Pyridine Alkaloids from a Parthenium Hybrid
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Two pyridine alkaloids were isolated from the derubberized resin of the hybrid Parthenium
argentatum X P. tomentosa. These alkaloids are (+)-N-[4-(1-aminoethyl) phenyl]-4-[3-methyl-
butenylidine]-1, 4-dihydropyridine (guayulamine A) and (% )-N-[4-(1-aminoethyl) phenyl]-4-
[4-methylpentenylidine]-1, 4-dihydropyridine (guayulamine B). The structures were estab-
lished by one- and two-dimensional NMR spectroscopy and mass spectrometry.

Introduction

Parthenium argentatum (guayule), Asteraceae is
being developed for its natural rubber (Whitew-
orth and Whitehead, 1991). As an ongoing part
of our investigation of secondary metabolites from
guayule resin, we detected the presence of a ho-
mologous mixture of two alkaloids in the hybrid
Parthenium argentatum X P. tomentosa. The litera-
ture contains only a few reports on the occurrence
of alkaloids in the Asteraceae family. The most
common alkaloids are pyridine, piperidine, pyrrol-
idine, pyrrolizidine, quinoline, quinolizidine, tro-
pane and diterpene alkaloids (Gibbis, 1974; Hey-
wood et al., 1977). This report describes the
isolation and the structural elucidation of two new
pyridine alkaloids, guayulamine A and B.

Results and Discussion

During our investigation of guayule resin for an-
tifungal agents (Maatooq et al., 1996), a bright red
spot was observed on TLC after spraying with ce-

rium sulfate spray reagent. Acetylation of this
material resulted in a TLC spot with a lower Ry
and the color reaction with Ce!V changed from red
to greenish-blue. Flash column reversed phase
chromatography and preparative HPLC afforded
the separation of each spot (before and after ace-
tylation) into two compounds. All compounds
were soluble in aqueous HCIl and precipitated
upon the addition of NaOH. Furthermore, they
gave a pale reddish-brown color with Dragend-
orff’s spray reagent. In the EIMS, the parent ion
peak in both compounds was even. These data in-
dicated the possible presence of an alkaloids with
even numbers of nitrogen atoms.

The analysis of the spectral data of 1 indicated
its structure is (+)-N-[4-(1-aminoethyl) phenyl]-4-
[3-methylbutenylidine]-1, 4-dihydropyridine. The
EIMS of 1 gave a parent ion peak at m/z of 268
(48%), while its acetate 1a gave m/z 310 (100%).
The HREIMS of 1a gave m/z 310.2042 which indi-
cated an empirical formula of C,yH,sN,O (caled.,
310.2046) and conclude that 1 should be C;gH,4N,.

1a Ac

1a Ac
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The m/z 269 (10%) and 270 (1%) in 1 MS-
spectrum and the m/z 311 (22%) and 312 (2%), in
1a MS-spectrum, were assigned to the correspond-
ing M+1 and M+2, respectively. These observa-
tions indicated that M+1 and M+2 are represent-
ing 20% and 2% of the parent ion peaks,
respectively, in both 1 and 1a. This finding is sup-
porting the likely presence of two nitrogen atoms
in the molecule, since the calculated% of M+1 and
M+2 are 20.52% and 1.91% of the parent ion
peak, respectively, in both 1 and 1a (Silverstien
etal., 1991). The '3C-NMR data of 1 and 1la
(Table I) indicated the likely absence of any oxy-
genation including acetylatable hydroxyl groups.
The conversion of 1 to 1a under acetylation condi-
tions indicated the likely presence of a free NH,
group in 1 to give the corresponding acetamide,
1a. The *C-NMR spectrum of 1 displayed thirteen
carbon signals. The DEPT experiment discrimi-
nated them into fourteen different signals, repre-
sented by three methyl groups at 21.06, 22.54 and
22.98 ppm, one methylene group at 46.9 ppm, five
protonated olefinics at 113.92, 114.64, 118.52,
124.06 and 129.12 ppm, two aliphatic methin
groups at 25.05 and 46.90 ppm and three non-pro-
tonated olefinics at 131.95, 144.04 and 146.29 ppm.
The olefinic methin signals at 113.92, 114.64,
124.06 and 129.12 ppm each was accounted for two

Table 1. *C-NMR data for compounds 1, la, 2 and 2a*.

C# 1 1a 2 2a
2 129.12d 130.75d 129.15d 130.83d
3,5 11392d 11642d 113.97d 116.84d
4 144.04s 14220s 144.04s 142.20s
6 129.12d 131.02d 129.15d 131.10d
1’ 118.52d 122.02d 11855d 121.92d
2’ 46.90 t 43.92 t 3534t 3588t
3’ 25.05d 25.10d 3502 t 3294 t
4’ 22.98 q 22.88 q 28.14 d 2822 d
5’ 22.54 q 22.52 q 22.66 q 22.82 q
6’ - - 22.57 q 22.62 q
1" 14629 s 143.55s 14634s 14355 s
2", 6" 114.64d 118.82d 11464d 11881d
37, 5" 12406 d 12922d 124.08d 129.44d
4" 13195s 131.15s 132.01s 131.63 s
1 46.90 d 47.88 d 4929 d 5033 d
20" 21.06 q 19.52 q 20.83 q 19.30 q
Ac - 170.65 s - 170.98 s
- 23.61 q - 23.50 q

At 125 MHz, using CDCl; as a solvent, TMS is the in-
ternal standard and the chemical shifts (8) are expressed
in ppm, multiplicities (assigned by DEPT) s = C, d =
CH, t= CHz, q= CH3

symmetrical carbon atoms. This conclusion based
on their high intensity and the 'H-NMR profile.
The 'H-NMR of 1 demonstrated the presence of
nine olefinic protons, represented by one pair of
doublets at 6.58 and 6.98 ppm (two protons each),
four overlapping doublets at 6.81, 6.82, 7.16 and
7.18 ppm (one proton each) and one triplet at
6.75 ppm (for one proton). The COSY correlation
indicated that the doublet at 6.58 ppm is coupled
to the doublet at 6.98 ppm, which were correlated
to (HETCOR) the carbon signals at 129.12 and
113.92 ppm, respectively, and were assigned to
(2, 6) and (3, 5)-positions of the 1, 4-dihydropyri-
dine ring, respectively. The doublets at 6.81 and
6.82 ppm were correlated to (HETCOR) the car-
bon signal at 114.64 and were interacting with
(COSY) the doublets at 7.16 and 7.18 ppm, which
was correlated to (HETCOR) the carbon signal at
124.06 ppm, were assigned to (6'’, 2’') and (3",
5'")-positions of the 1, 4-disubstituted benzene
ring. The non-protonated olefinic carbon signal at
146.29 ppm was assigned to the nitrogen bonded
1''-position, while that at 131.95 ppm was assigned
to 4''-position, likely connected to a side chain.
The 144.04 ppm signal has to be assigned to 4-posi-
tion of the pyridine ring formng an exocyclic
double bond. This was confirmed by the presence
of only one more olefinic carbon signal at
118.52 ppm. This carbon signal was correlated to
(HETCOR) the proton triplet at 6.75 ppm and
was assigned to 1’-position. The appearance of this
proton signal as a triplet indicated that its likely
attachment to the methylene carbon signal at
46.90 ppm which is correlated to (HETCOR) the
proton multiplets at 1.26 and 1.47 ppm. This was
confirmed by COSY interactions of these posi-
tions (Fig. 1).

The '"H-NMR spectrum of 1 indicated the pres-
ence of three methyl groups doublets at 1.15, 0.94
and 0.92 ppm which were correlated to the methyl
carbon signals (DEPT) at 21.06, 22.98 and
22.54 ppm, respectively. The two methin carbon
signals (DEPT) at 46.90 and 25.05ppm were
correlated to (HETCOR) the protons signals at
3.48 and 1.76 ppm, respectively. This indicated the
likely presence of an isopropyl group and an ami-
noethyl residue. The methyl proton doublet at
1.15 ppm was coupled to (COSY) the proton sig-
nal at 3.48 ppm assigned to the aminomethin pro-
ton of 1'’'-postion. The COSY correlation (Fig. 1)
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Fig. 1. EIMS fragmentation pattern and COSY results
(™) for compound 1a.

indicated that the methyl doublets at 0.94 and
0.92 ppm were coupled to the proton signal at
1.76 ppm which is also coupled to the methylene
protons signals at 1.26 and 1.47 ppm. This indi-
cated that the isopropyl group is attaching to the
methylene group to form the 3-methylbutenylid-
ine residue attached to 4-position. This made it
possible to confirm that the 1-aminoethyl residue
is attached to 4'’-position of the benzene ring. Fur-
ther structural confirmations came through the in-
tensive use of the EIMS fragmentation pattern
(Fig. 1). The m/z 211 [M-Me,CHCH,]* confirm
the presence of the 3-methylbutenylidine side

Table I1. 'H-NMR data for compounds 1, 1a, 2 and 2a*.

chain. The m/z 167 [M-Me,CHCH,-MeCHNH,]",
m/z 91 [CcHsN]* and m/z 77 [CeHs]" are repre-
senting good evidences and provide a partial struc-
ture of 1. Furthermore, the new ion peak at m/z 85
[MeCON=CHMe]* observed in 1la MS-spectrum
confirming the presence of an aminoethyl side
chain. Compounds 1 and 1a are optically inactive
which indicated their diastereoisomeric nature.
This indicated that 1 is (£)-N-[4-(1-aminoethyl)
phenyl]-4-[3-methylbutenylidine]-1, 4-dihydropy-
ridine (guayulamine A).

The spectroscopic data of 2 and 2a are very sim-
ilar to those of 1 and 1a with a few differences.
The EIMS of 2 gave a parent ion peak at 282 and
2a gave m/z 324, while the HREIMS of 2a gave
3242198 for C, HpsN,O (caled., 324.2203) and
conclude C;9H,4N, for 2. This indicated a differ-
ence of 14 mass units between 1 and 2. This differ-
ence could be attributed to an additional methyl
or methylene group. The '3C-NMR (Table I) and
DEPT spectra supported this, where two methy-
lene carbon signals (35.02 and 35.34 ppm) were
observed for 2 (2a: 32.94 and 35.88 ppm), while
only one (46.90 ppm) was observed for 1 (la:
43.92 ppm). The location of this new methylene
group was found to be adjacent to the methylene
group of 1 to form 4-methylpentenylidine side
chain in 2 rather than the 3-methylbutenylidine
residue in 1. These two methylene carbon signals
at 32.94 and 35.88 ppm were correlated to the pro-
tons multiplets at (1.24, 1.28 ppm) and (1.22,

H# 1 1a 2 2a

2,6 6.58 d,J =88 Hz 6.92d,J =88 Hz 6.56 d,J = 8.8 Hz 6.92d,J=8.7 Hz
3,5 6.98,d,J =88 Hz 7.06 d,J = 8.8 Hz 6.99d,J = 8.8 Hz 7.15d,J =8.7 Hz
1’ 6.75t,J =7.5 Hz 6.97t,J=74Hz 6.76 t,J =7.5 Hz 6.98t,J=74Hz
2’ 126 m, 1.47 m 1.06 m, 1.33 m 129 m, 1.52 m 122 m, 1.41 m

3’ 1.76 m 1.61 m 1.24 m, 1.42 m 1.24 m, 1.28 m

4’ 0.94d,J =6.7 Hz 0.96 d,J = 6.6 Hz 1.56 m 1.54 m

5’ 092d,J=6.7Hz 0.92d,J =6.6Hz 090d,J =68 Hz 0.89d,J =68 Hz
6’ - - 0.87d,J =68 Hz 0.86d,/J =6.8 Hz
2" 6.82d,J=75Hz 715d,J =75 Hz 6.82d,J=75Hz 7.08d,J=75Hz
3" 7.16d,J =75 Hz 7.31d,J7.5Hz 716 d,J =7.5 Hz 7.31d,J=75Hz
5" 718 d,J =7.5Hz 730d,J=75Hz 718 d,J =7.5 Hz 729d,J=75Hz
6" 6.81d,/=75Hz 714 d,J =75 Hz 6.82d,J=75Hz 7.08 d,.7= 7.5 Hz
1" 3.48 m 5.02 m 3.44 m 4.85 m

20" 1.16d,J =7.7 Hz 1.02d,J =78 Hz 1.16 d, J =7.8 Hz 1.03d,/J =78 Hz
Ac - 1.79 s — 1.82s

* At 500 MHz, using CDCl; as a solvent, TMS is the internal standard and the chemical shifts (8) are expressed in

ppm, J = coupling constant, d = doublet, m = multipler, s = singlet and t = triplet.
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1.41 ppm), respectively, which were coupled to
each other (COSY), confirming their direct con-
nection. The EIMS provided more structural con-
firmation, since, the base peak for both 1 and 2 is
m/z 211, which indicated that the difference must
be located in one of the cleaved fragments for
each compound. For 1 this corresponds to m/z 57
[M-C4Ho]*, which is consistent with an isobutyl
residue, and for 2 m/z 71 [M-CsHy;]*, for an iso-
pentyl fragment. While the rest of the fragments
are very similar in both 1 and 2. The *C and 'H-
NMR data of 2 and 2a are listed in Tables I and II.
Compounds 2 and 2a are optically inactive which
indicated their diastereoisomeric nature. This indi-
cated that 2 is ( + )-N-[4-(1-aminoethyl) phenyl]-
4-[4-methylpentenylidine]-1,  4-dihydropyridine
(guayulamine B).

Experimental

For instrumentation, plant information, source
of resin and preliminary fractionation, see Maa-
tooq et al. (1996) then: Frs 7—-11 (23.5 gm), were
column chromatographed on silica gel (900 g,
60-230 u, 6 cm x 60 cm). Elution started with
CgHy4 then 5% increments of Me,CO for each
liter. Frs eluted with 5% and 10% Me,CO/CgH 4
(3.4 g), demonstrated a major spot at R; 0.63
(25% Me,CO/C¢H,4) and 0.54 (5% iso-PrOH/
Ce¢Hy4) on silica gel GF,s4. It gave a red color
upon spraying with Ce'V and became darker on
heating. It was subjected to column chromatogra-
phy (flash silica gel, 40 um, 300 g, 2.5 cm x 55
cm) using 5% Me,CO/CgHy, as a solvent. This
afforded 150 mg of yellow oil, which gave a clean
single spot. The rest of the impure mixture
(2.1 g) was subjected to acetylation, by dissolving
in 25 ml C¢H4 and 25 ml pyridine, then an equal
amount of Ac,O was added. The reaction mix-
ture was left overnight at room temperature with
stirring. ETOAc was added (400 ml), then 200 ml
of H,O, with stirring. The organic phase was
separated, and washed with 6 N HCI, then with
water and brine several times. It was observed
that the acetylation product gave a greenish-blue
color after spraying with Ce!V, and moved to a
lower R; value (0.25, 5% iso-PrOH/CgHy4). The
acetylation product (2.5 g) was purified on silica
gel column (63-200u, 300g, 2.5 cm X 55 cm),
using 2% Me,CO/C¢Hy4 as a solvent. Both the
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pure spot and the acetylation product proved to
be a mixture by NMR spectroscopy.

The unacetylated pure spot (150 mg) was re-
solved into two compounds 1 (60mg) and 2
(50 mg), by prep HPLC (Hitachi, L4500 diode ar-
ray detector, AS-4000 autosampler, D-6000 inter-
face, L 6200A pump, with 486 IBM PC compatible
computer programmed with model D-6500 DAD
system manager; the analytical column is Rainin
Microsorb-MV, 10 cm L x 0.46 cm i.d., packed with
C18, with pore size 100 A. The preparative column
is Alltech econosil, 50 cm Lx 2.25 cm i.d., packed
with C18, 10 u. The Elution was isocratic using
60% MeCN/H,O0).

The acetylated fr (800 mg) was column chro-
matographed on RP-C18 silica (15 u, 50 g, 1.5 cm
% 40 cm ). Elution was isocratic with 75% MeCN/
H,O, and 25 ml frs were collected. This afforded
65 mg of compound 1a, and 345 mg of compound
2a. Both are slightly pink solid gum. Compounds
1a and 2a displayed an R; of 0.46 and 0.41, respec-
tively (RP-C18 plates, 75% MeCN/H,0).

(% )-N-[4-(1-aminoethyl) phenyl]-4-[3-methylbu-
tenylidine]-1, 4-dihydropyridine, guayulamine A, 1:
Oil, [a]p?® 0.0 (CHCl3; ¢ 0.475), UV Aoy 285.7 nm.
IR Vo™ L, 3400, 2990, 1600, 1520, 1305, 1265,
1170, 810, 740, 690. EIMS, m/z (rel. int.): 270
[M+2]* (1), 269 [M+1]* (10), 268 [M]* (48), 253
[M -CH;]* (12), 225 [M-Me,CH]* (1), 224
[M- MeCHNH,]* (2), 211 [M-Me,CHCH,]*
(100), 196 [M-MeCHCH,-Me]*(3), 183 (16),
169 [M-MeCHNH,-Me,CHCH,+2]* (10), 168
[M-MeCHNH,-Me,CHCH,+1]* (7), 167 [M-
MeCHNH,-Me,CHCHL]* (12), 154 (3), 128 (3),
119 [phCNHMe]* (6), 105 (12), 92 [CsHgN]* (3),
91 [Ce¢HsNT* (3), 77 [CeHs]* (6), 65 (3), 51 (3), 43
(7) and 41 (6).

(£ )-N-[4-(1-aminoethyl) phenyl]-4-[3-methylbu-
tenylidine[-1, 4-dihydropyridine acetamide, guayu-
lamine A acetamide,da : Solid gum, [a]p?® 0.0
(CHCI3; ¢ 1.5), UV Apax 285.7 nm. IR vy, ™1,
3320, 2960, 1650, 1600, 1510, 1400, 1310, 1240,
1170, 840, 745, 690. HREIMS, m/z 310.2042, for
CyoH26N,0O, (caled, 310.2046). EIMS, m/z (rel.
int.): 312 [M+2]* (2), 311 [M+1]* (22), 310 [M]*
(100), 295 [M -CH;]* (2), 267 [M-Ac]* (5), 253 [M-
Me,CHCH,]* (13), 226 (46), 211[M-Me,CHCH,-
Ac]* (73), 185 (38), 184 (5), 183 (21), 169 [M-Ac-
MeCHNH,-Me2CHCH,+2]* (6), 168 [M-Ac-
MeCHNH,-Me,CHCH,+1]* (6), 167 [M-Ac-
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MeCHNH,-Me,CHCH,]* (18), 156 (3), 126 (3),
107 (2), 105 (2), 85 [MeCON=CHMel+ (39), 77
[CeHs]™ (5), 65 (3), 43 (39) and 41 (9).

(x)-N-[4-(1-aminoethyl)  phenyl]-4-[4-methyl-
pentenylidine]-1, 4-dihydropyridine, guayulamine
B, 2: Oil, [a]p?® 0.0 (CHCIs; ¢ 1.0), UV Apax
288.7 nm. IR vy, ™1, 3400, 2980, 1600, 1515, 1310,
1260, 1175, 805, 745, 690. EIMS, m/z (rel. int.): 284
[M+2]* (1), 283 [M+1]* (9), 282 [M]*(44), 267 [M-
Me]* (8), 211 [M-Me,CHCH,CH,]* (100), 184 (6),
183 (12), 169 [M-MeCHNH,-Me,CHCH,CH,+2]*
(6), 168 [M-MeCHNH,-Me,CHCH,CH,+1]* (5),
167 [M-MeCHNH,-Me,CHCH,CH,]* (7), 154 (2),
128 (3), 119 [phCNHMe]* (4), 118 (5), 105 (8), 92
[CsHgN]* (3), 91 [CeHsN]* (3), 77 [CeHs]" (5), 57
(3), 55 (4),43 (6) and 41 (8).

(£ )-N-[4-(1-aminoethyl)  phenyl]-4-[4-methyl-
pentenylidine]-1, 4-dihydropyridine acetamide, gu-
ayulamine B acetamide, 2a : Solid gum, [a]p?® 0.0

Gibbis R.D. (1974), Chemotaxonomy of Flowering
Plants, Vol. 1. McGill Queen’s University Press, Mon-
treal and London.

Heywood V. H., Harborne J. B, and Turner B. L. (1977),
The Biology and Chemistry of the Compositae, Vol. 1&
2. Academic Press, London, New York, San Francisco.

Maatooq G.T., Stumpf D. K., Hoffmann J. J.,, Hutter
L.K. and Timmermann B.N. (1996), Antifungal
Eudesmanoides from Parthenium argentatum x P. to-
mentosa. Phytochemistry, 41, 519-524.

(CHCl3; ¢ 1.0), UV Apay 288.7nm. IR vy, ™1,
3330, 2980, 1640, 1600, 1520, 1405, 1330, 1240,
1170, 845, 745, 695. HREIMS, m/z 324.2198, for
C,HgN,O, (caled, 324.2203). EIMS, m/z (rel.
int.): 326 [M+2]* (2), 325 [M+1]* (23), 324 [M]*
(100), 305 [M-Me]* (2), 281 [M-Ac]* (4),
267 (6), 253 [M-Me,CHCH,CH,J* (6), 226 (42),
211 [M-Ac-Me,CHCH,CH,]* (72), 185 (38),
184 (40), 183 (18), 169 [M-Ac-MeCHNHS,-
1\/162CHCH2CH2+2]+ (4), 168 [M-AC-MCCHNHz-
Me,CHCH,CH,+1]* (11), 167 [M-Ac-MeCHNH,-
Me,CHCH,CH,]* (4), 156 (3), 140 (3), 99 (18), 92
[CeHeNT* (2), 91 [CeHsN]* (2), 77 [CeHs]* (5), 57
(22), 43 (28) and 41 (8).

Acknowledgements

This work was supported in part by funding
from the USDA (93-COOP-1-9552).

Silverstien R. M., Basler G. C. and Morril T. C. (1991),
Spectrometric Identification of Organic Compounds,
5th Ed. John Wiley & Sons, New York, Singapore,
p10.

Whitworth J. W. and Whitehead J. E. (editors) (1991),
Guayule Natural Rubber: A Technical Publication
with Emphasis on Recent Findings. Guayule Admin-
istrative Management Committee and USDA Coop-
erative State Research Service.



