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Abstract-The chloroform extract of the aerial parts of Marsh&a tenuifoiia afforded ghydroxybenzaldehyde, three 
new prenylated derivatives of 2,4dihydroxy-&methoxybenxaldehyde, one new 7,6-pyranoflavonoI, a new 7,8- 
pyranoflavan-3-ol and a new prenylated &an-3-01, four new polyacylated derivatives of d- (or I-) inositol, a homologue 
of pantolactone and a diangelyl glucoside of the latter. The structures were elucidated by spectroscopic methods. 

INTRODUCTION 

The isolated position of the North American genus 
Marsha/h [l] relative lo other members of the tribe 
Heliantheae has led to questions concerning its tribal 
status [2,3]. Most recently it has been assigned [4] to a 
new monogeneric subtribe Marshalliinae of Heliantheae 
with a possible relationship to the Inuleae, an assignment 
seemingly supported by a chemical study of Marshallia 
obouata [S] and an earlier examination of M. grandiflora 
[6]. We have now studied the aerial parts of M. tenugolia 
Raf. Isolated were p-hydroxybenzaldehyde, the phloro- 
glucinol derivatives l-3, the new fkvonoids 4a, Sa and 6a, 
four polyacylated derivatives (T-10) ofd- or I-inositol and 
the optically active y-lactones 11 and 12. 

RESULTS AND DISCUSSION 

The structure of 1, mentioned earlier only as a degrad- 
ation product of flavanones 6b and 6c found in 

hf. obovata [S], was umlirmed by its previously un- 
reported ‘H NMR spectrum (Tabk 1) and the NOE data 
detailed in the Experimental which established the distri- 
bution of groups on the aromatic ring. The structures of 2 
and 3, each of which contained an additional oxygen 
atom, followed from the ‘H NMR spectra (Table 1). The 
absolute configuration (R) of 2 shown in the formula was 
deduced using the method of Horeau and Nouaille [fl 
which furnished ( + )-S-a-phenylbutyric acid in 28 Y0 op- 
tical yield. The absolute configuration of 3 remains 
unknown. As a significant quantity of p-hydroxy- 
benzaldehyde was also found, it is possible that l-3 are 
formed by enzymatic degradation of 6b (found in 
M. obovata and grandi~ora [S, 63) and side-chain oxidized 
analogues of 6b corresponding to 2 and 3, although 6b 
and its analogues were not detected in our extract, which 
was worked up only after prolonged storage. 

Compound 4a was obviously a 3,5,4’-trihydroxy- 
pyranoflavone from the mass spectrum and ‘HNMR 
spectrum (see Experimental), which showed that the 

Table 1. ‘H NMR spectral data of compounds l-3 (CM=&, 270 MHz) 

H 1 2 3 3. 

5 5.88 s 5.97 s 5.89 s 5.73 s 
7a 

{ 3.34 d(br) (7) 
3.06 dd (16, 2) 2.88 dd (17, 5) 2.70 dd 

7b 2.78 dd (16. 8) 2.63 dd (17, 6) 2.46 dd 

8 5.26 tqq (7, 1.5, 1.5) 4.36 dd (br) (8,2) 3.83 dd (6, 5) 3.29 dd 

lot 1.82 d (1.5) 1.84 br 1.38 s 1.22 s 

11 1.77 d (1.5)t 4.97 br 1.34 .st 1.18 fl 
4.87 br 

-CHO 10.09 s 10.05 s 10.08 s 10.19 s 
OMet 3.82 s 3.83 s 3.83 s 3.05 s 
2-OH 11.95 s 12.06 s 12.10 s 13.52 s 
4-OH 6.30 s 9.40 s 2.00s 6.22 s 
8-oH - 2.80 s - - 

*Run in C6D6. 
tlntensity three protons. 
Coupling constants (.I in Hz) are given in parentheses 
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40 R=R’=H 

4b R - R’=Ac 

4c R - H, R’ = MC 

SP R=R’=H 

Sb R=R’==O 

!k R - OH, R’ - H 

OH 

H0,,,&OR4 HO,,,&OR 

AllgO\" “‘OR, RO”’ 
Y 

“‘OR 

OH 

6a R-R’=H 

6b R-OH,R’-H 

6c R-O&,R’-H 

11 

7 R’=R’=Aq,R2-R*=H u R = Ac,Ang,Ang 

8 R’ = AC, RJ = R3 = Ang, R4 = H 

9 R’ = H, Ra = R’ = Ang, R4 . Ac 

10 R’ = R4 = AC, Ra = AIF& R3 = H 

12 14 

2’,3’,5’,6’ positions of ring Band C-6 or C-8 of ring A were 
unsubstituted. The linear orientation of the pyran ring 
was deduced from the upfield shift (A60.24) of the H-Q” 
signal on conversion to the triacetate 4r and by com- 
parison with the ‘H NMR spectrum reported for a 
synthetic dimethoxy derivative (4b) [S]. 

Compound 5a was clearly a 3,4’dihydroxy-5- 
methoxypyranoflavan from the ‘H NMR spectrum (see 
Experimental). The location and orientation of the pyran 

ring were deduced from NOE experiments; irradiation at 
the frequency of the S-OMe signal produced a 26% 
increase in the signal at 66.05, which therefore had to be 
that of H-6. Irradiation at the frequency of H-6 did not 
affect the strength of the doublet at 66.57 (H-4”), hence the 
pyran ring was angularly orientated. That H-2 and H-3 
were rrunsdiaxial was evident from the value of J2,3 
(8 Hz); the absolute stereochemistry (2R,3S) was deduced 
by comparison of the CD curve with that of ( + )-(2R,3S)- 
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catechin [93. The structure and stereochemistry of the 
(+)(2R,3S)-open chain analogue 6a were deduced in a 
similar manner. Four related flavan-3-ols (Sb, c and 6b, c) 
of undetermined absolute stereochemistry have been 
isolated from M. obouu~a [S], one (6,) of which was also 
present in M. grundiflora [6]. 

Derivatives 7-10 of d- (or I-) inositol constituted a fairly 
high fraction of the M. tenujjbliu extract. The stereochem- 
istry of the inositol portion of each molecule was es- 
tablished by spin decoupling and analysis of the coupling 
constants (Table 2); consideration of the chemical shifts 
showed that the three angilate residues of 7 esterified the 
hydroxyl groups at C-l, C-3 and C-5; that the one acetate 
and the three angelates of 8 and 9 esterified the hydroxyl 
groups at C- 1, C-3, C-4 and C-5 and C-2, C-3, C-4 and C-5, 
respectively; and that the two acetates and the two 
angelates of 10 were distributed over C-l, C-2, C-4 and C- 
5. 

The 13C NMR spectral data of 7-10 are listed in 
Table 3; the signals of the inositol moieties were assigned 
by selective decoupling. The locations of the acetate 
functions on the inositol portion of 8-10 were established 
by selective decoupling of the fully coupled ‘%I NMR 
spectrum, as suggested recently by Holub and co-workers 
[lo]. Thus, in the case of 8, the signal at 6 170.2 arising 
from the carbonyl carbon of the acetate was in the 
fully coupled spectrum a complex multiplet due to long- 
range coupling (3Jc_H ) with the adjacent ring protons and 
coupling (‘.&) with the methyl protons of the acetate. 
Irradiation at the frequency of the signal at S 5.34 
previously identified as arising from H-l collapsed the 
carbonyl signal to a quartet with 2Jc_H = 7 Hz Hence the 
acetate was on C-l. Similarly, in the case of 9, irradiation 
at the frequency of H-2 (S5.52) collapsed the carbonyl 
multiplet at S 170.00 to a quartet (J = 7 Hz), showing that 
the at;etate was located on C-2, whereas in the case bf 10 
irradiation at the frequency of H-l (65.44) collapsed the 
carbonyl signal at 6 169.7 and irradiation at the frequency 
of H-2 (65.37) collapsed the carbonyl signal at 6 170.8, 
thus showing that the two acetates of 10 were located on 
C-l and C-2. While compounds 7-10 all exhibited 
negative rotations, it was not established whether they 
belonged to the d- or I-inositol series. A similar compound 
(13) of unspecified optical activity has been found in very 
small quantity in M, obovata [SJ but the relative position 
of the four ester residues was not determined. 

The two remaining new compounds from M. lenui@ia, 
the a-hydroxy-y&tone 11 and the diangelyl glucoside 12, 
are of considerable interest because of their structural 
relationship to the lower homologue pantolactone (14), a 
degradation product of pantothenic acid in the liver and 
an important intermediate in its synthesis. The gross 
structure of 11 was apparent from the ‘H NMR spectrum 
(see Experimental) which paralleled that of the alicyclic 
portion of 12 (Table 4). Spin decoupling of the ‘H N MR 
spectrum of 12, the coupling constants and the chemical 
shifts of H- l’, H-3’ and H-4’ showed that the carbohydrate 
portion of 12 was /?-D-glucose ester&d with angelic acid 

1 
2 
3 
4 
5 
6 

3’ 

3” 
3 “I 

4 ‘$ 

4”* 
4 “‘* 

5 ‘+ 

5 “* 

5 “‘+ 

OH 

AC+ 

5.41 I (3.5) 
4.26 dd (10, 3.5) 
5.23 I (IO) 
4.18 t (10) 
5.17 dd (10, 3.5) 
4.27 I (3.5) 

6.19 (7, 11 44 

6.14 (7, 11 44 
6.14 (7, 1) qq 
2.05 dq (7, 1) 

2.01 dq (7, 1) 
2.00 dg (7, 1) 

L99 dq (1, 1) 

I.93 dq (1, 1) 

1.92 dq (1, 1) 

2.45 s 

2.45 s 
2.45 s 

- 

5.34 t 4.34 I 5.44 I 
4.30 dd 5.52 dd 5.37 dd 
5.40 t 5.78 t 3.97 f 
5.76 t 5.69 t 5.61 t 
5.27 dd 5.48 dd 5.26 dd 

4.26 & 4.29 t 4.20 r 

6.11 qy 6.11 qq 6.10 qq 
6.09 w 6.02 qq 6.04 YY 
6JM QQ 6.01 qq - 

1.94 dq 1.96 dq 1.93 dq 
1.94 dq I.90 d 1.90 dy 
1.85 dq 1.87 dq -. 
1.83 dq 1.85 dq 1.82 dq 
1.82 dq 1.80 dq 1.81 dq 

1.77 dq 1.78 dq 
2.77 s 2.40 s 3.48 s 

2.57 s 2.30 s 2.90 s 

2.20 s 2.06 s 2.14 s 

2.05 s 

l Intensity three protons. 
Couplings constants (J in ff 2) arc aven in parenthesfx. 

Table 3. “C NMR spectral data of compounds 7-10 (CDCIJ, 
67.89 MHz) 

c 7 8 9 10 

1* 
2’ 
3’ 
4+ 
s 
6+ 
I’ 
I” 
I” 
2’ 
2” 
2” 
3’ 
3” 
3” 
4 
4* 
4” 
5 
5” 
5 *, 

AC 

72.6 d 72.6 d 69.9 d 70.0 d 
68.5 d 67.8 d 71.4 d 71.5 d 
75.7 d 72.7 d 69.3 d 70.6 d 
69.6 d 68.6 d 69.7 d 71.9 d 
73.7 d 71.3 d 71.8 d 70.9 d 

67.8 d 68.5 d 70.1 d 68.2 d 
169.0 s 168.1 s 166.8 s 168.0 s 
167.4 s 166.6 s 166.6 s 166.7 s 
166.9 s 166.3 s 166.6 s - 
127.3 s 127,3 s 127.3 s 127.3 s 
127.2 s 127.1 s 127.3 s 127.0 s 
126.9 s 126.8 s 127.1 s - 
140.6 d 140.3 d 139.7 d 140.1 d 
139.6 d 139.7 d 138.4 d 138.8 d 
139.6 d 138.4 d 138.3 d - 
16.1 q 15.8 q 15.7 q 15.8 q 
15.9 q 15.8 q 15.4 q 15.8 q 
15.9 q 15.5 q 15.4 q - 

20.7 q 21.Oq 207q 20.8 q 
20.5 q 20.3 q 20.2 q 20.8 q 
20.5 q 20.3 q 20.2 q - 
- 170.2 s 170.0 s 170.8 s, 169.7 s 

20.3 q 20.2 q 20.3 q, 20.3 q 
at C-3’ and C-4’, and linked to the p-bon of the /3- 
hydroxy-y&tone through C-l’. The 13C NMR spectrum 
of 12 (Table 5) corroborated these conclusions. The 

*Assig~~~~~ts by selective decoupling. 

relative stereochemistry of the lactone ring portion was detcrmintd by NOE experiments. Irradiation at the 
frequew of the methyl singlet at 5 I.21 (H-8) produced 
10% enhanoemcnts in the signals of H-3 at 64.10 and of 

l Lactones 11 and 12 are numbwcxl as derivatives af dihydro- H-5b at 63.89.* Hence H-3 and the C-4 methyl group were 
2(3H)-furanone. cis. Moreover, irradiation at the frequency of H- 1’ (64.77) 
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Table 4. ‘HNMR spectral data of compound 12 (CHCI,, 
270 MHz) 

H H 

3 4.20 s 3” 6.13 qq (7. 1) 
Sa 4.20 d (9.5) 3 ,” 6.06 qq (7, 1) 
Sb 3.89 d (9.5) 4”t 1.95 dq (7. 1) 
6* 1.54 m 4”t 1.93 dq (7, 1) 
7t 0.91 t (8) s”t 1.85 dq (1, 1) 
8t 1.21 s s-t 1.82 dq (1, 1) 
1’ 4.77 d (8) 2’-OH 3.36 br 
2 3.69 dd (IO, 8) 6’-OH 2.58 br 
3 5.41 f (10) 
4 5.13 r (IO) 
5 3.55 ddd (10.4, 2) 
6’a 3.76 dd (12.5, 2) 
6’b 3.67 dd (12.5, 4) 

l Intensity two protons. 
t Intensity three protons. 
Coupling constants (J in Hz) are given in parentheses. 

substituting an ethyl for a methyl cis to the a-hydroxyl 
group of 14 on theconformation and on the magnitude of 
the CD is estimated to be small.* However, this conclu- 
sion raises an interesting problem. The biosynthesis of 
pantoic acid [( -)-(RQ+dihydroxy-3,3dimethyl- 
butanoic acid] from L-valine [( - h(S)-2amino-3-methyl- 
butanoic acid] via a-ketoisovalerate and a-ketopantoate 
[ 1%23] involves overall inuersion at C-2. If one makes the 
plausible assumption that the biosynthesis of 11 in 
M. tenu$olia follows an analogous course with L-is@ 
leucine [( + ~(2S,3S)-2-amino-3-methylpentanoic acid] 
(15) as the precursor, conversion of 15 to 3S,4S-11 would 
entail overall retention at C-2 (as well as at C-3) of 15. It is 
not easy to understand why a change from achirality to S- 
chirality at C-3 of a 4-hydroxy-3-methyl-2-oxoalkanoic 
acid would impose a change on the stereochemistry of the 
enzymatic reduction step. 

Although a number of new compounds have been 
isolated in the course of this work, our results on 
M. tenuifolia are qualitatively similar to those reported 
previously for M. obouata [S] and reinforce the conclu- 
sioh that the genus bears no close relationship to other 
genera in the tribe Heliantheae. 

Table 5. “CNMR spectral data of compound 12 
(CDCI,, 67.89 MHz)* 

EXPERIMENTAL 

C C 

2 175.5 s 5 74.7 d 
3 81.9 d 6 61.2 t 
4 43.2 s l”,l’” 167.4 s, 167.2 s 
5 73.9 I 2”,2” 127.3 s, 126.6 s 
6 25.0 t 3-J 140.5 d, 138.4 d 
7 8.2 4”,4’” 15.8 15.6 q q, q 
8 20.8 5”,5”’ 20.3 q. 20.2 q q 
1’ 103.5 d 
2 72.6 d 
3 73.6 d 
4 68.2 d 

*Assignments by selective decoupling. 

Extraction of M. tenuifolia. Above-ground parts of 
M. tenui/olia Raf. (5.46 kg), collected by Dr. R. B. Channel1 in the 
flowering stage in the summer of 1960 in the vicinity of 
Tallahassee, were extracted with CHCIJ. Usual work-up [24] 
afforded 50 g of crude gum which was adsorbed on 80 g of silicic 
acid (Mallinckrodt, 100 mesh) and chromatographed over 600 g 
of the same adsorbent packed in hexane. 500 ml fractions being 
collected as follows. Fractions 14 (hexane), 5-8 (hexancEtOAc, 
9: l), 9-12 (hexane-EtOAc, 4: l), 13-16 (hexane+EtOAc, 2: I), 
17-20 (hexane-EtOAc, 1: I), 21-24 (hexane-EtOAc. 2: 3). 25-28 
(hexancEtOAc, 1:4), 2%32 (EtOAc), 3>36 (EtOAc-MeOH, 
9: 1). 

produced a very significant enhancement (18%) in the 
strength of the H-3 signal, showing that the conformation 
was such that H-3 of the lactone portion and H-l’ of the 
glucose portion were in close proximity. Models show 
that this is possible regardless of the absolute conligur- 
ation (3R,4R or 3S,4S) of the y&tone moiety. 

Fraction 12 (1 g) dissolved in hexane-EtOAc (7: 3) on refriger- 
ation (-H)“) deposited 0.15 g of 1 [S], mp 179” (CHCl,); 
‘H NMR spectrum in Table 1. The structun was confirmed by 
the following. NOE data: (a) irradiation at the frequency of the 
three-proton singlet at 63.82 (OMe) enhanced the signal at 65.88 
(H-5) by 32% and the -CHO signal at 6 10.09 by 5%; 
(b) irradiation at the frequency of the -CHO signal at d 10.09 
enhanced thcOMesigna1 by 7.5 %and theOH signalat 6 11.95 by 
17.5 %; (c) irradiation at the fcquency of H-5 affected only the 
intensity of the OMe signal (5 %). 

As regards the absolute configurations of 11 and the 
lactone moiety of 12, a comparison of the CD curve of 11, 
A#?“+ 4.60 (max), with the CD curve reported for 
the natural isomer R-( -)-pantolactone (14), A&:$ 
- 4.90 [12] indicates that the C-3 conligurations of fl 
and 14 are opposite, i.e. that 11 is 3S,4S, since the effect of 

The mother liquor from 1 on CC (C,H,-EtOAc, 13:3) 
furnished three fractions containing impure 2.3 and 4a. Further 
chromatography of fraction 1 (CHCI,-Et,O, 9: 1) and crystalliz- 
ation from hexane-EtOAc (4: 1, - 20”) furnished 16 mg 2. An 
additional 5Omg 2 was obtained by rechromatography 
(hexanoEtOAc, 3: 1) of fraction 13 (1 g) of the original chro- 
matogram. Fraction 2 from the mother liquor of 1 on 
rechromatography (CHCl,-Et,O, 9: 1) gave 3 mg 3 as a gum; 
fraction 3 from the mother liquor of 1 on rechromatography 
(CHCl,-Et,O, 17:3) and crystallization (hexane-EtOAc, 1: 1) 
gave4mg4a. 

l ThattbeCDcurvesoflland14aretnantiomerichas~n Rechromatography (CHCl,-Et,O, 9:l) of fraction 14 
confirmed in the. laboratory of Prof. G. Snatzke, Ruhr University (1.5 g) of the original chromatogram gave 0.1 g p-hydroxy- 
Bochum, who reports for 11, Asp + 2.53, and for 14, A@fN benzaldehyde. Column rechromatography (CHCl,-Et,O, 4: 1) 
-2.58. According to Prof. Snatzke, the differences in the of fraction 16 (7 g) gave in the first fractions a mixture of Sa and 7 
absolute values of Ae obtained in the dous solvents are not which were separated by radial chromatography (hexan*EtzO, 
particularly significant. We thank Prof. Snatzke for carrying out 1: 1) to give 3 mg of more polar Sa and 0.3 g of less polar 7. Radial 
these measurements. chromatography (hexane-Et*O) of several subsequent fractions 



Rechmmatugraphy (hexan+EtUAc, 1: I) of fraction 17 (7 g) 
gave fractionscontaining 11 {iess polar) aad frwtians containing 
10 (more p&r). CC (hexane-Et&, 2: 3) &arve 13 mg of pwe 10; 
radial chromatography (hexane-Et& 2:3) fiumished 80 mg of 
pure 11. Rechromatography (hexane-Et@, 1: 1) of fractiun 18 

(4 8) wve two fractions containing impure r6r and crude homoge- 
neous 12, The latter was recrystallized from Et@, yield 130 mg. 

Repeated TLC and radial chromatography eventully furnished 

2 rng of pure da. 

[( + )-2;Q-Di~y~~ux~-3(2-IR~~~~~~x~*3-met~y~*3-~b~~~~~i~ -6- 

WZ~.X+#WBZ&I&& (2). Mp 14U”, [a-j& + %7” tCHC1,; 
c U.U&), ’ H NMR: see Tabk 1; MS m/z (r& irrt,): 252 [Mf + (U-Y), 
234 (223X 219 (IS), 181 (lUU& 179 (X4), I64 (6&U), 136 (3&f, 85 

1(4,7), 69 (9.2), 55 (105). [C&z. fur C1 $-I1&: Mt7 252X3998. 
Found: MC (MS), 252.U997.j For determination af the absolute 

stereochemistry a soin of 8.06 n~moi of 2 and 0.2 mmoi of it- 

phenylbutyric anhydride in 2 ml dry C&N was allowed to 

str;und at room temp. for 10 hr. Usual work-up [73 gave the 

following readings: ml, +(X77”; n2, +U,da”; al, - 1.1; dll = 0.11 
or an optical yield of ( + )S-a-phenylbutyric acid of 28 %. Hence 

C-2’ was R. 

f.6-(2”,2#-DimetFtyl~~~~~-3,5,4’-~~ShydraX~~~#~ #a). Mp 

210”; uv kEH nm: 287, 303 (sh), 362; ‘HNMR (CDCl,, 

270 MHz): S 11.97 (s, S-OH), 8.1 i (2H, 4 J ==; 9 Hs H-2’, 6’), 

6.96 (2H, d, J = 9 Hz, H-3’, Y), 6.73 (d, 3 = 10 H2, H-4”), 6.57 (br, 

3-OH), 6,41 (H-8), 5.63 (d, J = 10 Hz, H-3”), 5.20 (br, 4’-OH), I.47 

(ISH, s, 2”-Me’s); MS nr/z (rel. int$352 [M-J + (29,3), 337 (100), 299 
(82h 2Q6 (9,3j, 203 (16.7), 168 (39.4), 163 (lZ.l), 140 (W), 135 

(12.Q 121 f33.7), 58 (12.5). [Calc. for CraH1601Z: M,, 352.U947. 

Found: A& (MS), 352.0947.1 Acetylation of 2 mg 48 

(Ac$3-CilHSN) folluwed by the usual work-up pve 1.6 mg of4I~ 

as a gum; I N NM R spectrum {CDCls, 27Q MHzE_ S7.81(2H, d, j 

= fQ fiz, H-2’, 6’), 7.24 f2H, 6, J = 10 Hx, H-3’, Y)+ 6-76 (ST H-8f, 

6-49 (d+ j = 1Q Hz, H-Q”& 5.77 (dt J = 10 Hz, H-3”), 2.46% 2-33 and 

230 [3H, each, s, Ac), 148 (6H, s, 2”-Me’s). 

( - I- (2R,?s) -7,s - (,,‘,,,‘- Dimethyipy~~a) -3,4’- dikydruxy - 5 - 

jnethoq@~rr @a). Gum, [a] & - 42.1” (CHCl,; c 0.04); CD 
curve (MeOH) [a],,, - 2210 (min), cej,,, - 2650 (min), [II& 

- 289W IminX (fl]zz9 0, [&1 +943U @ax); ‘HNMR: 
67.30 (2H, d, J = 9 Hz, H-2’, 6’), 6.86 (2H, d, J * 9 Hz, H-3’, 5’1 

6.57 (d, J = 10 Hz, H-4”), 6.05 (s, H-6), 5.38 (d, J = 10 Hz, H-3”), 

4.82 (br, 4’-OH), 4,72 (d, J = 8 Hq H-2), 4.03 (dddd, J = 9,8,6, 

4 Hz, W-3), 3.78 (3H, OMe), 2.99 (dd, J = 16,6 Hz) and 2.59 (dd, J 
= 16, 9 Hz, H_4a,b), 1.67 (d, J = 4, 3-0H), 1.42 (3H) and I.41 

(3H, 2”-Me’s); MS nt/z (rei. int.): 354 [M]’ (17.1), 339 (4.3), 231 

(15), 219 (17.Q 204 (13,3), 203 flOU), 189 (4.3), 1118 (3,1), 177 (5.6), 

173 j4.?)., 146 (7.2), 107 (27.5). fC& for Csl H&I&: B&,, 

354,1467. Found: M, (MS), 354.1467.3 

( - ) ~(2R,3S)-8-(3,3-D~~~~~~#~~~ -S-,methr;rxy_3,f,4’-trik~ro- 

xyflrr&zra (&I). Gum, [a]$& - f4.U” (CHCI,; rrU.036); CD c%xve 

(M&H) [o]z~s - ~30 @in& te),,, - 13 43x) (sh), [@]azo 
- 58 tioo (min); ‘H NMR (CDC&, 270 MHz): 67.30 (2H, d, J 
= 9 Hz, H-2’, 6’),6.84 [2H, d, J = 9 Hz, H-3’, 5’),6,07 (s, H-6),5.23 

(t (br), J = 7 Hz, H-2’), 4.68 (d, J = 8 Hz, H-2}, 4,20 (br, 4’~OH), 

4.02 (dddd, J = 9,8,6,4 Hz, H-3), 3.75 (3H, OMe), 3.32 (2H, d (br), 
J == 7 Hz, H-l’ a,b), 2-99 (dd, J = 16, & Hz) and 2.59 (dd, J = 16, 

9 Hz, H-4a,b), 2.70 (dt J = 4 Hz, 3-QH), 1.70 (6H, br, H-4” and Hf 
S’); MS m/z (xl. int.): 356 CM]’ (21), 339 (l), 301 (3.6), 221 (So), 

( - f 1 &S~Tti~e~yId- (w l~i~&u~ (7). IR Y z cm - ‘: 3460, 
173U,W5; gum; [a]& - 30.9” (CHCi,; e 0.51); ‘H NMR and 

“C NMR: see Tabics 2 and 3; MS m/r (rel. int.): 426 [M] + (LSX 

408 (17.6), 327 (25,9), 326 (35.7), 277 (1.9), 226 (3.8), 127 (4.7), 126 

(37.3), 101 (6.2),83 (JO), 82 (57), 55 (71). [Calm for CzlHJoOg: 

M,, 426.18W. Faund: M, (MS)426.1892.-J 

( - )- 1 -Acetyl-3,4,5-tFian~~~~d- (ar 1Pirrositol (8). Gum; 
IR vgcm-% 3480, 1755, 1730, 1650, 1240; [&J& - 37.6” 

(CHCI,; c O.52fi 1 W NMR and 13C NMR: see Tables 2 and 3; MS 

m/z {rel. ;nt.)z 46& fM] ’ [U-6), 430 f 14.3), 408 (l-6), 369 (lU+6), 368 

(12.Q 269 (US); 208 jlL2f, 169 (I), 127 (2k 109 (2-S), 83 (IUO), 55 

(46). CC&* fur C~&@~o: M,, 468.1995. Found: M, fMSh 

468.1996.1 
( - r2*Ace~~~~~,4,5-~~~~~y~~- (or Ifitzmi~~~ (9). Gum; 

IRY$$X$- + 349U, 1745, 1730, 1645, $230, @-& - 16.04 

(CHCl,; c U.&Q ‘H NMR and “C NMR: see Tables 2 and 3; MS 

sn/z (rel. int.): 468 [M]+ (0.6), 450 (11.9), 408 (2-41, 369 (13), 368 

(14.2), 269 (U.4), 208 (I), 169 {0.7), 127 (1.4), 109 {2.8), 83 (loo), 55 

(4.6). [WC. for C,,HJIQlo: M,, 468.1995. Found: M, (MS), 

468.1996.1 

( - )-1,2-Diacet~~yl-4,S-dia~~~~~d- [or I)-irtosilol (10). Gum; 
IR vzj$ cm- I: 3450, 1750, 1725, 1645, 2240; [IX];& - 10,23* 

[CHCl,; c 0.80); ‘H NMR and 13C NMR: see Tables 2and 3; MS 

m/z (re1. int,): 428 [Mf ’ f&3), 410 (2.4), 368 (IS), 329 (5.0), 328 

(3.6X 169 &X7), 127 (19)t 109 (2.3), 83 (IUU), 82 (39-Q 55 [49.4)+ 

[Calc. fur CzoHzaUfo: &,428.1682. Fuund: M, (MS),428_1677.-j 

I3s,4s)-Diiryd~~3lhydroxy-4=~~~~~-4-~~~~~-~~~~~-~~~~~~ 

WI. Gum; [&+6 ” 4.7” (CHCI,; ~0.26); CD curve (MeOH) 
[6jzx7+ 15 180 fmax~ IRuc&~3m-‘: 3550, 3390, 1788; 

IH NMR: 84.16 (s, H-3), 4.18 (d, J = 9.5 Hz, HA), 3,8S (d, J 
= 9.5 Hz, &4b), 3.47 (br, OH), 1.47 (2H, m, H-s), O.9U (JH, t, J 
= 8 Hz, H-7), 1,X6 (3H, s, H-8); MS m/z (rel. int.): significant 

peaks were [Ml* (atwent), 126 (S), 97 (1+7), 83 (lOO), 82 (15), 71 

(4.3), 55 (40); positive CIMS m/z (rel. int.): 289 [M + H]’ (11,145 

[M + H]+ {lUU), X27 (2). 

(3S,4S)-3-0*(3,4 -Di#?I&yC-fl- D-glucupJWWWsyl )- ditty&P3- 

hyd~x)h_4-~r~y~~~~~y~~2(3H~~rol#me (12). Mp 151” 
(w% [#1& - 34S” [CHCI,; c 0.018); IRv~$zm- ‘: 3460, 
3380,1?72,1730,17X8,l664,1652; ‘H NMR and ‘%NMR: s+x 

Tables 4 and 5; MS m/z (~1, int.)z [MI’ (absent), 452 (UWX)l 437 

@I), 371 @.l), 326 (5,3), 308 (U-If* 243 (1,3), 226 (5.3X f27 (9.2),126 
(5.2), lU9 (l.SX 83 (IOU), 82 (i7f,55 (56); positive CIMS m/z (re?. 

ht.) 471 [M + H] ’ (3-U), 327 [lUO), 227 (4), 145 (62), 129 (26), I.01 
(34), 83 (32). 
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