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Abstract An investigation of$c akalohl cunstitucnts of De@inium atukrsonii Gray 
ledtotheisolationof~(4),anewditapenoidallraloid. Itssauctufehasbeen 
deduced on the basis of tH, l%!, lH homonuclear COSY, HETCOR, one dimnsional 
nOe,2DnOe,andselectiveINEPTnmrspectmlstudies. 

INTRODUCTION 

Delphinium andersonii Gray (Rammculaceae) is a shrub growing in the Wildcat Hills’ Utah, at an alti- 

tude of about 4800 feet. From the aerial parts of the plant, the isolation and stmcture detemimtion of sixteen 

norditerpenoid alkaloids: 14-acctylbrowniine, 14-acetyldekosine, 14-acctylnudicaulidine, andtrsonidine. an- 

dersonine, browniine, 14-deacetylnudicauline, delavaine, delcosine, dekctinine, deltaline. dictyocaqine, ly- 

coctonine, methyllycaconitine. nudicauline and taka osamine have been rep0rted.~-3 The medicinal use of 

Aconimns and Delphiniums spans many centuries. Plants that contain nmliteqmoid alkaloids are reputed to 

be used as cardiotonics, sedatives febrifuges and analgesics .4 Cattle deaths from grazing of D. Mdersonii 

have been observed. In the course of our stud& on the minor constituents of D. admonii, we isolated by 

droplet countex cummt chnmatographic separation> a new diterpenoid alkaloid designated as amkmbine, 

and determined its shucture as (4) by detakl nmr .spcmal studies. 

RESULTS AND DISCUSSION 

The molecular formula, C~29NO4. derived for andersobine from the low resolution mass spectrum 

(EIMS, II& 371. M+) and elemental analysis was confii by HRMS. Andersobine, mp 3WC, is very 

sparingly soluble in CDCl3 and the lH and 1* nmr spectra were detcmk& in CD3SGCD3 and Cfl$J. As 

seeninT~e1,thesolventeffectonthet~chemicalshiftsuponchaagingfipm~SoQ)3toC~Nismi- 

nor. The lH nmr spectrum in CD3SOCD3 indicated the presence of a ten&y methyl at S 0.95 (3H. s) and an 

acetate methyl at 8 2.02 (3W s). The downfield part of the spectmm showed the presence of an exocyclic 

methylene group at 8 4.92,4.83 (each 1H). These inferences wem supparted by the charackstic carbon reso- 

nances in the *%Z nmr spemum at 6 19.1 (terr.-a3), 8 170.5 (OQXH3). 8 20.8 (-3). b 151.7 (s) and 

6 109.9 (1) (=C!Hz) groups. The presence of an acetate accounts for two carbons and andembk should 

therefore be an acetate of an alkaloid having the formula C&InN@. Biogenetic considerations and the ab- 
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sence of methoxyl. N-methyl or N-ethyl groups suggested that a&r&ine is a diterpenoid and not a norditer- 

penoid alkaloid. of the various skeleta known for the diteipenoid alkaloids,6 amkr&h~ possesses the heti- 

sane skeleton (1) as all the other skeleta have to be N-alkyl derivatives. The partial stmcture of at&r&me is 

thus expressed as (2). possessing one acetoxyl and two hydroxyl groups. This stmcmreisconsistentwiththe 

13C mm spectrum (DMSO-d6) which shows 22 signals for all the carbon atoms of the molecule. An 

APT/DEIT spectrum revealed the expected five nonpmtonated carbon singlets at g 170.5.151.7.48.5 (two 

carbons; these appeared as separate signals at g 50.1,49.4 in py-dj), 44.0, nine methine doublets at 6 87.6, 

73.0, 71.8, 69.9, 61.7. 60.6, 43.5, 42.9, 33.0, six methykne triplets at 6 109.9, 32.5, 31.8. 28.0, 26.2, 

25.6 and two methyl quartets at S 20.8 and 19.1. A literatum search for alkaloids having the hetisane skekton 

and pOSSeSSing three hydroxyl groups (&)&7N@), hdkated Six known ditapenOid dkdOidS. HOWeVer, 

the physical and spectral properties of andersobine are not in accord with the monoacetyl derivatives of these 

known alkaloids.7-13 

1 Hetisane skeleton 2 Partial structure 
of andersob& 

3 Hetisine 

*For convenience of depiction in the diagram, H-19= and H-198 indicate v-axial and ycaquatorial 
spectively, in the chair comfortnation for the ring II formed by C-4, C-5, C-10, C-20, N. and C-l F”” 

,re- 
. ‘Ike is 

some confusion in the literature in representation of the conflQuration of the C-13 proton in the hetisine deriva- 
tives (both a and lQ.6J4.15 The ring C containing both C-l 1 and C-13 and formed by the carbon atoms C-8, 
C-9, C-11, C-12, C-13 and C-14 is selected as the reference ring. Ho and Hg are designated for the y-axial 
and y-equamrial protons of this twist boat confotmation. 

The three oxygen functions of andersobine may be located at C-l, C-2, C-3, C-7, C-11, C-13, C-15 or 

C-19 positions in the partial structure (2). One of the hydroxyl or acetoxyl group should be located at C-15, 

adjacent to the exocyclic methylene, as the quaternary carbon signal for C-16 appears at 6 151.7 (8 152.8, py- 

ds), because of the 8 effect. If a hydroxyl group is absent at C-15, the signal for C-16 is observed at - 8 144- 

147; e.g. hetisine: 6 146.6,7 Guan-Fu Base Z: 6 144.6,14 and delatisine: 8 145.7.16 When a hydroxyl or ace- 

toxyl group is present at C-15, the signal for C-16 appears around 6 151-157; e.g. hypognavine: 6 154.6,lW 

nominine: 6 156.8,17 and ryosenamine: 6 155.2.17J8 B y comparison with alkaloids bearing a C-15 hydroxyl 

group, the resonance at g 71.8 in andersobine has been assigned to C-15. There are six methines in ander- 

sobine appearing downfield of 6 60.0. The methine signal at S 87.6 (S 89.3, py-dg) clearly indicates a 

carbinolamine carbon resonance indicating the location of a hydroxyl or acetoxyl group at C-19. Such a 

carbinolamine carbon can be expected to appear around 90.0 ppm, e.g.. septenniosine: S 95.3,19 triacetyl- 

vakhmatine: 6 91.4?0 and brunonine: 6 94.7.21 Location of a hydroxyl group at C-20 will make this a quater- 
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nary carbon, and this position is excluded. Of the remaining five methine carbon signals, two should be at- 

tached to the nitrogen atom (C-6 and C-20). two should be oxygenated, and one will be the C-5 methine car- 

bon, as in hetisine.7 

Table 1. lH and 1% Nmr Chemical Shifts and Assignme nts of Andersobhte (4)&b 
13c Multiplicity(Hz) tH I @pm) Multiplicity (Ha) 

C!sDsN 

1 25.6 (t) 26.7 (t) 

31.8 (f) 

73.0 (d) 

48.5 (s) 

:‘6z 
28:0 (t) 

29.4 (t) 

74.5 (d) 

49.4 (s) 

E :$ 
33:o (t) 

f 

:: 

44.0 (s) 44.7 (s) 

:;*z i$ 
2612 (t) 

::: :$) 
27:0 (t) 

:3 34:: g 

14 42.9 (d) 44.1(d) 

15 

:8 

71.8 (d) 73.0 (d) 
151.7 (s) 152.8 (s) 
109.9 (t) 110.5 (t) 

18 
19 

z 
22 

19.1 (4) 
87.6 (d) 
69.9 (d) 

170.5 (s) 
20.8 (4) 

;(g g 

71:4 (d) 
171.2 (s) 
21.2 (4) 

1.31 dd,Jlg,lo’l3.0, 
J1g.2P4.0 

1.83 m, Jlo,lg=13.0 
1.42 m 
1.68 
3.30 

i.38 
3.34 
1.62 

1.40 

1.68 m 

i.47 

lla 1.87 

2.17 
1.15 

::g 
1.68 
1.80 

:P 
17. 
17b 

:: 

:: 
22 

5.29 br s. J=< 1.0 

4.92 t, JE1.6, 1.6 
4.83 t, J=1.6, 1.6 
0.95 s 
4.07 s 
2.52 brs 

2.02 s 

m 
m 

S 

ESJ7a.7flz13.0, 
J7aB@.5 

m 

t4 Jl lp,l Ia=l3.0, 
Jl1p,12=2.0, 
JI @,9=2.0 

dd. Jlla,ll~=13.0~ 
Jl la,lH-0 

3, J13a 13pl3.0, 
Jl3o,‘l2=2.0, 
J13a,I4=2-0 

m 
d, J14,13~=11.6 

1.42 m 

1.82 
1.84 
2.08 
3.83 

m 

Zi, J3fls2a=l 1.4 
J3g.2g=5.5 

1.50 S 
3.86 S 

1.78 m 

1.82 m 

1.68 m 

1.91 m 

2.14 
1.08 

1.71 
2.08 

5.67 

5.18 
5.00 
1.64 
4.89 
2.72 

m 
td, 513,x,l3g=l3.0. 

J13a,12=3.0, 
J13%14=3.0 

m 
td, J14,13 

! 
=10.3, 

J14,13a’ -0 
t,J=c 1.0 

t. J=1.6, 1.6 
t, J=1.6, 1.6 
S 
S 
S 

2.16 S 
3-OH 4.40 d, J=4.6 6.08 d. Ja4.5 

19-OH 5.12 s 4.94 S 

a The protons and carbons have been assigned bv HETCOR 
b The multiplicities were de&mined by &jDEk experiments 



12286 B. S. JOSHI et al. 

Table 2. IH-lH Cotrelations and &e’s of Ahrsobhe(4) in CD@CD3a and c$)sNb 
Observed comlaaons Correlatmns comlations 

Proton (coSY)a (cos@ 
Hl H2 fl 
H-1: H:2; -2P 

H-la 
H-la, H-l 
H-2~, OH- J 

, H-38 

H-3~ 

Hl 
H_G 
H-38 
H-3$ 
H-2a, H-2p 

&e’s (NOESY)s 
Hl 
Hllp, 
H-2@- 19a H-20 
H-2a, H-3 
H-2/j, H-l I 
H-3~. H-18. H-19 

Hl 
H: 1:. H-2p 
H-20 
H-l 
H- .H-18 B 
H-18 

H-5 
H-6 

H-7a 
i-798 

;::y 
H-12a 
H-13a 

;::2 

H-15a 
H-17b 
H-17a 
H-18 
H-190 
OH-19 
H-20 

H-26 (W) H-6, H-20 (W) 
H-7a. H-78, H-20 (W) H-5, H-7, H-19. 

H-20 (WI 

H-3;; H-18’ 
H-701, H-18 

H-6, H-7 
H-6. H- 7B a 
H-li H-14(W) 
H-9, k-1 la 
H-l@ H-12 
H-lla, H-13a, H-138 
H-12, H-138, H-14 
H-12, H-13a, H-14 
H-9 (W), H-130. 
H-138, H-20 
H-17, H-17b 
H-15a, H-17b 
H-lSa, H-17b 

H-20 
y4P0, H-6 (w), 

H-6 . . H-6, H-7p, H-14. H-15a 

h-11 H-14(W) 
H-9, h-lla ZI:: H-12 
H-l lp, H-12 
H-l la, H-13a, H-13~ 

H-11; 

H-12, H-138. H-14 
H-l la, H-lip.-13a, H-138 

H-12, H-13a. H-14 
E-;$ IU;j. H-20 

H-9 (W), H-13a, 
H-13 H-20 

H:7a’H-;3py H- 15a, H-20 

H-9, B; -17& H-17b 
H-15a, H-17a 

H-7a, H-14, H-17b, H-17a 
H-15a, H-17a 

H-15a, H-17b H-12, H-17b 

h-6, H-18, H-20 
H-3/3, OH-3, H-5, H-6 
H-2a, H-20 

H-2a. H-13a, H-14, 
H-19 

H-38, H-7 
H-7, H-18 

H-5, H-6, H-14 
H-7 
H- 11 b, H-20 
H-9 

H-178 

E-;;P 

HI7, “H-13~, H-15a 
H-20 
H-7, H- 14, H- 17*, H-22 
H-12, H-17a 
H-15a. H-17b 
H-3. H-6. H-19 
H-ya, Hli8, H-20 

:::a, H-13a, H-14 
H-15a. H-17b, H-19 

Table 3. Nmr Data of Andersobine (4) from Selective INEPT Experiments 
hradiation of 6 
proton assigned to 

Enhancement of the carbon signal assigned to* @pm) 
Strong Medium Weak 

(A) Solveru CDjSOCDj 

CH3-18 0.95 48.5 (C-4), 73.0 (C-3) 87.6 (C-19) 61.7 (C-5) 
H-5 1.38 87.6 (C-19), 69.9 (C-20) 
H-12 2.17 151.7 (C-16). 71.8 (C-15) 109.9 (C-17) 

43.5 (C-9), 42.9 (C-14) 
H-3/H-6 3.31 87.6 (C-19), 44.0 (C-8) 48.5 (C-4. C-10) 
H-17b 4.83 151.7 71.8 
H-178 4.92 71.8 ( & -15), 33.0 ( t!! -12) 

C-16), C-15) 33.0 (C-12) 

H-15 5.29 170.5 (C-21), 151.7 (C-16) 44.O(C-8). 43.5 (C-9) 

(B) Solvent CjDsN 

H-20 2.72 89.3 (C-19), 62.1 (C-6), 
45.1 (C-9) 

H-3 3.83 89.3 (C-19) 
H-6 3.86 49.4 (C-4). 45.1 (C-9) 
H-19 4.89 62.1 (C-6) 
H-15 5.67 171.2 (C-21), 

152.8 (C-16) 
* Strong 60%, Medium 40-60%, weak ~40% 

49.4 (C-4) 
71.4 (C-20) 89.3 (C-19) 

74.5 (C-3). 71.4 (C-20) 
110.5 (C-17) 
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The third oxygen function may be located at C- 1, C-2 or C-3 in ring A because of the lack of a triplet for 

a methylene group around 6 19.8 where the C-2 resonance would appear if A ring is not oxygenated.l6* 22 

The quaternary carbon signal of C-10 appears in the normal range at 48.5 ppm, not having the g-effect of an 

oxygen function located at C-l; e.g. C-10 appears at 6 54.9 in hypognavine,17 6 56.8 in vacognavin$3 and 6 

53.0 in septentriosine,19 bearing a C-l oxygen function. Of the five non-ptotonated carbons, the signals at S 

170.5, 151.7 and 48.5 have been assigned to C-21. C-16 and C-10, respectively, as discussed. lbe signal at 

144.0 should be assigned to C-8 as in hetisine (6 43.5)? and hypognavine (6 44.3).17 The remaining quater- 

nary carbon resonance at S 48.5 should be assigned to C-4. In hetisine,7 C-4 appears at 6 36.6 and in septen- 

trio&ret9 having a hydroxyl group at C-19, the C-4 carbon signal is observed at 6 39.7. This suggested that 

andersobine might have an oxygen function (OH or OAc) at C-3, contributing to a g effect on C-4, bringing it 

downfield by -8 ppm. 

On the basis of these data, andersobine was assumed to bear hydroxyl groups at C-3, C-15 and C-19. 

with one of these being an acetate group. Two separate attempts made to solve the structure of andersobine by 

X-ray crystallography were unsuccessful in spite of the availability of suitable crystals. In an effort to make 

other derivatives suitable for X-ray as well as chiroptical studies, the 4dimethylaminobenxoate ester of ander- 

sobine was prepared. X-ray crystallographic analysis of these crystals also failed. Fiially. the structure of an- 

dersobine as (4) was confirmed by lH COSY, one dimensional (1D; in C5D5N). two dimensional (2D; in 

C$fi and CD3SOCD3) nOe studies and selective INEfT experiments. 

Three separate scalar coupled spin systems were delineated by the homonuclear lH COSY nmr spectra in 

CD3SOCD3: H-I-lo-H-lg-H-2o-H-2p-H-3], [H-6-H-7o-H-7~]. [H-9-H-llo-H-llg-H-12-H-13o-H-13p-H- 

14-H-201 (Tables 1 and 2). The carbon multiplicities and the one-bond 1H-13C coupled protons were assigned 

using DEPT and heteronuclear COSY (HETCOR) spectra. The C- 17 exocyclic methylene protons (SH 4.83 

and 4.92; SC, 109.9) showed significant couplings to a methine proton (m 5.29 br s; &, 71.8) in the COSY 

spectrum attributed to a carbon bearing a hydroxyl or acetoxyl group assigned to H- 15. The two exocyclic 

methylene protons were easily distinguished since one of them (S 4.92) showed a strong nOe to H-12 only (SH 

2.17; SC, 33.0), whereas its gem-partner (S 4.83) had dipolar interactions with H-15o Therefore, the protons 

at 6 4.92 and 6 4.83 were assigned to H-17a and H-17b, respectively. The methme proton singlet at 6 4.07, 

correlated with the carbinolamine methine carbon at 6 87.6 in the HETCOR spectrum. This proton showed 

dipolar interactions with H-2o (gH 1.42; w 3 1.8), and H-20 (8~ 2.52 br s; &J 69.9) in the NOESY spectrum 

indicating that this resonance at 6 4.07 belongs to H-19 and C-19 is a carbiiolamine carbon as predicted. The 

second oxygenated carbon is thus located at C-19 and the remaining oxygen functionality must be located at C- 

l, C-2, C-3, C-7, C-l 1 or C-13. The H-3~ proton at 6 3.30 (6~73.0) showed coupling to H-28 (S 1.68 m) 

and to the C-3 hydroxyl proton at 6 4.40 in the COSY spectrum. The &e’s from H-38 to the most up field 

proton at 6 0.95 (SC 19.1) assigned to the C-18 methyl group enabled us to locate the hydroxyl group at C-3, 

thus excluding placement of the oxygen function at C- 1, C-2, C-7, C-l 1, or C- 13. Moreover, H-3~ showed 

an nOe to H-5 (vide it&z). The H-6 proton (SH 3.34 br s; SC 60.6) also showed an nOe to H-18 (methyl). 

The 3o hydroxyl(8 4.40) showed &e’s to H-~B, H-18 (methyl). and H-19 confiing the location of the hy- 

dmxyl groups at C-3 and C-19. These data suggested that C-15 should bear the acetoxyl group. In the selec- 

tive INEPT experiments% (Table 3A and 3B; DMSO-& and py-&). irradiation of the H-15 proton (6 5.29, 
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DMSO-6) caused polarization transfer to the quaternary carbons C-16 (8~ 151.7) and C-21 (8~ 170.5), con- 

fig the location of the acetoxyl group at C-15. In addition to these enhancements, a methine (8~ 43.5) and 

a quatemary carbon (8~ 44.0) were also enhanced. The methine (three boinds removed from H-15) and the 

quaternary carbon (two bonds away) can be assigned to C-9 and C-8, respectively. In another selective 

INEPT experiment (Table 3B). polarization fmnsfers were observed from H-20 (8~ 2.72; py-ds) to the me- 

thine carbons at C-19 (8~ 89.3), C-6 (8~ 62.1) and C-9 (8~ 45.1). all three bonds removed tiom H-20. In the 

HBTCOR spectrum, C-9 (8~ 45.1; py-d~) mlated with the signals at 8 1.82, and this proton was assigned to 

H-9. In the 1D nOe spectrum (in py-ds; Figure 1) the methine signal at 8 1.50 (8~ 63.0) showed an nCk to H- 

38 and the C-18 methyl group and must therefore be H-5. The H-5 proton also showed a long range W-type 

coupling with H-20 (8 2.52) in the COSY spectrum. In a selective INEPT experiment (Table 3A), irradiation 

of H-5 (8 1.38,8~ 61.7) showed strong enhancement of signals assigned to C-19 (8~ 87.6) and C-20 (8~ 

69.9). The ternain’ mg methine appea+ng at 8 1.80 showed a W-type coupling with H-9 in the COSY spectrum 

and an nOe to H-15= in the NOEZSY spectrum. This proton signal at 8 1.80 (8~ 42.9) is assigned to H- 14. 

We have so far assigned all quaternary carbon signals except the resonance at 8 48.5 (two carbons). This 

assignment was completed by a selective INEPT experiment. Polarization transfer from the C-18 methyl group 

(8 0.95) resulted in a strongly enhanced signal at 8 48.5 ass&ted to C-4, two bonds removed from H-18. This 

signal was also enhanced when H-6 was hmdiated, indicating that this overhtpping signal is due to C-10 (three 

bond coupling). Selective INEPT studies in py-ds showed that the quaternary carbons at 8 49.4 and 8 50.1 

should be assigned to C-4 and C-10. respectively (Table 3B). 

Six methylene carbons ate present in andersobine (4) at 8 25.6,26.2,28.0, 31.8,32.5, and 109.9. The 

lowest field carbon has already been assigned to C-17. The signal for C-l 1 (8~ 26.2; 81-i 1.47, 1.87) and C- 

13 (8C, 32.5; 8H 1.15, 1.68) were identified through the COSY spectrum. The C-12 proton (8 2.17) 

(assigned from the nOe with H-17), showed strong coupling to H-l la, H-13a and H-13~ in the COSY spec- 

trum. An nOe was also observed in the NOESY spectrum between H-12 and H-l 1 as well as the H-13 pro- 

tons. H-13a (8 1.15) was distinguished by its coupling with H-14 in the COSY spectrum and the expected 

nOe to H-20. Similarly, only H-l 1~ (8 1.47) showed coupling tc,H-9 in the COSY spectrum. An nOe was 

observed between H-l 1~ and H-12 in the NOESY spectrum. The C-6 proton (8 3.34) showed correlation to 

the H-7 protons (8H 1.40 m; 8~1.62 dd k13.0, 2.5 Hz; 8~, 28.0) and a long range coupling with H-20 in 

the COSY spectrum. The H-7a proton (8 1.40) showed nOe’s to H-6, H-78 (8 1.62), H-14 (8 1.80) and H- 

15a. The H-14 proton exhibited a coupling with H-13a (8 1.15), H-20 and a long range W-type coupling with 

H-9 (8 1.68) in the COSY spectrum. The observations of nOc’s from H-14 to H-7a, H-138 (8 1.68 m), H- 

15a and H-20, conftrmed the assignments and the spatial relationships of these protons. An nOc from H-13u 

(8 1.15) to H-13~ (8 1.68) and H-20 was also observed. The H-~P proton (8 1.68) was identified from its 

COSY and nOe to H-3~. H-2& (8 1.42) showed an nOe to H-19 and H-20 as expected for the A ring in a chair 

conformation. In CgDgN, the H-2a proton appeared at 8 1.84 and showed a correlation to H-38 (8 3.83). 

These protons correlated with 8~ (31.8 DMSO-& ,29.4 py-ds ) in the HETCOR spectrum. The H-2a proton 

(8 1.42) showed COSY correlation with the proton at 8 1.83 assigned to H-la and the H-2p proton at 8 1.68 

correlation to H-la (8 1.31). These H-l protons in turn are correlated to the carbon signal at 8~ 25.6 (DMSO- 

&) and 8~ 26.7 @y-d5 ) in the HETCOR spectrum. 
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smhcmical assignmcms of an&sob& (4) wen ConGmed by IncasmIlt of vicinal coupling con- 

stants as well as the observation of 1D &e’s in C&N (Figure 1). The equatorial orientation of the C-3 OH 

group enables the H-3 axial proton to he seen with a large vicinal coupling constant foi the axial-axial (11.4 

Hz) and a smaller axial~uatmial(5.5 Hz) relation muking. in a double doublet at 6 3.83. This can be ex- 

plained by H-3 being b, a b configuration coupling with its neighboring H-2 axial proton for aa A ring in a 

chair confomation. ‘l%e H-3 proton also showed a NOESY elation with the H-5 proton. thus establishing 

their 13diaxial relationship. A strong nOe between H-19, and H-20 both in lD and 2D nOe spectra Micated 

that the OH group at C-19 is in a jQx&ion. H-19= also showed an nOe in 1D aad 2D not spectra with H-6 

and not with H-58, as expected. The stereuchemistry of the acetoxyl group at C-15 in an equatorial position 

(boat conformation of the D ring formed by C-8; C-14, C-!3, C-12, C-16 and C-15) was established by the 

NOESY obsaved between H-l& and H-14 protons and the absence of an nOc or NOESY relationship be- 

tween H-l 5, and H-9. 

Figure 1. 1D nOe’s observed for andersobine (4) in C,DsN 
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EXPERIMENTAL 

General Procedure6 
Mp’s were taken on a Thomas-Koffler hot stage equipped with a mid and polarixer. Ir spectra 

werereco&dmaFerkia-~mcdel1421spectrophatmreoasndcd muslnrmeallI~mde~xJASK0 

spectropoMmeter. IH and ‘% mm spectra were recordal on Varian XL-300 (300 MHz fer ‘H and 75.5 

MHzfor13C)~Varian~(400MHzforlH~100MHi~13C)~ chemu#hiftdata 

are given in ppm downfield from TMS. Ei ms wete determined by direct inlet on a Ehmigan Qu&upole 

mode14023spectromaeratani~g~~oa70eV,aodhrmswlaeobPinsdanaVG-ZABSEdwblef~ 

cusing mass spectromeau at an acceleration voltage of 20 kV. Droplet counter curtent chianarolpllphy was 

carried out on a Tokyo Rikak&i equipment, model D.C.C.-A. instrument manufactured by Tokyo m 

Co. Ltd. Tokyo, Japan. 

Plant material 

The a&l parts of D. undersonii Gray were collcctcd in 1978 from ‘Wildcat Hills’ at an altitude of ahout 

4800 ft., 18 miles south west of Snowville, Utah. The plant was identified by Dr. Leila McReynokls Shultx, 

curator of the Intermountain Herbarium, Utah State University, tigan. Utah. A voucher specimen (UTC ac- 

cession No. 201385) has been deposited in the Intermountain He&a&m. 

Extraction of alkaloids 

The dried and &round aerial parts (9.44 kg) were defatted with hexane and then extracted at mom tem- 

perature with 95% EtGH to give 1.4 kg of extract. A portion of the above extract (670 g) was fractionated by 

gradient pH extraction to give 1.665 g (pH 10) and 0.16 g @H 12) of crude alkaloids. 

Isolation of andersobine 4 

The combined mixhue of pH 10 and pH 12 crude alkaloids (1.825 g) was dissolved in ahout 10 ml of a 

5050 two-phase solvent system prepared by mixing CHCl3, CT&. MeOH, Hz0 in the ratio of 5:5:7:2, re 

spectively. The solution was loaded on a droplet counter current chromatography instrument, operated in the 

ascending mode. Fractions 25-30 ml were collected using an automatic fraction collector set for 90-99 mins: 

per traction. The following fractions were collected 

ElaGtbn 
l-20 

21-24 

25 - 170 

171- 220 

upper phase 

upper phase 

upper phase 

McGH 
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Acryseallinecompoundwasobtaiwdfromfractions21-24.RecrystallizationfromMeOH~color- 

less plates of andersobine (4,145 mg), mp 310°C. Ir (nujol) 3474 1730,~460,1375, 1235,1027.960,908, 

and 870 cm-*. MS: m/z 371 (M+;l%). 353 (100). 311 (8). 209 (22). 189 (10). 172 (IO). 161(20). 133 (18). 

117 (18). 105 (25). 91(30), 43 (70). Hrmsz (I@-18. v20) m/z 353.2005, Calcd. for CN27NG3. (M+ -18, 

H20)353.1991. Cd(MeGH): [8]nm240 0; 215 +2100; 207 0; 205 -4600. Found: C. 71.04, H, 7.w N. 

3.67; C22H29NO4 requires: C. 71;16; H, 7.82; N, 3.77 %. 

Esterification of andersobine 

A mixture of a&r&ine (17 mg). 4-dim&hylsminobenzoyl chloride (38 mg), 4dimethylaminopyridine 

14 mg) in dry C!P@I (2 ml) was kept at rt for 4 days. ‘Il~e dimethyvdine hydrochloride which had 

sepsrated was rt~lylved by decantation and the mother liqtux dissolv+ in CI-I$lz and chmmatographed (VLC) 

on a small cohmm of basic alumina and collected 8 fractions. Fmctions 2-5 (tic: Al203; 20% EtGHzHexane, Rf 

0.5) were crystalked from CH$l2/Etzo to afford the dimethylaminobenzoate of andembh (5.0 mg) as col- 

orless crystals, mp 204-207’C. lH nmr (CDC13): 8 7.92 (2H. d, J = 8.6 Hz, 2’,6’-Ar H), 6.64 (W, d, J = 

8.6 HZ, 3’,5’-Ar H). 5.60 (s, H-19). 5.44 (1H. br s, H-15). 4.99, 4.93 (each lH, brs, H-17). 3.50 (lH, m, 

H-3). 13C nmr (CDC13): ppm 26.6 (C-l), 29.8 (C-2). 75.7 (C-3). 44.7 (C-4). 63.4 (C-5), 60.9 (C-6), 26.7 

(C-7), 44.9 (C-8). 44.5 (C-9). 49.3 (C-lo), 24.8 (C-11). 33.7 (C-12), 32.3 (C-13). 42.7 (C-14). 72.7 (C- 

15). 151.4 (C-16), 110.6 (C-17). 18.4 (C-18), 91.1 (C-19). 171.1 cOCH3). 21.3 (mH3). 165.4 

(OcOCH3). 93.6 (C-l’), 131.9 (C-2’. C-6’), 110.9 (C-3’. C-5’). 148.4 (C-4’), 40.0 [N-(CH3)2]. 
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