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Abstract-Two new iridoid glycosides named jioglutosides A and B, together with 11 known iridoid glycosides, have 
been isolated from the fresh roots of Rehmannia giutinosa var. hueichingensis. On the basis of chemical and spectral 
analyses, the structures of jioglutosides A and B have been elucidated. 

INTRODUCTION 

In the course of our investigations on Rehmanniae radix, 
we reported the isolation of immunosuppressive phenen- 
ethylalcohol glycosides (jionosides) and non-glycosidic 
iridoids (jioglutins, jioglutolide etc) from the steamed 
roots of Rehmannia glutinosa Libosch. var. hueichingensis 
(Chao et Schih)Hsiao (Scrophulariaceae) [l-3], and iri- 
doid glycosides (6-0-acylated ajugols) from the dried 
roots of R. gfutinosa Libosch. var. purpurea Makino [4]. 
We have now examined the fresh roots of R. glutinosa var. 
hueichingensis. As a result, two new iridoid glycosides, 
jioglutosides A (1) and B (Z), were isolated along with 11 
known iridoid glycosides. This paper describes the struc- 
tural elucidation of two new iridoid glycosides from the 
fresh roots of this plant. 

RESULTS AND DISCUSSION 

The methanol extract of the fresh roots was fraction- 
ated by CC and prep. HPLC to give two new iridoid 
glycosides (1 and 2), together with 11 known iridoid 
glycosides: catalpol (3) [S], geniposide (4) [6], &epi- 
loganic acid [4], rehmannioside D [7], ajugol ( = leonur- 
ide) [4], ajugoside (5) [8] and five 6-0-acylated ajugols 

c41. 
Jioglutoside A (I) was obtained as a white amorphous 

powder, FDMS m/z: 332 [Ml’, [a], - 158.8” (MeOH), 
and gave a brown coloration with hydrochloric acid. 
Acetylation of 1 afforded the pentaacetate (la), whose 
high resolution FABMS confirmed the molecular for- 

mula, Cz4HJoO14. Compound 1 was presumed to be an 
iridoid glycoside from its ‘H and 13C NMR data (Tables 
1 and 2). The ‘HNMR spectrum of 1 exhibited the 
olefinic proton signals at 65.07 (dd, J = 6.0, 4.5 Hz) and 
6.34 (dd, J = 6.0, 1.9 Hz), easily assigned to H-4 and H-3, 
respectively, indicative of the presence in 1 of the enol- 
ether group characteristic of C,-iridoids [9]. The ‘H and 
13C signals due to the aglycone moiety of 1 closely 
resembled those of catalpol (3). On the other hand, the 

*Part 4 in the series ‘Chemical and Biological Studies on 
Rehmanniae Radix’. For part 3 see ref. 141. 

signals arising from the glycone differed from that of 3. 
‘The 13C NMR spectrum of 1 showed five signals due to 
the sugar moiety, whose chemical shifts were consistent 
with those for methyl arabinofuranoside described in the 
literature [lo]. GC analysis on the TMSi ether of the 
hydrolysate of 1 demonstrated the presence of arabino- 
furanose in 1. The absolute structure (D, L) of the arabino- 
furanose was established by the method reported by 
Oshima et al [ 11 J. A reductive amination of the acid 
hydrolysate of 1 with NaBH,CN and ~-(-)-a- 
methylbenzylamine CL-( -)-MBA], and subsequent ace- 
tylation, gave I-(N-acetyl-a-MBA)-1-deoxy-L-arabitol 
acetate, which was identified with an authentic sample by 
HPLC. Lastly, the anomeric carbon of L-arabinofuranose 
in 1 was shown to be a, because the coupling constant of 
the anomeric proton signal at 65.44 (d, J = 1.1 Hz) of 1 
was consistent with that (J = 1.5 Hz) of methyl u-L- 
arabinofuranoside prepared from L-arabinose, while the 
J value of /I-anomer was 4.2 Hz. On the basis of the 
evidence mentioned above, jioglutoside A (1) was estab- 
lished as catalpolgenin 1-0-a+arabinofuranoside. 

1 R’ = ara Hs RZ = H 2 R=H 
lfl R’ = am Acl R’ = AC 2a R = AC 
3 R‘ = glc Hq R’ = H 

COOMe COOMe 

4 2b R = ruti He 

2~ R = glc Hq 

2149 
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Table I. ‘H NMR spectral data for glycosides 1, 2, 2b and 3 and their acetates (la and 2a) at 500 MHz* 

H I la 2 
-____ ____- 

I 4.x3 d 4.81 d 5.29 d 

(9.7) (9.5) (5.3) 
3 6.34 dd 6.32 dd 7.46 d 

(6.0, 1.9) (6.0. 1.9) (1.2) 
4 5.07 dd 4.95 dd 

(6.0, 4.5) (6.0. 4.4) 

5 2.25 dddd 2.59 dddd 3.01 hrq 
(X.2. 7.7. 4.5, 1.9) (X.2, 7.6. 4.4, 1.9) (ca 7.0) 

6 

7 

8 
9 

10 

COOMe 
Sugar moiety 

6 

2 

4 

5 

6 

OAc 

3.87 (Id 

(X.7. 1.7) 

3.39 d 

(1.2) 

2.53 dcl 
(9.7, 7.7) 

3.57 d 

(13.7) 

4.18 d 
(13.2) 

cull 

5.44 d 

(1.1) 
4.08 dd 

(2.3, 1.1) 

3.95 dd 
(3.8, 2.3) 
4.1 I dt 
(5.5. 3.9) 

3.65 dd 
(1 I .6, 5.5) 

3.71 dd 
(1 1.6. 4.1) 

4.84 dd 
(X.2, 1.2) 

3.73 d 

(1.2) 

2.65 dd 

(9.5. 7.6) 
4.43 d 

(13.0) 
4.56 d 

c I 3.0) 

Ui-‘l 
5.63 s 

5.24 dd 
(I .x, 0.8) 
5.07 dd 
(4.3. 1.8) 
4.48 dt 
(5.7. 4.0) 
4.21 dd 

( I I .9, 5.7) 
4.42 dd 
(11.9. 3.X) 

2.07, 2.10, 2.12, 

2.13, 2.14 

I .69 ,,I I.Xl m 

2.06 m 2.05 m 

2.34 (2H) m 2.30 (2H) m 

2.77 r-like 2.84 M 

5.11 (2H) hrdq 
(ca 7.3. 2.1) 

3.67 .s 

& 
4.65 d 

(7.9) 
3.20 dd 

(9. I, 7.9) 
3.36 1 
(w 9.0) 

3.29 dd 
(9.7, 9.0) 

3.43 ddd 
(9.7, 6.2, 1.9) 

3.63 dd 
(11.3, 6.2) 
3.97 dd 
(11.3. 1.9) 

4.73 d 

(1.7) 
3.81 dd 
(3.4, 1.7) 
3.65 dd 
(9.5, 3.4) 

3.36 t 
(9.5) 
3.64 dq 
(9.5, 6.3) 

1.25 d 

(6.3) 

2a 2bt 

5.31 d 

(4.0) 
7.39 d 

(1.0) 
-_ 

2.99 Ill 

5.06 /W \ 

5.08 hr s 

3.70 s 

<{lC, 

4.88 d 

(8.1) 
4.99 dd 
(9.7, X.1) 
5.23 t 
(w 9.5) 
5.06 t 
((.u 9.9) 
3.76 ddd 
(9.X, 6.5, 2.9) 

3.61 dd 
(1 1.8, 6.5) 
3.72 dd 
(11.8. 2.9) 

4.78 d 

(1.4) 
5.23 dd 

(3.5, 1.4) 

5.27 dd 

( 10.0. 3.5) 

4.98 I 

(9.7) 
3.87 dy 
(9.7, 6.3) 

1.22 d 

(6.3) 
1.93, 1.99, 2.00, 

2.04, 2.06, 2.13 

5.31 d 

(5.9) 
7.43 hr s 

2.90 WI 

1.69 m 

2.08 m 

2.20 (2H) m 

I .35 ,71 

1 .x3 ,,I 

I.1 id 

(6.6) 

3.69 s 

Y[C 
4.68 d 

(7.6) 
3.19 dd 
(9.1, 7.6) 
3.1 3.5 m 

3. I ~-3.5 ,,I 

3.1. 3.5 m 

3.6-3.8 m 

3.98 dd 

(ca 11.0, 2.0) 

4.73 hr s 

3.80 dd 

(3.4, 1.7) 
3.6-3.8 m 

3.1-3.5 m 

3.C3.8 m 

1.25d 

(6.3) 

5.03 dd 

(9.X. 0.4) 
6.34 ddd 

(6.0. 1.9, 0.4) 
5.06 ddd 

(6.0, 4.5. 0.5) 
2.27 dddd 

(8.2, 7.6, 4.5, 1.9) 
3.90 dd 

(8.2, 1.2) 
3.44 hr d 

(1.2) 

2.53 hr dd 
(9.8. 7.0) 

3.78 d 
(13.1) 

4.13 d 
(13.1) 

d( 
4.76 d 

(7.9) 
3.25 dd 

(9.3. 7.9) 

3.39 dd 

(9.3, 8.5) 
3.26 dd 

(9.8, 8.5) 

3.31 m$ 

3.63 dd 

(1 1.9. 6.4) 

3.90 dd 

(11.9,2.1) 

_-___ _ 
ara = a-L-Arabinofuranose; glc = j?-D-glucopyranose; rham = a-L-rhamnopyranose. 

Assignments for l-3 were confirmed by H-H COSY experiments. 

*Measured in CD,OD for glycosides and in CDCl, for acetates. Coupling constants(Hz) are given in parentheses. 
tMeasured at 200 MHz. 

TOverlapped in solvent signals. 
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Table 2. ‘-‘C NMR spectral data for glycosides at 125 MHz 

C 
1 2* 2b 2ct 3* Me-a& 

CD,OD D,O CD,OD D,O DzO CD,OD D,O 

1 95.8 d 

3 141.7 d 

4 104.1 d 

5 39.0 d 

6 79.1 d 

7 62.2 d 
8 66.1 s 

9 43.4 d 

IO 63.5 f 
II 
COOMe - 

Sugar moiety 
ara 

I 106.4 d 

2 82.5 d 

3 78.5 d 

4 88.7 d 

5 62.0 t 
6 

4 

6 

95.4 

140.8 

103.7 

37.6 

76.5 
62.3 

66.0 

42.1 

60.6 

- 

ara 

105.2 

81.4 

78.0 

85.9 

61.7 
- 

96.8 d 97.1 d 

153.7 d 152.6 d 
111.2s 113.5s 

35.7 d 33.2 d 
31.9 f 31.6a t 
31.9r 32.8” t 

149.9 s 36.4 d 
46.1 d 43.4 d 

110.3 t 16.4 q 

169.2 s 171.1 s 

51.7 q 52.6 q 

Hl( &J/c 
100.1 d 99.5 d 
74.6 d 73.5 d 
77.8 d 76.5 d 
71.5 d 70.4 d 
76.9 d 75.8 d 
68.0 f 67.7 t 

rham rham 
102.1 d 101.4 d 
72.1” d 70.gb d 
72.3” d 71.1hd 

73.8 d 72.8 d 
69.7 d 69.6 d 
18.Oq 17.5 q 

96.3 d 
152.6 d 
113.8s 

32.6 d 
31.6” t 

33.1” t 

36.1 d 
43.4 d 
16.3 q 

171.2 s 

52.6 q 

Mlc 
99.3 d 
73.5 d 
76.6 d 
70.4 d 
77.1 d 
61.5 t 

95.4 d 
141.8 d 
104.1 d 
39.2 d 
79.6 d 

62.6 d 
66.3 s 

43.7 d 
63.0 I 
- 
- 

dc 
99.8 d 108.8 d 
74.9 d 81.3 d 
77.8 d 77.0 d 
71.8 d 84.3 d 
78.6 d 61.7 t 
61.6t - 

OMe 55.3 q 

Me-ara = Methyl a-L-arabinofuranoside; ara = a-L-arabinofuranose; ylc = p-D-glucopyranose; rham = a- 

L-rhamnopyranose. 

Assignments were established by C-H COSY 

resonance or DEPT spectra. 

* Measured at 50 MHz. 

i Data taken from ref. [12]. 

a.h Interchangeable in each column. 

Jioglutoside B (2) was isolated as a white amorphous 
powder, [~r]~-50.1” (MeOH), and gave the crystalline 
hexaacetate (2a), mp 164-165”, C,5H46019, upon acetyl- 
ation. Its UV (Amax: 237 nm), IR [v,,, cm-‘: 1696 
(C=O), 1634 (C=C)] and ‘H NMR C67.46 (d, J = 1.2 Hz, 
H-3) and 3.67 (s, COOMe)] data revealed the presence of 
an enol-ether group conjugated with COOMe. Further- 
more, the ‘H NMR spectrum of 2 exhibited two anomeric 
proton signals at 64.65 (d, J = 7.9 Hz) and 4.73 (d, J 
= 1.7 Hz), respectively. Hence 2 seemed to be a dis- 
accharide of a C,,-iridoid. Moreover, the presence of an 
extra olefinic proton signal at 6 5.11(2H, m) pointed to the 
occurrence of an exo methylene in 2. The 13C spectral 
data CS110.3 (t) and 149.9 ($1, as well as biosynthetic 
considerations, showed that the exo methylene could be 
placed at C-8. Hydrogenation of 2 catalysed with 
platinum dioxide gave the dihydro derivative 2b as a 
white amorphous powder, FDMS m/z: 521 [M+H]‘. 
The 13C chemical shifts for the aglycone moiety of 2b 
were in good agreement with those of 8-epideoxylogamn 
(2~) reported by Damtoft et al. [12]. With regard to the 
sugar moiety, hydrolysis of 2 with 10% HCI gave rham- 
nose and glucose. The 1 % NMR spectrum of 2 showed 
that the C-6 methylene of glucose appeared at lower field, 
668.0 (t), due to ‘glycosylation shifts’ [13]. This indicates 

experiments. Multiplicity was confirmed by off- 

that the sugar of 2 is sc-L-rhamnopyranosyl-(1 + 6)-D- 
glucopyranose, i.e. rutinose [14]. The linkage between 
rutinose and the aglycone moiety was confirmed to be in 
the /f-form from the J value (7.9 Hz) of anomeric proton 
signal of glucose. Thus, the structure ofjioglutoside B was 
elucidated as 2. 

From the fresh roots of R. glutinosn var. hueichingensis, 
we have isolated 13 iridoid glycosides. Two of them, 
jioglutosides A (1) and B (2), are new compounds and are 
the first examples of iridoid glycosides having an arabino- 
furanose or rutinose moiety. Moreover, it is for the first 
time that geniposide (4) and ajugoside (5) have been 
isolated from R. glutinosa. From the chemotaxonomic 
viewpoint, it is interesting that geniposide, well known as 
the major component in the fruits of Gardeniajasminoides 
Ellis (Rubiaceae) [6], has been found in Rehmannia plant. 

EXPERIMENTAL 

Mps: uncorr. ‘H and ‘%NMR spectra were measured with 

TMS or TSPA [3-(trimethylsilyl) propionic acid Na salt, in case 
of D,O] as the int. standard. 2D COSY spectra were recorded 

under standard conditions. Prep. HPLC was run on a Shimadzu 

LC-6A unit with a CIG Si-10 coIumn (30 cm x 15 mm i.d.). 
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Acetylation was conducted with AcZO. pyridine and a catalytic 

amount 01‘4~dimethyl aminopyridine. 

Plunr rntrfliriul. Fresh roots of K. ylut~noct bar. htrelchinyunsis 

were cultivated at Izu Experimental Farm, Tsumura & Co. 

(Shiruoha Prefecture). and were collected in January 19X7. Plant 

material nab idcntdiod by Dr M. Okada of this Laboratory. 

Eutruc~firm urztl i~~~lutirm. The fresh roots (40 kg) of R. &tinosu 

var. /rurtc,kirlu~~n\r.s wux sliced and then extracted with MeOH 

(2001 x -‘J, The MeOH extract, after concn to co 101. was 

defattcd r+lth ,I-heranc and applied to a Diaion HP-20 column 

which ~a\ ciuted v,lth HIO (fr. I) and then MeOH (fr. 2). Fr. I 

was subjected to a charcoal column.eluted with t-1,0, to remove 

sugara. Subsequent rlution with MeOH gave a glycosidlc frac- 

ijon. which ua.\ partitioned between H,O and n-BuOH. Tht: aq. 

layer was suhjectcd to CC on MCI gel CHP2OP and subsequent 

11 Bondapak c‘,, (elutmg with an increasing amount of MeOH in 

H,O) to gi\e caG~lpo1 (3, X.7 g), a~upol (5.0 g). rehmannioside D 

(3.0 g) and I(-epiloganlc acid (0.2 g). The n-BuOH layer (37 g) was 

repeatedi) sub.jectetl to silica gel CC and prep. HPLC (eluting 

with an incrcaalng :tmount of McOH in CHC‘I,) to givejiogluto- 

side A (1. 50 mgt. 

1.r. 2, alter washing with CHCI,. was passed through Scp- 

hadex LH-20 column for removal of phcnollc compounds. and 

was rcpcatcdly \ubjcctcd to silica gel CC (eluted with 

CHCI, MeOH. 5. I). and to prep. HPLC’ (eluted with 

EtOAc McOH HLO. 40: 2: 1 and then with CHCI, MeOH. 

9: 1). to afft)rd Jioglutoaide B (2, 67 mg), geniposide (4, II2 mg). 

;IJLI~~SK~ (5. I83 mgl. 6-O-vanilloylajugol (44 mg). h-O-p-coum- 

aroylajugol (30 mg). h-U-t-feruloylajugol (190 mg), h-0-Z-ferul- 

oylajugol ( 10 mg) and h-O-(4”-0-x-t -rhamnopyranosyl) vanil- 

loylajugol (57 mgl. 

Known compounds except for ajugoside (5) and rehmannio- 

side D were idcntrfied hy direct comparison with authentic 

samples [4 6 1 Rchmanninside D w’as identified by comparison 

of phyaico-chemical and spectral data with those described in the 

literature /7]. A,iugoslde: set below. 

Jioglutosidr A (I ). White amorphous powder. [rJi” - 158.8’ 

(M&H; c’ 1.65). IR I,:,!: cm ” 13XO(OH), 1654(C=C‘). ‘H NMR _ 
(CI>,ODt: bee ‘Table 1. I.‘(_ NMR (CL),OD, D,C)): see Table 2. 

‘? NMR (I 75 MHz, pyridine-cl,): 1%3X.9 (i/, C-5). 42.9 (d, C-9), 

61.7 (1. <‘-IO). 62.1 (f, C-7). 63.2 (1, ara C-5), 66.0 (\, C-8). 78.5 Id, 

ara C-3). 79.1 (d. C-6). X2.2 (d, ara C-2). 89.6 (d. ara C-4). 95.4 (d. 

C-l), 104.3 (rl. C-4). 106.4 (d, ara C-I I, 140.9 ((1% (‘-3). FDMS M.:: 

331, LM]‘. 
dicyfutosidr A pentutrcrtate (la). White amorphous powder, 

[z]:” -~ 117.6 (CHCI,: (’ 1.00). ‘H NMR (SO0 MHz. CDCI,): see 

Table I. ‘“CNMR (1’5 MHz. CDCI,): 820.6 (2C, q. OAc x 2). 

20.7. 20.8. 20.9 (each <I. OAc x 3). 34.X (d. C-S), 42.4 (d. C-9), 58.6 

cd. (‘-?I, 60.X (1. (‘-101, 62.6(.s, C-X). 63.3 (1, ara C-5). 76.9(d, ara C- 

3). 79.6 (d. C-h), X0.9 (d, ara C-2), X2.5 (d, ara C-4). 93.9 (d. C-l), 

lOI.X(d.araC-I). lO2.5(rl.C-4). 141.2(tl.C-3). 169.4, 170.2, 170.4. 

170.6, 171.2 (each .s. C:=O Y 5). High resolution FARMS rn;z: 

543.1691 [MI H] ’ (talc. for C,,H,,O,,: 543.17131. 

Idmrifrcurr(~~~ o/ r-r-clruhinc!htrano.~e. (i) f’repc~rutiot~ ofmrth~l 

rrrrrhirwsides. A boln of L-arabinopyranose f I g) in 2.5% 

HCI -MeOH (I SO ml) was heated at 50 for 30 mm. The reaction 

mixture was neutralized with Amberlite IRC 50 (OH form) 

resins and was subJected to prep. HPLC with EtOAc-MeOH 

(9: 1) as eluent to give methyl a-1 -arabinofuranoside (0.5 g). 

methyl P-L-arabinofuranosidc (0.2 g) and methyl /j-t_-arabino- 

pyranoside (0. I g) [l 51. Merh.vl a-L-arabinnfitrunoside. White 

amorphous powder, [r];’ -- 128.7 (MeOH: (’ 0.86). ‘H NMR 

(200 MHZ. CD,OD): d3.36 (3H. S, OMe). 3.62 (IH. dd. J =- 11.9. 

5.3 HI. H-5). I.75 (IH. rid, .I =- 11.9, 3.3 Hz, H-S), 3.82 (IH, dd..i 

-6.1,3.5,3.3Hz,H-3).3.9l(lH,d~~,J=6.1.S.3,3.3H~H-4),?.94 

(1H. rlt2. .I ~- 3.5. 1.5 HT. H-2). 4.75 (IH. d. .I -7 I.5 Hz, tf-I). 

‘.‘CNMR (SO MHr, D,O): see ‘Table 2. ‘Jc, ~,,, = 170.0 HI. 

Methyl B-L-orahtno~ur~rnosidr. White amorphous powder, lx]:‘ 

+ 109.8’ (MeOH; c I.1 1). ‘H NMR (200 MHz, CD,OD): c’i3.91 

(3H. c. OMe). 3,54(1H,dd,.J := 11.6, 6.X Hz, H-5).3.trH(IH.drl..i 

r: 11.6, 3.4 Hz, H-.5), 3.76 (1H. dt. .I = co 7.0. 3.4 Hz. El-4). 3.90 

(IH, /-like, J 7 CLI 7.2 Hr. H-31. 3.96 (11-1. dd. .I 2 ‘7.6, 4.2 HL. tI- 

2). 4.74 (IH. tl. .I -: 4.2H1. H-l). ‘“CNMR (5OMHr. 

D,O):h55.4(y, OMe). 63.5 (1. (‘-5). 75.O(d.C-3). 76.X(</. C‘-2), X2.5 

(d. C-4). 102.5 (d, C-1). ‘J,., ,,, =~ 176.0 Hr. Rfrrhyl /I-I,-urclhirl,,- 

pwmoside. White amorphous powder. “C’ NMR (50 MHz. 

D,O):65S.h(y. OMc). 62.9(1.(‘-5).68.6(d.(‘-2).69.? (d.C-3). 69.3 

(rl, C-41. 100.3 (d, C-1 ): I./,, ,,, := 169.X H,. These mcthll arahin- 

osides were identified by comparison ol these data with those 

descrihcd m the Ilterature [IOj. 

(ii) Nydro/y.si.\ of 1. C’ompound 1 (3 mg) wa.\ hydrolysed as 

described in (i) to give methyl r-arahinofuranoside, which was 

detected by TLC [FtOAc MeOH (4: 1). H, O.SO]. Furthermore. 

the presence ofmcthyl r-arabtnofuranclsidc was demonstrated ;I\ 

a TMSi ether hy CiC [column: 3% SE-30 (2 m x 4 mm 1.d.). 

column temp.: 130 in,i. temp.: 2G0 carrlrr: He at 50 ml min. 

detection: FID, R, 9.4 min]. 

(iri) Determimtion of‘uhsolutt~ .stru~mre (I). I_) t,/ trrahintw lrt 1. 

A aoln of I (5 mg) m lOo:U tlC1 aq. (50 bd) was heated at 50 for 

I hr. neutral&d with IO”% NaOH aq.,and thenaddcd IO0 {cl ofa 

soln prepared from t -( -- )-MNA (50 [II) and NaBH,,CI\‘ (20 mg) 

in MeOH (1 ml). The mixture was kept at room temp. c?vernieht. 

acidified to pH .I 4 with ffOAc, and evapd to dryness. The 

residue was acctylatcd with Ac,O and pyridinc (each 0.4 mll at 

IO0 for I hr. The reaction mlrturc war then diluted with uatcr 

(5 ml) and extra&d with C‘HCI,. ‘The CHCI, extract was 

subjected to HPLC [column: TSK-SIL 60 (30 cm * 4.6 mm 1.d.). 

mobile phase: S”/o EtOH in n-he\ane, flow: I 3 ml ‘min. detection. 

UV 230 nm], which demonstrated the presence 01’ I-[!\:-acetyl-r - 
( )-1-MBA]-I-deoxy-r -arabitol acetate (R, 2?.3 mln) [I I 1, 
Standard samples of i-L,Y-acetyl-t -( - )-MBA]-I-dco\y-I 

arahitol acetate (R, 23.3 min) and I-[ N-acctyl-t -I )-MBA /.I- 

deoxy-n-arabltol acetate (R, 20.0 mini were prepared from com- 

merclally available I - and r,-arahinose. ruspccti\cl>. by the same 

method as described above in case of I. 

.Jioglutosidr H (2). White amorphous powder. LlJf” 50.1 

(MeOH; c I.1 I J. L’V 2;;;” nm (c): 237 (8780). IR U:Ft cm !: 3416 

(OH), 1696(C==O). 1634 (<‘-C). ‘I-1 NMR (CD,OD): see Table I. 

1~~C’NMR~CD,0D):seeTablr2. FDMSnr’z: SI9[M+H~. 

.lioqlutmide R he*uucw ~mz (Zal. C’olourleas needles. mp 

164-165 La];” 45.8 (C‘HCI,. L’ 0.65). 1 IV ;;,,$;” nm it): 2.32 

(8230). IR YE:: cm ‘: 175X (acetyl C=O). 1714 (C-O\. 163X 

(C=C). ‘H NMR (500 MHr. C‘DCI,l: see T‘able I. ‘{(‘NMR 

1125Mt-lr.<‘L~C’1,l:617.5(y.rhamC-6),20.3.20.6.20.7(l~:i,70.X. 

20.9 (each (I. OAc x 6). 30.0.30.9 (each I, C-6, 7). 33.6 (d. C.-S), 45.0 

(d, C-9), 51. I (q. (‘OOMe), 66.7 (rl. rham <‘-Si. 67.7 (1. glc H-h). 

68.9 (d. glc C-4). 69.3. 69.7 (each d, rham C-2, 31, 70.X (d. rham (‘- 

4). 7 I.0 (d. glc (‘-2), 72.5 (d. glc (‘-5 t, 73.5 (d. glc (‘-3). 95. I (il, C‘- I ). 

95.9(d.glc<‘-I), 98.3(d. rham (‘-I). 1092(t,(‘-IO). I !O.!,(,Y, C-4). 

14X.4 (s, C-8). 151.4 (0. C-3). 167.2 (.\, C-I I), 169.1. 169.5. 1699, 

170.0 (2C). 170.2 (each s. C=O x 6). FIMS ,n ;: 770 [M ] *. 710, 

561. 317. 273. {Found: C. 54.34; H. 6.03. C,,H,,O,,, require>: C‘, 

54.54: H. 6.02”‘U). 

Acid hydrolysis of’ 2. A soln of 2 ((.[I 3 mg) in ItEn HC‘I aq. 
(I ml) was heated at 80 for I hr. The reaction mixture was coned 

under a stream of N2 to give a residue. in which rhamnose (R, 

0.70) and glucose (K, 0.42) were detected h! TLC (cellulo~c. ,I- 

BuOH pyridine- HzO, 6:4:3) 

fi~rhvunutirm o/ 2. Compound 2 (19 mg) was hydrogcnatcd 

with H, PtO, in EtOH at room temp. to give the dihydro 

derivative 2b (I7 m&I as a white amorphous ponder, [ ZYJ~’ 
--6.3.9 (MeOH: i‘ 0 75). I’V ;.;,‘,;;” rim 0:): 2.17 1r)30(1). IR 
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vki; cm-i: 3424 (OH), 1703 (C=O), 1637 (C=C). ‘HNMR 
(CD,OD): see Table 1. i3C NMR (D,O): see Table 2. FDMS 
m/z: 521 [M+H]+. 

Catalpol(3). Colourless needles, mp 21@211”. [ali - 102.2 

(MeOH; c 0.85). ‘HNMR (CD,OD): see Table 1. i3CNMR 

(CD,OD): see Table 2. FDMS m/z: 362 CM]‘, 385 [M +Na]+. 

(Found: C, 49.81; H, 6.09. Calc. for Ci5Hs20i0: C, 49.72; H, 
6.12%) [S]. 

= 6.4 Hz, H-4), 4.89 (lH, m, H-6), 5.01 (lH, t, J = 9.3 Hz, glc H- 

4),5.lO(lH, t,J = 9SHz,glcH-2),5.24(lH, t, J = 9.3 Hz,H-3) 

5.82 (lH, d, J = 1.5 Hz, H-l), 6.17 (lH, dd, J = 6.4, 2.2 Hz, H-3). 
Compound 5a was identical with ajugol hexaacetate prepared 

from ajugol 14, 51. 

Geniposide (4). Colourless granules, mp 164-165”. [a]zs 

+ 16.2” (EtOH; c 0.75). UVn~~” nm (6): 239 (9770). IR 
vkt; cm-i: 3532 (OH), 1714 (C=O), 1640 (C=C). ‘HNMR 

(500 MHz, D,O): 62.14 (lH, ddt, J = 16.6,4.7,2.3 Hz, H-6), 2.83 

(lH, br dd, J = 16.6, 8.1 Hz, H-6), 2.86 (lH, br t, J = ca 7 Hz, H- 

9) 3.23 (lH, dq, J = 8.1, 1.1 Hz, H-5), 3.35 (lH, dd, J = 9.4, 

8.0 Hz, glc H-2), 3.42 (lH, dd, J = 9.7, 8.4 Hz, glc H-4), 3.46 (lH, 

ddd, J = 9.7, 5.4, 1.9 Hz, glc H-5), 3.52 (lH, dd, J = 9.4, 8.4 Hz, 

glc H-3) 3.73 (lH, dd, J = 12.4, 5.4 Hz, glc H-6), 3.76 (3H, s, 

COOMe),3.90(lH,dd,J = 12.4, 1.9Hz,glcH-6),4.25(1H,brdd, 
J = 14.2, 1.9 Hz, H-lo), 4.32 (lH, brd, J = 14.2 Hz, H-lo), 4.83 

(lH, d, J = 8.0 Hz, glc H-l), 5.29 (lH, d, J = 6.8 Hz, H-l), 5.87 

(IH, br s, H-7), 7.57 (lH, d, J = 1.1 Hz, H-3). i3CNMR 
(125 MHz, D,O): 637.1 (d, C-5), 40.9 (t, C-6), 48.6 (d, C-9), 54.7 (q, 
COOMe), 62.6 (t. C-lo), 63.4 (t, glc C-6), 72.3 (d, glc C-4), 75.6 (d, 

glc C-2), 78.5 (d, glc C-3), 79.1 (d, glc C-5), 100.0 (d, C-l), 101.7 (d, 
glcC-11, 114.5(s, C-4), 131.9 (d, C-7), 144.1 (s,C-8), 155.4(d,C-3), 

173.0 (s, C-11). FDMS m/z: 388 [M]’ [6]. 
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