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o”, with stlmng, under Ar The soln was stIrred at room temp. for 
15 hr, and then made acidic with excess AcOH and coned under 
red pres to leave a syrup, which was partitioned between EtOAc 
and Hz0 The EtOAc soln was washed with aq satd NaCl and 
then dned (Na5S0,) After filtration, the filtrate was coned under 
red pres and then pun&d by prep TLC (tieselgel 60 F2s4, 
0 5 mm) usmg hexane-EtOAc (1 1) to @ve orange needles of 
plumbagm (3,3 5 mg) (mp, TLC and IR spectrum) 

Conversion of dlomusclpulone (2) to tnacetates 5 and 6 To a 
soln of 2 (5 mg) in THF (2 ml) was added LIAIH* (10 mg), with 
stmmg, at O”, and then the reaction soln was further stirred at 
room temp for 15 hr After acrdlficatlon with 2 N HCI, the 
reaction rmxture was diluted wth Hz0 and extracted with 
EtOAc The EtOAc soln was washed with aq satd NaCl, and then 
dned (Na,SO,) After filtration, the filtrate was coned under red 
pres to gwe an oil, which was dissolved in A@-pyndme (1 1, 
1 ml) and allowed to stand at room temp for 15 hr The reactIon 
soln was coned under red pres to gve an ody residue, which was 
separated by repeated prep TLC (Kieselgel 60 FZs4, 0 5 mm) 
using hexane-EtOAc (1 1) and then CHCl,-EtOAc (9 1) to 
afford 5 (2 7 mg) and 6 (12 mg) Compound 5, colourless 011 
IR vkcm- ’ 1775,1740,1620, 1600,1485, ‘H NMR (CD&) 
S 146 (3H, s), 2 00 (3H, s), 2 07 (3H, s), 2 l-l 95 (2H, overlapped 
with OAc signals), 2 30 (3H, s), 4 20 (2H, t (br), J = 7 Hz), 6 10 

(lH, s), 6 9-7 3 (3H,complex, overlapped with the solvent signal), 
MS m/z (rel mt ) 336 [Ml’ (90), 294 (lOO), 277 (36), 252 (33), 250 
(93x234 (74), 217 (45), 208 (29), MSm/z 336 1204 [M]+,calc for 
C1,HzOO, m/z 336 1208 Compound 6, colourless 0x1 
IR v=cm- 1 1775, 1740, 1610, 1600, 1485, ‘H NMR (CDCl,) 
6 140 (3H, s), 2 03 (3H, s), 2 07 (3H, s), 2 28 (3H, s), 2 O-2 3 (2H, 
overlapped wth OAc signals), 4 29 (2H, t, J = 7 Hz), 5 97 (lH, s), 
6 9-7 3 (3H, complex, overlapped with the solvent signal), MS 
m/z (rel mt ) 336 [M]+ (23), 294 (100). 252 (8), 234 (7), 217 (8), 
MS m/z 336 1208 [Ml’ (talc for C1,Hz007 336 1208) 
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Abstract-Melampyrum arvense and M crtstatum contain, besides aucubm, I-eptloganm and melampyrostde, a new 
natural tndotd glucoslde gardoslde methyl ester In addrtlon, M aruense contams mussaenostde and M crtstatum 
mussaenostdtc actd, another novel trldold glucostde 

INTRODUCTION 

Chromatographic mvestlgatlons [l, 21 have shown that 
aucuhn (1) and catalpol, as well as esters of these 
compounds, are common m the genus Melampyrum 
However, only two speczes have so far been mvestlgated tn 
detail From M srlvattcum L, aucubm (1) and melam- 
pyroslde (3) [3] and, more recently, mussaenostde (2), 
globulanfohn, catalpol and monomehttoslde were tso- 
lated [4] From M laxum Mq, 1, 2 and 3 have been 
obtained [5] In the present work we give detals of the 
lsolatton and characteruatlon of lrldold glucosldes from 
M arvense L and M crtstatum L 

RESULTS AND DISCUSSION 

Ftve lrldoid glucosldes were Isolated from M artense, 
namely aucubm (l), mussaenostde (2), melampyrostde (3), 
8-epllogamn (4) and gardoslde methyl ester (5) 
Compounds l-4 were tdentdied by their ‘H and 
‘“C NMR spectra [6-81, while the structure of 5 was 
deduced in the followmg way Its 13C NMR spectrum 
displayed signals correspondmg to an trldold glucostde 
substituted at C-4 with a methoxycarbonyl group 
Addlttonal stgnals at 6 151 2 (s) and 113 9 (t) proved the 
presence of an exocychc double bond, other structural 
features mcluded a carbon atom substituted with a 
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hydroxyl group (673 1, d) and a CHz-group (839 3, t) The 
‘H NMR spectrum was m accordance wth a structure 
such as 5 and acetylatlon of the glucoslde gave a 
pentaacetate with melting pomt and spec& rotation data 
close to those reported for gardoslde methyl ester penta- 
acetate [9] Finally, hydrogenation of 5 over a Rh-C 
catalyst [lo] provided a ca 9 1 mixture of 4 and loganm, 
estabhshmg the stereochemistry at C-7 We were unable to 
confirm the earlier reported presence of catalpol m this 
plant [2] 

M crastatum contained the same compounds as M 
arvense, with the exceptlon that 2 had been replaced by 
mussaenosldlc acid (6) The ‘H and 13C NMR spectra of 
6 and 2 (see 13C NMR spectra m Table 1) were virtually 
identical, except for the resonance of the methoxy group 
(652 6) m the latter As a proof, sapomficatlon of 2 gave a 
product mdlstmgulshable from 6 (‘H NMR and HPLC) 

A denvatlve of 6, namely 2’-p-hydroxybenzoyl 
mussaenosldlc acid 1s present m Vitex negundo 
(Verbenaceae) [ll J Blosynthetlcally, it seems hkely that 
all the lrldolds in Melampyrum arise from 8-ept- 
deoxylogamc acid (8) We have shown earlier that 8- 
epllogamn (4) IS blosyntheslzed from 8-epl-deoxyloganm 
(7) m M crwtatum [ 123, and that I-epl-deoxylogamc acid 
(8) IS converted mto aucubm (1) m several species within 
Scrophulanales [ 13, 143 

EXPERIMENTAL 

Mcroanalyses Novo Mlcroanalytlcal Laboratory, Bagsvaerd, 
Denmark M aruense (IOK-52/79) was collected m Ahus, 
Sweden, A4 crzstatum (IOK-13/80) m Kongsdre Skov, Denmark 
Vouchers have been deposited at the Botamcal Museum, 
Copenhagen, and were Identified by Dr Alfred Hansen 

Table 1 13C NMR data of mdold glucosides from M 
arvense and M cnstatum* 

C 1 2 3t 4 5 6 

1 962 952 960 964 968 95 2 
3 1404 1519 1405 1523 1535 1522 
4 1060 1133 1059 1130 1113 1130 
5 43 2 303 429 294 309 304 
6 814 296 813 396 39 3 296 
7 1293 404 1348 789 731 403 
8 147 6 804 1425 436 1512 804 
9 47 1 514 47 7 417 441 514 
10 603 23 7 63 8 139 1139 23 8 
11 1706 1704 1703 1716 
OMe 526 526 527 
1’ 992 99 1 993 991 993 99 1 
2 73 5 734 736 734 73 5 734 
3 765 765 765 76 5 765 764 
4’ 704 704 704 702 704 704 
5’ 769 77 1 770 77 1 772 770 
6’ 615 615 61 5 615 615 615 

*Spectra were recorded at 22 6 MHz m D,O and have been 
corrected (X-6’ = 615 ppm) [ 151 

tAddltlonal absorptlons at 6169 2 (lC), 132 7 (lC), 130 3 
(2C), and 129 6 (3C) 

M arvense Whole frozen plants (500g) were worked up m 
EtOH as earher described [15,16] to gwe an lrldold-contammg 
fraclon (5 6 g) Fractlonatlon on sd~ca gel with CHCl,-MeOH 
(4 1 and 3 1) gave melampyroslde (3,440 mg, 0 lx), an mter- 
mediate fraction (1 6 g), and aucubm (1, 3 0 g, 0 6 %) Reversed 
phase HPLC of the middle fraction showed that It was a mixture 
of three compounds Separation of these was effected using a 
Merck Lobar RP-8 column (H20-MeOH, 3 1, UV-detectlon) 
The column was loaded with 0 4 g portions and gardoslde methyl 
ester (5, 220 mg, 005 %) was obtamed The two remammg 
compounds were only partly separated to gwe pure 8-epdogamn 
(4, 90mg), pure mussaenoslde (2, 39Omg), and an unresolved 
mixture (09 g) Compounds l-3 were characterlzed by their 
NMR spectra (Table 1) 

Gardoslde methyl ester (5) The sample above was passed 
through activated Cm MeOH and the solvent evaporated to give 
a foam [a];P -46” (MeOH, c 0 3), ‘H NMR (270 MHz, D,O) 
67 48 (s, H-3), 5 48 (d, J = 3 7 Hz, H-l), 5 39 (d (br), J = 1 7 Hz, 
CH,-lo), 4 78 (d, J = 7 9 Hz, H-l’), 4 48 (t (br), J = 6 6 Hz, H-7), 
3 74 (s, OMe), 3 12 (m. H-5 and H-9), 2 06 (m, J,, B,, = 12 9 Hz, 
J,, , =67Hz,JsS 5 = 2 7 Hz, H-6/I) 196 (m, Js8 Bll = 12 9 Hz, 
J 611 , = 6 9 Hz, J,, 5 = 3 8 Hz, H-6a), similar, except for the 
OMe-absorption, to that reported for gardoslde [9] [Found C, 
50 48, H, 6 45 C17H24010 HZ0 requires C, 50 24, H, 6 45 % ] 
Acetylatlon of 5 (Ac+pyrldme, 2 hr at 20”) gave the penta- 
acetate,mp (EtOH) ill-112”, [a]g - 69” (CHCl,,cO 5) (ht [9] 
mp llO-1115”, [a]:: -75” (CHCl,, c 07) 

8-Epdoganm (4) The above sample was treated with activated 
C in MeOH to gwe the pure compound as a foam [a] g - 123” 
(MeOH, c 0 5) (ht [13] [a];: - 101” (MeOH, c 17)), ‘H NMR 
(270 MHz, D,O) 67 48 (s, H-3) 5 58 (d, J = 3 0 Hz, H-l), 4 78 (d, 
J=79Hz,H-1’),388(q,J=54Hz,H-7),375(s,OMe),305 
(dt,J=87,87and57Hz,H_5),271(dz,J=89,89and3OHz, 
H-9),219(m,J=55,88,54and72Hz,H-8),204(m,J=52, 
8 4 and 13 8 Hz, H-6/l), 190 (dl, J = 5 7, 5 7 and 13 9 Hz, H-6a), 
103 (d, J = 7 3 Hz, H-lo), m good agreement with that reported 
for 8-epdoganm [a] [Found C, 4902, H, 675 Calc for 
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C1,H#,0, lf Hz0 C, 4891, H, 700%] 
Catalytrc hydrogenation of5 Compound 5 (115 mg) m EtOH 

(5 ml) was hydrogenated for 2 hr over Rh-C (38 mg, 5 %) After 
filtration the product (116 mg) was separated (RP chromato- 
graphy) mto 5 (3 mg) and a ca 10 1 nuxture (56mg) of 8- 
epdogamn (4) and logamn The ‘H NMR spectrum of the maJor 
component was identical to that of 4, but signals ansmg from 
logamn were recogmzed at 65 50 (d, J = 3 5 Hz, H-l) and 1 14 (d, 
J = 7 Hz, H-10) 

M crlstatum Frozen plant matenal (250 g) was worked up m 
EtOH to gve ca 5 g of crude extract This was separated on a 
2 kg, home-made, reversed phase (C-18) slhca gel column 
(H,O-MeOH, 10 1 + 1 1), yielding salts of lrldold acids 
(940 mg), aucubm (1,370 mg, 0 15 %), gardoslde methyl ester (5, 
74 mg, 0 03 %), 8-epllogamn (4,95 mg, 0 04 %) and melampyro- 
side (3, 58 mg, 0 02 %) The fraction contammg 6 was aclddied 
with IR-120 and applied to the same column Elutlon with 
H#-MeOH (3 1) gave mussaenosldlc acid (6, 700 mg, 0 3 %) 
Treatment with activated C gave 6 as a foam [a]: - 118” 
(MeOH, c 0 7), ‘H NMR (90 MHz, D,O) 67 44 (s, H-3), 5 55 (d, 
J = 3 Hz, H-l), 2 32 (dd, J = 3 Hz and 10 Hz, H-9), and 132 (s, 
Me-lo), superimposable on the spectrum of mussaenoslde (2), 
except for the methyl ester signal of the latter [Found C, 48 84, 
H, 6 57 C,6H24010, Hz0 requnes C, 48 73, H, 6 65 %] 

Saponlfcatron of mussaenosufe Compound 2 (105 g) was 
dissolved m 1N NaOH and kept overnight Acldlficatlon with 
IR-120 gave 6 (0 96 g) mdlstmgulshable from the product above 
(‘H NMR and HPLC) 

Acetylatton of mussaenosldlc acid under forcmg condltlons 
(Ac+pyndme, 20 hr at 70”) gave the crystalhne pentaacetate, 
mp (EtOH) 174”, [alo - 78” (CHC13, c 1 1), ‘H NMR (90 MHz, 
CDC&) 67 45 (s (br), H-3), 5 71 (d, J = 2 Hz, H-l), 2 99 (m, H-5), 
2 67 (dd, J = 2 Hzand 9 Hz, H-9) ca 2 (5 x OAc, CH,-6 and CH2- 
7), and 149 (s, Me-lo) [Found C, 5192, H, 5 80 C26H340L5, 
Hz0 requires C, 5165, H, 6 00 % ] 
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