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Abstract-The major toxic constituent of the plant, Wed&~ uq~rrimo. is the diterpenc aminoglycosidc, 
wedeloside. MS and NMR analysis of the unusually substituted aminogiycoridic portion of wedeloside and 
comparison with synthetic analogues have permitted the assignment of its rbucture as a 2 - deoxy - 2 - (3 - methyl - 
I - oxobutyl)amino - 3 - 0 - (1 - 0x0 - 3 - phenylpropyl) - D - &copyranoside, /I-linked to the diterpene aglycone. 

Wedelia aspetima Benth., commonly known as the yel- genetically from reduction of a cinnamic acid precursor. 
low daisy, is responsible for serious sheep losses in north 
western Queensland.’ We have recently reported’ on the 

Because of the small amounts of wedeloside initially 
available and the presence in the extract of closely 

isolation, toxicity and potential anti-tumor activity of the related compounds as minor impurities, most of the early 
major toxic constituent from W. ospenimo. which we structural elucidation studies were carried out using mass 
have called wedeloside 1. In this paper we describe the spectrometric methods. This necessitated the preparation 
definitive structural elucidation of the glycosidic portion of a number of synthetic analogues and comparison of 
of this compound. The determination of the structure of the mass spectrometric fragmentation patterns of syn- 
the diterpene aglycone witI be reported later. thetic and natural compounds to allow structural 

I 

2: R=H 
3: R = COOH 

Wedeloside 1 is unusual in that, as far as we are aware, 
it is the tirst reported example of an acylaminodeoxy- 

assignments to be made. When larger quantities of 

hexose glycosidicahy linked to a diterpene. Another un- 
wedeloside became available, from the improved extrac- 

common feature of the sugar moeity is the presence of 
tion procedure described herein, comparisons of “C and 
‘H NMR spectra of degradation products and synthetic 

the 3-methyl-loxobutyl glycosidic functionality, which 
has been reported- in atractyloside 2 and carboxy- 

analogues were used to confirm the proposed structure. 

atractyloside 3 where it is present as an ester rather than 
an amide. Further, we believe that the 3-phenylpropionyl usuLTsANDDL9cuBgl(m 
substituent in wedeloside is a novel structural feature of 
diterpene glycosides and assume that it arises bio- 

Wedeloside 1 is an amorphous powder, which, because 
of its involatility and thermal instability, was not 
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amenable to mass spectrometric analysis by direct probe 
insertion without prior derivatisation. 

On permcthylation,’ 1 was converted into 4 whose 
mass spectrum is shown in Fig. la. High resolution 
accurate mass measurement of the molecular ion (W’) 
of 4 at m/z 737 gave its composition as &&NO,,. The 
tridtuteromethyl analog 5 prepared in a similar manner 
using CDJ showed a shift in the M” to mlz 761 (Fig. lb) 
indicating an uptake of eight Me groups by wedeloside 
on permethylation. By a combination of accurate mass 
measurements on selected ions in the mass spectrum of 4 
(e.g. m/t 521, 419, 302, 270, 184, 87) and the relative 
deuterium isotopic shifts of these ions as determined 
from the spectrum of 5, it was possible to construct a 
partial structure for 4 as shown (Fig. 2). 

Acidic methanolysis of 4 yielded two compounds. The 
first, compound 7. showed an M” at m/z 436 with the 
composition C&f,& and could be assigned as the 
aglycone, i.e. the right hand potion of Fii. 2, while the 
other compound 6 had an M” at m/z 333 which cor- 
responded to the nitrogen containing fragment of 4 (Fu. 
2) with an added OMe substituent. The remainder of the 
discussion will focus on the determination of the struc- 
ture of the latter portion of the molecule. 

The composition of the nitrogen containing moiety 

showed that it contained only two rings and/or double 
bonds and that it most likely was a monosaccharide, 
while the presence of the N atom and an IR absorption 
max at 1643 cm-’ suggested that it could be an acylamino 
sugar. This was supported by the presence of the 
nitrogen containing ions at m/z 87 and 100 in the mass 
spectrum of 4 (Fii. la) which are prominent in the 
spectra of permethylated 2 - acetylamino - 2 - deoxy- 
hexoses.’ Heyns and Miiller’ have reported a detailed 
study of the mass spectra of the permethylated deriva- 
tives of 2-, 3- and 6-acetylaminodeoxyhexoses from 
which it was possible to correlate certain of the struc- 
turally significant ions in the mass spectrum of methyl 2 - 
acetamido - 2 - deoxy - N - methyl - 3.4.6 - tri - 0 - 
methyl - j? - D - glucopyranoside 8 with ions (e.g. m/z 
218, 186. 172, 100. 87) in the mass spectrum of 6 (Table 
I). Other ions present in the mass spectrum of 6, includ- 
ing M”, were a constant 42 mass units above assigned 
ions at mlz 260,228,217, 142 and I29 in the spectrum of 
8 (Table 1). This difference, which was mass measured as 
C,Hs, was associated with presence of the alkyl sub- 
stituent R on the 2-amino substituent (R=Me in 8) and 
strongly suggested that in compound 6 the R group was 
C.HP. 

The correlation of the fragmentation patterns of 6 and 

R,OCH: 
I 

6: R, = OM~, R, = Rs = Ft. = Fb = Me. R = - C.Hp 
9: R, = OMe, R, = Rs = R. = R. = Me, R = - CH, 

dOHa 
9: R, = OH, Ra = R, = R, = R. = Ii, R = -tH,eH( ,, 

CH, 

lo: R, = OH, R, = R, = R, = R. = H. R = ~H(dH$H$% 

11: R, = OH, R? = R~ = R. = R = H. R = -EH~(~HG& 

12: R, = ~0Me. Rz = R, = R. = RI = Me, R = - CH2CH(CH3)2 
13: R, = pOMg, R, = R, = R. = R. = Me. R = - CH(CH&H&Ha 
14: R, = @OMe. R, = RJ = R. = Rs = Me, R = - (CHACHI 
15: R, = OTMS, R, = H, R, = R. = R, = TMS. R = CH&H(CH& 
16: R, = OTMS, Ra = H, & = R. = R. = TMS. R = - CH(CH,)CH,CH, 
17: R, = OTMS. R, = H, R = R. = RI = TMS. R = - (CHahCH, 
19: R, = OT,MS. R, = H. R, = R. = R. = TMS. R = -&Ho 
19: R, = aOMe, R, = H, Rs = R. = RI = TMS. R = - C.Ho 
20: R, = aOMe. R, = RJ = R. = R. = H. R = - CH&H(CH& 
91: R, = aOMe. R, = H. R3 = R, = R = TMS. R = - CH&H(CH& 

R60CHp 

R. 0 

0 

RI 
OR, 

R2 

n: R, = R, = OMe. R, = R. = Me. R. = N(CH&OCHdZH(CH& 
93: R, = R. = OTMS. R, = N(H)COCHaCH(CHs),, R, = Rs = TMS 
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Fig. 1. Mass spectra of the (a) permethylakd derivative 4 and (b) pertriicuteromethylakd derivative 5 of 
wedeloside. 
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Fig. 2. Partial structure of 4 based on permethylalion sludies and 
high resolution mass measurements. 

8. coupled with their dissimilarity to the mass spectra of 
the permethyl derivatives of 3- and 6deoxyacetamido- 
hexoses,’ ruled out these latter two positions for the 
acylamino substituent in 6. On available evidence, it was 
not possible, however, to eliminate the Cposition as 
mass spectra of sLitable model compounds had not been 
reported. We therefore synthesised methyl 4 - deoxy - N 

- methyl - 2,3,6 - tri - 0 - methyl - 4 - (3 - methyl - 1 - 
oxobutyl) amino - a - D - galactopyranoside 22 and 
observed that its mass spectrum differed substantially 
from that of 6. In particular, high intensity ions were 
present in the mass spectrum of 22 at m/z IS8(6M), 
1% (100%) and 241(46%) which were weak or absent in 
the spectrum of 6. 

On the other hand, the mass spectrum of authentic 
methyl 2 - deoxy - N - methyl - 3,4,6 - tri - 0 - methyl - 2 
- (3 - methyl - I - oxobutyl) amino - B - D gluco- 
pyranoside 12. prepared by permethylation of the syn- 
thetic parent compound 9, was virtually indentical with 
that of 6 (Table I for partial spectra). This confirmed 
that 6, the glycosidic portion of 4, was the permethylated 
derivative of a 2 - deoxy - 2 - valeramido - hexopyranose 
which was necessarily linked via Cl to the aglycone. The 
two major struchnal features of 6 which remained to be 
elucidated were (I) the nature of the hexose sugar and (2) 
the structure of the CJ&CO acyl moiety on the 2-amino 
substituent. 

Table I. Partial mass spectra. m/z (96 RI), and ion assignments for the permethylated derivatives 6.8 and 12 

291 (0.1) 333 (0.1) 333 (0.1) +. 
n 

2MJ (1) 302 (0.4) 302 (0.3) n +. - RI 
228 (2) 270 (0.3) 270 (0.5) +. 

N -RI-I4C.i 

218 (4) 218 (1.5) 218 (1.5) w +’ - R,NHCOR 

217 (3.5) 259 (0.3) 259 (0.5) N +’ - %OCH2CM0 

186 (4) 186 (4) la6 (4) n +’ - BboH - R216iCOR 

172 (2) 172 (2.5) 172 (3) M +- -RI - R&H2 - RCO 

142 (48) 184 (33) 184 (33) R&H=CtttH-N(R,)COR 

129 (40) 171 (5) 171 (8) R,bCH-tHN(R2)COR 

loo (33) 100 (20) 100 (33) kOCH=&-CH-NHR2 

87 (100) 87 (100) 87 (100) R&H-h61R2 
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In order to try to resolve the structure of the C, acyl 
group, the three most probable isomers 9,lO and 11 were 
synthesised. The mass spectra of the permethylatcd 
derivatives 12 and 13 of compounds 9 and 10 respec- 
tively, were indistinguishable while that of 14 (from 
compound 11) d&red only in the presence of a weak ion 
at m/z 304 corresponding to the loss of CIHJ from M”. 
Likewise, the mass spectra of the per-TMS derivatives 
15, 16, 17 of isomers 9, 10 and 11 respectively were all 
essentially identical to each other and to that of 18. the 
TMS derivative of one of the major products of 
hydrolysis of wedeloside 1 itself. It was therefore ap- 
parent that mass spectrometry alone could not establish 
the structure of the C, acyl substituent on the amino- 
sugar. 

The two most common naturally-occuring hexoses in 
plant glycosides are glucose and galactosc. For this 
reason it was expected that the aminoglycoside in 

The 3-phenylpropionic acid identified on hydrolysis of 
underivatiscd wedeloside had not been observed as its 
methyl ester amongst the methanolysis products of the 
permethylated derivative 4. The acid must therefore be 
ester linked to the toxin and cleaved from it by the action 
of the dimsyl anion in DMSO during the preparation of 4 
in MeOH and its deuterium analog 5. It was also found 
that the action of NaOMe on wedeloside selectively 
removed the 3-phenylpropionate ester, and the structure 
of the resultant product could be analysed as its TMS 
derivative 26. 

A partial mass spectrum of 26, the silylated equivalent 
of 4, is shown in Table 2. The ions selected arise in the 
main from the glycosidic portion of the compound and 
can be assigned”~‘e’2 to those segments of the sugar 
shown in Fig. 3. These ions are also present in the 
spectra of the silylated derivatives 15. 21 and 29 of 
synthetic analogs of the glycoside (Table 2). 

26: R, = - 0-[CmHarO.(TMS).]. Rs = R. = R. = TMS, R = - C.H. 
27: R, = - 0-[C,,,H,,O.(TMS).]. R, = R3 = R,, R, = % = TMS, R = - C,Hs 
28: R, = DR., R, = R. = R. = H. R = - CH,CH(CH& 
29: R, = BR,. R, = R. = R. = TMS, R = - CH,CH(CHs)o 
30: R, = j?R,, Rs = R,. R. = R. = H. R = CHaCH(CH& 
21: R, = /3R., R, = R,. R, = R. = TMS. R = CH,CH(CH& 
32: R, =OMe.R,=Rs=R.=R.=H,R=-C.H. 
33: R, = - 0-[CloHp,O.], R = R. = R = H. R = - C.H. 

wedeloside 1 would be a .derivative of one of these. It 
had been reported’ that 2 - acetylamino - 2 - deoxy - D - 
galactose and 2 - acetylamino - 2 - deoxy - D - glucose 

could be ditferentiated on the basis of dilferences in the 
relative intensities of certain fragment ions (e.g. m/r 233) 
in the mass spectra of their TMS derivatives. We there- 
fore synthesised the TMS derivative of 2 - deoxy - 2 - (3 - 
methyl - I - oxobutyl) amino - D - galactose 23 and 
compared its mass spectrum with that of the isomeric 
glucose derivative 1S and that of the TMS hydrolysis 
product 18 of wcdeloside. Although the differences be- 
tween the spectra of the model compounds 15 and 23 
were not as marked as had been observed for the 
acetylaminosugarsP the mass spectrum of 18 could be 
more closely aligned with that of the glucose derivative 
15. On this basis, we postulated that the glycoside in 
wedeloside was a derivative of 2-amino-2deoxyglucose. 

Acid hydrolysis of wedeloside in aqueous methanol 
followed by trimethylsilylation of the resulting products 
gave four major peaks on the gc. By gc-MS, these were 
identified as: the aminoglucoside derivative 18 discussed 
above; its I-Me analog 19. whose mass spectrum com- 
pared well with that of the TMS derivative 21 of authen- 
tic methyl 2 - deoxy - 2 - (3 - methyl - 1 - oxobutyl)amino 

- D - glucopyranoside 28; a monodecarboxylated 
deivative 24 of the aglycone; and the mono-TMS 
derivative 28 of a compound which was tentatively 
identified as 3-phenylpropionic acid. This latter 
identification was contirmed by comparison of its mass 
spectrum and gc retention time with that of the TMS 
ester of authentic 3-phenylpropionic acid. 

A comparison of the mass spectrum of 26, the TMS 
derivative of the de-ester&d compound from 
wedeloside, with that of the TMS derivative 27 of 
wedeloside itself clearly showed that the 3-phenyl- 
propionate ester was on the glycosidic rather than the 
aglycone portion of the molecule. In particular, the ion at 
m/r 651 [CaoH,O~OTMS),] attributable to the aglycone, 
(c/, the m/z 419 ion in Fii. 2) is common to both mass 
spectra (Table 2). On the other hand, the ion at m/r 462 
(C&I,,NO&) in the spectrum of 26, due to the gly- 
coside ion u, shifts to m/z 522 (C&NO&Ii,) in the 
spectrum of TMS-wedeloside 27. This corresponds to the 
replacement of -0TMS by -OCO(CH2)&H,. 

The relative intensities of the other selected gly- 
cosidicallyderived ions from 26 and 27 in Table 2 can be 
used to determine the position of linkage of the 3- 
phenylpropionate function to the sugar. Ions /I and g, 
which contains C6 with its TMS substituent &and C5 + C6 
with part of the % TMS group respectively, (Fii. 3) are 
commontothespectraofboth#and27.ThisrulesoutQas 
the point of attachment of the ester. Similarly, the presence 
in these two mass spectra of ions b and c, which contain C3 
and Clplus the Rsubstituentbut have lost R,, indicates that 
the 3-phenylpropionate substituent is not on C4. This 
therefore leaves C3 as the only position remaining for 
linkage of the ester, given that the glycoside must be linked 
at Cl to the aglycone. 

This is supported by the considerably reduced in- 
tensities of ions at m/z 215,204 and 131 in the spectrum 
of 27 compared with that of 26. In the latter, these ions 
correspond to structures d, c and f respectively, (Fig. 3) 
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Table 2. Partial mass spectra (m/z vs RI) and sclecced ion assignments for TMS derivatives IS, I& 21.ti.n. 3). 31 

15 18 21 26 29 27 2 Ion 
_ =I x _ = 

651 

522 

462 

268 7 

288 5 

217 22 

215 100 

204 18 

191 10 

147 24 

131 99 

117 12 

103 11 

5 

4 

21 

loo 

11 

6 

12 

99 

11 

6 

0.2 

14 

5 

14 

89 

18 

6 

17 

100 

11 

7.5 

9 

22 

18 

24 

42 

100 

27 

19 

90 

27 

22 

26 

0.2 

5 

16 

21 

72 

16 

9 

15 

100 

10 

22 

8 

100 

42 

23a 

9' 

11 

68 

15" 

12 

34 

0.8 

4 

100 

31 

ea 

6 

28 

15" 

7 

32 

A91 

a 

0 

b 

0 

d 

6 

f 

B 

h 

a The residual ion intensities at these a& values are not due to ions with 

structures as shown In colum 9 and Figure 3. 

R,O@ R.Oe 

HNr4Hs 
0 HNrHs 

4 b 

+ 
RIO-CH=CH-CH-NHCOC4Ha 

C 

CH--EH 
I I 

‘W HNr4Hg 
d l 

;H--CH 

R.0 6 R3 

CtH--EH 

I I 
R,O NH, 

f 

. 
KHs),SiO-CHa-CHO 

0 

R,O;H, 

h 

Fig. 3. Structures assignuP”‘* to selected ions in the mass spectra of comopunds in Table 2. 
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T&k 3. “C NMR us&eats for synthetic compounds 9-11 and 2) uul wedelosii dcrivrtivc 32’ 

1 91.3 

2 54.4 

3 72.0 

4 71.0 

5 70.6 

6 61.2 

7 177.3 

8 45.3: 

9 26.71 

10 22.04 

11 22.04 

-Ok 

95.4 91.4 95.6 91.4 95.4 

57.4 54.4 56.9 54.4 57.0 

74.3 72.0 74.3 72.0 74.2 

70.6 70.9 70.6 71.0 70.6 

76.4 70.6 76.3 70.6 76.4 

61.2 61.1 61.1 61.6 61.2 

177.3 181.3 181.3 178.0 178.0 

45.9t 42.& 43.4. 36.0t 36.3t 

26.7d 27.5t 27.5t 28.lt 28.lt 

22.04 11.54 11.5q 22.0t 22.0t 

22.&7 17.24 17.2s 13.54 13.54 

98.7 98.7 

54.0 54.0 

71.4 71.4 

70.6 70.6 

72.2 72.1 

61.1 61.0 

177.4 177.3 

45.3 45.3t 

26.6 26.6d 

22.0 22.Oq 

21.9 21.8q 

55.7 55.7 

a All spectra were recorded at 15 IWz in D,O using dloxane as standard. Chemical shift 

values are in ppn relative to THS. 

T&k 4. “C NMR assignmcots for &cosc carbons in synthetic 
intcrmcdhtcs~ 

Table 5. “C NMR us&naunts for gly~~sidic arboo atoms in 
waielosidc 1 and daivative 33 md syntbctic cyclobexyi uulogs 

t)mdJc 
Carbon 35 37 38 39 

1 92.6 99.1 98.9 100.1 

2 52.3 55.1 59.7 54.7 

3 72.7 71.5 71.3 72.2 

4 68.3 69.2 81.8 79.0 

5 72.7 72.4 66.4 66.1 

6 61.8 62.4 68.9 68.6 

a All spectra were recorded at 15 Miz in CCCls 

solution using Tcls as standard. Chemical shift 

values are In pp relative to TRS. 

observed for the anomeric protons in the ‘H NMR 
spectra of 28 and 1 respectively. 

There remained three signals in the sugar region of the 
spectrum of 33 at 73.5, 79.5 and 82.2 ppm which could 
only be ascribed 10 the aglycone. As expected, these 
three resonances remained virtually unchanged in the 
spectrum of the parent compound 1 whereas the six 
signals assigned to the gh~cose ring carbons all showed a 
change in chemical shift value due to the presence of the 
ester group& The individual assignments for Cl to C6 
in wedeloside 1 were made initially by reference to 
compound 33 and confirmed by the close correlation 
with the values for the corresponding C atoms in the 
synthetic analog 30. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16.20 

17.19 

18 

21 

100.5 

57.3 

76.0 

72.3 

77.8 

62.8 

175.7 

46.8 

27.3 

23.0 

23.0 

101.4 loo.4 

57.3 55.4 

76.1 77.1 

72.1 69.8 

77.8 77.6 

62.8 62.4 

175.6 175.3 

46.7 46.6 

27.6 27.1 

23.0 22.8 

23.0 22.8 

174.0 

31.7 

36.7 

141.9 

129.2 

129.2 

127.1 

77.9 

101.2 

55.2 

77.0 

69.6 

77.4 

62.2 

175.5 

46.7 

27.2 

22.9 

22.9 

174.2 

31.5 

36.6 

141.7 

129.2 

129.2 

127.1 

77.8 

The conversion of 1 to 33 by the removal of the 
3-phenylpropanoyl functionality produces a shift in each 

a All spectra uere recorded at 15 Niz in CDsOD 

of the ’ C signals of the skeletal carbons of the gly- solution using Tc6 as stmdard. Chemical shift 

cosidic portion. The observed changes in chemical shift values are in ppm relative to TMS. 

ll2-T Vol. 37. No. IO-E 
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Table 6. Chemical shift differences A6 (ppm) for Cl-C6 on 
removal of the ester function at C3 in 3g and 1 

Cl c2 c3 c4 C5 C-6 

z+g +O.l t1.9 -1.1 t2.5 +0.2 a.4 

i+y to.2 +1.9 -0.9 +2.a +0.4 to.6 

* Downfield shift is Indicated by a positive value. 

values A6 (ppm) are listed in Table 6. Also listed in the 
Table are the corresponding differences in chemical shift 
values between the skeletal carbons of 30 and its analo- 
gue 28. which similarly lacks the 3-phenylpropanoyl 
functionality at C3. The correspondence between the A6 
values for the synthetic pair 30 and 2I1, and for 33 and 1 
(Table 4) confirms the mass spectral conclusion that the 
3-phenylpropionyl ester must be located at C3 in the 
glycosidic portion of 1. 

The glycosidic portion of wedeloside 1 is therefore 2 - 
deoxy - 2 - (3 - methyl - I - oxobutyl)amino - 3 - 0 - (I - 
0x0 - 3 - phenylpropyl) - D - glucopyranose, which is 
B-linked to the aglycone. 

ExPeuMEwrAL 

2 - Amino - 2 - deoxy - D - gluc~sc hydrochloride was obtained 
from Siir, 2 - amino - 2 - dcoxy - D - gahctosc from ffiA- 
Chemie, 3-phenylpropanoic acid from L. Light and Co. Ltd., 
Trisil [Me,SihNH: Me&Cl, I : 11 from Pierce and lactose from 
Ajax Chemicals. 

Preparative tic was carried out on Merk Silica gel 60 Fru or 
Aluminium oxide FzY (type T) pre-coatcd plates. 

Gas chromatography was performed on a Varian 1400 using 
2 m x 2 mm i.d. glass columns, with a N2 carrier gas flow rate of 
30ml min-‘. The solid support was Gas Chrom Q (100-120 mesh). 
The mobile phase and temperature conditions varied and are 
described below in each case. 

GC-MS (uncorrected) were measured on a Varian MAT I II at 
80 eV using gc conditions. Direct insertion mass spccti and high 
resolution accurate mass measurements were carried out on an 
AEI MS 902 at 70eV. The reference compound used was hep- 
tacosailuorotributylamine. “C NMR were recorded on a JEOL 
JNM FX 60 at 15.04MHz. ‘H NMR on a Variin HA 100 
spectrometer and IR on a Perkin-Elmer model 257 spectropho- 
tometer. All “C chemical shifts are in ppm related to TMS. 

Wede/oside 1. The following is an improvement on the cxtrac- 
tion procedure previously reported.’ Toxicity levels were moni- 
tored at all stages of extraction and purification. 

Milled air-dried leaf of Wedelia usprnima (5OOg) was cxtrac- 
fed three times with hot MeOH/H*O (I : I) and the extract con- 
centrated under reduced pressure IO a thick syrup. Excess HI0 
was added and the Hz0 insoluble material removed by cen- 
trifugation. The soln was then extracted with ether until a clear 
aqueous phase was obtained. This was concentrated IO remove 
traces of ether, acidilied to pH I with H2S0, and then passed 
through a polyamide/c&e column (100:200g) made with water. 
After washing with water (4 I.) the toxin was displaced fromthc 
column with 0.1 N NH,OH (21.) followed by water, until the 
eluate was neutral. The cluate was concentrated under reduced 
pressure (0.5 I.). acidified to pH I then extracted x 4 with BuOH 
(0.5 I.). Tkc extract was washed once with water (0.5 I.). then the 
solvent removed under vacuum at 40’ leaving a r&idue(Sg). 

The residue (5n) was dissolved in AcOH/H,O (70:30. IOml). _. 
High Flow Super Cell (I5 g) added. The mix& was applied to i 
column (4 x 50 cm) containing High Flow Super Cell (30 g) which 
was prepared using the same solvent system slurried with 
toluene. The column was eluted with toluene (2OOml). CHCI, 

(200ml) followed by increasing proportions of BuOH in CHCI, 
(each 200ml). In every case the ciuting solvent was saturated 
with one third of its volume of AcOH/H,O rlO:30). Fractions 
(IOml) containing the toxin were combined‘and dried under 
reduced pressure. The toxin was then purified by ascending 
chromatography on a silica gel G column with 
CHCI, : MeOH : AcOH : H20 (65 : 25 : 5 : 5) using a technique des- 
cribed previously,” IO yield pure wedelia toxin (100~) as an 
amorphous powder, m.p. 168-170”. IR u,.. mull. (KBrI 3360 
(OH), 1706 &rboxyl &O), 1634 (amide c&) cm-‘. llq A, 
(McOH) 222, 258nm. [u]g-5to (c = 2.5, Cl&OH). ‘C NMR 
(CD,OD); for glycosidic carbons see Table 3, 160.4, 108.9, 82.2, 
79.5, 73.5, 59.0. 53.5, 49.3, 48.2, 46.7, 43.9, 41.0, 40.0. 35.8, 24.0, 
20.9, 17.7. ‘H NMR DMSO (4)-&O] d 4.55 (d, J =8 Ht. 
anomeric BH). 

Preporalion of 4 and 5. Two separate samples of 1 (2 mg) were 
taken up in DMSO (0.5 ml) and -treated under ultrasonification 
with dimsvl sodium in DMSO (2N. I ml) for 1 h. The resultant 
suspensions were separately &ted with CHll (I ml) and CD,1 
(I ml) at 0” and thei allowed to stand overnight af r.t. Excels 
dimsvl anion was destrovcd bv careful addition of McOH. Tbc 
resid;e was diluted with H,d and extracted with CHCI,. The 
organic layer was washed with H,O. dried and concentrated. The 
required products were purficd by plc on silica (30% CH,CN: 
C& R, 0.25) yielding I.6 mg of each. 4 (For mass spectrum see 
Fig. lai. M+’ -737.4334, C&,N0,2 talc. 737.4350; 521.2730, 
CI’HIONOL talc. 521.2777: 419.2426. C,.H,&L talc. 419.2433: _. _. 
270.1697. &f&,NO, talc. 270.1705;-184,13~3,-&HI,NOI talc: 
184.1338; 87.0691, C&NO talc. 87.0684. 5 (For mass spectrum 
see Fig. lb). 

Acid mefhanolysis of 4. Compound 4 (0.5 mg) was heated at 
60” in dry McOH (1 ml) over Dowcx SOW resin (H+ form) for 
2 hr. An aliquot was subjected directly to gc-MS (296 SE30; 
100-200”. A IO’min-I). Two compounds 6 and 7 were observed. 6 
CR, 10.6min). MS m/z (rcl. int.): M+’ 333(0.1), 318(0.4). mO.4), 
301(0.4). uIB(O.2). 286(0.9). 27qO.3). 259(0.3), 2X(0.6). 254(0.7). 
242(0.5). 224(9). 218(1.5), l86(4), 185(4). l&1(33), 172(2.53, 171(J), 
lJl(7). 140(7), 126(3), llN2.5). ll7(38). llq2.5). II5(6). ill(3). 
1@2(17), lOl(14). lOlX20). 88(18). 87(1&I). 7 (R, 18.7min). MS m/r 
(rcl. int.): M” 436(3), [measured 436.2463; &,H&, talc. 
436.24601, 404(8), 165(46). 152(18), l45(lO), 129(15,. 12II(lOO), 
ll3(18), 105(13). 97(46), 91(15). 

2 - Deoxy - 2 - (3 - methyl - 1 - oxobutyl)amino - D - 
gkcopyranose 9. 2 - Amino - 2 - deoxy - D - glucose hydro- 
chloride (I g) in dry pyridine (20 ml) was treated with Trisil(4 ml) 
under N*. After 2 h at r.t. the mixture was cooled to (P and 
3-methylbutanoyl chloride (I.5 ml) was added dropwise. After 
12 h at r.t. the mixture was added to precooledClaq (200 ml, 2N) 
and rapidly extracted with ether (200ml). The ether layer was 
evaporated to dryness and the residue was stirred in aqueous 
THF (90%) for 2 weeks. The resultant soln was cvapon~cd to 
dryness. bituratcd with etbcr and the resultant solid crvstallised 
from HI0 IO yield the required 9 (0.7g. 57%) m.p. 208-210’. 
(Found: C, 49.92; H, 7.96; N, 5.32. CIIH21NO( requires: C. 50.18; 
H, 8.04; N, 5.32%). “C NMR (40). standard diouuu; 8: 177.3. 
95.4, 76.4. 74.3, 71.0, 61.2. 57.0. 45.9, 26.7. 22.0, 22.0. a: 177.3, 
91.3, 72.0. 71.0. 69.6, 61.2. 54.4,45.3, 26.7.22.0. 22.0ppm. 

Methyl 2 _ deoxy - N - methyl - 3.4.6 - In’ - 0 - methyl - 2 - (3 - 
methyl - I - oxobutyl)omino - fi - D - glvcopymnoside 12.9 (100 mg) 
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in DMF (5 ml) was treated with NaH (300 mg). The suspension was 
ultrasonicatcd for 0.5 hr, cooled to (r and Mel (35 ml) was added 
dropwise. Excess hydride was destroyed by addition of MeOH. 
The resultant sola was partitioned between CHCI, and H>O. The 
CHCl, layer was washed with HIO, drial and evaporated. The 
residue was subjected to plc on silica [CHsCN: &I&. I : I] and the 
title compound 12 obtained as an oil (R, 0.5). (Found: C, 57.99; H. 
9.36; N.4.16. CIJIllNOr requires: C, 57.66; H. 9.36; N.4.2196). ‘H 
NMR (CECI,) 6 4.30 (d. J = 7.5 Hz, anomeric /J H). “C NMR 
(C&s) standard TMS; 172.8, 172.2,82.0.81.6.80.7,75.1,71.5.62.2. 
60.1.5908,56.4,43.6,42.3,27.7,25.3,22.9,22.7 ppm. gc-MS: (2% 
OV-17; ISO-3OCP. AlPmitt-‘; R, 7.8 mk). MS m/z (Rel. int.): hi+ 
333(0.1), 318(0.4). WO.3). 301(0.4). 288(0.4), 286(3). 270(0.5), 
2.59(0.5. 256(0.7), 254(l), 242(0.5). 224(S), 218(1.5), 186(4), 185(S), 
184(33), 172(3), 171(S). l41(7). MO(ll,. 126(3.5). ll8(3). ll7(46), 
I lq2.8). I lS(9.5). II l(2.7). ICQ08). lOl(l9). lOO(33). 88(23), 
87(100). 

2 - lkoxy - 2 - (2 - methyl - I - oxobutyl)amino - D - 
g/ucopymno~e 11 This was prepared from 2 - amino - 2 - deoxy - 
D - glucose hydrochloride and 2-methylbutanoyl chloride by the 
same method as 9, except that the intermediate pcrsilyl deriva- 
tive was hydrolysed in 0.1 N HCI for 24 hr, yield (60%). m.p. 214’. 
(Found: C, 50.01; H. 8.08; N. 5.28. CIIHIINOs requires: C. 50.18: 
H. 8.04; N. 5.32%). “C NMR m0) standard dioxane; fi: 181.3, 
95.6, 76.3, 74.3. 69.9, 61.1, 56.9. 43.4, 27.5, 17.2, 11.5. a: 181.3. 
91.4,72.0,69.9,69.6, 54.4,42.8, 27.5, 17.2, I I.5 ppm. 

hie1hyl 2 - deoxy - N - methyl - 3.4.6 - mri - 0 - methyl - 2 - (2 - 
mefhyl - I - oxobulyl)omino i B - D - glucopyranoside 13, was 
oreoared from 10 bv the same method as was 12 from 9. ‘H NMR 
kIkl,) 6 4.30 (d. i = 8 Hz, artomeric BH). G-MS (2% OV-17. 
150-m. AlPmin-‘; R, 7.8 min). MS nrLz (rel. int.): M+’ 
333(0.2). 318(0.3). 3@2(0.5), 301(0.3), 288(0.7), 27@0.5). 259(1.2), 
2560.5). 254(0.5). 242(OJ), 2240 I). 218(9). 186(9), 185(6), l&1(46), 
1720). l7Ul5). IJltl3). 14O(ll). IM(2.5). 118(S). ll7(64), I l6(2). 
llH6). I I l(2.7). lU43). lOl(27). lKtf29L 80(21). 87IlOO). 

2 - koxi -.i - (I - oxopentyf)am&- D‘- &opyrkose 11. 
This was prepared by the same method as 9 from 2 - amino - 2 - 
deoxy - D - 8h1cosc hydrochloride and pentanoyl chloride, yield 
(55%). m.p. 200-2tP. (Found: C. 50.11: H, 8.07: N. 5.21. 
CIIHZINOi requires: C. 50.18; H, 8.04; N. 5.32%). “C NMR 
(D0 standard dioxane: 6: 178.0.9S.4.76.4.74.2.70.6.61.2.57.0. 
36:3;28.1. 22.0, 13.5. 0’:‘178.0. 51.2. il.9. il.0, ;0.6;54.4; 36.0; 
28.1. 22.0, 13.5 ppm. 

Methyl 2 - deoxy - N - methyl - 3,4,6 - tri - 0 - methyl - 2 - (I - 
oxopenlylbamino - fi - D - glucopyranoside 14 was prepared from 
11 as were 12 and 13 from 9 and 10 respectively. ‘H NMR 
(CDCI,) 6 4.M (d. J = 8 Hz, anomeric fl H). &-MS (2% OV-17; 
150-300’. A 100min-l; R, 8.0min). MS m/z (rel. int.): M” 
333(0.3). 318(0.3), 304(1.7). 302(0.8), 301(0.5). 288(0.7), 27qO.5). 
Us(2.0). 2.X42.0). 254(0.5), 242(l). 224(18), 218(ll), 186(9), 
18X12), 18402), 1736). 171(16). 141(S). l40(1 I), U&4). I lS(5.0). 
ll7(57), ll6(4), 11X10). ill(3). 1&?(41). lOl(23), lOO(26). 88(23), 
87(100). 

Prcparalion of 15. 16 and 17. the G/y/ derivaGves of 9, 10 and 
11 nspectioely. These derivatives were prepared from 2 - amino - 
2 - deoxy - D - glucose hydrochloride (I mg) in Trisil: pyridine 
(3:s. I ml) by UK action of the appropriite acid chloride (lOgI) 
and also by direct silylation of 9, 10 and 11. The products were 
directly examined by gc-MS (2% OV-17; 130-290’. A lo” min.‘; 
Rf lO.Omin). Their mass spectra were essentially identical, 
typitkd by that of 15 m/r (rcl. int.): 537(1.0). 536(2.4), 448(0.5), 
446U.S), 358(0.8). 356(4), 305(J), 303(1.8), 302(4.8). 301(8.5), 
288(2.7), #16(O.l). 272(2.4), 2680, 266(2.5). 233(S). 22&5), ilsC9). 
217(22). 216(21). 215(100), 204(18). 19l(lO). 147(24), 132(15), 
13109). ll7(12), 103(ll). 

Hydrolysis of wedeioside 1. 1 (I mg) was heated at 90” for 2 h 
in McOH/HCl/H,O (I ml; I:O.5 ON): 0.5) and evaporated to 
dryness in uacuo. A sample was silylated with Trisil and 
examined by gc-MS (2% OV-17; IOO-29U’. A ICPrnin-I). Four 
major compounds were obscrvcd. 25. R, 17.8 min: MS m/z (rcl. 
int. > 20%): 624(14), 281(72), 244(63). 2X(23). 229(100). 

18 R, 13.4 min: MS m/z (rcl. int.): 537(0.5). 536(1.4), 448(0.5). 
446(0.9), 358(0.8), 35q2.2). 3050). 303tl.5), 302(4.4), 3001(6.2). 
288(1.6). 286(0.7). 272(1.8), 268(S), 2660). 233(10), 228(4). 218(S). 

217(21). 216(12). 215(100), 204(l I), l91(6), 147(12), 132(S), 131(99). 
ll7(ll). lOU6). 

19 R, 12.9 min: MS m/z (ml. int.): 478(0.1), 462(0.05). 446(0.1). 
3wl.2). 301(2). 268(7). 217(6). 216cI), 2lS(42), 204(S). 178(S). 
14705). 114(6), l31(8l), l29(4). ll7cl), 1030). 83(4). SS(n. 79UO). 
75(30), 7400). 73(100). 

24 k, 4.8 min: MS m/z (rel. int.): 223(l). 207(13), 18%2), 147(9). 
132(41. 13115). 10516). 104@01. 91119). 7909). 7815). 77IlO). 760). . , 
75(100). 73(48), 52(ll), si(i0,. Iite’.ma;s &ecGm of U &S 
essentially the same as that of the TMS ester of authentic 
3-phenylpropanoic acid. 

Methyl 2 - deoxy - 2 - (3 - methyl - I - oxobutyl)amino - a - D _ 
glucopyranoside 20. 9 (200mg) was refluxcd in MeOH over 
Dowex 5OW resin IH’ form) for 2 hr. The solid obtained after 
filtration and cvatnktion was crystalliscd from MeCN yielding 
the title compound (65%). m.p. &I-203”. (Found: C, 5i.82; H. 
8.20: N, 5.23. C12HUNOs requires: C. 51.98; H. 8.30; N, 5.04%). 
‘H NMR [DMSO(&)] 6 4.57 (d, J = 3.5 Hz, anomcric (I H). “C 
NMR (40) standard dioxane; 177.3, 98.7. 72.1, 71.4. 70.6. 61.0, 
55.7. 54.0. 45.3, 26.6, 22.0. 21.8. [u]:: +9l” (c 0.73, MeOH). On 
silylarion 20 yields 21. gc-MS (2% OV-17: 21@‘; R, 3.4 min). MS 
m/z (rel. int.): 478(l). 462(0.2), 446(0.8), 372(l), 356(4), 301(5), 
268114). 217114). 216(21). 215169). 204U8). 191151. 178181. 147117). 
l32il3j; l3lilti). iti5j,‘ll7~ll).~lo3(8), 89(5).‘8ji5), f9(7), 75i3lj. 
74(S), 73(85). 

Methyl 4 - deoxy - N - methyl - 2.3,6 - Iti - 0 - methyl - 4 - (3 - 
methyl _ I - oxobulyl)amino - a - D - galaclopyranosidc 22. This 
compound was prepared from permethylated lactose via acid 
methanolysis, tosylation of the 4-OH goup on the glucosidc, 
azide displacement followed by reduction to the amine, amide 
formation and N-mcthylation. A full description of the synthetic 
procedures will tx published elsewhere. m.p. 77-78”. IR v,, 
1631 cm-‘. (Found: C. 57.35: H. 9.11: N. 3.96. C,J&,NO, 
requires: C,.57.65; H, 9.30; N. 4.20%). ‘H NMR (Cr>cl$*b 5.i 
&I, IH), 4.97 (d. J = 5 Hz, IH). 4.4-3.6 (bm. SH). 3.55.(s. 3H). 
3.47 (s. 3H). 3.40 (s. 3H). 3.40 (s. I.3 H). 3.18 (s. I.7 H). 2.25 (d. 
J = ~Hz, 2H). 2.8-2.4 (&I, IHj, 1.0 (d, 6H). MS m/z (rel. int.): 
M” 333(5), 318(10). 303(10), 30206). 301(63). 286(S). 270(10), 
258(10). 25605). 242(49). 241(46). 228129). 216(13). 197(16). 
l%ilti), 18k(lk). lSWl$, 184$~, 173(193, l7li26j. l58kO). 
140(69). 131(19), 126419). ll6(15). ll2(10). lOlt76). lOO(69). 88(86), 
87(73). 

TMS derivative of 2 _ deoxy - 2 . (3 - methyl - I _ oxobu- 
ty/)amino - D - ga/actosr 2.3. 2 - Amino - 2 - deoxy - D - galactose 
hydrochloride (I mg) in Trisil: pyridine (3:5. I ml) was treated with 
3-mcthylbutanoyl chloride (IO pl) and directly examined by gc- 
MS (2% OV-17; I50-250”. A IO” min-‘: R, 7.8 min). MS m/z (rcl. 
int.): 537(3), 536(3.5), 46401, 462U.5). 450(l). 448(l), 44Ql.5). 
359(2). 358(1.5). 357(2.5). 35644.5). 306(2), 305(6), 302(3), 301(4.5), 
288(3), 272(4.5). 268(4), 266(4), 233(15), 228(S). 218(10). 217(21), 
216(14), 215(85), 204(18). 191(9), 147091, 132(ll), 131(100), 
ll7(10). 103(10). 

Prcpamlion of 24. 1 (Smg) was added to anhyd McOH to 
which a catalytic amount of Na had been added. After 48 h at r.t. 
the solution was acidified by the addition of Dowex SOW resin 
(H+ form) filtered, and evaporated to dryness. A sample of the 
resultant solid was suspended in CH,CN and silylated with 
BSTFA/TMCS (9:l) to yield 26. MS m/z (rekint.): M” ll29(0.8). 
I ll5(2.5). lllY3). 997(l). 957(1.2), Sll(l.4). 651(9), 535(j). 
462(22). 433(9). 372(40), 343(7). 3Ol(l2). 300(5), 299(U), 2&X9). 
Zes(24). 282(S). 281(15). 269(7), 26808). 245(10), 244(27), 230(12), 
229 (40). 22&24). 219(10). 21800). 217(42). 216(23), 215(100). 
205(13). 204(27). 193(S), l92(ll), 191(19). 169(S). 168(12), 149(16). 
148(15). 147(90). 143(13). 133(14), 131(27). 129(19). 126(17). 
ll7(22). 103(26). 

77~ ri/yi den&&e 27 of wedeloside. 1 (0.5 mg) WBS suspended 
in MeCN (lOpI) and silylatcd with BSTFAlTMCS [(9:1), SOpI] 
to give 27. An aliquot (5 pl) was subjected to MS m/z (rekint.): 
M+’ ll89(2), ll75(3). ll74(4). llU2(2). 1099(2), lU74(0.9). 
lU73(0.8), lOl9(3), lOl&3). 652(13). 651(22), 535(12), J33(5). 
523(U). 52u35). 46217). 445(14). 443(15). 373115). 372(45). 343(12). 
3Ol(lsj, 300(473. 289?& glij, u)tili), 28i(l$. 268(8j.229$. 
zzs(loO). 21802). 217(42). 2lq61, 2IW). 207(10), 205(7).204(9). 
199t7). 198(12), l9l(ll), 169fl4). 157(12). M(9). 147(68). 144(14). 
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14300). 138(10), 133(16). 131(15), 129(16). 126(12). 117(12), 
IOS(24). Iol(l5), 10304). 

Prwparatior of 29 the siiylated detivativr of 28. Compound 28 
(0.5 mg) was suspended in McCN (lOpI) and silylatcd with 
BSTFAfTMCS [@I). 5Oopl] to give 29. An aliquot (1 al) was 
subjcctcd to gc-MS, (2% OV-17; 150-o-300”, A ItYain-‘; J?, 
10.5 min). MS m/z (rcl. int.): 546(0.5), 478(0.2), 462(0.2). 458(0.3). 
446(0.3). 373(1.8). 372(2.5), 35ql.2). 315(1.4), 3&2(1.5), 301(l). 
tes(4). 268(5). 244(2), 24Y5). 229(2), 22&16). 21801). 217(21). 
216(17). 215(72). 204(16), 19Z1.5). 191(7). 173(4), 172(3). 170(4), 
169(10). l61(9). 158(6), 157(4). 147(15), I45(4), 144(U). 143(a), 
133(S), 132(17). 131(100), 129(10), 12q6.53, 117(10), 1 M(7). 104(2). 
103(U). 

Pmpamtion of 31 fire xily/atcd derivafiw of 38. Compound 3g 
was silylated by the same method as above to yield 31, and its 
gc-MS rccordcd (2% OV-17; 250-310’. A KPmin-‘; R, 7min). 
MS m/z (rcl. int.): M” 62HO.2). 606(0.8). 522(0.8), 521(l), 374(2), 
372(3.8), 37ql.8), 348(3), 343(3), 310(7). 289(3.5), 2g8(3), 268(4), 
22900). 228(100), 21805). 217(31). 216(5), 215(a), 199(4). 1%X5), 
l91(6), 171(3). 170(12), 169(13). 156(a). 147(28), 145(a). 144(52), 
143(30). 133(U). 132(10), 131(15). 130(3), 129(12), 126(2I), 117(7), 
ll3(10). 105(31). 104(12), 103(32). 

Pmpamtion of 32. 1 (37mg) was taken up in MeOH and 
trcatcd with excess ethcral diaxomethane for 1 hr. The soln was 
evaporated to dryness in vacua and the residue was trituratcd 
with ether yielding a solid (30mg), which was then heated in 
MeOH over Dowex 50W resin (H’ form) at 60’ for 4br. The 
rcsiduc after filtration and evaporation, was partitioned bctwoen 
HsC and CHCI,. The aqueous phase was repcatcdly extracted 
with CHCI, to remove aglyconc rclatcd mattrial. Evaporation of 
tbc aqueous phase yielded 32 (12mg) which was rccrystalliscd 
from CHsCN (4 me). 1~1: +92” (C = 0.2, McOH). ‘Y NMR; scc 

T~tcI.A~mplcwassiIylatcd~C-~S(2%OV-l7:2l~;~,3.4min) 
MS mlz (rel. int.): 478(l), 462(0.2), 446(0.5), 372(0.5), 356(2), 301(3), 
268(a). 217(15). 216(9). 215(55), 204(10), 191(5), 1780, 1470, 
132(13), 131(100). 

Pmpamtion of 33. 1 (68 mg) was added IO anhyd McOH to 
which a small pellet of Na had been added. After 48 hr at r.t. the 
solution was aciditicd by the addition of Dowcx 50W resin (H 
form), filtered and evaporated to dryncsn. The residue was well 
trituratcd with ether to remove methyl 3-phcnylpropanoatc 
yielding solid 33 (54mg). “C NMR (@OD); for glycosidic 
carbons KC Table 3. 160.7. 108.7,82.2, 79.6.73.2.59.1, 53.8,49.9, 
48.3, 46.9, 44.0. 40.1. 35.9, 24.2, 20.9. 17.7. For UK MS of the 
TMS dcrivativc see 26. 

1,3,4,6 - Tetm - 0 - acctyl - 2 - dwxy - 2 - (3 - methyl - I - 
oxobutyljamino - t3 - D - gkopymnorc 35. The anomcric mix- 
ture 9 (3CHlmg) was added to a prc-coolcd mixture of AC20 
(4.2g) in pyridinc (5.4g) and stirred overnight at 1.1. The mixture 
was poured into iced Hz0 (100 ml) with vigorous stirring and tbcn 
extracted with CHCI,. Tbc CHCI, layer was washed with HClaq 
and sat NaHCOsaq. dried over MgSO,. and evaporated to dry- 
ness yielding a crude mixture of 34 and 38. Crystallisation from 
EtOH yielded 35 (40%) m.p. 156158”. (Found: C, 53.01; H, 6.99; 
N, 3.10. C’&NO’o requires: C, 52.90; H, 6.72: n, 3.25%). ‘H 
NMR (CDCI,, 40 shake) 6 5.7 (d, J=8.5Hz, IH), 4.85 (inn, 
W). 4.76-3.75 (4H), 2.1-2 (2H), 2.04.2.09 (4 x OAc), 1.25 (m, IH), 
0.9 (d. J = 5 Hz. 6H). “C NMR (CDCI,): for Cl-C6 see Table 2: 
172.4,~171.1, 176.6. 169.3,46.0,26.1,22.2. 20.7. MS m/z (rcl. int.): 
3890). u1813). 373(l). 372(4). 371(3). 36tXt). 33018). 32904). 
312(5), 283(22). 209(40). 2Og&,, 197(2ij. 195(28j, l78(21). 168(U), 
167(100). 16600), 156(W). 138(21), 126t-73). 125(40), 114(21), 
9707). 8504). 83(52), 7429) 6007). 57(92). 

Cyclohuyl3,4,6 - tti - 0 - acetyl - 2 - dcoxy - 2 - (3 - methyl - 1 
- oxobutyl)amino - f3 - D - glucopymnoside 37. Mercuric cyanide 
(2.47 g. 9.8 mmol). anhy 0, (4.5 g). and molecular sieve IA 
were added to a solo of cyclobcxanol(1 g. IOmmol) in dry C& 
(50 ml). The mixture was stirred at r.t. for 1 hr before the addition 
of 36 (Zg, Ummol) prepared from 38 by tbc method of Lloyd 
and Straccy.” The mixture was stirred for 5 days, and then 
diluted with CHCI, (2OOml). Tbc solids were removed by filtn- 
tion and the CHCls rcmovcd in uacuo. The resultant solid was 
crystalliscd from ctbcr, trituratcd with bot pet cthcr, hot Hz0 and 

tbcn rccrystalliscd from ether yicldiw 37 (800 mg, 3g%) m.p. 2MT 
(Found: C. 58.32; H. 7.79: N. 2.82. GJiwN& rwuins: C. 58.60: 
H, 7.85: N, 29796):“C NMR (&i-,):-for Cti6, see Tabk 4; 
172.4, 170.6. 169.5, 77.8, 46.1. 33.4, 31.8. 25.9, 25.6, 23.8. 22-3. 
20.7. MS m/z (nl. int.): 456(l), 390(a). 370(40), 329(10). 31 I(1 I). 
2%8(10), 284(14). 283(180). no(10). uyts), 24~16). uo(ro), 
2290t.X 22%(40), 22yl83, 199(16). 198(59), Isa( ISYll), 
182(10), 181(22), 168(21), 157(11,. 156(85-h 15500). 143(38), 
139(10), 138(15), 126(U), 114(20). IIYlO), 97(16). 9605). 85(40), 
8Yl5), 7200). 

Cyclohuyi 2 - dwxy - 2 - (3 - mdhyl - I - oxobtiflamino - )9 - 
D - glucopymnoside 28.37 (780 mg) was a&d to anhyd McOH 
(5 ml), which had been prctrcatcd with a ataJyb;c amount of Na. 
After 48 hr at r.t. the scoln was ncutralii with Dowcx 50W 
resin (Ii’ form), which was thcmcmovcd by Altration. Tbc soln 
was cvapontcd to dryness yicldii a cobti~ solid, which was 
crvstalliscd from EtOAc: CHCI, to give 1 (394mr. 69%). m.n. 
21.4-216”. (Found: C, 58.84; H, 9:00, s, 4.15. Cl,HsINOs rc&c;: 
C. 59.13; H, 8.98: N, 4.05%). “C NMR (QOD); for Cl-C8 KC 

Table 4. 34.5. 32.7, 26.7, 24.9. MS m/z (rcl. int.): 314(Z). 296(l), 
272(2), 2620, W40). 2440). 227(l5), 200(3), 1990. 190(1), 
181(5), 178(a), 173(5), 172(50), l62(12). l57(22), 156(lUJ), 144(15). 
143@), 142(5). 126(12), 115(5), llY), 102(15), 98(5), 97(X96(5). 
8902). es(S), 87(S), 85Ql). 8Y14), 7402). 736). 72(67). 

Cyclohc.ryl4.6 - 0 - benzylidenr - 2 - dtoxy - 2 - (3 - mtthyl - I 
- oxobutyl)amino - /I - D - gtncopymnoside 38.37 (470mo) was 
t&II UD in Dh@ (5.5 Id) a0d hated With U.dbDCthY- 

oxytoluc;l30 (3.5ml) and a~catalytic amount of p-toh~eacsti- 
phonic acid (25mg). The mixture was hated at 4(r for l.Shr, 
at q(P for 0.5 hr in vocuo, and anally at UP for a fur&r 
vacuum and the resultant solid wasbcd with dil NaHCO,aq. H&j, 
and pct.cthcr. Prcparativc tic on silia ~1 (20% McCN:CHCls) 
(r.f.0.25) yielded a white solid which on ay~tallisation from C+Hs 
aflordcd JI (46%) m.p. 24T. (Found: C, 66.45; H, 8.07; N. 3.31. 
C&sNOI rcquircs: C, 66.51; H, 8.oB; N, 3.23%). In ‘H NMR 
(CDCII) 4.92 6 (d, I = 8 Hz, IH). “C NMR (CDCl,); for Cl-C6 
SK Table 4, 174.3, 137.4, 129.2, 128.4, 126.4, 102.0, 46.3, 33.6, 
31.9,26.4,25.5,24.0,22.4. “C NMR (CD,OD); 175.9,139.3.129.9, 
129.2, 127.6, 103.0, 101.6. 83.3, 78.5, 72.7, 69.9, 67.7, 58.3, 34.7, 
32.8, 27.4, 26.7, 24.9, 23.0. MS m/z (rcl. int.): M’ 433(l), 432(2), 
35004). 3340,333(15), 33206). 291(S), 26605). 251(fg), 25fk66), 
u4(26), 2345). 227(10). 2070). 18Y5), 181(13), 1620). 1600, 
157(10), 156000), 15502). 1490X 101(6). 143Gg). 12601). Ilr(6), 
1032). 106(10). 105(n). 102(13). 101(22), lOtY6), 91(8), sa(5). 
85(48), 8Y15)). 7206). 

Cyclohexyl4.6, - 0 - bcnzylidenc - 2 - dwxy - (3 - methyl - 1 - 
oxobutyl)amino - 3 - 0 - (1 - 0x0 - 3 - phenylpmpfl - p - D - 

glvcopymnoside 39.38 (410 mg) was taken up in pyridinc (40 ml), 
cooled to 0” and trcatcd, by dropwisc addition, with 3-phcnyl- 
propanoic anhydride (540 mg). After 20 hr at r.t. ttm mixture was 
added, with stirring. to iced-water (2OOml). The resultant aua- 
pension was extracted with CHCl, and the CHCI, layer sue- 
ccrsivcly washed with 4N HCI, HrO, sat NaHCOsaq and l&O. 
After drying (MgSD,), the CHCI, was rcmovcd in vacua and the 
resultant solid crystalliscd from C&: pet. cthcr (6080) yielding 
39 (36Omg, 67%,), m.p. 242-244’. (Found: C, 70.10; H, 7.65; N, 
2.30. G&NO, rcauircs: C. 70.08: H, 7.61; N. 2.47%). M” __ -_ 
found: 565.3040; requires 565.3039. ‘k NMR (CDCI,); for Cl-C6 
see Table 4. 173.1. 172.2. 140.0. 137.1. 12g.8. 128.0. 126.2. 125.9. 
101.2,77.2.i6.1,3~.2,31.5.30.6:25.8,25.4.23.7.22.~ MS nr/z (rcl: 
int.): 56506) 482(10), 46600). 46503)’ 464(41), 382(11). 376(n), 
333(11), 288(25), 157(10), 156(100). 155(50). 149(u). 143@3), 
13H45), 127(25), 1X$33), 107(35), 106(10), toYl5X lOt(27L 98(14). 
91(70). 85(40), 83(14), 78(12), 72(40). 

CyclohuyI 2 - deoxy - 2 - (3 - methyl - I - oxobutyl)amino - 3 - 
0 - (1 - 0x0 - 3 - phenylpmpyl) - @ - n - glvcopymnoside 3& 39 
(140 mg) was added to 90% aq. TEA at -I”. The suspension was 
stirred for 2hr and then the solvcat was removed under high 
vacuum and by co-distillation with McOH. Tbc resultant solid 
was purified by plc on silica using EtOAc (r.f. 0.6). Subscqucnt 
crystallisation of tbc resultant solid from CHsCIs: pet cthcr 
yictdcd 3& (50%). m.p. 115-116”. (Found: C, 65.36; H, 8.26: N. 
3.25. CaHrN& requires: C, 65.40; H. 8.17: N, 2.94%). “C NMR 
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(C40D); for Cl-C21 see Tabk 6. 34.4, 32.6,26.7,24.8. MS m/z 
(ret. int.): 47710.1). 377r2.5). W32). 227(lO). 199(S). 178(8). 
i72(45). ‘l62(ld). i’57(2oj. i56@j, .i44(15), l43(2i); l26G4jl 
loUl5), 97(lO), 91(6), ss(29). 85(50). 8Yl4). 72(71). 

Ac&now/ufgemtnrs-The authors wish to thank Mr. C. J. Blake 
for recording the “C NMR spectra. 
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