
Phytochemis~y. Vol. 30, No. 6, pp. 1997-2001, 1991 003 1 9422191 63.00 t 0.00 
Printed in Great Britain. 6) 1991 Pergamon Press plc 

NORCAROTENOIDS OF REHMANNIA GLUTZNOSA 
VAR. HUEICHINGENSIS* 

HIROSHI SASAKI, TAKASHI MOROTA, HIROAKI NISHIMURA, TATSUNORI OGINO, TAKAO KATSUHARA, K0 SUGAMA, 
MASAO CHIN (CHEN ZHENGXIONG) and HIROSHI MI-INJHASHI 

Tsumura Laboratory, 3586 Yoshiwara, Ami-machi, Inashiki-gun, Ibaraki 300-I 1, Japan 

(Received in reoisedform 17 August 1990) 

Key Word Index-Rehmunnia ylufinosa var. hueichingensis; Scrophulariaceae; roots; norcarotenoids; trihydroxy-fi- 
ionone; dihydroxy-p-ionone; set-hydroxyaeginetic acid, aeginetic acid; rehmapicrogenin; X-ray analysis. 

Abstract-Two new norcarotenoids named trihydroxy-Sionone and set-hydroxyaeginetic acid, together with three 
known compounds, have been isolated from the steamed roots of Rehmannia glutinosa var. hueichingensis. Their 
structures were determined by chemical and spectral studies, and confirmed by X-ray analysis of trihydroxy-fi-ionone 
acetate. 

INTRODUCT’ION 

In previous papers [I-7J we reported the isolation of 
phenolic glycosides, iridoids, etc. from the fresh, dried 
and steamed roots of Rehmannia glutinosa Libosch. var. 
hueichingensis (Chao et Schih) Hsiao and the dried roots 
of R. glutinosa Libosch. var. purpurea Makino. In con- 
tinuing studies on the chemical components of Rehman- 
niae radices, two new norcarotenoids named trihydroxy- 
/I-ionone (1) and set-hydroxyaeginetic acid (3) have been 
isolated from the steamed roots of R. glutinosa var. 
hueichingensis, together with three known compounds, 
dihydroxy+ionone (2) [8,9], aeginetic acid (4) [lo-l23 
and rehmapicrogenin (5) which was also obtained as a 
calcium salt (5b) [13]. 

RESULTS AND DISCUSSION 

Compound 1 was isolated as needles, mp 64.5%65.5”, 
[a],-30.2” (MeOH). Its molecular formula C,,Hz20, 
was determined by high resolution FAB mass spectro- 
scopy. The ‘H and 13CNMR spectra of 1 resembled 
those of dihydroxy+ionone (2) and hence 1 was assumed 
to be a norcarotenoid like 2 (Tables 1 and 2). Its UV [J.,,,_: 
229 nm (log E 4.00)] and IR [v,,~: 1672 (C=O), 1644.1630 
(C=C) cm - ‘3 spectral data showed the presence of an a$- 
unsaturated ketone in 1. The ‘HNMR spectrum of 1 
exhibited trans-olelinic proton signals at 66.30 and 7.42 
(each IH, d, J = 16.3 Hz) and a methyl signal adjacent to 
the carbonyl group at 62.32 (3H, s). The ‘% chemical 
shift values for C-7 to C-IO of 1 were in good agreement 
with those of 2. These spectral data indicate the existence 
of a 3E-buten-2-one side chain in 1. The ‘HNMR 
spectrum of 1 exhibited three further singlet methyl 
signals at 60.89, 1.05 and 1 .I 5 (each 3H, s) and its 
‘%NMR spectrum showed two quarternary carbon 

*Part 8 in the series ‘Chemical and Biological Studies on 
Rehmanniae Radix’. For Part 7 see ref. [7]. 

signals carrying the hydroxyl group at 675.1 and 82.1 
(each s). This suggestes that 1 also has a 5,6-dihydroxy- 
1,1,5-trimethylcyclohexyl end-group as found in 2. How- 
ever, the ’ H and ’ 3C signals for the cyclohexyl moiety of 1 
were slightly different from those of 2, showing the 
hydroxylated methine proton and carbon signals [S, 3.72 
(lH, dd, J= 11.6, 4.0 Hz); 6, 74.3 (d)]. The presence of a 
secondary hydroxyl group in 1 was also verified by 
formation of the monoacetate (la) (prisms, mp 153”, 
FABMS m/z 285 [M + H]‘) upon ordinary acetylation of 
1. Although there are three possible positions to place the 
secondary hydroxyl group at from C-2 to C-4 of the 
cyclohexyl moiety, but the C-3 position can be at least 
ruled out. because the methine signal was observed as a 
double doublet C63.72 (J= 11.6, 4.0 Hz) in 1; 65.03 (J 
= 11.8, 4.3 Hz) in la]. Various two-dimensional NMR 
experiments (‘H-‘H COSY, 13C-‘H COSY, NOESY, 
COLOC, etc.) of 1 enabled us to make a complete 13C 
assignment (Table 2). Comparison of the 13C chemical 
shift values for the cyclohexyl moiety of 1 with those of 2 
indicated that the secondary hydroxyl group is located at 
C-2. That is, the z- (C-2) and p-carbons (C-l and C-3) of 1 
were deshielded by 37.1, 5.0 and 8.7 ppm, respectively, 
whereas the y-carbons (C-4 and C-l gem-dimethyls) were 
shielded by 0.5, 7.7 and ca 4ppm, according to hydroxyl- 
ation shifts [143. The “CNMR spectrum of la gave 
further proof by showing typical acylation shifts: the C-2 
carbon appeared at lower field by 3.7 ppm, while the 
adjacent C-l and C-3 carbons resonated at higher field by 
0.8 and 3.1 ppm, respectively, by comparison with those 
in the spectrum of 1 [3]. 

Regarding the configuration of the secondary hydroxyl 
group, the coupling constants of the methine signal 
C63.72 (J= 11.6, 4.0 Hz) in 1; 65.03 (J= 11.8, 4.3 Hz) in 
la] and the Dreiding model analysis suggested that the 
C-2 hydroxyl group should be in the a-equatorial form, 
assuming that the cyclohexane ring possesses a chair 
conformation. In order to determine the stereo-structure 
of 1, X-ray analysis was performed using a crystal of its 
monoacetate (la). The stereoscopic view of the molecule 
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1 R‘ = OH, R’ = H 

Ia RI = OAc. R2 = fl 
2 R’ = R’ = f., 

6 R’ = H, Rz = Glc 

t.b*RZ 3 R’ = OH, R’ = H 

3a R* = OAc, Rz = H 

3b R’ = OH. R2 = Me 
4 R’ = R’ = ” 

$01R3 

Me 

!i RI= R’= HorOH.R3= H 

5a RI = R’= HorGH,R3= Me 

7 R’ = O-Clc. R’ = R3 = H 

Sb 

Table I. ‘H NMR spectral data for norcarotenoids 1-4 and their derivatives (500 MHz in CD,OD)’ 

H 1 la 2 3 3a 3b 4+ 

2a W 

B (ax) 3.72 dd 
(11.6, 4.0) 

3r (ax) 1.95 m 

B (eq) 1.54 m 

4a (eq) 1.54 m 

cc (ax) 1.95 m 

7 7.42 d 

(16.3) 

8 6.30 d 
(16.3) 

10 2.32 .s 

Me,-1 (P) 0.89 s 

Me,-1 (z) 1.15 s 

Me-5 1.05 s 

Me-9 - 

CO,Me -.-. 

OAc ... 

5.03 dd 
(I 2.8, 4.3) 

2.00 m 

1.57 m 

1.57 m 

2.00 m 

7.40 d 
(16.3) 

6.33 d 
(16.3) 

2.32 s 

0.81 s 

1.26 s 

1.06 s 
_ 

._ 

2.03 s 

I.18 dddd 
(13.3, 3.4,3.4, 1.5) 
1.69 dddd 
(13.3, 13.3, 3.7.0.3) 
1.91 ddddd 
(13.4, 13.3, 13.3, 3.4, 3.1) 
1.39 ddddd 
(13.3. 3.9, 3.7, 3.4, 3.1) 
1.48 dddd 
(13.4 3.1, 3.1. 1.5) 
1.80 ddd 
(13.4, 13.4, 3.9) 
7.43 d 
(16.3) 
6.34 d 
(t6.3) 
2.31 s 
0.81 s 
1.24 hr s 
1.08 s 

- 

-. 

3.74 dd 
(? 1.8,4.1) 
1.95 m 

1.53 m 

1.53 m 

1.95 m 

6.70 dd 
(16.1. 0.3) 
6.39 dd 
(16.1. 0.8) 
5.81 br s 
0.X9 s 
1.12 s 
1.04 s 
2.31 d 

(I.21 

- 

5.04 dd 
(11.8, 4.2) 
2.02 m 

1.55 m 

1.55 m 

2.02 m 

6.67 d 
(16.1) 
6.41 dd 
(16.1, 0.7) 
5.82 br s 
0.81 s 
1.22 s 
I .os s 
2.30 d 

(1.2) 
-. 

2.02 s 

.- 

3.73 dd 
(11.8.4.1) 
1.95 m 

1.53 m 

1.9s m 

6.72 dd 6.71 d 
(16.2. 0.3) (I 6.0) 

6.39 dd 6.40 d 
(16.2, 0.8) ( 16.0) 
5.82 br s 5.80 ht s 
0.88 s 0.80 s 
I.11 5 1.21 s 
1.04 s 1.07 s 
2.33 d 2.31 d 
(1.2) (1.2) 
3.69 s - 

1.17 m 

iI1HI 
1.3-1.5 m 

PHI 
1.6-1.9 m 

C3Hl 

*Coupling constants (Hz) are given in parentheses. In the case of 2, a few drops of chloroform-d were added to obtain a better 
solution. 

iMeasured at 200 MHz. 
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Table 2. ‘%NMR spectral data for norcarotenoids l-5 and their derivatives (50 MHz in CD,OD)* 

Rehmapicrogenin 

C 1 1st 2 3 w 3bt 4 S sp !% methyl ester: 

I 44.5 43.1 39.5 44.8 43.9 44.8 39.1 33.8 33.9 34.0 33.8 

2 74.3 78.0 37.2 74.5 78.4 74.6 37.5 35.4 35.2 35.9 35.2 

3 21.6 24.5 18.9 21.7 24.6 27.7 19.1 29.7 29.6 29.8 29.4 

4 36.1 35.6 36.6 35.9 35.5 36.0 36.8 68.4 68.2 69.8 68.1 

5 75.3 15.2 15.4 15.5 75.4 75.6 75.9 133.7 136.1 121.6 135.9 

6 82.1 82.1 80.6 82.2 82.1 82.3 80.7 139.2 137.5 145.0 137.4 

I 152.6 151.5 153.2 139.5 138.4 140.0 140.0 172.7 170.8 181.1 170.7 
8 131.9 132.3 131.8 134.5 135.0 134.4 134.3 - - - 

9 201.3 201.1 201.3 153.7 152.9 154.2 153.9 -- - - 

10 27.0 27.2’ 27.3’ 119.7 120.5 118.9 119.5 - - - - 
11 .- 170.7 171.0 169.3 170.8 - - - 

Me,-1 18.0 19.1 25.1 18.0 19.0 18.0 25.8 28.1 27.9 28.6 27.8 

22.9 22.8 21.4’ 22.9 22.8 22.9 27.5’ 28.1 28.4 29.3 28.3 

Me-5 27.0 26.8’ 27.0’ 27.0 26.8 21.0 27.4’ 18.6 18.4 18.2 18.3 

Me-9 - - - 14.3 14.3 14.3 14.3 - - 

CO,Me - 51.4 - - 51.0 - t 
Me - 21.2 --- 21.2 - - -- 

I 
co - 172.8 - 172.9 - - - _- 

*In pyridine-d, for 5 and 5~. 
tMeasured at 125 MHt 

SData taken from ref. [12], the methyl carbon data of the carboxylmethyl group is not given. 
‘Interchangeable in each column. 

Fig. 1. X-Ray stereoscopic view of trihydroxy+ionone monoacetate (la). 

is shown in Fig. 1 and the stereochemistry is depicted on 
the bases of CD spectral data of 1 (see below) and also X- 
ray crystallographic analysis of a similar norcarotenoid 
glycoside, jiocarotenoside A 1 (see [ 151). The cyclohexane 
ring of la had a chair form (4C,) and the acetoxyl group 
was located at C-2 in the a-equatorial configuration. 

The CD spectrum of 1 exhibited the same Cotton 
effects as Seen in 2 or its glucoside, rehmaionoside C (6) 
[8, 133, indicating that the asymmetric centres of 1 at C-2, 
C-S and C-6 are S, R and R, respectively. The structure of 

trihydroxy-/I-ionone (1) was ultimately established as 4- 
[(1’R,2’R$S)-1’,2’,5’-trihydroxy-2’,6’,1o- 
hexyl]-3E-buten-2-one. 

Compound 3, needles, mp 219-220”, [a]n-33.8” 
(MeOH), whose molecular formula C15Hz40, was con- 
firmed by high resolution analysis of an [M + H]+ ion 
peak at m/z 285 in the FAB mass spectrum. The UV, IR, 
and NMR spectral data of 3 were very similar to those of 
aeginetic acid (4). The ‘H NMR spectrum of 3 showed 
three olefinic proton signals C65.81 (br s), 6.39 (dd, 
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5=16.1,0.8 Hz)and 6.70(&f, 5=16.1, 0.3 Hz)] and one 
olefinic methyl signal [S 2.3 1 (d, J = 1.2 Hz)] arising from 
the side chain. The 13C chemical shift values for the side 
chain of 3 were superimposable with those of 4, i.e. 3- 
methyL2E,4Epentadienoic acid. Methylation of 3 with 
diazomethane yielded the monomethyl ester (3b), needles, 
mp 148-150”,[a],-38.0”(MeOH),FABMSm/z:299 [M 
+ H] +. With regard to the cyclohexyl end-group, the 
relevant ‘H and 13C signals of 3 and its monoacetate (3a) 
were in good agreement with those of trihydroxy$- 
ionone (1) and its acetate (la), respectively. This indicates 
that the cyclohexyl end-group of 3 is the same as 1. The 
CD spectrum of 3 showed similar Cotton effects to that of 
1. The structure of set-hydroxyaeginetic acid (3) was thus 
determined to be 5-[(l’R,Z’R,SS)-1’.2’,5’-trihydroxy- 
2’,6’,6’-trimethyl-l’-cyclohexyl]-3-methyl-2E,4E-penta- 
dienoic acid. 

Compound 5 was obtained as needles, mp 167-168, 
[x]n O- (MeOH), C,cH,,03, FABMS m/z: 185 [M 
+ HI+. Its ‘H and 13CNMR spectral data led us to an 
assumption that 5 is the aglycone of rehmapicroside (7), 
which was isolated from the same plant and characterized 
as a norcarotenoid glucoside by Yoshikawa tit al. [13]. 
On methylation with diazomethane, S gave the mono- 
methyl ester (5a) as an oil, whose ‘H and 13CNMR 
spectral data were coincident with those reported for the 
aglycone methyl ester of 7 [ 133. Thus 5 was identified as 
rehmapicrogenin. However, the optical rotatory data of 5 
and Sa were inactive, indicating that 5 is racemic [lit., the 
aglycone of 7: [z&,+53.8” (CHCI,)] [13]. Compound 5b 
was isolated as prisms, [a]n 0” (MeOH), and its ‘H and 
13C NMR spectral data suggested that 5b should be the 
same as 5. The melting point of 5b was, however, found 
to be particularly high (mp>3OO”, decomp.), and its 
IR spectrum exhibited an absorption band due to a 
carboxylate ion (CO; ) at 1536 cm - ‘. Hence, 5b seemed 
to be a metal salt of 5. To ascertain which metal formed 
the salt, inductively coupled plasma-atomic emission 
spectroscopy (ICP-AES) was performed. As a result, Sb 
was found to be the calcium salt. 

The isolation of one norcarotenoid and four norcaro- 
tenoid glycosides have been reported from Rehmannia 
plants [S, 133. We have isolated four further non- 
glycosidic norcarotenoids including two new com- 
pounds, trihydroxy-/?-ionone (1) and sec-hydroxyaegine- 
tic acid (3) from the steamed roots of this plant. This is the 
first time that rehmapicrogenin (5) has been isolated as a 
natural product. However, 5 might be formed from 
rehmapicroside (7) during the processing of the crude 
drug. 

EXPERIMENTAL 

General ond plant marerio/. See refs [ 1. S]. 

Isolation. Steamed roots of R. glutinosa var. hueichingensis 

(100 kg) were extracted with EtOH (500 I, x 2). The EtOH extract 

was coned to a brown mass, which was dissolved in H,O and was 

successively extracted with Et,O, EtOAc (fr. D, 85g) and n- 

BuOH. The Et,Oextract (224 g) was further partitioned between 

n-hexane (fr. B, 93 g) and 90% MeOH aq. soln (fr. C, 112 g) [ 11. 
Fr. C was subjected to silica gel CC (I kg), developed with an 

increasing amount of MeOH in CHCI, (0: 1 -+ I :2), to give 4 

(124 mg) and a mixt. of 3, 5 and Sb (ca I g). The mixt. was 

repeatedly applied to prep. HPLC with a prepacked GIG Si-10 

column (15 mm i.d. x 30 cm), eluted with CHCI,-MeOH (10: I), 

to yield 3 (62 mg), 5 (389 mg) and Sb (139 mg). 
Fr. D was passed through a charcoal column with H,O and 

then Me&O as an eluent. The Me&O eluate (17 g) was 

subjected to a silica gel CC (4OOg), eluted with an increasing 

amount of MeOH in CHCI, (0: 1 + I :5), and was divided into 4 

frs, Dl --D4. Fr. D2 (1.9 g) was rechromatographed on silica gel 

by developing with C,H,-EtOAc (9:l) or n-hexane-EtOAc 

(I : I ), to give 2 (3 I I mg). Fr. D3 (0.9 g) was repeatedly applied to 

prep. HPLC, developed with CHCI,-MeOH (19: I) or 

C,H,-M+CO (1: I), to afford 1 (20 mg). 
Trihgdroxy-P-ionone (1). Needles, mp 64.5-65.5 , [s]: - 30.2” 

(MeOH; r0.75). UV A:,:” nm (logs): 229 (4.00). IR vk!‘i cm ‘: 
3450 (OH), 1672 (C=O), 1644, 1630 (C=C). ‘H and “CNMR 

(CD,OD): see Tables I and 2. CD (EtOH): [0],,,+15600, 

LOI 224- 14100, [OIA,,+ 1100. EIMS rn;z (rel. int.): 224 [M 
- l8]* (9). 206 (24). 142 (52). 123 (94), 109 (94), 98 (100). 95 (40). 

83 (55). FDMS mjz 243 [M + H] *. High resolution FABMS m/z 

243.1667 LM+H]’ (talc. for C,,H,,O,: 243.1596). 

Trihydro.vy-/bionone monoacetate (la). Prisms, mp 153“. ‘H 

and 13C NMR (CD,OD): see Tables I and 2. FABMS m/r 285 

[M+H]+. 
X-Ray crystallographic analysis o/compound la. The crystal 

size of la was 0.20 x 0.25 x 0.20 mm. Unit cell dimension was 

obtained by least-squares refinement using 24 centered reflec- 

tions for which 12” < 6< 19” (graphite monochromatized CuK,, 

i. = I.54184 A). Intensity data were collected at 0/2U scans on 

Enraf-Nonius CAD-4 with three check reflection at intervals of 

200 reflections. Other crystal data were: C,,H,,O,. orthorhom- 

bic,spacegroupP2,2,2,,2=4,a=8.419(9)~,h=23.510(2)~, 

c=8.008 (1) A, V=l585.1 (6) A’, D,,,,==1.19g.cm- and p 

(Cub’,) = 6.9 cm _ ‘. Intensities were measured for 1776 reflec- 

tions in the range 2”52()5 140’ with 1510 considered as ob- 

served by the criterions I> 3u (I ). The data were corrected for 

Lorents and polarization effects. No absorption correction was 

applied. The structure was solved by the direct-methods pro- 

gram Multan [16] and was refined by full-matrix least-squares. 

using the Enraf-Nonius SDP programs [17]. All the non- 

hydrogen atoms were refined anisotropically. Hydrogen atoms 

were located from difference maps. The last difference Fourier 

map was essentially featureless with no peaks greater than 

0.16eAms. The final discrepancy index was R=0.048. The 

ORTEP drawing is given in Fig. I. Full crystal data are depos- 

ited at the Cambridge Crystallographic Data Center, University 

Chemical Laboratory, Lenstield Road, Cambridge CB2 IEW, 

U.K. 

Dihydroxy-P-ionone (2). Prisms, mp 103.5-104.5”. UV 

$z” nm (log c): 235 (4.08). IR v:; cm- ‘: 3500.3468 (OH), 1690 

(C=O), 1628 (C=C). ‘H and 13C NMR (CD,OD): see Tables I 

and 2. ‘H NMR (200 MHz, CDCI,): 60.83, 1.24 (each 3H, s, 

Me,-I). 1.14 (3H, s, Me-5). 1.30 (IH), 1.4-1.6 (2H). 1.61.9 (3H) 

(each m, H-2, H-3, H-4), 2.32 (3H, s. H-IO), 6.36 (IH, d, J 

=16.1 Hz, H-7), 7.34 (IH, d, 5=16.1 Hz. H-8). 13CNMR 
(50 MHz. CDCI,): 6 17.7 (I. C-3). 25.1, 26.5, 27.2, 27.5 (each 4. C- 

10, Me,-1 and Me-S), 36.2 (2C, f. C-2 and C-S), 38.5 (s, C-l), 74.9 

(s, C-5), 79.5 (s, C-6). 130.7 (d, C-8). 149.6 (d, C-7), 198.5 (s. C-9). 

EIMS miz(rel. int.): 226 [M]’ (2), 208 (IO), 165 (16). I41 (23) 123 

(71). 109 (100). 99 (54). 85 (25), 71 (66). [lit., CD (MeOH): [e],,; 

+ 14900, [ell,r - I7 200, [I)],,, + l400] [8]. Compound 2 was 
identified as dihydroxy-/Gonone by direct comparison with an 

authentic sample [8]. 

set-Hydroxyaeginetic acid (3). Needles, mp 219-220’. [a];” 

-33.8 (MeOH; c 1.00). UV i-~~” nm (logs): 255 (4.10). IR 

vkt: cm ‘: 3420 (OH), 1692 (C=O), 1632, 1610 (C==C). ‘H and 

“CNMR (CD,OD): see Tables I and 2. CD (EtOH): [0]22, 

+4700, [812s9-- 6100. EIMS m,‘z (rel. mt.): 266 [M - IS] + (11). 

248(4). 184(8). 166(9), 153(22), 140(100). 122(ll). 109(14). IO1 
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(22). High resolution FABMS m/t 285.1790 [M + H] + (talc. for 

C,,H,,Os: 285.1702). 

set-Hydroxyaeginetic acid monoacetate @a). Amorphous 
powder. ‘H and i3CNMR (CD,OD): see Tables 1 and 2. 
FABMS m/z 349 [M +Na]‘. 

set-Hydroxyaegineric acid monomethyl esrer (3b). Etherial 

CHzN, was added to a soln of 3 (10 mg) in MeOH (5 ml) and 
kept at room temp. overnight. Evapn of the reaction mixt. gave 

3h (8 mg) as needles, mp 148-l 50”, [a];’ - 38.0” (MeQH; c 0.75). 
1R YE: cm-r: 3412(0H), 1698(C=O), 1634,1614(C+. ‘Hand 

13C NMR (CD,OD): see Tables 1 and 2. EIMS m/z (rel. int.): 280 

[M-18]+ (11),265(11), 198(15), 177(13), 166(46), 154(83). 149 

(24). 122 (IOO), 109 (35). 101 (40). 95 (88), 83 (70). FABMS m/z 299 
[M+H]‘. 

Aegineric acid (4). Prisms, mp 204205”. [a]:: - 63.6” (MeOH; 
c0.84). uv AL?:“,” nm (logs): 257 (4.34). IR rif; cm _ i: 3464 (OH), 
1694 (C=O), 1638.1606 (GC). ‘H and 13C NMR (CD,OD): see 
Tables 1 and 2. ‘H NMR (80 MHL, pyridine-d,): 61.18, 1.63 

(each 3H, s, Me,-]), 1.56 (3H, s. Me-5), 1.2-2.4(6H in total, m, H- 
2,H-3andH4),2.57(3H,d,J=l.l Hz,Me-9),6,24(lH,brs,H- 

10). 6.94 (IH, d, J= 16.0 HZ H-8), 7.25 (IH, d, J= 16.0 HG H-7). 

EIMS m/z (rel. int.): 268 [M]’ (lo), 250 (8), 207 (32), 141 (3). 127 

(5OA 113 (24). 109 (100). (Found: C, 65.59, H, 8.93. Calc. for 

C,,Hz,O,~l/3HzO: C, 65.68; H, 9.06%). These data were 
identical to those of aeginetic acid described in the literature 

[lo-121. 

Rehmapicrogenin (5). Needles, mp 167-168”. [a];“ 0” (MeOH; 
~0.27). IR viz cm- i: 3350 (OH), 1682 (C=Q), 1650 (GC). 
‘H NMR (200 MHz pyridine-d,): 6 1.35. 1.38 (each 3H, s, Me,- 
1). 1.50.1.85 (each lH, m, H-2), 2.05 (2H, m, H-3), 2.25 (3H, s, Me- 
5). 4.27 (lH, r, J=5.5 Hz, H-4). 13CNMR (pyridine-d,): see 

Table2. EIMS m/z (rel. int.): 184.1102 CM]’ (talc. for 

C,,,H,,O,: 184.1099) (17). 169 (27), 166 (17), 151 (30). 139 (77), 

128 (43), 123 (78). 110 (100). 107 (52). 95 (38), 91 (43), 81 (30). 

FABMS m/z 185 [M+H]‘, 207 [M+Na]+, 223 [M+K]-. 

Rehmapicrogenin monomethyl esrer (5a). Ethetial CHzN, was 

added to a soln of 5 (13 mg) in THF (10ml) and the whole was 
kept at room temp. overnight. Evapn of the reaction mixt. gave 

Sn as an oil (11 mg), [a]F 0” (CHCl,; ~0.69) [lit., [a]k’+53.8” 

(CHCl,)] [13]. IR vE:crn-‘: 3444 (OH), 1728 (C=O), 1652 

(C=C), 1222,1062.‘HNMR(HW)MHz,pyridine-dsk61.15, 1.17 

(each 3H.s. Me,-]), 144(1H,ddd,J= 13.0.8.5, 3.3 Hz, H-2). 1.76 

(lH,ddd,J= 13.0.9.6, 3.2 Hz. H-2),2.00(2H,m, H-3),2.02(3H.s, 

Me-5), 3.76 (3H, s, COzMe), 4.19 (1H. 1, J=5.6Hz, H-4). 

‘HNMR (200 MHz. CDCI,): 61.08, 1.10 (each 3H, s, Me,-]), 
1.35-2.05 (4H in total, m, H-2, H-3), 1.76 (3H, s. Me-5), 3.76 (3H, 

s, OMe), 3.98 (lH, d, J=5.1 Hz, H-3). 13CNMR (pyridine-d,): 

see Table 2. EIMS m/z (rel. int.): 198.1249 CM]’ (20) (talc. for 

C,,H,,O,: 198.1256). 183 (37), 167 (25), 151 (31). 142 (100). 139 
(99). 123 (SO), 110 (99), 95 (36). 82 (30). Apart from the optical 

rotatory data, these data were identical to those of rehma- 

picrogenin monomethyl ester described in the literature [13]. 
Rehmapicrogenin calciwn salt (Sb). Prisms, mp >300” (de- 

camp.), [a]:’ 0” (MeOH; ~0.21). UV i.::” nm (logs): 258 (2.57). 

IR vz;cm-‘: 3420 (OH), 1660 (C=C), 1536 (CO; ), 1395. 
‘H NMR (200 NHz, CD,OD): 61.11, 1.15 (each 3H, s, Me,-]), 

1.35 (IH), 1.45-1.75 (2H), 1.80 (1H) (each m H-2 and H-3). 1.75 

(3H, s, Me-5). 3.86 (lH, r, J=5.1 Hz, H-4). i3CNMR (CD,OD): 

seeTable 2. EIMSm/z(rel. int.): 166(11), 151(7), 139(10X 128(6X 

122 (36). 110 (9), 107 (loo), 105 (34), 91 (50). 79 (33). FABMS m/z 
183 [Ci,H,,O,]+. ICP-AES conditions: plasma power, 1.3 kW, 

flow rate of plasma gas (Ar), 16 I min- i; analytical wavelength 

(element, nm), Mg 279.55, Ca 393.37, Na 588.99, K 766.49; 

sample vol. 1.2951 mg. Ca, 6.37 ppm (talc. for Ca, 6.38 ppm); Mg, 
Na and K, 0 ppm. 
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