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Abstract-The structure and stereochemtstry of barbisme, a new C,,- dtterpenoid alkaloid from Delphznzum bnrbeyz, 
were deduced by a combination of NMR spectroscopy and a smgle-crystal X-ray diffraction analysts 

INTRODUCTION 

Vakognavme (l), and its congener 15-deacetylvakogna- 
vine (2), from Aconztum palmatum, are the only examples 
known of an N-C(19)-seco C,,-diterpenoid alkaloid 
[l-3] We report here the tsolation from Delphznzum 
barbeyz of a new representative (3) of this type. Previous 

studies from our laboratory on the phytochemlstry of this 

taxon have dealt with nordlterpenold alkaloids [4, 51. 

RESULTS AND DISCUSSION 

Chromatography of that portton of the alkaloids from 
D. barbeyz which was extracted from an aqueous solution 
at pH 6 by chloroform yielded barbisine (3), mp 251-254” 
The ‘H NMR (see Experimental) and 13C NMR (Table 1) 
spectral data of 3 showed that it is a C,,-diterpenoid 
alkaloid possessing N-methyl and exocychc methylene 
groups. The presence of a hydroxyl group (IR band at 
3300 cm-‘) and three ester functions, as two acetates and 
a benzoate, was also evident from the examination of the 
NMR data Spin decoupling estabhshed that two of the 
three ester functions, were located on adjacent carbons of 
ring A. Thus, by Irradiating at 65.17 (H-l, d, .I=3 1 Hz) 

the quartet (5=3 1 Hz) signal at 65.30 collapsed to a 

0 

triplet; this signal was split indicating the presence of 
three vtcinal protons. The observed 3.1 Hz couphng 
constants exclude axial-axial relationships of the vicinal 
protons, but either axtallequatortal or equatorial- 
equatorial ortentattons remam. In the ‘H NMR spectrum 
of barbtsine monoacetate (4), formed when 3 was treated 
with acetic anhydride-pyridme, a signal at 64.78 (d, J 
=4.5 Hz) coupled to another at 63.43 corresponds to a 
carbinyl resonance (seen at 63.78 in 3) and thereby 
establishes the presence of a secondary alcohol m 3 
Furthermore the downfield shift of the adjacent proton 
(from 63 10 in 3) indicates that these protons are likely to 
be czs to each other 

Assummg on biogenetic grounds that H-9 IS 8, the 
above data can be best rationalized by locating the 
secondary hydroxyl in 3 at C-11 and oriented 8. This 
assignment was supported by the small coupling constant 
(4.5 Hz) between H-9 and H-l 1 and nearly zero between 
H-11 and H-12 [6] The remaming two oxygen atoms of 
the molecular formula were accounted for by an aldehyde 
function (69 23 s, ‘H NMR and 6 196 6 r3C NMR) and a 
keto function (6208 8 13C NMR). The position of the 
aldehyde group was asstgned to C-4 by analogy with 
known vakognavine derivatives [3] This assignment was 
supported by the identical chemical shafts for C-3, C-4, 

II 
0 

1 R = OAc 

2 R = OH 

3 R = OH 

4 R = OAc 
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Table 1 “C NMR data* of compounds 3 and 4 (6 ppm CDCI,) 

Ct 3 4 C 3 4 

1 68 8 685 16 1355 135 0 
2 68 4 678 17 1157 1154 
3 29 6 295 18 26 1 260 

4 43 9 436 19 1966 193 1 

5 59 3 575 20 67 2 67 6 
6 61 I hl2 N-Me 34 9 35 0 
7 74 5 73 9 c=o 1700 1699 

8 469 470 i4e 209 209 
9 564 564 c=o 1700 1690 

10 54 1 535 i&e 206 20 5 
11 63.2 65 6 c=o 168 6 

12 610 56.5 r?ie 20 5 
13 208 8 206 9 Ph-C=O 165 3 165 1 
14 506 508 1 1296 1295 
15 28 9 28 8 2, 6 1296 1295 

3, 5 1286 1286 
4 133 5 1333 

*Assignments were made by comparison with those of vakog- 
navme [3] 

tMultlphcltles were determmed by a DEPT experiment 

C-5 and C-18 of barblsine compared with those of 
vakognavme [3]. The negative Cotton effect exhlblted by 
3 near 300 nm indicated that the keto group IS at C-13 [7, 
81 (The contrlbutlon to the CD curve by the aldehyde 
group was masked by the addition of HCl) By contrast, 
alkaloids with a C-11 keto group exhibit a positive 
Cotton effect m the same region [7, S] The positIon of the 
keto group at C-13 was further confirmed by identical 
CD curves exhIbIted by barblsme and vakognavme 

The remammg problem was to estabhsh the locatlon of 
the third ester function. The multlpliclty (s) of the proton 
on the carbon bearing the ester required attachment at 
C-7 or C-l 5. However, the available data did not permit a 

choice between the two posslblhtles The other ambiguity 
is the distribution of the ester functions over C-l, C-2 and 
C-7 or C-15, although by analogy with the vakognavmes 
we can assign the benzoate to C-2 In view of these 
uncertainties an X-ray analysis of barblsme was under- 
taken. The X-ray analysis leads to structure 3 for barbl- 
sme with a final agreement factor of R = 8.3% and of R, 
= 10 5% An ORTEP plot of 3 1s given m Fig 1. 

EXPERIMENTAL 

General Mps corr For chromatograpiuc separations on a 
Chromatotron 19. lo] slhca gel HF-254+366 (EM 7744) wea~ 

used TLC was carned out on slhca gel 60 H (EM 7736) 
Planr materral Above ground parts of D barhey (Huth) Huth 

were collected on 4 and 5 August 1975 The stage of growth 

varied from plants having no conspicuous flower buds to those 
having well-formed buds and occastonally flowers, with the bud 

stage bemg predommant The collectIon site was a predonu- 

nantly east-facing slope ca mid-way (2926-3200 m altitude) 

between Ferron Reservoir and the summit of the skyhne divide 

of the Wasatch Plateau, m the Manta-Lasal NatIonal Forest, 

west of Ferron, Utah Plants were Identified by Dr Leila 

McReynolds Shultz (Curator, Intermountam HerbarIum, 

Department of Biology, Utah State University, Logan, UT 

84321-5500) The large collection of plants was air-dned m direct 
sunlight The entIre collectIon was ground and mixed thoroughly 

m a commercial feed grmder The total yield of 328 Ibs was 

stored m sealed plastic bags at 5‘ until analysed or used m other 

expts 
Isolation of barbrsme Extn of plant material and fractlonatlon 

of the alkaloid mtxt have been descllbed previously [5] Fraction 

A (12-14,0 38 g) [4] was purl&d on a Chromatotron to furmsh 

54 mg of a nuxt of alkalmds Crystallization of this mixture from 

Me,CO-hexane gave 3 (28 mg), mp 248-252 Smular treatment 

of fraction D (14.-16, 0939 g) [4] gave 102 mg of 3 Repeated 

crystalhzatlon from Me,CO-hexane furnished pure 3, mp 

251-254” [a]$-629’ (CHCI,, c 0273) CD curve (MeOH) 

WI 3_,-198675 (sh), [0]3,1 -351938 (max), [O],,,-334909 

(max), l3h 0, l3h +414379 (max) and (MeOH +HCI) 

co1 323-41154WO>CG,,- 66 698 (max), [0],,2 -65 278 (max), 

LOI 27, -9933 (mm), [Q5,-48249 (max), L@lzJJ 0 and LB]240 

Fig 1 ORTEP plot of barblsme (3) 
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+70 130(max) IR (Nujol)v,,, 3300,1750,1720,1715,1685,1650 

and 1600 cm-‘. EIMS m/z 578 [M + 11’ C,,H,,NOa +H); 549 

[M-28]+, 490 [M-87]+ and 105 [C,HsO]+. ‘HNMR 

(250 MHz, CDCI,). 69.23 (s, H-19), 7.85, 7.56 and 7.43 (each m, 

aromatic protons), 5 30 (4, J = 3 1 Hz, H-2/?), 5 17 (d, J = 3.1 Hz, 

H-la), 5.05 (s, H-7p),5.03 and 4 95 (each d, J = 2.1 Hz, H-17a and 

17-b), 3.78 (d, 5=45 Hz, H-lla), 3.62 (s, H-20), 3.10 (d, J 
=4 5 Hz, H-9/?), 2.45 (s, N-Me), 2 14 and 2.10 (each s, OAc), 1.11 

(s, Me-18). For 13C NMR data see Table 1 

Acetyfation of barbwne (3). A mtxture of 3 (37 mg), 1 ml of 

pyrtdme and 1 ml of Ac,O was kept at room temp. for 2 days. 

Usual work-up gave 39 mg of 4, mp 310-315” (decom.) 

Me&O-hexane). [a]23-57.1” (CHCI,; c 0.375). IR (NuJo~) Y,,, 

1750, 1720, 1715, 1685, 1650 and 16OOcm-i. MS m/z 620 ([M 

+l]+ C,,H,,NO,,+H), 591 [M-28]‘, 532 [M-87]’ and 

105 [C,H,O] + ‘HNMR(90 MHz,CDCI,) 69 lO(s,H-19),7 85 

and 7 70-7 30 (m, aromatic protons), 5.38 (4, J = 3 1 Hz, H-2/I), 

5.11 (d, 5=3.1 Hz, H-la), 504-486 (m, H-78, H-17a and 17b), 

4 78 (d, 5=4 5 Hz, H-lla), 3 70 (s, H-20), 3.43 (d, .I=4 5 Hz, H- 

9b), 2 48 (s, N-Me), 2 11,2 01 and 2.00 (each s, OAc), 1 10 (s, Me- 

18). For ‘jC NMR data see Table 1 

X-Ray analysrs of barbtsrne (3). Smgle crystals of 3 were 
prepared by slow evapn from Me,CO-hexane. A crystal of 

barbisme (C32H,,N0,) was mounted on a Syntex P3 automated 

diffractometer Unit cell dimensions were determmed by least 

squares refinement of the best angular posttions for 15 mdepen- 

dent reflections (28> 15”) durmg normal alignment procedures 
usmg molybdenum radiation (A=0 71069 A) and yielded a 

=9.338(2), b=19.077(6), c=16.812(5)& a=/?=y=90”, and u 

= 2994.8( 15) A3 For Z=4 the calculated density was 

1 281 g/cm3 The space group was P2,2,2, Data (2259 mdepen- 

dent pomts after removal of space group forbidden data) were 

collected at room temperature usmg a vanable scan rate, a 0-26 

scan mode and a scan wtdth of 1.2” below Ka, and 1.2” above 

Ka, to a maximum 20 value of 50” Backgrounds were measured 

at each stde of the scan for a combmed time equal to the total 

scan time. The mtenstties of three standard reflections were 

remeasured after every 97 reflections As the mtensittes of these 

reflections showed less than 5% variation, corrections for de- 

composition were deemed unnecessary Data were corrected for 

Lorentz, polarizatton and background effects Observed reflec- 
ttons Cl347 I > 3.0 u(l)] were used for solution of carbon and 

oxygen posttions of the structure by direct methods using 

SHELX86 [ll]. Refinement [12] of scale factor, posittonal and 

amsotroptc thermal parameters for all non hydrogen atoms was 

carried out to convergence The positions of 29 hydrogen atoms 

were located from a difference Founer synthesis and were 

included (with hydrogen positional and thermal parameters held 

fixed) m the final cycles of refinement The posittons of the 

protons bonded to acetate methyl carbon atoms, C-22 and C-31, 

were not apparent. [function mmimized, Z(l F,,l-1 &I)‘] leadmg 

to a final agreement factor, R=8 3%. [R=(ZllF,I-lF,II/CIF,I) 
x 1001. Scattering factors were taken from ref [13] In the final 

stages of refinement a weight of l/a(F)’ was used R,= 10 5. 

A complete hst of X-ray data has been deposited with the 

Cambridge Crystallographic Data Centre, U.K 
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