3, Sup- sjlica gel with petroleumracetone (3:1) to give circinasine &, 00
porting Information). In addition, all théH and*C NMR signals mg). Fraction C-4 was chromatographed on a silica gel column with
for 6 could be assigned unambiguously on the basis of 2D-NMR ether-acetone (2:1) to give a mixture of two alkaloids, which was
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Table 1. 'H NMR Spectroscopic Data for Compountis3, 4, and6 (400 MHz for H, éy mult., J = Hz in CDCk)

position 1 3 4 6
1 3.16 m 3.10m 3.24m 3.23m
2 1.82mf) 2.28m ) 2.03m () 2.28m )
2.16 m @) 2.34m @) 2.32m @) 2.32m @)
3 1.34mf) 3.85dd 13.8 mp) 4.30dd
2.23m () (12.0, 4.8) 2.22 md) (12.0, 4.8)
5 1.58m
6 1.98 m f3) 1.54d (8.05) 1.87m ) 1.98 m )
2.15m @) 1.92 m @) 2.16 m @) 2.06 m @)
7 2.03m 2.17d (8.0) 1.95m 1.88 m
9 2.651(4.8) 2.42m 2.68m 2.681(5.2)
10 2.50m 1.88m 242 m 2.18m
12 2.12m¢) 1.93m@) 1.92m@) 1.94m@)
2.55m f3) 2.26 m 3) 2.21m ) 2.00 m )
13 247 m
14 4.20d (4.8) 4.10d (4.8) 5.29t(4.8) 4.081(4.8)
15 2.16 mf) 2.22m ) 2.01m @) 2.36 m f3)
2.80 m () 2.77 dd @) 2.30m () 2.40 m ()
16 3.73d(8.8) 5.24d(9.2) 3.80d(9.2) 345m
17 3.16 brs 3.20brs 3.03brs 3.15s
18 2.95 ABq (9.2) 3.16 hidden 2.95 ABq (9.2) 2.45 ABq (9.2)
3.65ABq (9.2) 3.33 hidden 3.65 ABq (9.2) 3.52 ABq (9.2)
19 1.76 hidden 1.79 ABq (9.2) 1.85 hidden 1.54 ABq (9.2)
2.56 hidden 2.99 ABq (9.2) 2.55 hidden 2.93 ABq (9.2)
21 2.26m 241m 2.37m 248 m
2.56m 2.54m 2.52m 2.53m
22 1.03t(7.2) 1.09t(7.2) 1.041t(7.2) 1.061t(7.2)
CHz0-1 3.24s 3.25s 3.27s 3.26s
CH30-16 341s
CH30-18 3.33s 3.32s 3.32s 3.37s
2,6 7.96 d (8.8) 7.95d (8.8)
3,5 6.90d (8.8) 6.91d (8.8)
Ar-OCHs 3.85s 3.84s
Table 2. 13C NMR Spectroscopic Data for Compountis7, 10, and11 (100 MHz, in CDC}, 6 ppm)
position 1 2 3 4 5 6 7 10 11
1 83.6d 81.9d 82.9d 83.7d 84.0d 81.6d 81.2d 83.6d 83.6d
2 25.7t 349t 34.0t 26.2t 258t 34.7t 349t 259t 258t
3 28.2t 65.2d 71.8d 28.3t 28.3t 65.2d 66.1d 28.3t 28.2t
4 41.3s 46.2s 435s 41.1s 41.1s 46.3 s 56.9s 41.0s 410s
5 84.6s 849s 43.8d 84.3s 849s 85.1s 81.0s 84.2s 84.4s
6 3441 35.2t 2481 346t 34.3t 35.0t 35.0t 345t 344t
7 45.0d 455d 455d 45.7d 46.6d 44.7d 45.7d 455d 45.6d
8 73.6s 74.0s 73.2s 73.8s 73.6s 73.1s 73.0s 740s 73.5s
9 48.6 d 47.6d 48.0d 45.1d 45.2d 49.6d 53.7d 49.0d 48.4d
10 36.9t 36.5t 42.0t 39.0t 39.7t 36.2t 36.5t 36.8t 36.4t
11 50.5s 50.4s 48.2's 50.6 s 50.6 s 50.3s 49.7 s 50.4s 50.5s
12 354t 36.2t 36.9t 28.0t 27.7t 35.1t 35.7t 36.4t 369t
13 76.6 s 76.8 s 775s 41.6d 40.9d 77.0s 76.3s 76.7s 77.4s
14 79.5d 81.4d 78.5d 76.8d 75.7d 79.5d 79.9d 81.8d 78.4d
15 43.7t 435t 416t 43.3t 4261 39.6t 40.7 t 435t 4181
16 75.5d 74.2d 76.0d 72.5d 72.5d 84.7d 83.3d 74.2d 76.0d
17 63.7d 62.7d 62.4d 63.1d 63.8d 63.1d 63.8d 63.2d 63.5d
18 78.5t 73.3t 77.2t 789t 78.7t 73.41 71.2t 78.7t 78.6t
19 555t 48.2't 46.7t 555t 555t 48.2't 163.0d 55.3t 55.41t
21 49.1t 48.9t 49.2 1. 48.9t 49.1t 49.0t 49.0t 49.0t
22 135q 13.5q 13.4q 13.5¢ 13.5q 13.5q 135 13.5¢q
CHz0-1 56.3q 56.5q 56.1q 56.3q 56.4 q 56.4 q 56.2q 56.5q 56.2q
CH30-16 57.7q 58.1q
CHz0-18 59.5q 59.5¢ 59.4q 59.5q 59.5¢q 59.4q 59.5q 59.8q 59.4q
ArCO 167.9s 166.8 s 165.8 s 166.7 s 167.8s 166.4 s
1 121.3s 122.2s 122.6s 122.3s 121.8s 1214s
2,6 131.7d 131.8d 131.6s 131.6d 131.7d 131.7d
3,5 113.7d 113.8d 113.8s 113.6d 113.6d 113.5d
4 163.8 s 163.6 s 162.3s 163.3s 163.6 s 163.2s
CHs0-4' 55.4 q 55.4q 55.5q 55.2q 55.3q 55.2 q

further separated with CHEHCH;OH (96:4) to give circinasines G
(7, 16 mg) and F& 36 mg), in turn.

Circinasine A (1): white, amorphous powdera1§° —32.0 € 1.0,
CHCly); IR (KBr) vmax 3419, 2924, 1100 cnt; 'H NMR (400 MHz,
CDCly), see Table 133C NMR (100 MHz, CDCY), see Table 2; ESIMS
m/z 440 [M + H]*; HREIMS mVz 439.2736 [M] (calcd for GsHar
NOy, 439.2758).

Single-Crystal X-ray Crystallography of 1b. 1bwas produced by
the treatment ol (200 mg) with acetone (20 mL) and 2 drops of HCI
at room temperature for 48 BH NMR (400 MHz, CDC}): ¢ 3.24,
3.31 (each 3H, s, 20CH), 4.05 (1H, t,J = 4.8 Hz, H-14), 1.03
(8H, t,J = 7.2 Hz,N-CH,CHs), 1.38, 1.51 (each 3H, s, GHO,CHb),

2.95, 3.65 (each 1H, ABq systed= 9.2 Hz, H-18); 13C NMR (100
MHz, CDCk), see Table S1 (Supporting Information); ESIM#xz 480
[M + H]*.

The colorless sheet crystal @b from acetone-cyclohexane was
mounted on a Pfour-circle diffractometer and exposed to graphite-
monochromated Mo & irradiation. The unit cell parameters aae=
9.186(1) Ab=10.212(1) Ac = 54.792(1) A in space group2,2,2;
(Z=4),Dx= 1.286 gcm 3. The structure was solved by direct methods
with the program SHELX 97 and refined by full-matrix least-squares
onF2 The finalR indices wereR! = 0.0647 andvR = 0.1397. CCDC
628273 contains the supplementary crystallographic data for this
compound. These data can be obtained free of charge via
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(400 MHz, CDCh) 6 3.26, 3.34 (each 3H, s,xXCHs), 4.33

(1H, t,J = 4.8 Hz, H-148), 1.04 (3H, t,J = 7.2 Hz,N-CH,CHs); 13C

H;CO y; ! NMR (100 MHz, CDC}), see Table 1; ESIM®Vz 424 [M + H]*;
i HREIMS m/z 423.2620 [M} (calcd for GaHaNOs, 423.2640).

Circinasine F (6): colorless, cubic crystals (MEO); mp 239-
240 °C; [0]% +24.8 (1.0, CHGJ); IR (KBr) vmax 3415, 2930, 1085
cm™%; 'H NMR (400 MHz, CDC}), see Table 1}*C NMR (100 MHz,
CDCly), see Table 2; ESIMSmz 470 [M + H]*; HREIMS
m/z 469.2672 M (calcd for G4H3gNOg, 469.2675).

1 R,=R,=Rs=H R,=R;=OH Single-Crystal X-ray Crystallography of 6. ' A col_orless sheet
crystal from acetone was mounted on aféur-circle diffractometer
2 Ri=R,=R3=OH R4=As Rs=H and exposed to graphite-monochromated Moikadiation. The unit
3 Ri=Rs=OH Ro=Ri=H Rs=As cell parameters ar@ = 13.491(1) Ab=15.501(2) Ac=21.975(2)
A in space groupC222 (Z = 8), D = 1.357 gcm 3. The structure
4 Ri=R;=Rs=H R;=OH R4=As was solved by direct methods with the program SHELX 97 and refined
5
6

b D — _ by full-matrix least-squares df?. The finalR indexes werd?! = 0.041
Ri=R;=R4=Rs=H R,=OH andwRe = 0.164. CCDC 628274 contains the supplementary crystal-
R;=R;=R;=0OH Ry=H Rs=CH; lographic data for this compound. These data can be obtained free of
o o _ charge via www.ccdc.cam.ac.uk, or by contacting the Cambridge
10 Ri=Rs=H R,=R;=OH R,=As Crystallographic Data Centre, 12 Union Road, Cambridge, CB2 IEZ,
1 Ri=R;=H R,=R;=0H R;=As UK, fax: (+44) 1223-336-033.

Circinasine G (7): white, amorphous powderg]Z’ +43.6 ¢ 1.0,
CHCl); *H NMR (400 MHz, CDC}) ¢ 3.25, 3.37, 3.42, 3.85 (each
3H, s, 4OCHy), 5.22 (1H, d,J = 4.8 Hz, H-14), 6.81-7.96 (4H,
AA'BB' system,J = 8.8 Hz, Ar-H); 7.19 (1H, s, N=CH); 3C NMR
(100 MHz, CDC}), see Table 1; ESIM8V/z574 [M + H]*; HREIMS
Mz 573.2362 [M] (calcd for GaHaNOzo, 573.2388).
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showing'H—'H COSY and HMBC NMR correlations &, 4, and6.
Table S1 showing thé3C NMR spectroscopic data dfb. These
materials are available free of charge via the Internet at http:/
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