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Abstract-In the first alkaloid ~ves~gatio~ of the genus Cryptant~ ~~ra~na~ae~ py~oS~d~e alkaloids were 
identified from C. cana, C. clevefandii, C. callfertijoru, C.#uva, C. fen&+, G. ieiocurpa, C. thyrsijioru, C. virgutu and 
C. virginensis. Six perennial species from section (or subgenus) Oreocuryu were similar in their alkaloid content, which 
was dominated by lycopsamine and intermedine and in some species with their acetyl derivatives. In two other species 
from this section, amabiline and tessellatine ~~~ospathine) were also major components. In contrast, in three annual 
species from section for suffuse ~r~i~zk~~* the major pyrrolizidine alkaloids were an~lylretron~ne and 
echiumine derivatives. New pyrroli~dine alkaloids found were typo-~~~-dihydroxy~h~~ne, erythro-3”-cHoro-2”- 
hydroxy~hiu~ne and ~,~~~xy~hiurnin~. 

WTBODUCTION 

Cry~t~~t~ Lehm. ex G. Don (Bor~na~e~ is a genus of 
about 250 species, two-thirds of which occur in the 
westeru U.S., with the remainder in the South American 
Andes [ 1 J. They are plants of arid regions, many of which 
seem to prefer soils impregnated with mineral salts. The 
genus has been described as being of remarkable taxo- 
nomic and distributional interest [2]. Early botanists 
sometimes employed the generic concepts Oreoearya and 
~r~itzkju for the ~r~ni~~ien~ai and annual species, 
respectively, but more recent treatments have usually 
maintained these divisions as sections or subgenera under 
Cryptanthu. One recent authority [3] recommended re- 
turning to a generic split, but the North American Flora 
currently under preparation will maintain all under Cryp- 
tantka (D. Wilken and W. Kelley, personal communi- 
cation). The Oreoearya and Krynitzkiu concepts are easily 
separable and distinct in the U.S., but South American 
species show intermediate characters and this fact seems 
to be the major one for pIacing all species within the 
unifying genus ~ryptu~~ [Z]. In a revision of the 
subgenus Oreocnrya [4], groupings and phylogeny within 
that subgenus were also proposed. Genera of the Borag- 
inaceae are often toxic due to their content of pyrrolizi- 
dine alkaloids and some are known to present severe 
poisoning problems to livestock of the western U.S. [S]. 
Several ~r~ptu~t~ species were reported to be used in 
Ramah Navajo medicine [6]. The present work was 
undertaken to search for pyrrohzidine alkaloids in Cryp- 
tmtha as a possible taxonomic aid and to determine if the 
genus represents a potential toxicity hazard. 

Rl.WJL% AND DEXXJSSION 

~ryptantha curta, C.fiavu, C. th~si~oru attd C. v~r~a~u 
(all of section Oreocarya) were very similar in both total 
pyrrolizidine alkaloid (PA) content (about O.l-O.3% of 
the dry weight) and alkaloid pattern (8040% inter- 
medine and/or lycopsamine). The remaining PAS were 
mainly intern&me or lycopsamine 3’- and Y-acetates 
(Table If The alkaloids were obtained only after zinc 
reduction and were therefore present in the piant as N- 
oxides. Complete NMR data for 3’-acetylintermedine 
have not previously been reported and are included in the 
Experimental. The alkaloid content of C. thyrsijora was 
very similar to that of Amsinckia menziesii [7] a related 
germs of the Boraginaceae. Links to Amsinckiu were also 
seen in the PA content of C. ~onfe~~~or~ and C. v~r~~~~~ 
sfs, also of section Oreocarya. TIxese species contained 
major amounts of amabiline and tessellatine [8] (helio- 
spathine [9]), alkaloids known from Amsinckiu [8, 101. 
On the basis of plant morphology, each of these Cryptun- 
tha sp&es were placed in Merent phytogenetie group- 
ings [4] so tfieir very similar aIkaloid content does not aid 
in evduating these divisions. 

In contrast, the alkaloid content of the three annual 
species from section Krynitzkiu was considerably lower 
(C. fendleri O.O68%, C, clevelundii 0.029% and C. leio- 
carpa 0.014% of the dry weight) and the major PAS found 
(Table 2) were quite different from those of the section 
OTeocarya species. Most of the PAS in section Kryn~tzk~ 
were angelylretronecines and their derivatives, com- 
pounds not found In section Oreocarya. Among the 
isolates were three previously u&es&bed alkaloids, I-3, 
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Alk2llOid thyrsifora virguto cana jlava virginiensis confcrtijlora A confertijhra B 

Intermediae 
Lycopsamine 
7-Acetylintermedine 
7-AcetyIlycopsamine 
3’.Acetylintermedine 
3’-Acetyllycopsamine 
Amabiline 
TessellatineJ 
9-A~etyit~eliatjne 

38* 3 9 12 9 3 13 
16 90 65 57 72 29 68 
10 T T 1 -- -_ 
6 6 Tf 6 -- .__.. 

27 T I8 12 -. - - 
2 - 7 7 -. - 

- -” - - 3 50 I 
- - .- - 15 13 is 
- -.. - - 3 2 

*Percentage of total alkaloids, determined from isolation and/or CC and GC-MS. 
tTtXX!. 
*Also known as heliospathine. 

Table 2. Pyrrolizidine alkaloid content of Cryptantha species (section Krinitzkia*) 

Cryptantha spp. 

AIkaIoid &ndtevi 

9-Ange~y~retronecj~~ 
9-Angely~reironecine 
Echiumine 
1 
2 
3 
Intermedine 
3’.Acetylintermedine 
Latifoline 
Neoiatifoline 

major 
major 
$ 

- 

.-- 
minor 
mmor 

lek36”Wp~ 

major 
trace 
minor 
minor 
minor 
minor 
minor 
trace 

cie~e~~~ 

_. . 
- 

minor 
major 
major 
major 
major 
major 

- 

*Relative amounts estimated from isolation and TLC spots and GC-MS (C. c~~~~~ji~ 
PA trace of echiomine or its isomer s~mland~ne was found. 

described below. These are derivatives of echiumine, a 
rare PA from Echium pluntagineum [I l]$ but also de- 
scribed from Amsinckiu species [ 121. 

Thus, the two sections [2], subgenera [4] or genera 

[33 Ureocarya and Krynitzkia are chemically as well as 
morphologically distinct. It will be of interest to chemi- 
cally examine the South American Cryptantha spp. which 
appear to be the key in determining the level of distinction 
among these taxa. 

Structure elucidations. New PAS from C. clevelandii and 
C. leiocarpa were assigned structures 1-3 based on their 
mass and NMR spectra (Table 3). In general, the spectra 
could be compared with those for echiumine (7-ange- 
lylinte~edine) and intermedine (Table 3). The “H and 
’ 3C NMR spectra of the major PA ofthe four, 1, included 
all the proper resonances for intermedine, including a 
C-S proton resmance at 62.02 which distinguishes 
the trachelanthate fram the viridiflorate (62.17) [7]. The 
MS showed m/z 415, which was consistent with a 
C,,H,,NOs formulation. If the 299 mass for intermedine 
was subtracted from the observed m/z 4 15, a mass of 116 
remained, which corresponded to C,H,O,. Since the 
65.44 broad singlet tH resonance was typical of a C-7- 
esterified PA, an acyl moiety must be present at the C-7 
hydroxyl and this would correspond to O=CC,H,C& 
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Table 3. ‘H and ‘“C NMR data (CDCI,) for new pyrrolizidine alkaloids compared to echiumine and intermedine 
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1 2 3 Echiumine Intermedine 

Carbon no. C H C H C H H C H 

1 
2 
3u 
3d 
5u 
5d 
6 
7 
8 
9u 
9d 
1’ 
2 
3 
4 
5 
6 
7’ 
1” 
2” 
3” 
4” 
5” 

132.9 
125.0 
63.3 

54.0 

34.8 
74.9 
75.7 
63.0 

174.9 
83.2 
69.8 
16.9 
33.2 
17.2 
17.2 

175.4 
78.7t 
71.5 
16.5 
22.1 

- 
5.80 
3.37 
3.98 
2.60 
3.37 
2.08 
5.44 
4.29 
4.74 
4.74 

- 
- 

4.13 
1.22 
2.02 
1.01 
0.94 

- 
- 

3.80 q 
1.19 d 
1.24 s 

132.6 
127.8 
62.4 

53.7 

34.5 
15.4 
75.8 
62.3 

173.6 
83.0 
69.4 
16.9 
33.0 
17.1 
17.3 

175.1 
77.2 
62.8 
17.9 
23.0 

5.88 
3.36 
3.98 
2.60 
3.36 
2.13 
5.35 
4.36 
4.74 
4.91 

4.07 
1.21 
2.05 
0.95 
0.94 

_ 

4.19 q 
1.53 d 
1.36 s 

* 
128.5 
62.7 

53.6 

34.4 
75.3 
75.4 
62.5 

175.1 
82.9 
69.4 
17.1 
33.0 
16.9 
17.3 
* 

77.2 
60.0 
13.6 
19.3 

- 
5.87 
3.40 
3.94 
2.64 
3.32 
2.10 
5.37 
4.34 4.34 78.4 
4.68 4.67 62.3 
4.86 

4.06 
1.21 
2.04 
0.95 
0.93 

132.7 
5.84 130.1 
3.40 62.5 
3.95 
2.66 53.8 
3.32 
2.11 36.1 
5.42 70.6 

4.85 
175.2 

_ 83.1 
4.03 69.1 
1.19 16.9 
2.04 33.0 
0.93 17.1 
0.94 17.1 

- - 
3.04 q 6.09 q 
1.32 d 1.96 m 
1.49 s 1.81 s 

- 
5.98 
3.43 
3.95 
2.73 
3.28 
2.00 
4.27 
4.18 
4.79 
4.87 

4.12 
1.24 
204 
0.95 
0.94 

- 

*Obscured by noise. 
tCD,OD solvent. 

The 6175.35 carbon resonance was assigned to the car- 
bony1 carbon. In the normal CDCl, 13C NMR spectrum 
only three of the required four peaks for the C4H802 
moiety were seen: 6 16.46,22.06 and 71.46. In CD,OD, an 
additional resonance, which had been obscured by the 
CDCl, resonances, was seen at 678.7 and such a peak was 
visible in the HMBC spectrum as well. In the ‘H NMR 
spectrum, a singlet methyl resonance was at 6 1.24, while 
doublets (5=8 Hz) were present at 61.19 (3H) and 3.80 
(1H). These data were all consistent with a 2,3-dihydrox- 
yangelyl moiety at the C-7 hydroxyl. The resonances were 
virtually identical with the corresponding ones reported 
[13] for synthetic ethyl threo_2,3dihydroxyangelate. 
Thus, 1 is three-2”,3”-dihydroxyechiumine, with the abso- 
lute configuration unknown. 

Dihydroxyangelyl side chains at the C-9 hydroxyl were 
recently reported [14] for the new PAS ipanguline and 
isoipanguline, but without assignment of relative stereo- 
chemistry. The ‘H NMR resonances reported for these 
side chains (63.77,1.16 and 1.41 for ipanguline and 63.91, 
1.30 and 1.22 for isoipanguline) are virtually identical 
with those found for the synthetic erythro and threo 
models, respectively [13]. On the same basis, the three 
stereochemistry can also be assigned to similar structural 
moieties in two unnamed PAS (4 and 11 [15]) from 
Senecio species. 

The NH,CIMS of 2 showed double [M]’ + 1 molecu- 
lar ions at 434 and 436 (ratio 3 : 1) suggesting the presence 
of one chlorine atom and a calculated molecular formula 
of C&,H,&INO,. All the expected NMR resonances 
were present for an intermedine moiety and the re- 

mainder could be analysed for an O=CC,H,ClO acyl 
moiety at the C-7 hydroxyl. l ‘C resonances for C-Y, C-4” 
and C-5” (677.2, 16.9 and 23.0) were comparable to the 
model dihydroxyangelyl derivatives [13], but the C-3” 
resonance was at 662.8 rather than at 671-72. This could 
be accounted for by the presence of a Cl instead of an OH 
at C-3”. The macrocycle PA doronine contains a similarly 
arranged chlorohydrin functionality and the resonance 
for the carbon bearing the chlorine in that compound is 
6 63.0 [16]. The assignment was supported by the 
‘HNMR spectrum where H-3” was at 64.19 (64.05 in 
doronine) and H-4” at 6 1.53 as opposed to the 63.7-3.9 
and 6 1.15-l .22 resonances for the corresponding protons 
in the dihydroxyangelyl synthetics [13]. Thus, 2 is 
erythro-3”chloroZ’-hydroxyechiumine, based on its 
close spectral correspondence with the macrocycle chlor- 
ohydrin doronine, whose stereochemistry is known from 
an X-ray study [17]. If 2 arises from the trans-epoxide 3 
(see below), then it would indeed have the erythro config- 
uration. Since H,SO, and not HCl was used in the 
isolation procedures, 2 is presumed to be a natural 
constituent. 

Compound 3 had a M, of 397 (mass spectrum) or 18 
mass units less than 1. All ‘H and 13C NMR resonances 
were again present for an intermedine moiety and the 
remainder could be accounted for by the epoxyangelyl 
side chain at C-7. The macrocycles ligularizine, petasite- 
nine, neopetasitenine and an episenecicannabine are all 
truns-substituted epoxides with the methine proton ap- 
pearing at 63.02-3.04 and the methyl at 6 1.27-1.48. The 
macrocycles jacobine, senecicannabine, florosenine and 
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otosenine are all cis-substituted epoxides having the 
methine proton at 62.91-2.96 and the methyl at 
61.17-1.23. The corresponding resonances in 3 are at 
63.03 and 1.27 and we thus assigned it as a trans- 
substituted epoxide. Echiumine [ 111 was a trace compon- 
ent of two plant species and was isolated slightly contami- 
nated by other PAS. Its mass spectrum (molecular ion m/z 
381) and previously unpublished iH NMR spectrum 
(Table 3), again in comparison with that for intermedine, 
were consistent with its structure as 7-angelylinterme- 
dine, the expected precursor of 1-3. 

EXPERIMENTAL 

NMR spectra were determined in CDCI, with TMS as 
int. standard at 3OOMHz (‘H) and 75 MHz (i3C) at 
Colorado State, except for 2D ‘H NMR spectra which 
were run at 400 MHz at Rhodes University. TLC data are 
for silica gel plates developed with CHCI,-MeOH-25% 
NH,OH, 85 : 14 : 1. GLC was performed on a 30 m DB-1 
0.32 mm i.d. column (0.1 fi film), He carrier gas at 2 ml 
min-I. The oven was programmed at 165” for 14 min, 
then ramped to 275” at 20” min- ’ with a final hold time of 
10 min. GC-MS data were obtained as described pre- 
viously [ 181. 

Plant collections. Cryptantha cana (A. Nels.) Payson: 
Weld Co., CO, sandstone buttes at Forest Road 681 west 
of Pawnee Buttes on 26 May 1991 (voucher FRS 428, 
CSU herbarium, identified by W. A. Weber, University of 
Colorado Museum, Boulder); C. cbvelandii Greene: 
Monterey Co., CA, County Road G-18 west of U.S. 101, 
on 28 March 1980 (James N. Roitman voucher JR 80-05) 
and on 17 June 1991 (R. B. Kelley voucher RBK 308k 
identified by R.B.K., in comparison with material in the 
Jepson Herbarium, University of California from the 
same location; C. confertiflora (Greene) Payson Collec- 
tion A: Mono Co., CA, Hot Creek thermal area on 9 
August 1989 (voucher RBK 266) and Collection B: Inyo 
Co., CA, State Road 168 east of Westgard Pass in the 
White Mtns on 9 June 1986; C. jaua (A. Nels.) Payson: 
San Juan Co., NM off SH 544 between Aztec and 
Bloomfield on 31 May 1991 (voucher FRS 431, CSU, 
identified by W. A. Weber); C. fendleri (Gray) Greene: 
Chaffee Co., CO, west of U.S. 285 just north of Nathrop 
on 3 August 1990 (voucher FRS 415, CSU, identified by 
W. A. Weber); C. leiocarpa (F.&M.) Greene: Sonoma Co., 
CA, in sand dunes west of dormitories on Bodega Marine 
Reserve on 13 April 1992 (voucher FRS 440, CSU, 
identified by P. Conners, botanist, University of Cali- 
fornia, Bodega Marine Reserve); C. th~si~ora (Greene) 
Payson: Chaffee Co., CO, west of Rd 32 I, 3 miles south of 
Buena Vista on 24 June 1990 (voucher FRS 406, CSU, 
identified by W. A. Weber); C. virgata (Porter) Greene; 
Larimer Co., CO, at Kelly Flats, SH 14 30 miles west of 
Fort Collins (voucher FRS 406, CSU, identified by W. A. 
Weberk C. virginensis (M. E. Jones) Payson: Esmeralda 
County, NV, off U.S. 95 near Goldfield Summit on 
9 June 1986 (R.B.K.). 

Isolations. Dried and milled plant material of C. cana, 
C. Java, C. clevelandii, C. leiocarpa, C. thyrstfiora and C. 

virgata was soaked in MeOH at room temp. for 24 hr 
(x 3). The combined extracts were coned to dryness 
in uacuo and the residue was partitioned between 0.1 M 
H,SO, and CHCI,. The aq. layer was washed with 
CHCI, ( x 3) and stirred with Zn dust for at least 3 hr. The 
Zn was removed by filtration, the liltrate made basic to 
pH 9-10 with aq. NH, and the alkaloids extracted into 
CHCI, (x 5). Results were as follows (plant, dry wt 
extracted, wt of alkaloid fr., per cent yield): C. cana (287 g, 
440 mg, O.lS%), C. clevelandii (305 & 89 mg, 0.03%), C. 
flava (374 g, 680 mg, 0.18%), C. leiacarpa (438 g, 62 mg, 
0.014%), C. thyrsi~ora (90 g, 112 mg, O.lZ%). For C. cana, 
separate plant parts were analysed: roots (0.29%), stems 
(0.10%) and leaves (0.60%). Separation and purification 
of individual alkaloids was achieved by prep. TLC on 
silica gel. Identification of known alkaloids was by 
‘HNMR and/or GLC or GC-MS in comparison with 
authentic standards. 

Plant material of C. conferti~ara, C. ~leuelandii and 
C. virginensis was similarly treated using the detaiIed 
methods described previously [lo] and analysed by GC- 
MS, also as described in detail [18]. Alkaloid yields were: 
C. confertijora Collection A (0.36%) and Collection B 
(0.39%), C. ckvelandii (0.004%) and C. virginensis 
(0.35%). In these CC-MS studies, the following trace 
amounts (less than 1% of the total) of alkaloids were 
found in addition to those described above or in Table 1: 
C. confertijora Collection A (3’-acetylmyoscorpine, myo- 
scorpine, 3’-acetylamabiline), C. confertiflora Collection B 
(supinine, myoscorpine, amabiline, 3’-acetyllycopsamine) 
and C. virgi~nsis (supinine). Amabiiine, echiumine, 3’,7- 
dia~tylinte~edine and myoscorpine were also found in 
small amounts in the crude base fraction of C. clevelandii 
analysed by GC-MS. 

Threo-2”,3’‘-dihydroxyechiumine (1). Brown gum, R, 
0.32, R, 19.76 min; EIMS: 415 (0.4), 371 (2), 254 (56), 236 
(3~210(26), 166(S), 138(30), 136(37), 12O(l~),93~70),80 
(291 NH,CIMS 416 (72), 370 (46), 326 (33), 300 (13), 272 
(lOO), 254 (28), 238 (6), 210 (22), 162 (27), 138 (24). NMR 
data (Table 3) assignments verified by COSY and HMBC. 
Copies of the NMR spectra are available from F.R.S. 

Erythro-3”-chloro-2”-hydroxyechiumine (2). Brown 
gum, R, 0.39, R, 20.03 min; NH,CIMS 436 (39), 434 (lOO), 
414 (18), 180 (44), 118 (23); EIMS 435 (O.S), 274 (37), 273 
(32), 272 (92), 254 (lo), 236 (13), 208 (9), 138 (lo), I36 (28), 
121 (26), 120 (lOO), 94 (32), 93 (45), 80 (19), 71 (19). NMR 
data (Table 2) assignments were verified by HETCOR 
and HMBC spectra. Copies of the NMR spectra are 
availabIe from F.R.S. 

~,3’~-E~oxye~hiumine (3). Brown gum, R, 0.47, R, 
19.05 min; NH,CIMS 398 IlOO), 336 (36), 308 (9), 254 (56), 
238 (71), 236 (51); ElMS 397 [Ml’, 254 (9), 237 (33), 236 
(lot)), 164 (17), 157 (4), 138 (4) 136 (19), 121 (24), 120 (85), 
94 (27), 93 (44), 80 (12), 71 (4), 43 (30). NMR data (Table 3) 
assignments made in comparison with data for 1 and 2. 
Copies of the NMR spectra are available from F.R.S. 

~chi~~ne. Brown gum, R,0.45, R, 18.60 min; 
NH,CIMS 381(12), 336 (18), 238 (20), 222 (23), 118 (100); 
EIMS 381 (l), 337 (l), 281 (Z), 255 (I), 238 (9), 221(37), 220 
(lOO), 141 (14X 138 (7), 136 (45), 121 (30), 120 (73), 94 (20), 



93 (49), 83 (24), 80 (17), 55 (35). ‘HNMR data (not 
previously published, Table 3). Assignments were verified 
by comparison with data for intestine and for 7- 
angelyl PAS from the literature. 

3’-Acetylintermedine. EIMS: 341(3), 298 (2), 255(3), 198 
(2), 181(4), 139 (20), 138 (lOO), 136 (14), 120 (lo), 99 (7),94 
(45), 93 (79), 80 (13), 43 (34); NMR data, not previously 
publ~h~ carbon or hydrogen number (i3C resonance, 
‘H resonance): C-l (1325), C-2 (130.8, 5.91), C-3 (62.9, 
3.42,3.95), C-5 (53.9,2.73,3.28), C-6 (36.1,2.00), C-7 (71.0, 
4.31),C-8 (78.5,4.18X C-9(62.9,4.72,4.85), C-1’(174.5), C- 
2’ (81.7), C-3’ (72.1,5.21), C-4’ (14.1,1.25), C-S (32.6,2.06), 
C-6’ (17.2, 0.96), C-7’ (16.6, 0.92), C==G (169.9), MeCO 
(21.0, 2.04). 
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