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Abstract 

In a continued chemosystematic investigation of the water-soluble compounds in Veronica sect. Hebe, we have investigated two more of the species formerly classified as Parahebe. Both species contained mannitol in considerable amount and in addition some glucosides of iridoid acids. Veronica cheesemanii was characterised by aucubin and its esters: 2'-O-benzoylaucubin and an aucubin diester named cheesemanioside. The main iridoid compounds in Veronica hookeriana were catalpol and its ester verminoside, but this species also contained the sugar ester methyl 1-O-benzoyl-3--glucuronosylglycerol and a caffeoyl phenylethanoid glycoside (CPG) named parahebeoside, a 2''-O--xylopyranosyl derivative of the known plantamajoside. The results show that the studied species of the former genus Parahebe are very different with regard to their chemical content. This is in agreement with the DNA sequence data and implies the genus was polyphyletic as previously circumscribed.
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1. Introduction

In a number of studies of Veronica L. and its related genera (Albach and Chase, 2001; 2004) it has been demonstrated that the Southern Hemisphere genera Hebe Juss. and Parahebe W. Oliv. are derived from within Veronica. Consequently they have now been included in this genus in section Hebe (Albach et al., 2004; Garnock-Jones et al., 2007). The genera Veronica and Hebe have traditionally been considered members of the family Scrophulariaceae. However, Veronica (and thus Hebe) has recently been transferred to the Plantaginaceae (Albach et al., 2005; Olmstead, 2005).

The chemotaxonomic investigations of Veronica (Taskova et al., 2004, 2006; Jensen et al., 2005 and references therein), have shown that the iridoid glucosides aucubin (6), catalpol (7) and a variety of 6-O-catalpol esters (e.g. 7a and 7b) are characteristic for this genus. These are also present in sect. Hebe; however, from this taxon with more than 100 species, only a few different 6-O-catalpol esters have so far been isolated, namely the 3,4-dihydroxybenzoyl ester verproside and/or verminoside (7b). Within section Hebe some species are also characterised by 6-O-rhamnopyranosyl-substituted iridoids, compounds not found in Northern Hemisphere representatives of the genus. Iridoids are usually accompanied by caffeoyl 3,4-dihydroxyphenylethanoid glycosides (CPGs). In a recent study of Veronica sect. Hebe (Jensen et al., 2008), we investigated V. catarractae G. Forster that was previously classified as Parahebe. The current paper reports our chemotaxonomic investigation of another two species formerly included in this taxon, V. cheesemanii Benth. and V. hookeriana Walp.
2. Materials and methods

2.1 General

Fresh plant material was homogenized with MeOH (4 x weight) and filtered. The concentrated extracts were partitioned in Et2O-H2O, after which the aq. phase was taken to dryness and separated by prep. chromatography using a reverse phase Merck Lobar RP-18 SiGel column (size B) and H2O-MeOH mixtures (1:0 to 1:2) as the eluents. Difficult separations were done on a Merck HiBar column (250-25) packed with LiChrosorb RP-18 (7 m). Isolated compounds are listed in order of elution; the proportion of mannitol (1) was estimated from the 13C NMR spectrum of the (polar) sugar fraction. 1H and 13C NMR spectra were recorded on a Varian Unity Inova-500 or Mercury-300 instruments in D2O or methanol-d4 using the solvent peak ( 4.75, 3.30 or 49.0) as the internal standard. LC-HR ESIMS was performed on an Agilent HP 1100 Liquid Chromatograph equipped with a BDS-C18 reversed phase column running a water-acetonitrile (50 ppm TFA in water) gradient. The LC was coupled to a LCT of a TOF MS (Micromass, Manchester, UK) operated in the negative or positive electrospray ion mode using 5-leucineenkephalin as lock mass. The known compounds isolated were identified by their NMR data: mannitol (1) (Bock and Pedersen, 1983); iridoids (2-6) were compared with authentic samples (Rønsted et al., 2000); 2'-benzoylaucubin (6a) (Bianco et al, 1981); isovanilloylcatalpol (7a) (Gardner et al., 1987. Since the original 1H NMR spectrum was solely recorded in D2O, we have included one in methanol-d4 in Table 1); verminoside (5b) (Sticher and Afifi-Yazar, 1979).
2.2 Plant material

V. cheesemanii was collected from its natural habitats in Marlborough, 1645 m above sea level, the South Island, New Zealand, in January 2007. V. hookeriana was collected from plants cultivated in the grounds of Landcare Research, Lincoln, New Zealand, in March 2006. The voucher specimens have been deposited at the Herbarium of Victoria University of Wellington (WELTU).

2.2.1 V. cheesemanii 
Fresh plant (133 g) gave 5.7 g of crude extract; chromatography of an aliquot (1.4 g, after dissolving in 10% acetic acid) gave a sugar fraction (180 mg, with ca. 40% mannitol (1)); aucubin (6; 180 mg); gardoside (4; 30 mg); a 4:1 mixt. of epiloganic acid and mussaenosidic acid (2 and 3; 50 mg); arborescosidic acid  (5; 10 mg); a fraction with mainly alpinoside (5a; 75 mg); a 3:1 mixt. of 2'-O-benzoylaucubin and isovanilloylcatalpol (6a and 7a; 250 mg); mixture of unidentified compounds (200 mg); and finally crude cheesemanioside (6b; 90 mg).
2.2.2 V. hookeriana 
Fresh foliage (100 g) gave 3.0 g of crude extract; chromatography of an aliquot (2.05 g) gave a sugar fraction (310 mg, with ca. 60% mannitol (1)); the next fraction (190 mg) contained a mixture of glucose and arborescosidic acid (5; 3:1); catalpol (7; 100 mg), aucubin (6; 20 mg); a mixt. of epiloganic acid and mussaenosidic acid (2 and 3; 1:1; 50 mg); a mixt. of caffeic acid and methyl 1-O-benzoyl-3-- glucuronosylglycerol (8; 50 mg; 1:1); a mixt. of verminoside (5b) and parahebeoside (9a) (4:1; 340 mg); verminoside (5b; 490 mg). The mixt. of caffeic acid and 8 was separated by rechromatography on the same column, while 5b and 9a was separated on the HiBar column (H2O-MeOH: 2.5:1) to give the pure compounds.

2.3 Cheesemanioside (6b)

Amorphous solid: []D25 = - 202º  (MeOH; c 0.2); LC-HR ESIMS m/z: 618.2164 [M+NH4]+; (C30H36NO13 requires 618.2187); 1H and 13C NMR data in Table 1.
2.4 Methyl 1-O-benzoyl-3--glucuronosylglycerol (8)

Amorphous solid: []D24 = +86º  (MeOH; c 0.2); LC-HR ESIMS m/z: 404.1548 [M+NH4]+; (C17H26NO10 requires  404.1557); 1H and 13C NMR data in Table 2.

2.5 Parahebeoside (9a)

Amorphous solid: []D24 = - 43º  (MeOH; c 0.1); LC-HR ESIMS m/z: 771.2360 [M-H]-; (C34H43O20 requires  771.2348); 1H and 13C NMR data in Table 2.

3. Results and Discussion
Fresh foliage of V. cheesemanii and V. hookeriana was extracted with methanol and the water-soluble part of the extract was subjected to reverse phase column chromatography. In both species mannitol (1) was the main carbohydrate; they also contained the iridoid glucosides epiloganic acid (2), mussaenosidic acid (3) and arborescosidic acid  (5). In addition to these common constituents, V. cheesemanii contained large amounts of aucubin (6), 2'-O-benzoylaucubin (6a) as well as a novel diester of aucubin (6b) which we have named cheesemanioside. Finally the unusual 6-O-isovanilloylcatalpol (7a) was also present in this plant.
The amorphous cheesemanioside (6b) []D25 -202 º had the elemental composition C30H32O13 as established by HR-ESIMS. The NMR spectra of 6b in methanol-d4 (Table 1) were assigned partly by the usual 2D techniques, and partly by comparison with the spectra of (6a). The 13C NMR spectrum showed 28 signals of which two (C 129.4 and 130.8) had double intensity, these being indicative of a benzoyl group. Thus, (i) a set of seven peaks could be assigned to a benzoyl moiety, (ii) another set of seven signals could represent a 3,4-di-substituted benzoyl group, (iii) a single peak (C 56.4) derived from an aromatic methoxy group, while (iv) the remaining fifteen signals represented an iridoid glucoside moiety very similar to that found in 2'-O-benzoylaucubin (6a), except that the signals assigned to C6 and C8 of the iridoid aglucone were seen 2-4 ppm downfield and those from C5 and C7 were moved upfield when compared to those of 6a. This indicated that the two aromatic ester groups were esterified with the C6 and the 2'-oxygen atoms of aucubin. Inspection of the 1H NMR spectrum of 6b confirmed that this was indeed the case since the H6 signal was found at H 5.28, about 1 ppm downfield from that seen in the spectrum of 6a (H 4.23). Likewise, the H2'-signal could be found at H 4.99, more than 1.5 ppm downfield from that expected (H 3.1-3.3) in un-esterified iridoid glucosides. The HMBC spectrum proved that H2' (H 4.99) showed a correlation with the low field carboxyl signal (C 167.8), while H6 (H 5.28) correlated with the other carboxyl signal (C 167.4) from the 3,4-disubstituted benzoyl group. Since the methoxy group indicated above, due to the low field position (H 3.90) was obviously positioned at the latter substituted benzoyl group, this had to be either an isovanilloyl (3-hydroxy-4-methoxy) or a vanilloyl (3-methoxy-4-hydroxy) ester group. This was determined by observing a strong nOe between the protons of the methoxy group of 6b (H 3.90) and the H5''-proton (H 6.96, J = 8.5 Hz) in the NOESY spectrum; the H5''-proton also showed a correlation with the H6''-proton (H 7.48). In conclusion, cheesemanioside (6b) is 2'-O-benzoyl-6-O-isovanilloylaucubin.
In addition to the common glucosides listed above, V. hookeriana contained catalpol (7) and the ester verminoside (7b), the latter being the main glucoside present in the plant. Furthermore, it contained an ester of an unusual carbohydrate derivative (8) and a CPG (9a) which both appeared to be previously unknown. 

Compound 8 was isolated as an amorphous solid []D24 + 86 ºwith the molecular formula C17H22O10, determined by HR-ESIMS. The NMR spectra of 9a in methanol-d4 (Table 2) were assigned mainly by 2D techniques. The 13C NMR spectrum (Table 2) showed 15 signals of which two (C 129.6 and 130.7) had double intensity, these again being indicative of a benzoyl ester group. Thus, six aromatic signals and a carbonyl (C 167.9) could be sorted out. This left ten signals to be assigned, two of which (C 70.5 and 66.7) could be seen to be oxymethylene groups in the HSQC spectrum and one was obviously a methyl ester group (C 52.8). Also peaks at C 171.9 and 101.1 were characteristic for an aliphatic ester carbonyl group and an anomeric carbon atom, respectively. Finally, five signals seemingly of carbohydrate origin (C 74.4 to 69.6) could not readily be allocated, although they could be linked to the corresponding proton signals in the 1H NMR spectrum by using the HSQC spectrum. Next, analysis of 1H coupling constants and of the COSY spectrum allowed to determine two 1H-1H spin systems in addition to that arising from the benzoyl group already identified. One system consisted of a glyceryl moiety (OCH2-CHO-CH2O), which at the C1-end (H 4.43 and 4.36;C 66.7) was bound to the benzoyl group and at the C3-end (H 4.18 and 3.90;C 70.5) was linked to a glycosyl moiety, as seen by the HMBC spectrum which showed the appropriate interactions from the above protons to C 167.9 and  C 101.1, respectively. The other spin system comprised five protons (H1' to H5') somewhat similar to an -glucopyranoside spectrum with one equatorial (H1') and four axial protons (H2' to H5'); however, the H5' signal appeared as a doublet (H 4.10, J = 9.9 Hz), demonstrating that no protons were present on C6'. Inspection of the HMBC spectrum explained this, since a connectivity was seen between the above H5' and the aliphatic ester carboxyl group (C 171.9) which in turn displayed a connectivity with the methyl ester group (H 3.64), showing the presence in 8 of an -glucopyranosiduronic acid methyl ester moiety. The compound was therefore methyl 1-O-benzoyl-3--glucuronosylglycerol.

Compound 9a was isolated as an amorphous solid []D24 - 43 ºwith the molecular formula C34H44O20, determined by HR-ESIMS. The NMR spectra of 9a in methanol-d4 (Table 2) were assigned by the usual 2D techniques, and also by comparison with the spectra of plantamajoside (9). The 13C NMR spectrum (Table 2) showed 33 signals of which one (C 62.3) had double intensity, with an overall pattern typical for a CPG-like compound (Jensen et al., 2009). Thus, eight signals from a 3,4-dihydroxyphenylethyl moiety and nine signals from a caffeoyl moiety could be sorted out, leaving 17 signals. These could represent three sugar moieties as seen by the three signals at  103-106, apparently arising from the anomeric carbon atoms of one pentosyl and two hexosyl units. In the 1H NMR spectrum, one of the anomeric signals (H 4.47) could be assigned to H1' due to the HMBC-interaction with C (C 72.1). Furthermore, of the two low field sugar signals (C 87.2 and 84.8) the former could be assigned to C3' due the interactions with H1'', H2' and H4' (H 4.49, H 3.53 and H 4.92, respectively) seen in the HMBC spectrum, and this allowed to assign the remaining signals in the central -glucopyranosyl moiety. The last anomeric signal in the 1H NMR spectrum arising from H1''' (H 4.61) showed a HMBC-interaction with the low field signal (C 84.8), which otherwise could be assigned to C2'', allowing to assign the remaining signals from the outer -glucopyranosyl unit, partly by comparison with the spectrum of 9a. The remaining five signals in the 13C NMR spectrum fitted well with the presence of a -xylopyranosyl unit and the 2D NMR spectra could confirm these assignments. Finally, the three bond connectivity between H4' (H 4.92) of the central glucosyl group and CO of the caffeoyl moiety (C 168.3) confirmed the position of the ester bond. In conclusion, compound 9a is 2''-O--xylopyranosylplantamajoside and we have named it parahebeoside.
Most of the compounds isolated from the two species investigated are common in Veronica. Thus, the main compounds in V. hookeriana were catalpol and its ester verminoside, a chemical profile typical for Veronica. However, it is unusual in the genus that the main compounds are aucubin and its esters (no catalpol present), as it was observed in V. cheesemanii. A similar profile was found only in V. derwentiana Andrews (Jensen et al., 2008). The finding of 6-O-isovanilloylcatalpol (7a) is also unusual; this iridoid was first isolated from V. plantaginea (syn. Besseya plantaginea) by Gardner et al. (1987) and has only been reported in a few more cases. 

As stated in the introduction, V. catarractae is the third investigated member of Veronica formerly classified as Parahebe. This species was mainly characterized by 6-O-rhamnopyranosyl-substituted iridoids without any ester functionalities (Jensen et al., 2008), such compounds have not been found in any other representatives of Veronica. Derivatives of -glucuronosylglycerol are not unknown in higher plants; the first one reported was a ferulic ester isolated from cell cultures of Beta vulgaris (Chenopodiaceae; Bokern et al., 1991). A number of triterpene esters have been reported from Ardisia (Myrsinaceae; Jia et al., 1994; Huang et al., 2000) and from Lysimachia davurica (Primulaceae; Zhang et al., 2007) the -form has recently been reported. The present finding is therefore the first one reported from sympetalous plants.

Thus, the three species so far studied of the former genus Parahebe appear to be very different with regard to their chemical content. This is in agreement with the DNA sequence investigations (Wagstaff & Garnock-Jones, 2000; Albach et al., 2006), which have shown that the genus Parahebe was polyphyletic as previously circumscribed.
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Table 1. 1H (500 MHz) and 13C NMR (75 MHz) spectra of  cheesemanioside (6b) and model compounds in methanol-d4.
	Atom
	2'-O-Benzoyl aucubin (6a)
	Cheesemanioside (6b)
	6-O-Isovanilloyl catalpol (7b)

	
	1H
	13C
	1H
	13C
	1H

	Aglucone
	
	
	
	
	

	1
	5.18 (d, 4.7)
	97.5
	5.35 (d, 3.8)
	94.8
	5.19 (d, 9.1)

	3
	5.88 (dd, 6.2, 1.7)
	141.4
	5.87 (dd, 6.2, 1.7)
	140.9
	6.37 (dd, 6.0, 1.3)

	4
	4.47 (dd, 6.2, 3.5)
	105.6
	4.44 (dd, 6.2, 3.2)
	105.1
	4.99 (dd, 6.0, 4.1)

	5
	2.49 (m)
	46.0
	2.79 (m)
	40.6
	2.66 obsc.

	6
	4.23 (m)
	82.6
	5.28 (m)
	84.6
	5.10 (br. d, 6.9)

	
	5.70 (m)
	130.4
	5.84 (m)
	125.4
	3.74 (br.s)

	
	
	147.8
	
	152.2
	

	9
	2.95 (m)
	47.7
	3.14 (m)
	48.1
	2.64 obsc.

	10
	4.27 (br. d, 15.6)
	61.3
	4.32 (br. d, 15.5)
	60.7
	4.17 (br. d, 13.2)

	
	4.14 (br. d, 15.6)
	
	4.19 (br. d, 15.5)
	
	3.83 (br. d, 13.3)

	Glucosyl
	
	
	
	
	

	1'
	4.95 (d 8.1)
	99.7
	4.95 (d, 8.1)
	97.6
	4.79 (d, 7.9)

	2'
	4.98 (dd, 9.1,. 8.1)
	74.7
	4.99 (dd, 9.1,. 8.1)
	75.9
	3.27 obsc.

	3'
	3.71 obsc.
	77.6
	3.72 obsc.
	75.5
	3.40 (t, 9.0)

	4'
	3.43 obsc.
	71.3
	3.42 obsc.
	71.7
	3.25 obsc.

	5'
	3.40 obsc.
	78.0
	3.42 obsc.
	78.5
	3.33 obsc.

	6'
	3.92 (dd, 12.0, 1.8)
	62.4
	3.94 (br. d, 11.6)
	62.7
	3.93 obsc.

	
	3.71 obsc.
	
	3.72 obsc.
	
	3.64 (dd, 12.0, 6.7)

	Benzoyl
	
	
	
	
	

	CO
	
	167.3
	
	167.8
	

	1''
	
	131.7
	
	131.7
	

	2''
	8.05 (d-like, 7.2)
	130.8
	8.05 (d-like, 7.2)
	130.8
	

	3''
	7.47 (t-like, 7.8)
	129.3
	7.48 obsc.
	129.4
	

	4''
	7.60 (t-like, 7.4)
	134.1
	7.60 (t-like, 7.4)
	134.2
	

	5''
	7.47 (t-like, 7.8)
	129.3
	7.48 obsc.
	129.4
	

	6''
	8.05 (d-like, 7.2)
	130.8
	8.05 (d-like, 7.2)
	130.8
	

	isoVanilloyl
	
	
	
	
	

	CO
	
	
	
	167.4
	

	1''
	
	
	
	124.0
	

	2''
	
	
	7.37 (d 2.1)
	117.0
	7.46 (d, 2.1)

	3''
	
	
	
	147.4
	

	4''
	
	
	
	153.4
	

	5''
	
	
	6.96 (d 8.5)
	111.7
	7.00 (d, 8.5)

	6''
	
	
	7.48 obsc.
	123.4
	7.58 (dd, 8.5, 2.1)

	OMe
	
	
	3.90 (s)
	56.4
	3.92 (s)


Table 2. 1H (500 MHz) and 13C NMR (75 MHz) spectra of methyl 1-O-benzoyl-3-- glucuronosylglycerol (8), parahebeoside (9a) and the model compound plantamajoside (9) in methanol-d4. 

	Atom
	Methyl 1-O-benzoyl-3-- glucuronosylglycerol (8)
	Parahebeoside (9a)
	Plantama-joside (9)

	
	1H -  (mult. Hz)
	13C
	1H -  (mult. Hz)
	13C
	13C

	Aglucone
	
	
	
	
	

	1
	4.43 (dd 4.3; 11.5) 4.36 (dd 5.3; 11.5)
	66.7
	
	131.5
	131.5

	2
	4.17 (m)
	69.6
	6.72 (d 1.9)
	117.2
	117.2

	3
	3.54 (dd 6.5, 10.0)

3.90 (dd 4.9; 10.0)
	70.5
	
	146.0
	145.8

	4
	
	
	
	144.6
	144.2

	5
	
	
	6.67 (d 8.0)
	116.3
	116.5

	6
	
	
	6.56 (dd 1.9, 8.0)
	121.3
	121.5

	
	
	
	2.78 (m)
	36.5
	36.3

	
	
	
	3.70/4.04 (m's)
	72.1
	72.2

	Glycosyl
	
	
	Central Glucosyl
	
	

	1′
	4.88 (d 3.6)
	101.1
	4.47  (d 7.9)
	103.2
	103.7

	2′
	3.46 (dd 3.6; 9.5)
	73.2
	3.53 (obsc)
	74.4
	75.7

	3′
	3.66 (t 9.5)
	74.4
	3.75 (obsc)
	87.2
	83.8

	4′
	3.51 (t-like, 9.5)
	73.1
	4.92 (t 9.2)
	70.6
	70.7

	5′
	4.10 (d 9.9)
	73.0
	3.52 (obsc)
	75.9
	75.5

	6′
	
	171.9
	3.56/3.64 (obsc)
	62.3
	62.1

	
	3.66 (s)
	52.8
	
	
	

	
	
	
	3'-Glucosyl
	
	

	1′′
	
	
	4.49 (d 7.4)
	105.4
	104.8

	2′′
	
	
	3.37 (obsc)
	84.8
	74.8

	3′′
	
	
	3.47 (t 9.3)
	77.6*
	77.3

	4′′
	
	
	3.36 (obsc)
	70.8
	71.0

	5′′
	
	
	3.35 (obsc) (dd2.5/6.5/9.4)
	78.7
	77.6

	6′′
	
	
	3.73 (obsc)
	62.3
	62.1

	
	
	
	3.91 (br. d 11.9)
	
	

	
	
	
	
	
	

	
	
	
	2''-Xylosyl
	
	

	1′′′
	
	
	4.61 (d 7.8)
	106.2
	

	2′′′
	
	
	3.25 (dd 7.8, 9)
	76.1
	

	3′′′
	
	
	3.38 (obsc)
	77.4*
	

	4′′′
	
	
	3.36 (obsc)
	70.8
	

	5′′′
	
	
	3.57 (obsc)
	67.1
	

	
	
	
	3.07 (dd 10.2/11.2)
	
	

	
	
	
	
	
	

	Acyl
	1-Benzoyl
	
	4'-Caffeoyl
	
	4'-Caffeoyl

	1′′′′
	
	131.2
	
	127.7
	127.6

	2′′′′
	8.05 (d-like, 7.4)
	130.7
	7.06 (d 1.9)
	115.1
	115.0

	3′′′′
	7.48 (t-like, 7.7)
	129.6
	
	146.9
	146.5

	4′′′′
	7.61 (t-like, 7.4)
	134.3
	
	149.7
	149.4

	5′′′′
	7.48 (t-like, 7.7)
	129.6
	6.78 (d 8.2)
	116.5
	116.7

	6′′′′
	8.05 (d-like, 7.4)
	130.7
	6.96 (dd 1.9, 8.2)
	123.0
	123.3

	′′′′
	
	
	6.26 (d 15.9)
	115.2
	147.6

	′′′′
	
	
	7.56 (d 15.9)
	147.1
	115.3

	CO′′′′
	
	167.9
	
	168.3
	168.7
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6

7

;   R=H; Catalpol

7a

; R=isoVanilloyl

7b

; R=Caffeoyl

6

;   R=H; R'=H;

 

 Aucubin

6a

; R =H; R'=2'-Benzoyl

6b

; R=isovanilloyl; 

      R'=2'-Benzoyl

1

3

4

5

7

8

9

10

1

;  Mannitol

9

;   R=H; R'=Caffeoyl; Plantamajoside

9a

; R=Xyl; R'=Caffeoyl; Parahebeoside

2

;  8-Epiloganic acid

4

; 

 

Gardoside

1''

1'

1

7

8

3

;  Mussaenosidic acid

5

;   R=H; Arborescosidic acid

5a

; R=Acetyl; Alpinoside

1'

1

3

2

8

; 1-

O

-Benzoyl-3-

a

-glucuronosyl-glycerol

    (R=Benzoyl)


† The second paper in this series is Pedersen et al., 2007.


( Corresponding author. Tel.: +45-45252103; fax: +45-45933968. 
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