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PHYTOCHEMICAL INVESTIGATIONS ON PENSTEMON HIRSUTUS
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ABSTRACT.—Phytochemical investigations on Penstemon hirsutus resulted in the isolation
of a phenylpropanoid glycoside, two iridoids, and two acyclic monoterpenes. Their structures
have been elucidated by fdms, 'H-nmr, and '*C-nmr spectroscopy. The major compound 1, a
caffeic acid ester, is identical with acteoside (syn. verbascoside, kusaginin). The novel iridoid
glycoside, patrinalloside {2] (patrinoside-aglucone-11-0-B-D-allopyranoside), and its
aglycone, patrinoside-aglucone 3], have been isolated and identified. Besides the iridoid com-
pounds, two additional monoterpenes of acyclic structure were isolated, 1-B-D-glucopyranosyl-
8-hydroxy-3,7-dimethyl-2(E),6(E)-octadienoate {4} and 8-hydroxy-3,7-dimethyl-2(E),6(E)-
octadienoic acid {5]}.

The occurrence of iridoid glycosides in several species within the genus Penstemon is
well documented (1-5). Besides widely distributed compounds such as aucubin and
catalpol, typical for the Scrophulariaceae, the presence of valeriana-type ester iridoids,
e.g., penstemide, first reported by Jensen et a/. (6) from Penstemon deustus Dougl. , is re-
markable. Moreover, McCoy and Stermitz (7) detected pyridine monoterpene alkaloids
in flowers of Penstemon whippleanus A. Gray. Recently Junior isolated acetophenone
glucosides from P. whippleanus (8) and Penstemon pinifolius Greene (9). In this report, we
describe the isolation and structure elucidation of a phenylpropanoid glycoside from
Penstemon birsutus (L.) Willd., acteoside [1].

Acteoside was first isolated from the flowers of Syringa vulgaris L. (Oleaceae) (10),
and its structure was assigned as 3,4-dihydroxy-B-phenylethoxy-O-a-L-rham-
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nopyranosyl-(1-3)-4-O-caffeoyl-B-D-glucopyranoside.  Verbascoside (11-14) and
kusaginin (15) are identical with acteoside (16-22), which exhibited antihypertensive
and analgesic activities and potentiated antitremor L-dopa activity in animals (12).

The novel compound patrinalloside {2} is the major iridoid component of P. hir-
sutus leaves. The aglycone of 2, patrinoside-aglucone [3], which was first reported from
Patrinia scabiosaefolia Fischer (Valerianaceae) (23), has also been isolated from P. hir-
sutus. The compounds 4 and 5 are acyclic monoterpene derivatives of interesting struc-
ture with a view to the biosynthesis of iridoid glycosides. There are only a few reports of
glycosides consisting of an acyclic monoterpene moiety occurring in species which are
known to contain iridoids (24-26) or of acyclic monoterpene units linked to iridoids
(1,27) or secoiridoids (28,29). The isolation procedure and the structure elucidation of
all five compounds are presented in this paper.

RESULTS AND DISCUSSION

The viscous residue of a MeOH extract from dried, powdered leaves of P. hirsutus
was separated from chlorophyll by continuous elution with CHCI; after column
chromatography on Si gel. Separation of the extract by repeated cc and dccc yielded ac-
teoside {1}, patrinalloside {2}, and compound 4. A second MeOH extract from leaves
of P. hirsutus was worked up in a different way. Removal of chlorophyll with Pb(OAc),
and separation of the extract by cc, subsequent dccc, and preparative tlc yielded pat-
rinoside-aglucone {3} and compound 5. The major compound 1 was detected by its uv
fluorescence. After spraying with vanillin-H,SOy, it showed red spots that turned
brown after heating. Acid-catalyzed hydrolysis (30) yielded L-rhamnose and D-glucose.
The molecular formula C,oH;¢0, s was indicated by fdms, m/z 624 (100%, [M]") and
625 (48%, (M+H]}"). The C-nmr spectrum proved the presence of caffeoyl, tham-
nosyl, and glucosyl moieties plus a second aromatic part, 3,4-dihydroxy-
phenylethanol. All spectral data confirmed 1 to be identical with acteoside, which has
been found in the Scrophulariaceae (13,19,21) before but is now reported for the first
time from a species of the genus Penstemon.* Due to its structure, 1 is removed from ex-
tracts after work-up with Pb(OAc),, a procedure we often use for the separation of
chlorophyll (5,31). Acteoside has also been isolated from Penstemon richardsonii Dougl.
(31). Thus, the genus Penstemon is another example of the co-occurrence of iridoids and
phenylpropanoid glycosides in certain species, which might be of chemotaxonomic
value (32).

Patrinalloside [2] was obtained as a white, crystalline powder (CHCl;/MeOH), mp
63°. On tlc it could be detected with vanillin-H,SO, and heating as a purplish-brown
spot. The ir spectrum of 2 exhibited signals typical for iridoid ester glycosides at 3400
(br, OH), 1740 (carbonyl), and 1660 cm” ! (enolether). The molecular formula
C,,H;40,, was indicated by fdms, m/z 462 (26%, IM1"). The *C-nmr spectrum of 2,
recorded in CD,0OD, indicated the presence of isovaleric acid linked at C-1 (93.59
ppm) of the iridoid skeleton and glycosidation at the hydroxyl function at C-11(69.60
ppm).

The ">C-nmr spectrum of 2, recorded in D,0, showed excellent agreement with
the ’C-nmr data recorded for patrinoside (33) regarding the iridoid skeleton. The
chemical shifts of the sugar moiety of 2 agreed very well with the published '*C-nmr
data of B-D-allose in allosyldecaloside and epoxy-allosyldecaloside (34). The *C-'H
coupling constant of C-1' (162.3 Hz) confirmed the B-configuration of the anomeric
carbon (35). In a 2-D homonuclear 'H-nmr spectrum (COSY) of compound 2 (400

*NOTE ADDED IN PROOF: In the meantime, acteoside was isolated from Penstemon rosseus: A. Lira-
Rocha, R. Diaz, and M. Jimenez, J. Nat. Prod., 50, 331 (1987).
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MHz, CD;0D) all signals could be assigned. The '"H-nmr spectrum of 2, recorded in
D,0, showed very good agreement of the signals for H-1" to H-6" with the reported
'"H-nmr data of B-D-allose (36). The structure of patrinalloside {2} as patrinoside-
aglucone-11-0-B-D-allopyranoside was confirmed by all experimental data.

Compound 3 belonged to the apolar fraction of the MeOH extract of P. hirsutus. A
first hint concerning the structure of 3 was obtained from its color after detection with
vanillin-H,SO, and heating on tlc, which corresponded very well to patrinalloside {2].
The molecular formula C,sH,,04 was suggested by signals at m/z 300 (100%, [M] ")
and 301 (38%, [M+H}") in the fdms. The *C-nmr spectrum of 3, recorded in
CD,OD, exhibited 14 signals (the signal of C-8 was overlapped by solvent peaks); five
of them could be assigned easily to isovaleric acid attached to C-1(93.43 ppm). By
comparing the "*C-nmr data of 2 and 3, the latter can be identified as patrinoside-
aglucone, which was first isolated from Patrinia scabiosaefolia Fischer (Valerianaceae)
(23). The 'H-nmr spectrum of 3 also confirmed its structure to be patrinoside-
aglucone. Patrinoside and patrinoside-aglucone have also been isolated from Viburnum
species (Caprifoliaceae) (33).

Compound 4 was isolated by dccc at a longer retention time than for 2. On tlc 4 at-
tracted attention because of a rapid change in color from bright blue to green within 1
h, after detection with vanillin-H,SO, and heating. In the fdms of 4 the signal at m/z
386 (63%, IM+K+H]") indicated the molecular formula C,(H,cOg. Enzymatic
cleavage (30) with B-glucosidase in addition to acid-catalyzed hydrolysis (30) on tlc
provided further information concerning the structure of 4 as a B-D-glucoside. The
C-nmr spectrum of 4 confirmed the presence of D-glucose. The signal of C-1 at
95.22 ppm is shifted upfield (8 ppm) similarly to the anomeric carbon of B-D-glucose
in 6 (26) (see Table 1) demonstrating the glycosidic linkage at the carboxyl function (C-
1, 166.51 ppm). The absorptions at 116.05 ppm (C-2) and 163.85 ppm (C-3) resulted
from a double bond in conjugation with the carboxyl function. The configuration, 2(E),
and the substitution pattern could be assigned in relation to the *C-nmr data pub-
lished for methylgeranoate and methylneroate (37) (see Table 1).

TABLE 1. >C-nmr Spectral Data of 6 (26), 7 (39), 4 (in CD;0D, 100 MHz, 8 ppm), Methylgeranoate,

and Methylneroate (37)
Carbon atom Compounds
6 - 4 methyl- methyl-
geranoate neroate
1 168.20 112.8 166.51 167.0 166.5
2 128.16 144.5 116.05 115.4 115.9
3 145.85 37.5 163.85 159.7 160.3
4 27.40 36.5 41.57 41.0 33.5
5 36.93 25.4 26.57 26.2 26.9
6 30.57 125.8 124.85 123.2 123.8
7 40.66 134.8 137.14 132.3 132.0
8 61.03 68.3 68.64 25.6 25.6
9 12.55 20.2 19.21 18.7 25.3
10 19.91 13.6 13.71 17.6 17.6
1 95.94 95.22
2’ 74.05 73.96
Y 78.12 78.69
4’ 71.10 71.15
5' 78.77 78.06
6’ 62.40 62.40
-OCH; 50.5 5_0.6
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Compound 4 must derive its structure from geranic acid as the chemical shifts of C-
1 to C-5 express. The signals at 124.85 ppm (C-6) and 137. 14 ppm (C-7) arose from a
second double bond. The resonance at 68.64 ppm resulted from a vinylic hydroxy-
methyl group (C-8). Its value confirmed the trans-configuration, 6(E), at this center
(cis-configuration gives rise to a signal at 60.5 ppm) and the position of the second
methyl group at C-7 (38). The assignment of the signals of the carbons 7,8, and 10
(13.71 ppm) is in good agreement with the reported '>C-nmr data for 8-hydroxy-3,7-
dimethyl-1,6-octadiene {7} (see Table 1) (39). The '"H-nmr spectrum of 4 showed the
signals of two olefinic protons at 5.75 ppm (H-2) and 5.38 ppm (H-6). The resonances
at 2.18 and 1.65 ppm referred to the vinylic methyl groups, 3H-9 and 3H- 10, respec-
tively. The absorptions at 2.26 ppm related to allylic-type protons (2H-4 and 2H-5).
The structure of 4 as 1-B-D-glucopyranosyl-8-hydroxy-3,7-dimethyl-2(E),6(E)-octa-
dienocate was confirmed by all spectral data. This substance has been isolated for the first
time from a species of the genus Penstemon. Acyclic monoterpene moieties linked to
iridoids were found in Tecoma chrysantha Jaqu., Bignoniaceae (27) (amareloside), Penste-
mon nemorosus Trautv., Scrophulariaceae (1) (nemoroside, nemorososide), and linked to
secoiridoids in Menyanthes trifoliata L., Menyanthaceae (28,29) (foliamenthin, dihyd-
rofoliamenthin, menthiafolin).

Compound 6 (1-B-D-glucopyranosyl-8-hydroxy-2,6-dimethyl-2-octaenoate) (26)
from Sambucus ebulus L., Caprifoliaceae (Sambucaceae), represents a monoterpene
glucoside similar to 4. Bitter monoterpene glycosides have been encountered in Vibur-
num phlebotrichum (24) (phlebotricoside) and Viburnum urceolatum (25) (urceolide), Cap-
rifoliaceae. In all cases the monoterpene moiety showed 2,6-dimethyl substitution
whereas 4 has 3,7-dimethyl substitution.

Compound 5, another apolar component of the MeOH extract of P. hirsutus,
showed the same change in color after detection on tlc as 4. Also, the Rf values of 5 were
identical to those of the aglucone of 4, obtained after enzymatic cleavage. Con-
sequently, 5 must be 8-hydroxy-3,7-dimethyl-2(E),6(E)-octadienoic acid. The
molecular formula C,oH,40; was indicated by signals at 184 (42%, {M}?") and 185
(78%, IM+H}") in the fdms. The 'H-nmr spectrum of 5 is in very good agreement
with the 'H-nmr data recorded from 4 and proves the identity of 5 with the aglucone of
the latter. Compound 5 is another rare monoterpene detected in a Penstemon species for
the first time.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—Penstemon hirsutus was grown from seeds supplied by the
Botanical Gardens Gottingen and Briissel, and its identity was then confirmed (40). Voucher specimens
have been deposited at the Institut fiir Pharmazeutische Biologie, Philipps-Universitit Marburg, FRG.

Si gel 60 (70-230 mesh, Merck) was used for column chromatography (cc), and Si gel 60 F,5 4 (Merck)
prepared plates were used for tlc. Spots were detected by uv fluorescence and sprayirg with vanillin-H,SO,
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followed by heating at 120° for 2-3 min. Dccc was carried out using a model DCC-A (Tokyo Rikakikai,
Tokyo, Japan) and a Biichi B-670 DCC-Chromatograph. Ir spectra were recorded with a Perkin-Elmer 700
instrument in KBr pellets. Fdms were determined on a Varian-Mat 711 model. 'H- and "*C-nmir spectra
were recorded at 400/100 MHz using Bruker WH 400 and JEOL GX 400 spectrometers.

ISOLATION PROCEDURE.—Extract I.—Dried, powdered leaves (38.2 g) were refluxed twice with
300 ml MeOH for 30 min. Concentration of the combined extracts in vacuo to near dryness furnished a vis-
cous residue which was subjected to cc on Si gel (80 g). Before fractionation started, chlorophyll was sepa-
rated by elution with CHCI; (3 liters). Then chromatography with CHCl;-MeOH (99: 1 to 80:20) afforded
450X 20-ml fractions.

Isolation of 1.—The residue of the polar fractions 341-431 (3 g) was chromatographed on Si gel (30 g)
with EtOAc (4 liters) as eluent and afforded 66 X 60-ml fractions. After concentration of the combined frac-
tions no. 9-18 in vacuo, 426 mg of 1 were obtained as a yellowish, amorphous powder; C,oH ;0,5 re-
quires 624, fdms m/z 624 (100%, [M}™), 625 (48%, [M+H}"); ir (KBr) 3400 (br, OH), 1700 (C=0),
1635 (C=C), 1610, 1520 (arom. ring) cm ™ ; '*C nmr (100 MHz, CD,0D) 8 168.28(C=0), 149.77 (C-
4™, 147.99 (C-B"), 146.79 (C-3™), 146.09 (C-4), 144.63 (C-3), 131.44 (C-1), 127.63 (C-1"), 123.21
(C-6™), 121.25 (C-6), 117.09 (C-5), 116.49 (C-2), 116.29 (C-2™), 115.20 (C-a"), 114.66 (C-5™),
104.16 (C-1"), 103.01 (C-1"), 81.63 (C-3"), 76.17 (C-2"), 75.98 (C-5"), 73.76 (C-4"), 72.32 (C-2"),
72.24 (C-ar), 72.02(C-3"), 70.55 (C-4"), 70.39(C-5"), 62.33 (C-6'), 36.54 (C-B), 18.44(C-6"); 'H nmr
(400 MHz, CD,0D) § 7.58 (d, J=15.9 Hz, H-B), 7.04 (d, J=2.0 Hz, H-2"), 6.95 (dd, J=8.1, 2.0
Hz, H-6"), 6.77 (d, J=8.1 Hz, H-5"), 6.69 (d, J=2.0 Hz, H-2), 6.66 (d, J=8.0 Hz, H-5), 6.55 (dd,

J=8.0, 2.0 Hz, H-6), 6.26 (d, J=15.9 Hz, H-a"), 5.18 (d, J=1.6 Hz, H-1"), 4.37 (d, J=7.9 Hz, H-
1", 4.03 (m, H-a), 3.90(dd, J=1.7, 3.2 Hz, H-2"), 3.80 (¢, J=9.2 Hz, H-4"), 3.72 (m, H-5"), 3.57
(dd, J=3.2,9.4 Hz, H-3"), 3.38(dd, J=7.9, 9.2 Hz, H-2'), 2.78 (bt, H-B), 1.08(d, J=6.2 Hz, H-6").

Isolation of 2.—After concentration of the combined fractions no. 278-340 (cc) in vacuo, the residue
(1.5 g) was subjected to dccc [CHCl;-MeOH-H,0 (5:6:4), descending flow] which furnished 192X 12-ml
fractions. Fractions no. 89-100 yielded 380 mg of 2, which resulted as a white, crystalline powder from
CHCl;-MeOH (1:1), mp 63°%; C;,H;40,, requires 462, fdms m/z 462 (26%, IM1"); it (KBr), 3400 (br,
OH), 1740 (C=0), 1660 (enolether) cm™; [a}*’D—69° (¢=0.64, MeOH); >C nmr (100 MHz,
CD,0D) 9 173.35(C=0), 139.92(C-3), 116.58(C-4), 101.02(C-1"), 93.59(C-1), 75.42(C-5'), 73.44
(C-7), 72.96 (C-3"), 72.37 (C-2"), 69.60 (C-11), 69.05 (C-4"), 63.22 (C-6"), 62.27 (C-10), 44.17 (-CH,-),
42.70 (C-9), 40.91 (C-6), 34.05 (C-5), 26.75 (-CH<), 22.62 (-CH;, 2X); 13C nmr (100 MHz, D,0) d
175.84 (C=0), 139.60 (C-3), 116.11 (C-4), 99.99 (C-1'), 93.53 (C-1), 74.37 (C-5"), 72.62 (C-7),
72.04(C-3"), 71.15(C-2"), 69.71(C-11), 67.70(C-4"), 62.03 (C-6"), 61.29(C-10), 47.91(C-8), 43.76
(-CH,-), 41.73 (C-9), 39.65 (C-6), 32.98 (C-5), 26.27 (-CH<), 22.34 (-CH, 2X); 'H nmr (400 MHz,
CD;OD) 86.36(s, H-3),5.90(d, J=5.3 Hz, H-1), 4.63(d, J=8.0 Hz, H-1"), 4.32 (m, H-7), 4. 15 (AB
center, J=11.6 Hz, 2H-11), 4.04 (t, J=3.0 He, H-3'), 3.84 (dd, ABX, J=1.7, 11.0 Hz, H-6'), 3.81
(dd, J=7.4, 11.0 Hz, 1H-10), 3.72 (dd, ABX, J=5.6, 10.9 Hz, H-6'), 3.47 (dd, J=3.0, 9.4 Hz, H-
4'),3.01(m, H-5), 2.23 (-CH,-), 2.18(dt, J=5.3, 8.6 Hz, H-9), 2.03-2.09 (m, 2H, H-6, -CH<), 1.95
(m, H-8), 1.83 (m, H-6), 0.96(d, J=6.6 Hz, -CH;, 2X); '"H nmr (400 MHz, D,0) 8 6.45 (s, H-3), 5.94
(d, J=5.2 Hz, H-1),4.72(d, J=8.2 Hz, H-1'), 4.39 (m, H-7), 4.24 (AB center, J=11.9 Hz, 2H-11),
4.17 (¢, J=3.0 Hz, H-3'), 3.90(dd, ABX, J=1.7, 11.9 Hz, H-6"),3.84(dd, J=8.0, 11.1 Hz, 1H-10),
3.70 (dd, ABX, J=5.8, 11.9 Hz, H-6"), 3.62 (dd, J=3.0, 10.0 Hz, H-4"), 3.46 (dd, J=3.0, 8.2 Hz,
H-2"), 3.03 (m, H-5), 2.34 (-CH,-), 2.25 (dt, J=5.2, 8.7 Hz, H-9), 2.05-2.12 (m, 3H, H-8, H-6, -
CH<), 1.89 (m, H-6), 0.96(d, /=6.7 Hz, -CH,;, 2X).

Isolation of 4.— After concentration of the combined fractions no. 144-155 (dccc) in vacuo, 67 mg of

4, a very hygroscopic and unstable white substance, were obtained. C,¢H,¢Og requires 346, fdms m/z 386

(63%, [M+K+H]"); ir (KBr) 3400 (br, OH), 1725 (C=0), 1645 cm™ '; [aF*°D~ 14° (-=0.3; MeOH);

3C nmr (100 MHz, CD,OD) see Table 1; 'H nmr (400 MHz, CD;0D) 8 5.75 (s, H-2), 5.48 d, J=7.9

Hz, H-1), 5.38 (bt, H-6), 3.91 (bs, 2H-8), 3.83 (dd, ABX, J=2.0, 12.1 Hz, H-6'), 3.67 (dd, ABX,
J=4.8, 12.1 Hz, H-6"), 2.26 (m, 4H, 2H-4, 2H-5), 2.18 (d, J=1.3 Hz, 3H-9), 1.65 (bs, 3H-10).

Extract II.—In two portions dried, powdered leaves of P. hirsutus (49.5 g and 46.6 g) were refluxed
twice each with MeOH (300 m! and 200 ml) for 30 min. After filtration and concentration of the extracts in
vacuo, the two residues were dissolved in 190 ml MeOH-H,O (1:1) each. Chlorophyll was separated by ad-
dition of PB(OAC),, and surplus lead was removed with Na,HPOy. After centrifugation, the iridoids and
related compounds were extracted with CHCl;-iPtOH (3:2) (3 X 200 ml) in both cases. The combined re-
sidues, 3.31 g and 2.7 g, were chromatographed on Si gel (160 g) with CHCl;-MeOH (98:2 to 50:50) af-
fording 134X 160-ml fractions. Subsequent separation of the fractions no. 4-76 and 129-134 (1.2 g) by
dccc with CHCl;-MeOH-H,0-iPrtOH (50:60:40:1) resulted in 240X 12-ml fractions.
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Isolation of 3.—Preparative tlc of the fractions no. 23-33 (92 mg) in Me,CO-EtOAc-H,0 (40:56:4)
yielded 28 mg of 3, 2 white, amorphous powder (mp 92-95%); C,sH,40¢ requires 300, fdms m/z 300 (100%,
[M1"), 301 (38%, {M+H}"); [a}*’D—64° (¢=0.3, MeOH); '*C amr (100 MHz, CD,0D) 8 173.37
(C=0), 138.31 (C-3), 119.58 (C-4), 93.43 (C-1), 73.33 (C-7), 62.22 (C-10, C-11), 44.16 (-CH,-),
42.84 (C-9), 40.77 (C-6), 33.18(C-5), 26.79 (-CH<), 22.63 (-CH;, 2X); 'H nmr (400 MHz, CD,0D)
5 6.27 (s, H-3), 5.93 (d, J=4.8 Hz, H-1), 4.30 (m, H-7), 3.97 (AB ceater, J=12.5 Hz, 2H-11), 3.81
(dd, J=7.2, 10.9 Hz, H-10), 3.72(dd, J=5.7, 10.8 Hz, H-10), 2.97 (m, H-5), 2.20-2.24 (m, H-9),
2.23 (-CH,-), 2.00-2.09 (m, H-6), 2.06 (-CH<), 1.95 (m, H-8), 1.79 (m, H-6), 0.96 (d, J=6.6 Hz,
-CH;, 2X).

Isolation of 5.—Preparative tlc of the fractions no. 18-22 (36 mg) yielded 6 mg of 5 (yellow, amor-
phous substance); C,oH O requires 184, fdms m/z 184 (42%, M), 185 (78%, IM+H1); ’H nmr (400
MHz, CD;0D) & 5.66 (s, H-2), 5.38 (bt, H-6), 3.91 (s, 2H-8), 2.20 (m, 4H, 2H-4, 2H-5), 2.10 (d,
J=1.3 Hz, 3H-9), 1.65 (bs, 3H-10).
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