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Abstract. Methwlology for rhe selectivejbnctionalisation of castanospermbe is outlined which has allowed the synthesis 

of a number of analo~ues selectively mowed at C-6. Awraline and some ausualine anabgues have also been 

synthesized from castanospennine. 

INTRODUCTION 

Castanospermine (l(S), 6(S). 7(R), 8(R), 8a(R)-tetrahydroxyoctahydroindolizidine) (1). which occurs 
in the seeds of the Australian legume Castanospermm australe’ and the pods of Alexa leiopetald, is one 
of a number of plant derived polyhydroxy alkaloid glycosidase inhibitors such as swainsonine (2). 
deoxynojirimycin (3) and DMDP (4) that have wide ranging biological effect?. Castanospermine is a 
potent inhibitor of several glucosidases4’ including mammalian intestinal sucrase’ and the glucosidase 
involved in lysosomal glycoprotein processin$“, and castanospermine and some of its derivatives may 
have potential utility in the treatment of viral infectionsr2”, cancer~~~*~, malaria3’, and diabetes23S31-fi. Not 
surprisingly, there has been considerable interest in the synthesis of castanospennine as well as a number 
of its stereoisomers and analogues%. 
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A few years ago we initiated a systematic study of the biological activity of structnmlly modified 
castanospermine compounds. As the published total syntheses of castanospermine do not readily provide 
sufficient qua&titles of material we turned to isolation of the natural product as a source for Starting 
material. The published proc&u~~~“~ with minor modifications, proved adequate and a 1 kg supply of 
crystalline castanospermine was readily obtained. This paper describes some of the chemistry we have 
pursued on the selective modification of castanospetmine at the C-6 position. Future publications will 
outline our effcnts on selectively modZying other parts of the molecule while the biological results will be 
mported elsewhere. 

In order to selectively modify castanospermine at C-6 it is necessary to protect the other three 
hydroxy gmups and/or selectively protect the 6-hydroxy group. When this work was begun there were no 
published reports on selective protection of castanospermine’s hydroxy groups. Recently however, several 
protection strategies have been published. The Merrell Dow group have described the preparation of 
separable mixtures of 6-O- and 7-O- monoesters in very poor yield (<lo%) and also the 6.7dibenxoate (5) 
in 48% yield by direct acylation of castanospermine with pyridine and acyl halides29”3”. This dibenzoate 
was subsequently utilised for the synthesis of the 6-butyrate (6) and 6benzoate (7) as well as the 
corresponding 7monoesters (8)” all of which were prepared as potential anti-AIDS agents. The syntheses 
proceeded via diols (9) or (10) which were available from dibenxoate (5) by acetal formation followed by 
saponification. Conventional acylation (RCOCl, THF or C!l&C!lJ of diol (9) gave selectively the 6-ester 
hydrochlorides (11) from which the monoesters (6) and (7) were obtained after hydrolysis. Alternatively, 
the 6-carbonate (12) was readily pmpared from diol(10). and after acylation of the mmaining hydtoxy 
group, hydrogenolysis and then hydrolysis, the 7-esters (8) were obtained. An enzyme catalysed 
regioselective acylation of castanospermine has been reported whereby a number of I-0-acyl derivatives 
were prepared using the protease subtilisin as catalyst. Further acylation of these derivatives catalysed by 
a lipase provided 1.7~di-0-acyl derivatives which could be selectively hydrolysed by subtilisin to give 7- 
0-monoesters37. ln another approach castanospermine was treated with dibutyltin oxide in methanol 
followed by the addition of triethylamine and an acyl halide. A number of 6-0-monoesters were prepared 
in this way in mcdetate yield (s40%)38. 

RESULTS AND DISCUSSION 

We have devised two routes to 1,7,8-tri-0-acetylcastanospermine (13), from which we anticipated 
being able to synthesize some castanospermine analogues. Selective deprotection of castanospennine 
tetraacetate (14) with tributyltin methoxide afforded a moderate yield of the 6 and 7-hydroxy compounds 
(13) and (15) in a 1.75:l ratio along with some starting material and traces of dihydroxy compounds. 
While this provided quick access to the desired triacetate (13), separation of the isomers (13) and (15) was 
tedious on a large scale so an alternative procedure was developed. 

The use of organotin derivatives to facilitate the regioselective manipulation of polyols is well 
established-, and this methodology was applied to castanospermine. After treating castanospennine 
separately with dibutyltin oxide and bis(tributyltin) oxide, the resulting stannyl derivatives were examined 
for efficacy of regioselective acylation. The compound obtained on treating castanospermine with 
2.5 equiv. of bis(tributyltin) oxide in refluxing toluene proved the most useful as 6-0-monoesters were the 
sole products on further treatment with acyl halides, and excellent yields of crystalline monoesters (6) 
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Reagents i) (Bu,Sn),O, toluene, reflux; then BnOCOCI, -2OOC; then A%O, pyr. 
ii) PdlC, H,, EtOAclEtOH. 

(83%) and (7) (94%) were obtained directly. The 6-carbonate (16) was also pmpared in this way and 
isolated as the triacetate (17) in 76% yield (Scheme 1). Hydrogenolysis of this afforded the desired 1,7,8- 
tri_O-acetylcastanospermine (13), and this proved an excellent route for its large scale preparation. 

When the alcohol (13) was tmated with au excess of DAST two fluorinated products (18) and (19) 
were formed in a ratio of 52. That the major product (18) had undergone a displacement with retention 
of configuration was ascertained from its ‘H n.m.r. spectrum. The fluorine atom was strongly coupled to 
H-6 (J&51.5 I-Ix). and the ‘H, ‘H coupling constants (J s,ls=J,,,=9.3 I-Ix) are comparable with those for the 
parent triacetate (13) (JM- -10.5 I-Ix, JR*.3 I-Ix) and indicate that H-6 is still diaxial to both H-Sax and H- 
7. In contrast H-6 of 6-epicastanospermine. being equatorial, has only weak coupling (J&,=3 Iix, 
JSa= 1 I-I@. The structure of the mom polar fluoride (19) was established by examination of its n.m.r. 
spectra including ‘H-‘H and iH-13C COSY correlations which established the co~ectivity of the 
pyrrolixidine ring structure. The u-orientation of the CI$F group was suggested by comparison of its Jz3 
value (8.6 I-Ix) with that of tetra-O-acetylaustrabne (20) (Jz3=g.8 I-Ix) and its 3-epimer (21) 
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(18) R=Ac 
(24) R=H 

A::i& No ;;fj ?iw (18) + (19) 

AcO 2 2 AcO 
(22) (23) 

Scheme 

(J,,=5.4 Hz)‘~~~‘, The suuctum of (19) was confirmed by x-ray crystallography. Formation of these 
products can be rationalised by invoking participation of the nitrogen in the displacement. Thus the DAST 
ester (22) suffered an intramolecular displacement affording the axiridinium ion intermediate (23) which 
was then attacked by fluoride ion to give fluorides (18) and (19) (Scheme 2). An analogous participation 
of the ring nitrogen in displacements at an adjacent centre has been previously observed for a swainsonine 
derivative where an aziridinium ion intermediate was also invoked4’.* Deacetylation of triacetate (18) 
gave 6-deoxy-6-fluorocastanospermine (24) which had m.p. and ‘H and “C n.m.r. spectra in agreement 
with material obtained by total synthesi?. In the same way (19) afforded the interesting analogue (25) of 
the naturally occurring glycosidase inhibitor australine. 

In order to explore further substitutions at C-6 the 6-hydroxy compound (13) was converted to the 
stable crystalline mesylate (26). Heating of this mesylate with sodium azide in DMSO gave a separable 
mixture of the castanospermine and australine azides (27) and (28) in a 2:l ratio implying that the 
aziridinium ion (23) is again an intermediate. Recently Merrell Dow workers have reported that treatment 
of the very similar mesylate (29) (synthesized in 9 steps from castanospermine) with sodium iodide in 
methyl ethyl ketone followed by sodium azide in DMF generated the axide (30), but no mention was made 
of any rearrangement product4’. When our mesylate (26) was allowed to react with sodium iodide in 
refluxing methyl ethyl ketone only the product (31) of retained con@uration was obtained. Treatment of 
this iodide (31) with sodium azide in DMF afforded the same two axides (27) and (28) in the same ratio 
that had been obtained directly from the mesylate. Reduction of azide (27) gave the amine (32) which 
was deacetylated affording 6-amino-6-deoxycastanospermine (33), or N-acetylated, affording (34), and then 
0-deacetylated to give the known4’ amide (35). Reduction of the australine axide (28) gave I-acetamido- 
1,7di-0-acetyl-8-deoxyaustraline (36), the product of acetyl migration from oxygen to nitrogen. 
0-Deacetylation of this afforded amide (37). 

* J%uticipatica by the adjacent (C-7) acetate could also lead to pmducts of displacement wide retention, but this mute could 
not give rise to auraline analogucs, and, in any case displacement with retention occurs when there is a non- 
participating group at C-7 (vi& in&a). 
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Figure 2. ORTEP drawing of (43) 

Figure 1. ORTEP drawing of (19) 

In further displacement reactions applied to mesylate (26). treatment with tetraethylammonium 
chloride gave a 1O:l mixture of the castanospermine and australine chlorides (38) and (39), whereas with 
tetrabutylammonium bromide only the unreatranged bromide (40) was obtained. Deacetylation of chloride 
(38) afforded 6-chloro-6deoxycastanospexmine (41). With potassium cyanide in methanol, mesylate (26) 
gave a separable mixture of ~~o-6-d~xycas~os~~e (42) and 8-cyano-8-deoxyaustmline (43) in 
moderate yield together with a smah amount of epoxide (44). The structure of the austrabne nitrile (43) 
was confirmed by x-ray ~s~o~aphy. 

Epoxide (44) was also synthesized by stirring mesylate (26) in a suspension of sodium hydroxide in 
DMF. Upon acid hydrolysis this epoxide underwent diaxial opening to give 6,7diepicastanospermine 
(45). which has recently been isolated as a minor alkaloid from the seeds of Caskznospennwn ausrr~le~. 
The ‘J-i n.mr. spectra of (45) and its tetraacetate (46) were consistent with them having inverted 
stereochemistry at C-6 and C-7 with respect to castanospermine. Thus the equatoriahy disposed H-6 of 
compound (45) is only weakly coupled to H-5, and H-5, (J<l Hz), and H-7 (also equatorial) is only 
moderately coupled to H-8 (J=3 Hz). In compounds with c~~os~e st~~he~s~, where H-6 and 
H-7 are both axial, coupling is much stronger, typicaIly Jsus = 10.5 Hz and JTI = 9 Hz. 

In a further displacement reaction, mesylate (26) was treated with sodium formate in DMSO at 80°C 
to give a good yield of castanospermine and australine formates (47) and (48) in a ratio of 3:2. The 

australine fotmate (48) was selectively deformylated (NI$OH, MeOH) to give 1,2,7-n-i-O-acetylaustraline 
(49). This compound was glucosylated by treatment with penta-O-acetyL@-glucopyranose in the 
presence of trimethylsilyl niflate to give the peracetylated j3-glucoside (50). Traces of the cz-glucoside 
(51) and tetraacetyl ausualine (20) were also formed. Zemplen deacetylation of (50) gave glucoside (52). 
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(50) R=R,=Ac, X=0+-D- Glucopyranosyl Tetmacetate 

(51) R=R,=Ac, X=0-c-D- Glucopyranosyl Tetraacetate 

(52) R=R,=H. X=0-p-P Glucopyranosyl 
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(SO) R=Me 
(61) R=Allyl 
(63) R=“Btiyl 
(65) R=P-Methylpropyl 
(67) R=l -Methylpropyl 
(69) R=l-Methyibutyl 
(71) R=P-Methoxyethyl 
(73) R=Benzyl 

(62) R=Allyl 
(64) RznButyl 
(66) R=BMethylpmpyl 
(66) R=l-Methylpropyi 
(70) R=l-Methylbutyl 
(72) R=2-Methoxyethyl 
(74) R=Benzyl 

The naturally occurring glycosidase inhibitor australine (53) becomes available from this route viu 
triacetate (49). In an attempt to improve the overall yield of australine an altemative pmccdme was tried. 
Alcohol (13) was treated with trifluoromethanesulfonic anhydxide and 2,6-di-f-butyl4nx%hylpyridk, and 
the resulting unstable n-iflate (54) was reacted in sinr with excess benzyl alcohol to give only a moderate 
yield of bcnzyl ethers (55) and (56). but with the australine isomer (56) the major product Catalytic 
debenzylation of (56) gave the ausaaline triacetate (49), which was deacetylated to the natural pmduct 
(53) isolated as its crystalline hydrochloride. Zemplen deacetylatlon of (55) gave 6-O- 
benzylcastanospemke (57). 

The mesylate (26) could be deacetylated to trio1 (58) under Zemplen conditions 
(NaOMe,WeOH/THF), but it was too unstable to be isolated and was instead used in siru as a substrate 
for other nucleophilic displacements. Thus heating mesylate (58) in the solution in which it was formed 
gave 6XLmethylcastanospermine (59) in good yield, and the same treatment in the presem~ of a variety of 
primary amines gave moderate yields of 6-alkylamino-6deoxycastanospermines and S-akylamino-8- 
deoxyaustralines (60) - (74) along with traces of the 6-methyl ether (59) and the 7-alkylamino.7dcoxy- 
6,7di.epi-castanospermines (76) - presumably formed via epoxide (44). Separation of the products by 
silica gel chromatography was difficult and the yields of purified products were generally poor. 6. 
Benzylamino-6deoxycastanospermine (73) could not be separated from impurities and was acetylated 
affording a separable mixture of peracetates. 0-Deacetylation then gave 6-N-benzylacetamido-6- 
deoxycastanospermine (75). This compound generated unusual n.m.r. spectra in that each carbon and 
proton gave rise to a split or broadened signal, presumably arising from hindered mtation around the 
N-(O) amide bond. 

A number of NJ!-disubstituted 6-amino-6deoxycastanospemGne derivatives were required for 
biological studies. Attempts to synthesize these directly from mesylate (58) led to decomposition of the 
starting material. However, when tiflate (54) was allowed to react with excess diethylamine. a good yield 
of castanospermke and austraIine amines (78) and (79) were obtained, but in a 1:6 ratio. mfm a 
more efficient route to the required castanospermine amines was sought. It was anticipated that the 
conformational restriction imposed by a 1,8-cyclic acetal ring, such as in (80), might affect the amount of 
rearrangement occurring upon reaction with nucleophiIes. 
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All attempts to form cyclic acetals (isopropylidene or cyclohexylidene) from castanospermine itself 
were unsuccessful. All the standard conditions returned only starting material unchanged However, the 
6-benxoate (7) readily formed the 1,8-O-isopropylidene and cyclohexylidene derivatives (81) and (82). It 
is not clear why there is such a difference in reactivity between castanospermine and its 6benzoate. The 
6,7-dibenzoate (5) is also readily converted into its 1,8-O-cyclohexylidene and isopropylidene derivatives%. 
The alcohols (81) and (82) were transformed into their 7-O-MOM ethers and then saponified to the 6- 
alcohols (83) and (84) mspectively. Mesylation then afforded the desired compounds (80) and (85). 

(80) R,=R,=Me (81) R,=R,=Me (83) R,=R,=Me 

(85) R, .R2=(CH& (82) R,sR,=(CH,), (W Wb=Ghh 

Treatment of mesylate (80) with sodium axide in hot DMSO gave a single compound (86), the 
product of substitution with retention of configuration. Its structum was demonstrated by acid hydrolysis 
followed by acetylation to afford the same niacetate axide (27) obtained previously. No product of 
rearrangement to the corresponding austmline derivative was detected. Under the same conditions the 
cyclohexylidene mesylate (85) also gave only one axide (87), and in a better overall yield (66% from the 
6-benxoate (82)). Catalytic hydrogenation of axides (86) or (87) to the 6-amines followed by N-acylation 
and acid hydrolysis gave the 6-N-butyryl- and benzoyl-6-deoxycastanospetmines (88) and (89). This route 
also offers improved access to the N-acetate (35). Mesylate (85) was also treated with a variety of 
secondary amines, and benzylamine, in hot DMSO to give only the products (90) - (93) of displacement 
with retention of configuration. The diethylamine adduct (93) was subjected to acid hydrolysis and then 
acetylation to give the same uiacetate (78) obtained previously. Acid hydrolysis of these products (9O)- 
(93) gave the corresponding NJ+dialkyl-6-amino-6-deoxycastanospermines (94)-(96) and a pure sample of 
the N-benzyl derivative (73) obtained previously. 

MOM0 X 

(86) R,=R,=Me, X=N, 
(87) R,,R,=(CH,),. X=N, 
(90) R,,R,=(CH,),, X=NHBn 
(91) R,,R,=(CH,),, X=N(CH,CH,OH), 
(92) R, ,R2=(CH2)5, X=N(Et)Bu 
(93) R,=R,=Me, X=NEt, 
(97) R,,R,=(CH,),. X=l 
(98) R,,R2=(CH2)5, X= CH=CH, 
(100) R,,R,=(CH,),, X=OBu 
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(88) X=Nki%Pr 
(89) X=NHBz 
(94) X=N(CH,CH,OH), 
(95) X=N(Et)Bu 
(90) X=NEt, 
(99) X= CH=CH, 
(101) X=OBu 
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When mesylate (85) was treated with Grignatd reagents in attempts to effect displace~mcnts at C-6, 
the only maction observed was O-S cleavage of the sulfonatc group with regeneration of alcohol (84). 
The iodide (97), however, (obtained by iodide displacement on mesylate (85)) reacted readily with vinyl 
magnesium bromide to give the derivative (98) which after acid hydrolysis afforded 6deoxy-CC- 
vinylcastanospermine (99). Alkylation of 6-alcohol(84) with n-butyl bromide (IWDMSO) afforded the 
butyl ether (100) in moderate yield, which was &protected by acid hydrolysis to give 
6-O-butylcastanospermine (101). 

All attempts to oxidise triacetate alcohol (13) to the corresponding 6-ketone were unsuccessful, 
returning only either starting material alone or no discrete. product. However alcohol (84) was successfully 

oxidised to ketone (102) under Swem conditions. Addition of vinyl magnesium bromide to this ketone 

gave a major adduct (103) in 74% yield, the stereochemistry of which was resolved by x-my 
crystallography. The 6-C-methyl branched derivative (104) was also obtained in the same way. Acid 
hydrolysis then afforded the 6-epi-6-Cvinyl-and methyl-castanospermines (105) and (106). 

Figure 3. ORTEP drawing of (103) 

Reduction of ketone (102) with sodium bomhydride gave a mixture of alcohols (84) and (107) in 
which the 6-epi- alcohol (107) predominated. Because. this mixture was not separable, an alternative route 
to 6-epi-castanospermine was sought. Silylation of alcohol (82) proceeded smoothly affording the fully 
protected compound (108), but on saponification of the 6-benxoate ester not only the expected dalcohol 
(109) but also the 7-alcohol (110) was obtained - the latter resulting fmm migration of the silyl group. A 
one-pot Swem oxidation-borohydride reduction of 6_alcohol(lO9) gave a separable mixture of bepi- 
alcohol (111) and starting material in a ratio of 2: 1. Acidic hydrolysis of (111) gave 6-epi- 
castanospermine (112). 
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(103) R= CH=CH, (105) R= CH=CH, 
(104) R=Me (106) R=Me 

+&O%R 
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(109) R=H 
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The results presented hem outline efficient routes to a number of selectively protected 
castauospermine derivatives. The synthesis of castanospermine derivatives modified at C-6 has been 
explorad an interesting rearrangement to australine-type structures discovered, and ways to avoid this 
rearrangement delineated. The results of biological testing of these compounds will be reported separately. 

X-RAY SINGLE CRYSTAL ANALYSES 

The intensity data were collected on a Nicolet R3m diffractometer using graphite-monochromatized MoKa 
radiation (h = 0.71073A) at low temperature by the o scamring method. Prehminary refinement of the 
cell parameters was carried out using 22-24 reflections centred automatically in the 6 < 26 I; 35’ range. 
Crystal and experimental details rue summari zed in Table 1. Crystal and di5iactometer stability was 
monitored using the intensities of thme reflections every 100 reflections. For all crystals, the relative 
intensities of the standard reflections varied less than 0.5%. Equivalent reflections were averaged and 
corrected for Lomntx aud polarisation factors. No absorption corrections were applied. 

The structures were solved by direct methods using programmes SHIRLXS47 and SOLVER (NRCVAX)48, 
and subsequent difference Fourier syntheses for the hydrogen atoms. Conventional full matrix least 
squares refinement was performed with anisotropic and isotropic thermal parameters for non-hydrogen and 
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Table 1: 

DC &cm”, 1.370 1.378 1.265 

Specimen size, mm 028 x 0.43 x 0.48 0.22 x 0.22 x 0.44 0.5 x 0.1 x 0.1 

a cm” 1.24 1.13 0.99 

Temperature of Collection (“K) 173 190 193 

R 0.0325 0.0517 I 0.148 

RW I 0.0325 I 0.0507 I 0.141 

hydrogen atoms respectively, using programmes SHELX7649 and LSTSQa. The weighting of each 
reflection was [d + g (F)‘].’ (see Table 1). 

EXPERIMENTAL 

N.m.r. spectra were recorded on a Bruker AC-300 instrument at 300 MHz or 75 MHz (“C) with 
internal TMS as reference. High-resolution accurate mass determinations were performed on a VG70- 
250s mass spectrometer under chemical ionisation conditions using isobutane or ammonia as the ionising 
gas. Melting points were determined on a Reichert hot stage microscope and are uncorrected. Elemental 
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analyses were perfomed by the Campbell MicroanalyticsJ Laboratory, Dunedin. Silica gel backed 
aluminium sheets (Merck or Reidel de Haen) were used for thin layer chromatography. Column 
chromatography was perfcrmed on silica gel (230-400 mesh, Merck). Chromatography solvents were 
distilled prior to use, ‘hexanes’ refers to a petroleum traction boiling around 68°C. Castanospermine was 
obtained as described in the discussion. Teuahydrofurau was distilled from sodi&benxophenone under 
argon and dichloromethane was distilled from calcium hydride before use. All other chemicals were 
commercially available and were used without further purification. 
Q-0-Benzoyl castamspermine (7). Bis(tributyltin) oxide (108 ml, 0.212 mol) was added to a suspension 
of castanospermme (20 g, 0.106 mol) in toluene (600 ml) and the mixture was heated under reflux with 
axeotmpic removaJ of water for 2 hours. The resulting clear solution was cooled under argon to - 10°C 
and benxoyl chloride (22.1 ml, 0.19 mol) was added slowly with stirring keeping the reaction temperature 
< 0°C. Stirring was continued overnight while the reaction mixture was allowed slowly to come to room 
temperature. The tohmne was then removed in vacua, the solid residue was shaken with a mixture of 1% 
aqueous acetonitrile (500 ml) and hexanes (500 ml), fiheted and washed thoroughly with petroleum ether. 
The white sohd was dried affording 29.2 g (94%) of 6-O-benxoylcastanospermine (7). RecrystaRised fIom 
aqueous methanol it had m.p. 212-214°C. Lit.” nap. 233 - 236°C. The ‘H n.m.r. data was the same as 
that repaaed3. 
1,6,7,8-Te-tra-O-acetykastanospermine (14). Acetic auhydride (200 ml, excess) was added to a stirred 
suspension of castanospermine (30 g, 160 mmol) iu pyridine (200 ml) at 0°C. The suspension was stirred 
and warmed to room temperature overnight whereupon it became homogeneous and t.1.c. examination 
showed that reaction was complete. Solvents were. removed by evaporation under reduced pressure and 
the resulting syrup taken up in U-&C& and eluted through a short column of silica gel with hexanes-ethyl 
acetate (1:l). RecrystaJlisation from this solvent mixture and further column chromatography and 
crystaJlisation of the mother liquors gave the title compound (47 g, 0.13 mol, 85%). Accurate mass, talc 
for Ct&NO, (MH+) 358.1502; obs 358.1499. M.p. 115-116°C. ‘H nmr. (CDCl,) 5.35 (m H-l) 5.20 (bt 
J=9.0 H-8) 5.08 (m 2H H-6, H-7) 3.39 (dd Jd.3, 10.5 H-5) 3.22 (m H-3) 2.39-2.19 (m 3H H-2, H-3’, H- 
8a) 2.09 (m, H-5’) 2.04, 2.02, 2.01, 1.98 (s 3H each, acetate) 1.85 (m H-2’). 13C n.m.r. (CDCl,) 170.6, 
170.5, 169.9, 169.7 acetate; 75.3 C-6 or C-7; 71.1 C-l; 70.3 C-6 or C-7; 68.5 C-8; 68.3 C-SK 52.9 C-5; 
52.0 C-3; 31.7 C-2; 21.0 20.8, 20.7, 20.7 acetate. 
1,7,8 Tri-O-acetykastanospmine (13) and 1,6,8-Tri-O-acetylcastaaospermiae (15). A solution of 
tetra-acetyl castanospermine (14) (21 g, 60 mmol) and tributyltin methoxide (26 ml, 29.9 g, 93 mmol, 
1.6 eq) in tenahydrofuran (150 ml) was heated under reflux under argon. Monitoring of the reaction by 
t.1.c. (ethyl acetate) showed transformation of the starting material into two major, less mobile, products 
(13) and (15), which appeared to slowly degrade to several minor products. The reaction was stopped 
after 48 hr when the amount of major products appeared to be at a maximum. The solvent was removed 
under reduced pressure and the residue partitioned between acetonitrile and hexanes. The acetoniaile 
phase was washed twice with hexanes and then concentrated under reduced pressure. Cohmm 
chromatography using hexanes-ethyl acetate mixtures as eluent and recrystallisation from these same 
solvents gave triacetates (13) (5.7 g, 18 mmol, 30%) and (15) (3.2 g, 10.2 mmol, 17%) and also starting 
material (14) (2.1 g, 6 mmol, 10%). For (13) m.p. 166-168°C. Accurate mass, talc for &&NO, (MH? 
316.1396; obs. 316.1398. ‘H n.m.r. (CDCl,) 5.37 (m H-l) 5.17 (t J=9.5 H-8) 4.84 (t J=9.3 H-7) 3.93 
(m H-6) 3.34 (dd J=10.8, 5.2 H-5) 3.23 (m H-3) 2.55 (m OH) 2.45-2.20 (m 3H H-8a, H-2, H-3’) 2.11 
(bt J=10.5 H-5’) 2.09 (s 3H acetate) 2.04, 1.98 (s 3H each, acetate) 1.85 (m H-2’). 13C n.m.r. (CDCl,) 
171.8, 170.6, 169.8 acetate; 79.2 C-7; 71.2 C-l; 79.6 C-6; 68.7 C-8a; 68.1 C-8; 56.2 C-5; 52.0 C-3; 31.6 
C-2; 21.0, 20.9, 20.7 acetate. Analysis C,,H,,NO, req. C 53.33, H 4.44, N 6.67; found C 53.56, H 4.41, N 
6.53. For (15) m.p. 131-133’C. Accurate mass, talc for C,,H,NO, (MH+) 316.1396, obs 316.1397. ‘H 
n.m.r. (CDCl,) 5.37 (m H-l) 5.07 (bt, J=9.4, H-8) 4.97 (td, J=9.6, 5.3, H-6) 3.57 (td J=9.2, 6.4 H-7) 3.35 
(dd, J=10.4, 5.2 H-5) 3.21 (m, H-3) 2.51 (d, J=6.4, OH) 2.40-2.15 (3H, m, H-8a, H-2, H-3’) 2.09, 2.06 
(3H, S, each acetate) 2.00-2.04 (4H, m, H-5’, acetate) 1.85 (m H-2’). 13C n.m.r. (CDCl,) 171.0, 170.8, 
170.6, acetate; 76.0 C-7; 72.9 C-6; 71.3 C-l; 70.6 C-8; 68.5 C-9; 52.9 C-5; 52.0 C-3; 31.6 C-2; 21.1, 21.1, 
20.7 acetate. Analysis C,_&,NO, req. C 53.33, H 4.44, N 6.67; found C 53.33, H 4.44, N 6.57. 
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~,~,&T~~-O-~C~QIC~S~~IIOS~~IIII~~ (W). (Alternative method). (i) 1,7,8-T~-O-acetyl-6-O- 
~boxybenzyk&anuspemdne (17). A suspension of castanospetmiue (20.0 g, 105 mmol) and 
bis(tribmyltin) (140 g, 2.2 eq) in toluene (500 ml) was refhtxed for 3 hr under argon with -tropic 
removal of water. The resulting solution was cooled to approximately -XX hnzY1 C~omfumate (95%) 
(26 ml, 31.3 g, 1.7 es) was added, and then stirred at room temperatum for 2 hr. Water (20 ml) was 
added and after further stirring (2 hr) the precipitate of crude 6-O-carboxybenxoylcastan~ (16) 
was isolated by filtration. ‘Ibis white solid was dried at room tempemture under reduced Pressure and 
then taken up in pyridine (200 ml). Acetic anhydride (200 ml) was added at WC and the solution was 
stirred at mom temperature overnight and then concentrated to a small volume under reduced pressure. 
The resulting slurry was taken up in dicNommethaue, washed with saturated aqueous sodium bicatbonate 
and brine, dried (Iv&SO.,) and concentrated under reduced pressure. Recrystallisation t&u hexanesethyl 
acetate gave (17) (35.9 g, 76%). Accurate mass, talc. for -NO, (MI?) 450.1764; ohs 450.1763. 
‘H n.m.r. (CDCld 7.35 (5H s Ph) 5.36 (m H-l) 5.19 (t J=9.3 H-8) 5.15, 5.14 (W CHph) 5.07 (t Jc9.3 
H-7) 4.96 (td J=9.8, 5.2 H-6) 3.45 (dd J=10.5. 5.2 H-5) 3.23 (m H-3) 2.40-2.13 (4H m H-2, H-3’, H-5’. 
H-8a) 2.04, 1.96, 1.92 (s 3H each, acetate) 1.88 (m H-2’). 13C n.m.r. (CDQ) 170.5, 170.3, 169.8 acetate; 
154.2 (C=O)OBn; 134.9, 128.6, 128.3 phenyl; 75.0 C-7; 73.7 C-6; 71.0 C-l; 69.9 C-8; 68.4 C-8& 68.2 
CH$ti 52.8 C-5; 51.9 C-3; 31.6 C-2; 21.0, 20.7, 20.6 acetate. 
(ii) 1,7,8-Tri-O-acetykastanospermine (13). To a solution of (17) (18 g, 40 mmol) in ethyl acetate 
(200 ml) was added ethanol (200 ml) and palladium-on-charcoal (5%, 1 g). The mixture was shaken 
under hydrogen (60 psi) overnight. Filtration, extractive work up and crystallisation from hexanes-ethyl 
acetate gave (13) (9.2 g, 73%). 
1,7,8-Tri-0-acetyld-deoxy&luomastan ospermine (18) and 1,2,7-tri_O-acetyl-&deoxy-&nuon, 
austrahe (19). A stirred solution of alcohol (13) (1.0 g, 3.2 mmol) in dicNoromethane (10 ml) was 
cooled in a dry ice-acetone bath. Diethylaminosulphur trifluoride (DAST, 0.9 ml, 2.2 eq) was added aud 
the solution was warmed to reflux for 2 h and then cooled and quenched cautiously with water. Extractive 
work up and column chromatography using hexanes-ethyl acetate (1:l) as eluent gave the title compounds 
(18) (0.50 g, 1.6 mmol, 49%) and (19) (0.19 g, 0.64 mmol, 19%) which were further purified by 
crystallisation from hexanesethyl acetate. For (18) m.p. 116-l 19°C. Accurate mass, talc. for C,&,FNO, 
(MH+) 318.1353, obs 318.1382. ‘H n.m.r. (CD&) 5.37 (m H-l) 5.15 (m 2I-J H-7, H-8) 4.70 (dtd J=5.6. 
9.3, 51.5 H-6) 3.46 (ddd J=1.8, 5.6, 10.5 H-5) 3.24 (bt J=7.5 H-3) 2.43-2.26 (m 4H H-2, H-3’. H-5’. H-8a) 
2.08, 2.04, 1.98 (s 3H each, acetate) 1.86 (m H-2’). 13C n.m.r. (CDCl,) 170.4, 169.8 acetate; 87.6 
(d J=180.9 C-6) 75.9 (d J=19.2 C-7) 70.9, 68.4 C-l, C-8% 67.6 (d J=10.3 C-8) 53.3 (d J=15.6 C-5) 51.9 
C-3; 31.7 C-2; 21.0, 20.8, 20.7 acetate. Analysis talc. for C,$&FNO, C 52.99, H 6.35, N 4.41, F 5.99, 
found C 53.00, H 6.09, N 4.38, F 5.76. For (19) m.p. 75-77“C. Accurate mass, talc. for C,,H,,FNOe 
(MH+) 318.1353, obs. 318.1354. ‘H n.m.r. (CD,) 5.63 (t J=8 H-2) 5.55 (t J=7.3 H-l) 5.19 (td J=1.6, 4.2 
H-7) 4.29 (ddd J=4.0, 9.3, 47.2 H-8) 4.27 @id J=6.2, 9.3, 47.6 H-8’) 3.41 (dd J&4, 6.3 H-7a) 3.09 
(dddd, J=3.9, 6.2, 8.6, 16.2 H-3) 2.94 (t J=7.8 H-5) 2.48 (td J=6.2, 10.2 H-5’) 1.72 (m 4H acetate, H-6) 
1.67, 1.65 (s 3H each, acetate) 1.57 (m H-6’). 13C n.m.r. (CJI,) 170.2, 169.7, 169.2 acetate, 85.1 (d 
J=71.0 C-8) 78.1 (d J=7.6 C-2) 74.1 C-l; 73.4 C-7; 69.8 C-7a; 68.2 (d J=19.4 C-3) 52.3 C-5; 34.0 C-6; 
20.6204 acetate. Analysis C,$&FN06 req. C 52.99, H 6.35, N 4.41, F 6.00, found C 53.06, H 6.30, 
N 4.27, F 5.87. 
6-Deoxy-6-fluomcastan ospermiue (24). Triacetate (18) (0.50 g, 1.58 mmol) was dissolved in methanol 
saturated with ammonia. After stirring at room temperatute overnight the solvent was removed under 
reduced ~resswe and the residue crystal&d from ethyl acetate affording (24) (0.2 g, 1.05 mmol, 66%). 
M.P. 142JWC (Lit- ec m.p. 142-143°C). Accurate mass, talc. for C,,H,$NOS &R-J+) 192.1036; ohs. 
192.1029. “C n.m.r. @O) 93.5 (d J=175.7 C-6) 79.7 (d J=17.2 C-7) 73.7, 72.0 C-l, C-8& 70.9 (d J=11.2 
C-8) 55.3 (d J=26.1 C-5) 54.2 C-3; 35.5 C-2. 
tJ-Deoxy-8-fluoroaustraline (25). Triacetate (19) (0.22 g, 0.69 mmol) was dissolved in methanol saturated 
with ammonia. After stirring at room tempeuuure overnight the solvent was removed under reduced 
pressure and the residue chromatographed using dichloromethane-methanol-aqueous ammonium hydroxide 
(13:41) as eluent to give the title compound (25) (0.10 g, 0.52 mmol, 76%). Accurate mass, talc for 
C&&FNC3 W-J+) 192.1036 obs. 192.1028. ‘H n.m.r. @O) 4.57 (ddd, J=2.4, 10.3, 47.2, H-8) 4.47 (ddd 
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6-AceWnU~1,7~tri~-acety~~xycaatattoapermine (34). A solution of amine (32) in pytkhne 
(10 ml) and acetic anhydrlde (10 ml) was stirred overnight at mom Wmpemmm. TheXIliXtUlCWaS 
evaporatedtodrynessundWreducedpressuteandc~ bed on a cohurm using dichlolQnK&W- 
~l(9:l) as eluent to give the title m (34) (1.15 g, 3.2 mm& 1~1%~ which was 
recrystallised from ethyl acetate. M.p. 217-219°C. Accurate mass, talc. for C&.&O, (h4@) 357.1662, 
obs. 357.1672. ‘H n.m.r. (CDC&) 5.90 (d 2H NH2) 5.37 (m H-l) 5.27 (t J=9.5 H-8) 4.82 (dd J=9.4, 10.5 
H-7) 4.27 (m H-6) 3.42 (dd J=4.9, 10.8 H-S) 3.23 (m, H-3) 2392.08 (m 4H H-2, H-3’. H-5’. H-8a) 2.06 
(s 6H, acetates) 1.98, 1.93 (s 3H each, acetate) 1.85 (m H-2’). i3C n.m.r. (CDC&) 75.7 C-7; 71.2 C-l; 
68.8 C-8a; 68.1 C-8; 54.4 C-5; 51.9 C-3; 50.5 C-6; 31.6 C-2. Analysis, C&&N& req. C 53.93 H 6.79 
N 7.87; found C 53.47 H 6.60 N 7.92. 
6-A~mid&&oxycaatan~ne (35). Sodium methoxide in methanol (1% sodium, 0.5 ml) was 
added to a stirred solution of acetylated amine (34) (0.5 g, 1.6 mmol) in dry methanol (10 ml). After a 
few minutes the solid product (35) was removed by film&on. The filtrate was run through a column of 
cation exchange resin @owex X12) in the ~~~ form and the solvent removed under reduced 
pressure to give further (35). The batches were combined and recrystallized fkom methanoL (0.36 g, 
1.6 mmol, 100%) mp. 234-236°C. Accurate mass talc. for C,&&O., (MH+) 231.1345, ohs. 231.1352. 
‘H n.m.r. @20) 4.34 (m H-l) 3.78 (td J=4.5, 10.4 H-6) 3.58 (t J=9.2 H-8) 3.30 (t J=9.5 H-7) 3.01 (OL, m 
H-3, H-5) 2.24 (m, H-2) 2.15 (q J&7 H-39 1.93 (m 5H H-5’, H-k, acetate) 1.64 (m H-29. “C n.m.r. 
(I&O) 175.8 acetate; 78.9 C-7; 73.7 C-k 72.1,72-l C-l, C-8; 55.9 C-5; 54.0 C-3; 53.5 c-ri; 35.1 c-2; 
24.5 acetate. Analysis C,$&,NzOS (M+HsO) req. C 48.38 H 8.12 N 11.2& found C 48.56 H 7.93 N 11.13. 
&Ac&amido-1,7-&0-acetyl&koxyaustralme (36). A solution of axide (28) (1.6 g, 4.7 mmol) in 
toluene-ethyl acetate was stirred with palladinm-on-carbon (596,O.l g) under hydrogen at atmospheric 
pressure for 4 hr. The catalyst was removed by filtration and the solvents were evaporated under reduced 
pressure. Column Cathy with ~c~~~~e-~~~ol as elueut gave the title compound (36) 
(1.3 g, 4.1 mmol, 87%). Accurate mass, talc. for C,~NzO~ (MIS+) 315.1566; obs 315.1545. ‘H n.m.r. 
(CDClJ 6.35 (bs NH) 5.30 (m H-7) 5.01 (dd J=6.2, 7.7 H-l) 4.05 (dd J=7.9, 9.0 H-2) 3.95 (bs OH) 3.81 
(ddd J=2.6, 8.2, 14.2 H-8) 3.40 (dd Jd.1, 6.1 H-7a) 3.12 (m H-5) 3.00 (td J=3.8, 14.2 H-8’) 2.78 (ddd 
J=2.7, 4.3,g.O H-3) 2.61 (m H-5’) 2.11, 2.09, 2.05 (m 11H H-6, H-6’, acetate). i3C n.m.r, (CDQ) 171.6, 
171.5, 170.0 acetate; 77.4 C-2; 76.3 C-l; 73.5 C-7; 69.6 C-3; 69.4 C-76 50.7 C-5; 39.2 C-8; 33.8 c& 
23.1, 21.1, 20.8 acetate. 
8_Acetam&&koxyaustralll(37). sodium me&oxide in methanol (1% sodium, 0.5 ml) was added to 
a solution of amide (36) (0.9 g, 2.9 mmol) in dry methanol (10 ml). After stirring overnight the solvent 
was removed under reduced pressure and the residue chromatographed using dichl omme&ane-methanol- 
~~~ hydroxide (aqueous, 25% NH,) (54~1) as eluent to give amide (37) (0.6 g, 2.6 ntmol, 91%) 
which was recrystallised from methanol-ethyl acetate. Accurate mass, talc. for C!,J&&O, (MH+) 
231.1345, obs. 231.1352. ‘H n.m.r. @20) 4.21 (m H-7) 4.16 (t J=7 H-l) 3.81 (t J=8.1 H-2) 3.39 (dd 
J=2.6, 13.9 H-8) 3.27 (dd J=6.1, 13.9 H-8’) 3.04-3.13 (m 2H H-5, H-7a) 2.63-2.72 (m 2H H-5’, H-3) 1.97 
(m 5H H-6, H-6’, acetate). 13C! n.m.r. (CDC!&) 177.1 acetate; 83.1 C-2, 75.6 C-l; 73.6 C-7a; 72.1 C-7; 
70.9 c-3; 54.2 c-5; 44.3 c-8; 38.0 c-6; 24.7 acetate. 
1,7$-T&O-acetyl 6-chloro-6llteoKycespemtitte WI). A solution of mesylate (26) (2.5 g, 7.1 mmol) 
and tetraethylammonium chloride (3.6 g, 21.3 mmol, 3 eq) in acetoniuile (50 ml) was heated at 65°C 
overnight. Concentration under reduced pressure and chromatography using hexanes-ethyl acetate (2~1, 
1: 1) as eluent gave the title compound (38) (1.8 g. 5.3 mmol, 76%) and a small amount (0.15 g, 7%) of a 
compound ~n~vely identiti& as the australine isomer (39). Accurate mass, talc. for ~~~~~0~ 
(m’) 334.1057, ohs. 334.1066. ‘H n.m.r. (CDCl,) 5.38 (m H-l) 5.14 (t J=9.4 H-g) 5.03 (t J=9.6 H-7) 
4.03 (td J=5.0, 10.5 H-6) 3.43 (dd J=5.0, 11.2 H-5) 3.25 (m, H-3) 2.28-2.40 (m 4H H-2, H-3’, H-5’, H-8a) 
2.09, 2.04, 1.98 (S 3H each, acetate) 1.88 (m H-2’). 13C n.m.r. (CDCl,) 177.3 C-7; 71.0 C-l; 68.8 C-8; 
68.5 C-8a; 57.0 C-S; 55.2 C-6, 51.7 C-3; 31.5 C-2. 
1,7~T~~-~y~~ yang (40). A sohttion of mesylate (26) (1.0 g, 
2.5 mmol) and tetrabutylammonium bromide (2.5 g, 7.8 mmol, 3.1 eq) was stirred at 80°C overnight. The 
Solvent was removed under reduced pressure and the residue was uiturated with ethyl acetate and then 
filtered. The filtrate was applied to a column which was eluted with hexanes-ethyl acetate (1: 1) to give 
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(m 3H H-2, H-2’. H-3’). 13C! n.m.r. (C@d) 169.9, 169.6, 169.5, 168.8 agitates 71.9, 70.1, 68.3.67.4.655 
C-l, C-6, C-7, C-8, C-8& 52.7, 51.4 C-3, C-5; 31.1 C-2; 20.7, 20.5,ZO.A 20.3 acetate. 
1,7,&Tri-O-acetyl&Mormylcastanmpermine (47) and 1,2,7-Tri-O-acetyi-8-O-furmylaustratine (48). 
A suspension of mesybue (26) (5.0 g, 12.7 mmol) and sodium formate (3.0 g, 35.7 ~1.2.8 es) in 
dimethylsulphoxide (25 ml) was stirred at 7WOY! overnight. The reaction mixture was cooled and 
partitioned between dlchlommethane and water. The nonaqueous phase was dried (MgSQ) and 
concentrated under reduced pressure. Column chromatography with hexanesetbyl acetate (1:2,1:1) as 
eluent gave the title compounds (47) (2.3 g, 7.6 mmol. 53%) and (48) (1.64 g, 4.8 mmol. 38%). (47) 
Accurate mass, talc. for C&&NO* (MH+) 344.1352, obs. 344.1335. ‘H n.m.r. (CDW 8.02 (s forma@ 
5.38 (m H-l) 5.24-5.08 (m 3H H-6, H-7, H-8) 3.43 (dd J=4.9, 10.5 H-5) 3.25 (m H-3) 2.42-2.08 
(m 4H H-2, H-3’. H-5’. H-8a) 2.05, 2.03, 1.98 (s 3H each, acetate) 1.89 (m H-2’). 13C n.m.r. (CDW 
170.4, 170.3, 169.6 acetate.; 159.6 formate; 74.7, 70.9, 69.7 C-l, C-6, C-7; 68.2, 68.0 C-8, C-8& 52.4, 51.8 
C-3, C-5; 31.5 C-2; 20.9, 20.6, 20.5 acetate. (48). Accurate mass, talc. for &H&OS (MH+) 344.1345, 
obs. 344.1335. ‘H n.m.r. (CLXl~) 8.11 (s formate) 5.48 (dd J=7.3, 8.6 H-2) 5.29 (m 2H H-l, H-7) 4.30 
(dd J=3.6, 11.6 H-8) 4.11 (dd Jd.9, 11.6 H-8’) 3.54 (dd J=4.2, 6.2 H-7a) 3.22 (m H-5) 3.10 (m H-3) 2.70 
(m H-5’) 2.13, 2.09, 2.04 (m 11H H-6, H-6’, acetate). ‘%! n.m.r. (CDCl,) 170.5, 170.0. 169.8 acetate; 
160.6 formate; 77.6, 73.6, 73.3, 69.5, 66.7 C-l, C-2, C-3, C-7, C-7% 63.3 C-8; 51.8 C-5; 33.8 C-6; 21.0. 
20.7,20.7 acetate. 
1,2,7-Tri-O-acetylaustraline (49). A solution of formate (48) (1.5 g, 44 mmol) in methanol (30 ml) was 
treated with a solution of ammonium hydroxide in methanol (1.5 M, 1 ml) and stirred at room temperatum 
for 1 hr when t.1.c. showed that no starting material remained. The solution was neutral&d with acetic 
acid and evaporated to dryness under reduced pressure. Column chromatography with ethyl acetate as 
eluent gave the title compound (49) (1.0 g. 3.2 mmol. 72%). Accurate mass. talc. for C&.$0, (MI-I+) 
316.1396, obs. 316.1400. ‘H n.m.r. (CDCl,) 5.50 (dd J=7.3, 8.6 H-2) 5.30 (m 2H H-l, H-7) 3.60 (dd 
J=3.2, 11.8 H-8) 3.52 (m 2H H-7a, H-8’) 3.17 (m H-5) 2.91 (m H-3) 2.67 (m 2H H-5’, -OH) 2.13, 2.10, 
2.04 (m 11H H-6, H-6’, acetate). t3C n.m.r. (CDCl,) 170.6, 170.6, 169.9 acetate; 77.2, 74.1. 73.6, 69.7, 
69.6 C-l, C-2, C-3, C-7, C-7a; 59.8 C-8; 51.2 C-5; 33.7 C-6; 21.1, 20.9, 20.8 acetate. 
1,2,7-Tri-O-acetyl-&O-(tetra-O-acetyl-~-D-~ucop~~~yt~~~~e (SO). A solution of alcohol (49) 
(0.80 g, 2.5 mmol), penta-0-acetyl-BD-glucopyranose (1.7 g, 4.3 mmol, 1.7 eq) and trimethylsilyl uiflate 
(1.5 ml, 1.7 g, 7.7 mmol. 3.1 eq) in dichloromethane (10 ml) was added to powdered molecular sieves 
(4A, 1.0 g) which had been freshly heated over a flame and cooled under argon. The reaction was stirred 
at room temperature for 72 hr and then filtered and concentrated under reduced pmssure. Column 
chromatography with hexanes-ethyl acetate (1:2) as eluent gave the title ~glucoside (50) (0.50 g. 
0.7 mmol, 31%) as well as some a-glucoside and tetraacetylaustraline (20). Accurate mass, talc. for 
C&&NO,, (IVIES+) 646.2347 obs 646.2339. ‘H n.m.r. (CDCl,) 5.36-4.99 (m 6H H-l, H-2, H-7, H-2g, H- 
3g, H-4& 4.55 (d J=7.9 H-lg) 4.30 (dd J=4.7, 12.3 H-6& 4.12 (d J=12.0 H-6g’) 3.99 (dd J=2.6, 9.7 H-8) 
3.70 (m H-5g) 3.51 (dd J=4.4,6.0 H-7a) 3.44 (m H-8’) 3.10 (m 2H H-3, H-S) 2.74 (m H-5’) 2.12-2.01 (m 
22H H-6, acetate) 1.81 (m H-6’). 13C n.m.r. (CDCl,) 170.6, 170.5, 170.1, 169.8, 169.3, 169.2 acetate.; 
100.6 C-lg; 77.6 C-2; 73.8, 73.3, 72.7, 3 of C-l, C-7, C-3g, Wg; 71.9 C-8; 71.7 C-5g; 71.0 C-2g; 69.6 
C-7a; 68.2 1 of C-l, C-7, C-3g, C-4g; 67.3 C-3; 61.7 C-6g; 52.4 C-5; 33.8 C-6. 
g-o-&D-~lucopymnasylaustraline (52). A solution of acetylated glucoside (50) (0.20 g, 0.31 mmol) in 
methanol (1.0 ml) was basitied with sodium-in-methanol (1% sodium). After 1 hr the white precipitate of 
the product was removed by filtration affording (52) (0.07 g, 0.20 mm01 64%). Accurate mass, talc. for 
Ct&$Q (MI-I? 352.1607. obs. 352.1595. ‘H n.m.r. (500 MHz) f&O) 4.51 (d J=7.9 H-lg) 4.40 (m H-7) 
4.26 (t J=7.8 H-l) 4.14 (dd J=3.3, 10.8 H-8) 4.01 (dd J-8.2, 9.5 H-2) 3.96 (dd J=2.1, 12.5 H-6g) 3.76 (dd 
J=5.9, 12.5 H-6$) 3.69 (dd J=6.4, 10.8 H-8’) 3.53 (t J=9.2 H-2g) 3.49 (m H-5g) 3.42 (t J==9.4 H-4g) 3.34 
(dd Js7.9, 9.2 H-2g) 3.21 (dd J=4.6, 7.6 H-7a) 3.17 (m H-5) 2.86 (ddd J=3.3, 6.4, 9.5 H-3) 2.76 (td J=6.0, 
11.0 H-5’) 2.05 (m H-6) 1.96 (m H-6’). “C n.m.r. QO) 105.6 C-lg; 81.5 C-2; 78.7 C-5g; 78.4 C-3g; 
75.9 C-2g; 75.8 C-l; 73.3 C-7a and C-8; 72.5 C-4g; 72.4 C-7; 71.4 C-3; 63.5 C-6g; 54.4 C-5; 37.8 C-6. 
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1,7,g-TsW-acaly2aO~baamy2~e (55) and 1~,7&ri-O~ac&y2-g-0-bes1x~ (56). 
A so2ution of alcohol (13) (7.0 g, 22.2 mmol) and 2,~-t-bu~l4~y2p~ (9.0 g, 43.9 mmo2, 
2.0 eqj in ecu (300 m2) was coofed in ice-water under an argon atmosphere. Tr2f2= 
~~e~o~c anhydride (4.2 m2*7.2 g, 25.0 mmolt 2.1 eq) was added and me so2ution stirred far 2 hr. 
Henry2 alcohol (70 ml, excess) was &en added and the ~2ud~ heated at n&x for 2 hr. Jbmactive 
workup (dic2r2~ - aqueous sodium hydrogencarbonate) and co2umn chmmatography using 
he-y1 acetate (4~2, OS) as c2uent gave she tide compounds (54) (rzysta2hsed fixun 2texanes-ethyl 
acetate) (1.8 g, 4.4 mmo2,20%) and (55) (3.2 g, 7.8 mmol, 35%). (54) Mp. 244-247X?. Accurate mass, 
ca2c. for f&H&Q @B-J+) 406.2866, obs. 406.2851. ‘H n.m.r. (CDCQ 7.36-7.26 (m 5H aromatic) 5.34 
(m H-2) 5.22 (t k9.5 H-8) 5.03 (t 54.2 H-7) 4.62 and 4.53 (d J112.2 CH$‘h) 3.72 (td J-5.0.9.7 H-6) 
3.34 (dd J-5.2, 20.8 H-5) 3.28 (m H-3) 2.39-2.17 (m 3H H-2, H-S’, H-8@ 2.09 (t Jr10.5 H-31 2.02,2&0, 
1.97 (s 3H each, acetate) 2.82 (m H-29. ‘3C n.m_r. (CDC2.& 237.9, 2284, 227.8, 227.7 amma& 76.8, 
75.9, 72.5, 71.2, 68.6, 68.3 C-l, C-6* C-7, C-8, C-8a, CH$k 53.9,52,2, C-3, C-S; 32.6 C-2. (55) 
Accurate mass, talc. for CQ&NC& (MH+) 406.1866, ohs 406.1856. ‘H n.m.r. (CRCQ 7.36-7.26 (m 5H 
ammatic) 5.34 (dd J=7.3, 8.8 H-2 or H-2) 5.25 (m H-2 or H-2, H-7) 4.53 (m W CHsPh) 3.53 (m 2.H H-5, 
H-8) 3.47 (dd J=5.7,9.6 H-S’) 3.34 (m H-7aj 3.05 (ddd J=4.3,5.4,9.2 H-3) 2.76 (td 7.0, 10.0 H-5’) 2-21 
(m SH H-6, H-6’, acetate) 2.03,2&O (s 3H each, acetate). 13C n.m.r. (CDC13) 238.2, 128.4, 227.7, 127.6 
aromatic; 78.3, 74.1,73.6, 69.7, 67,8 C-l, C-2, C-3, C-7, C-7a; 73.5, 72.6 C-8. CHsP& 52.4 C-5; 33.9 
C-6. 
W-Benay2a&anoapermiue (57). Sodium me&oxide in methanol (1% sodim 2 ml) was added to a 
suspension of triacetate (54) (0.93 g, 2.3 mmol) in methauol(l0 m2). After stirring over&&t the solvent 
was evaporated undar reduced pressure and the residue chromatogmphed using dich2ommethanemethanol 
(9:l) as eluent. Cry@a22isation fknu methanol gave the tide compound (57) (0.53 g, 1.9 mmol, 82%). 
M.p.127-13OT. Accurate mass, talc. for C&&NO4 (blH‘) 280.1549, ohs. 280.1552. ‘H n.m.r. (l&O) 
7.26 (m 5H ammatic) 4.52 (s 2H C!l$Ph) 4.21 (m H-l) 3.42 (t J&3 H-8) 3.34 (td J=4.9, 10.0 H-6) 3.22 
(t J==9.2 H-7) 3.13 (dd J=49, 20.8 H-5) 2.87 (m H-3) 2.24 (m H-2) 2.02 (q JL9.0 H-3’) 2.82 (m 2H H-5’, 
H-8a) 2.51 (m H-29. 13C n.m.r. (2&O) 239.9, 232.3, 131.0 aromatic; 80.7 C-6; 80.5 C-7; 73.5 C!H$k 
73.8 C-e 72.2 C-l; 71.5 C-e 55.6 C-J; 54.2 C-3; 35.2 C-2. 
Auatrabne (g3). A solution of (55) (2.8 g, 6.9 mmol) in ethanol (200 ml) was acidified to pH 1 with 
hydrochloric acid and stirred with Pearlma~‘s catalyst (0.23 g) under hydrogen (1 arm). Afmr hydrogen 
uptake had cease& the mixmm was fihered aud the f2ltrate was adjusted to ~$2 20 with aqueous ammonia 
andtki%dtit tezqemm OV~&L The &vents were removed under reduc& pressure and the 
residue c2uomatographed using dichhxomethane-methanol -ammonium hydroxide (5:4:1) as ehntnt, 
affording a material that possessed au ‘H n.mr. spectrum that was in agreement with that re2rorted for 
austmhne. Crysta22isation from methauolic hydrogen chloride gave the title compound as its 
hy~~e. Up. 155-257T. Accurate mass, cak for CrH,&JU, (h&H+) 190,2079, obs. 1~.20~. [o],, 
+ 23.2” (c=l, &O). ‘H nmr. (D@) 4.54 (m H-7) 4.34 (t J=7.3 H-l or H-2) 4.02 (dd J=7.8, 10.5 H-l or 
H-2) 3.86 (dd J13.1, 13.2 H-8) 3.79 - 3.63 (m 3H H-3, H-5, H-8’) 3.30-3.20 (m 2H H-5’. H-7a) 2.22-2.02 
(m 2H H-6, H-6’). 13C n.m.r. (D20) 78.2, 75.3, 74.2, 73.3, 70.8 C-l, C-2, C-3, C-7, C-7& 58.5, 54.9 C-5, 
C-8; 37.1 C-6. 
6~~Me~y2~ pars&e (59). A solutiou of mesylatie (26) (2.5 g, 6.3 mmo2) in ~~y~~ 
(20 ml) was diluted with methanoi (‘30 ml) and then sodium methoxide in methanol (1% sodim 1 ml) 
was zhkd. Th solution was stirred overnight at room tag and then held at 80°C for 2 hr. 
Concentration under reduced pressure and chromatography using ~c~~rne~~~~~ol(4~2) as eluent 
gave the tit2e compound (59) (1.0 g, 4.9 mmo1,78%). Accurate mass, cak. for C,H,,NO, (IvW) 
2W1236, ohs. 204.1234. ‘H n.mr. (J&O) 4.32 (m H-l) 3.51 (t J=9 H-8) 3.38 (s 3H q) 3.34-3.19 
(m 3H H-5, H-6, H-7) 2.99 (m H-3) 2.08-2.26 (m 2X-J H-2, H-3’) 1.93-2.66 (m 2H H-5’, H-8a) 2.62 
(m H-22. ‘3C n.m.r. (J&C) 82.4, 80.4 C-6% C-7; 73.9 C-ga; 72.2 C-2; 72.6 C-8; 60.3 -CC2Q 55.0 C-5; 
54.3 c-3; 35.4 c-2. 
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6.AIkyl or arylamino&deoxy~ospermine and &alkyi or aryh~pogprllphnline:- 
General Me&ad. A sohtion of mesylatc (26) (2.5 g 6.3 mmol) in byte (10 ml) was diluted 
with methanol (90 ml) and tllen sodium methoxide in methanol (1% sodium, 1 ml) was added. 
Deacetylation of (26) was monitored by t.1.c. (dichIommethane-metbanol(9:l)). When (26) had been 
almost completely converted to the more polar ~y~x~~~ (58), amine (10-20 ml) was added and 
the solutiou stirred at 508O“C overnight. After cooling, the reaction mixtum was run tbrou8b a column of 
anion exchange resin (Amberlyst A-26, OH form) which was then eluted with water. Fractions containing 
the pnxlucts were combined and the solvents and amine were evaporated under reduced Pressure. 
Repeated column chromatography using dichloromethane-methanol-ammouium hydroxide (~wu% 2% 
NH,) (5:4:1) as eluent gave castanospermine and australine amines, together with minor amounts of 6-G 
rne~y~~~e (59) and of 7-~~o_7_deoxy_6,7_di_epicastanocr (76). 
6_Ikoxy&methylaminocastanoapermine (68). A methanolic solution of methylanaine was used in Place 
of the amine in the General Method. This solution was pmpamd by passing a solution of metbylamine 
hydrochloride (6.5 g, 96 mmol) in methanol (600 ml) through a column of anion exchange resin 
(Amberlyst A-26) in the free base form. (60) (0.80 g, 3.9 mmol, 63%). Accurate mass, CC&S. for 
cdI,$J203 (MEi”) 203.1396; obs. 203.1405, ‘H n.m.r. (D20) 4.50 (m H-l) 3.72 (t J=9.2 H-8) 3.61 (t J=9.4 
H-7) 3.52 (dd J=4.6, 10.9 H-S) 3.23 (m 2H H-3, H-6) 2.84 (s 3H CHS) 2.44-2.30 (m 3H H-2, H-3’, H-53 
2.16 (dd J=42, 9.6 H-8a) 1.80 (m H-2’). 13C n.m.r. (D20) 77.2 C-7; 73.5 C-8& 72.1 C-l; 72.0 C-8; 61.6 
c-6; 54.2 c-3; 52.1 c-5; 35.3 c-2; 33.5 CHS. 
6-Allylamino&deoxycastanospermh e (61). (0.70 g, 3.2 mmol, 48%). Accurate mass, talc. for 
C,,I-&,NzOS (MIT) 229.1522, obs. 229.1547. ‘H n.mr. QO) 5.84 (=CH) 5.15 (m 2I-I =CH& 4.35 (mH- 
1) 3.55 (t J=9.4 H-8) 3.41-3.11 (m 4H H-S, H-7, C&N) 3.02 (m, H-3) 2.66 (td J=4.4, 10.1 H-6) 2.26 (m 
H-2) 2.14 (q J=9.0 H-3’) 1.92 (dd Jd.4, 9.8 H-8a) 1.84 (t J=lO.9 H-5’) 1.64 (m H-2’). “C n.m.r. (D20) 
137.8 =a 119.9 e, 80.1 C-7; 74.1 C-8% 72.4, 72.3 C-l, C-8; 60.6 C-6; 55.7, 54.4, 51.5 C-3, C-5, 
CH&z 35.3 c-2. 
&Mlylamino-Sdeoxyausb‘aiine (62). (0.30 g, 1.3 mmol, 20%). Accurate mass, talc. for C,,&,N203 
(MI?) 229.1522, obs. 229.1563. ‘H n.m.r. QO) 5.92 (=CH) 5.20 (m 2H = CHJ 4.36 (m H-7) 4.21 (t 
J=8.0 H-l) 3.85 (td J=3.7, 8.5 H-2) 3.24 (m 2I-I C!H#), 3.18 (dd J=4.4,7.6 H-7a) 3.11 (m H-5) 2.84-2.67 
(m 4H H-3, H-5’. H-8, H-8’) 2.08-1.87 (m 2H H-6, H-6’). “C n.m.r. (D20) 138.0 a 119.6 =CH& 84.1 
C-2; 75.6 C-l; 73.4 C-7% 72.1 C-7; 71.0 C-3; 54.5, 54.3, 54.1 C-5, C-8, CI-I& 37.9 C-6. 
6*But~~n~-d~xy~~~ (63). (0.65 g, 2.7 mmol, 39%). Accurate mass, talc. for 
C,&&N,O, (MH’+) 245.1865, obs 245.1870. ‘H n.m.r. @O) 4.40 (m H-l) 3.60 (t J=9.4 H-8) 3.26 (m 2H 
H-6, H-7) 3.07 (m, H-3) 2.71 (m 2H H-5, H-CHN) 2.60 (m, H-CHN) 2.32 (m H-2) 2.18 (q J=8.7 H-3’) 
1.96 (m 2H H-5’, H-8a) 1.69 (m H-2’) 1.48, 1.34 (m 2H each, CH,& 0.89 (t 3H J=7.3 CH3). “C n.m.r. 
(I&O) 79.8 C-7; 74.0 C-8& 72.3, 72.2 C-l, C-8; 60.8 C-6; 55.4, 54.3 C-3, C-5; 48.7 CIW; 35.2, 33.1 C- 
2, cH$ 22.2 CIQ; 15.7 CH’. 
~Butyla~n~~~xy~~Iine (64). (0.76 g, 3.1 mmol, 46%). Accurate mass, talc. for CI&.N+&; 
(MI-I+) 245.1865, obs. 245.1863. ‘H n.m.r. (D20) 4.43 (m H-7) 4.28 (t J=8.0 H-l) 3.93 (t 518.3 H-2) 3.26 
(dd J=4.5, 7.5 K7a) 3.17 (m H-5) 2.84 (m 4H H-3, H-5’, H-8, H-8”) 2.69 (m 2H C&N) 2.14-l.% (m 2H 
H-6, H-63 1.54 (m 2H C&j 1.40 (m 2H CI-Id 0.98 (m 3H CH3). r3C n.m.r. (D20) 84.5 C-2; 75.9 C-l; 
73.7 C-7a; 72.4 C-7; 71.0 C-3; 55.1 C-8; 54.7 C-5; 51.7 Cm; 38.0 C-6; 33.4 CD*; 22.7 m; 16.1 CH,. 
6-Deoxy-6-(2-mr?Ulylpropylamino)castanos (65). (0.48 g, 2.0 mmol, 31%). Accurate mass, caIc. 
for &I-&&O, (WI’) 245.1865. obs. 245.1866. ‘H n.mr. QO) 4.34 (m H-l) 3.54 (t J=9.4 H-8) 3.18 (m 
2H H-5, H-7) 3.00 (m H-3) 2.56 (td JA.3, 10.2 H-6) 2.41 (dd J=7.0, 11.6 H-CHN) 2.31-2.20 (m ‘2H H-2, 
H-CHN) 2.12 (q J=9.0 H-3’) 1.84 (dd J=9.9,4.3 H-8a) 1.82 (t J=lO.9 H-5’) 1.73-1.56 (m 2H H-2’, CH) 
0.82 (m 6H CH3). “C n.m.r. (D,O) 80.0 C-7; 74.1 C-8a; 72.3; 72.2 C-l, C-8; 60.8 C-6; 56.9, 55.7, 54.3 
C-3, C-5, CH&; 35.1 C-2; 29.6 CH; 22.2 CH,. 
&Deoxy-8-(2-methyIp~y~no~~~ (66). (0.48 g, 1.95 mmol, 31%). Accurate mass, talc. for 
C&ZN& (m) 245.1865, obs. 245.1861. ‘H n.m.r. (DrO) 4.32 (m H-7) 4.16 (t J=7.8 H-l) 3.81 (quin 
J=4.Z 8.4 H-2) 3.14 (dd J=4.4,7.5 H-7a) 3.06 (m H-5) 2.76-2.63 (m 4H H-3, H-S’, H-8, H-89 2.40 (m 2H 
CH,N) 2.03-1.86 (m 2H H-6, H-6’) 1.75 (m CH) 0.85 (m 6H CI-Q. “C n.m.r_ @20) 84.4 C-2; 75.6 C-l; 
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Accurate mass, talc. for C&&O, (MI-F) 321.1814, obs 321.1809. ‘H n.m_r. (DzO) (500 h&Hx) 
7.55-7.31 (m H aromatic) 5.02 (d J=17, C!H#h) 4.81 (bs CI$Ph) 4.50 (m H-l) 4.44 (d t16.5 CH$h) 
4.14 (td J=4.0, 10.0 H-6) 3.87 (bs H-6) 3.85 (t J=8.7 H-8) 3.82 (t J=8.5 H-7) 3.79 (t J--8.7 H-7) 3.21 (dd 
J=4.5, 12.0 H-5) 3.13 (111, H-3) 2.43 and 2.25 (s 3H acetate) 2.37 (m H-2) 2.28-2.19 (m 2H H-3’, H-5’) 
2.15 (dd Jd.5,9.5 H-8a) 1.80 (m H-2’). V. n.m.r. @20) 178.8 and 1.78.1 acetate; 140.0, 139.5, 131.6, 
131.3, 130.4, 129.7, 129.0, 128.8 phenyk 76.0 and 75.5 C-7; 73.7 C-8% 72.3 and 72.1,72.0 and 71.7 C-l, 
C-s; 62.5 C-a; 55.1 and 54.3, 54.2 and 54.0, C-3, C-5; 47.6 CIEph; 35.1 and 35.0 C-2; 24.5 and 24.1 
acetate. 
1,7~Tri-O-acetyl-6-a~~~~-~~-~ethyl~~~ne (78) and 1,2,7-tri-O-acetyl-8-amino- 
&deoxy-8-N,N-diethylaustraline (79). Tritluoromethanesulfonic anhydride (0.21 ml) was added to a 
stitred solution of 1,7,8-tri-0-acetylcastanospermine (13) (0.16 g) in dry dichloromethane (5 ml) containing 
4-methyl-2,6&“yridine (0.32 g). After 0.5 hours, diethylamine (2 ml) was added and the solution 
was stirred at room temperature for a further 0.5 hours, then washed with water, dried and evaporated. 
Chromatography of the residue (EtOAc/Fk.troleum ether 1:l) afforded the castanospermine derivative (78) 
(0.020 g). ‘H n.m.r. (CDQ) : 5.35 (U-I, m, H-l), 5.19 (lH, t, J = 9.4 I-Ix, H-S), 5.00 (U-I, t, J = 9.6 Ha, 
H-7). 3.26 - 3.15 (2H, m, H-3,5), 3.03 (1H. dt. Jssg = 4.1 I-Ix. Jsti = Jaa = 10.7 I-Ix, H-6), 2.60 @II, m), 
2.45 - 2.24 (3H, m), 2.17 (2I-I, m, H-3’. 8a). 2.09 - 2.00 (U-I, m, H-5’), 2.05, 2.03 and 1.97 (9H, s, OAc), 
1.85 (III, m. H-2’). 0.97 @-I, t, 2 x CI-&). 13C n.m.r. : 6 170.7, 170.6, 169.8 (C = 0), 73.3,71.3, 69.5, 
69.0 and 59.5 (CH), 52.6, 50.4, 43.9 and 31.6 (0, 21.1, 21.06 and 14.7 (CH& HRMS: MI-l+ talc. for 
C,,H,,N,O,: 371.2182; obs. 371.2180. 
Further elution (CHCl&tOAc/MeOH 5:2:1) gave the australine derivative (79) (0.12 g). ‘H n.mr. 
@DC&) : 6 5.38 (U-I, t, H-2), 5.25 @I-I, m, H-1.7), 3.54 (U-I, dd, H-7a), 3.21 (H-I, m. H-5), 2.98 (U-I, dd, 
H-3), 2.77 (H-I, m, H-5’). 2.55 - 2.43 (6H, m, CI-I.$Q 2.13 - 2.02 @I-I, m. H-6,6’), 2.12, 2.05, 2.03 (9H, s, 
3 x OAc), 0.98 (SH, t. 2 x Cl&). 13C n.m.r.: 6 170.7, 170.1 and 170.0 (C = 0). 80.3 (C-2), 74.4 and 73.6 
(C-1,7), 69.5 (C-7a), 66.6 (C-3), 57.5 (C-8) 52.5 (C-5) 47.5 (NCIQ, 33.7 (C-6), 21.2, 21.1 and 20.1 
(CH,), 11.7 (Cl&). HRMS: MH+calc. for C,,H,,N,O,: 371.2182; obs. 371.2188. 
6-O-Benzoyl-lSO-isopropylideoecastanospermne (81). 2,2-kethoxypropane (40 ml) was added to a 
solution of 6-0-benzoylcastanospermine (5.0 g) and camphorsulfonic acid (4.55 g, 1.15 es) in dry N,N- 
dimethylformamide (40 ml), and the solution was heated at 70 - 80°C for 1 hour. After cooling, 
dichloromethane was added and the solution was washed with 5% aqueous sodium carbonate, dried, and 
concentrated. The residual solvents were removed under high vacuum at 50°C. Trituration of the solid 
residue with ethyl acetate - hexanes gave title compound (81) (4.03 g, 71%). Recrystallised from ethyl 
acetate - hexanes it had m.p. 184-185’C (Lit.% m.p. 183-184°C). The ‘H n.mr. spectrum correlated with 
that reported%. 
6-O-Benzoyl-1,8-0-cyclohexylidenecastanaqermine (82). A solution of 6-0-benzoylcastanospermine 
(25 g) and camphorsulfonic acid (25 g, 1.26 eq) in dry N,Ndimethylformamide (120 ml), cyclohexanone 
(160 ml), and triethylorthoformate (80 ml) was heated at 80°C for 1 hour. After cooling the solution was 
partitioned between dichloromethane and 5% aqueous sodium carbonate. The organic phase was dried, 
concentrated, and the high boiling material removed at 50°C under high vacuum. The solid residue was 
stirred with hexanes and then filtered, affording 23.4 g (74%) of title compound (82). Recrystallised from 
ethyl acetate - hexanes it had m.p. 205-206°C ‘H n.m.r. (CDCl,) 6 8.05, and 7.59-7.41 (5H, aromatics), 
5.23 (lH, m, H-6), 4.53 (lH, t, H-l), 3.89-3.79 (2H, m, H-7,8), 3.41 (IH, dd) 3.17-2.88 (4H, m), 2.31- 
2.17 (1H. m. H-2), 1.97 (1H. dd, H-2’). 1.80-1.28 (iOH, m). i3C n.m.r. (cDc!~,) 6 166.2 (c=o), 133.2, 
129.8, 128.4 (a), 101.3 (o-c-o), 74.3, 71.5.70.7, 65.9, 62.6 (CH), 49.3, 49.2, 37.2, 34.4, 32.9, 25.2, 
23.2, 23.0 (q. HRkIS: h@I+ CdC. for c&&NO, -U&S 374.1967, obs. 374.1961. 
l,&O-Isopropylidene-6-O-methanesulfonyl-7-O-~thox~~yl~~n~~r~ne (80). A suspension of 
6-0-benroyl-1.8~O-isopropylidenecastanospermine (81) (3.5 g) in dry toluene (80 ml) comaining 
diisopropylethylamine (6.2 ml, 3 eq) and bromomethyl methyl ether (1.46 ml- 1.5 eo) was heated with 
stirring at SOY! for 1 hour. The cooled solution was then washed with water (x2). dried and concentrated 
to dryness. The residue was dissolved in methanol (75 ml) and the solution was adjusted to pH 11 with 
aq sodium hydroxide. After standing at room tempemuue overnight the SOlUtiOn was concentrated in 
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vacua and the residue was partitioned between dichloromethsne and water. The water was back extracted 
with dichloromethane and the combined organic extracts were processed normally. This crude pmdua 
was then dissolved in pyridine (25 ml) and treated with methanesulfonyl chkaide (1.85 ml, 2 eq). After 1 
hour the solution was diluted with dichloromethane and washed with water (x2). Conventional processing 
followed by fiash chromatography (ethyl acetatiexanes 3:l) gave the dmesylate (80) (1.93 g, 46% 
overall). ‘H n.m.r. (CDCl,) 8 4.90, 4.73 (2H, d, 0(X&O), 4.60 (H-I, m). 4.49 (lH, t). 3.73 (W, m), 3.42 
(3H. s, OU-& and lH, m). 3.10 (3H, s, SO$HJ, 3.03-2.85 (2H, m). 2.81 (lH, m), 2.3 - 2.1 (1H m). 
1.85 (H-I, m), 1.39 and 1.35 (2 x 3H, s,(CH.&). 13C n.m.r. (CDCLJ 8 101.2,96.9, 78.0, 77.5, 71.1, 66.9, 
63.1, 56.0, 51.3, 49.2, 38.1, 33.1, 27.6, and 24.9. HRMSz MH+ talc. for CJ-I&O,S requires 352.1430. 
obs. 352.1427. 
l~-Cydoh~ylideae_71)-methoxgmethglca (84). A suspension of 6-O-benxoyl- 1,8-O- 
cyclohexyhdenecastanospermine (82) (4.0 g) in toluene (150 ml) was treated with diisopmpylethyhUmne 
(5.6 ml, 3 eq) and bromomethyl methyl ether (1.31 ml, 1.5 es) and then heated with stirring at WC for 1 
hour. The solution was cooled. washed with water (x2), d&i, and concentrated to a syrup. This was 
dissolved in methanol (100 ml) and the solution was adjusted to pH 11 with aq sodium hydroxide and then 
stored at room temperature overnight. Most of the methanol was removed in vacua and the residue was 
partitioned between dichloromethane and water. The aqueous phase was back extracted with 
dichloromethane and the combined organic phases were dried and concentrated to a syrup. Flash 
chromatography (CHC!l.JEtOAcIMeOH 5:2:1) afforded the title alcohol (84) (3.2 g, 92%). ‘H n.mr. 
(CDCLJ: 84.88 and 4.79 (2H, d, CXX-&O), 4.49 (HI, m, H-l), 3.80 (H-I, m, H-6), 3.75 (El, t, H-7 or H-8), 
3.46 (3H, s, OCHJ, 3.41 (lH, t, H-7 or H-8), 3.28 (H-I, dd), 2.98 @-I, m), 2.78 (2H, m), 2.29-2.16 (H-I, 
m, H-2), 1.95-1.87 (H-I, m, H-2’), 1.77-1.33 (lOH, m). t3C n.m.r.: 6 101.1 (O-C-O), 97.5 (CH.&, 84.5, 
70.6, 67.9, 65.4 and 63.8 (CH), 55.9 (CHJ, 52.2, 49.3, 36.9, 34.5, 33.1, 25.3, 23.2 and 23.1 (CHJ. 
HRMS: MH+ talc. for C,,J&NO, requires 314.1967; obs. 314.1970. 
l~-Cydoh~yiiden~6-o-methanesulf~yl-7~-~~x~~hyl~~~ne (85). 6-O-Benzoyl- 
1,8-O-cyclohexylidenecastanospermine (71) (8.2 g) was converted into 1,8-O-cyclohexylidene-7-G 
methoxymethylcastanospetmine (73) as outliied above. The crude product of alcohol (73) was dissolved 
in dry dichloromethane (60 ml) containing triethylsmine (9.2 ml, 3 eq). Methsnesulfonyl chloride (3.4 ml, 
2 eq) was added with cooling (ice bath) and the solution was stirred at room tempemture for 1 hour - and 
then washed with water, tied and concentrated to a white solid Trituration with hexanes gave 7.07 g 
(82%) of title compound (85). Recrystallised from ethyl acetate - hexanes it had m.p. 143-145’C. ‘H 
n.m.r. (CDCl,): 8 4.96 and 4.75 (2H, pr d), 4.66 - 4.60 (lH, m), 4.51 (HI, t). 3.80 - 3.72 (2H, m), 3.47 - 
3.39 (2H, m), 3.44 (3H, s), 3.11 (3H. s), 3.04 - 2.96 (2H,m), 2.87 - 2.80 (lH, m), 2.27 - 2.17 (lH, m), 
2.05 - 1.89 (1H. m). 1.68 - 1.31 (lOH, m). 13C n.m.r. 8 101.4 (C), 97.0 (CHJ, 77.7, 77.3, 70.6, 66.8, 63.3 
(CH), 56.1 (CH,), 51.3, 49.3 (U-I,), 38.2 (U-I,), 36.8, 34.6, 33.2, 25.4, 23.1 (CHJ. HRMS: MH+ talc. for 
c,,H&o,s: 392.1743; obs. 392.1747. 
6-Azid~l~cycl~~yhexylibene-6-deogy-7-0_ (87). 6-O-Benzoyl-1,8-O- 
cyclohexylidenecastanospermine (82) (4.5 g) was converted into the mesylate (85) as outlined above. The 
crude product was dissolved in dimethylsulfoxide (50 ml), sodium axide (3.9 g) was added and the mixture 
was heated with stirring at 90°C for 2.5 hours. The cooled solution was diluted with chloroform, washed 
with water (x2), dried and concentrated. Flash chromatography (EtOAc/hexanes 2:3) of the residue 
afforded title axide (2.70 g, 6695). ‘H n.m.r. (CDCl,): 6 5.03 and 4.75 (2H, d, (XI&O), 4.50 (lH, t, H-l), 
3.77. (1H t, H-8), 3.60 (W, m, H-6.7), 3.49 (3H, s, OCH,), 3.23 (lH, dd, H-5), 3.04 - 2.90 (W, m), 2.80 
- 2.67 (W, m), 2.25 - 2.15 (lH, m, H-2), 1.98 - 1.88 (lH, m, H-2’), 1.70 - 1.35 (lOH, m). 13C n.m.r. 8 
101.1 (C), 96.8 (CHJ, 78.8, 70.5. 66.6, 63.6, 59.3 (CH), 55.9 (CH,). 50.8, 48.8, 36.7, 34.6, 33.0. 25.2, and 
23.0 WJ. HRMS: MIT talc. for C,&NO,: 339.2032; Obs. 339.2020. 
6-~d~6-deoxy-l~-~p~yli~~7~-~~ox~byi~~e (86). ‘Ike crude pmduct 
from the preparation of 1,8-O-isopropylidene-6-o-methanesulfonyl-7-~-me~ox~e~y~c~~os~e 
(80) from 2.5 g of 6-0~benxoyl-1,8-O-isopropyliienecastanospermine (81) in dimethylsulfoxide (50 ml) 
was treated with sodium axide (2.5 g) and the mixture was stirred at 80°C for 8 hours. The cooled 
solution WBS diluted with chloroform, washed with water (x2), dried and concentrated to a syrup. Flash 
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chromatography (EtOAc/hexaues ether 2~1) afforded title azide (0.86 g, 38% Ovtrau). ‘H n.m.r. (w: 
6 4.97,4.74 @I-I, d, WO), 4.49 (1H. t, H-l), 3.74 (lH, t, H-B), 3.64 - 3.55 (w, m, H-6.7). 3.47 (3H. s, 
OCH,), 3.23 (lH, dd, H-5), 3.03 - 2.86 (2H, m, H-3.9). 2.78 - 2.68 @I, m, H-3’, 51, 2.28 - 2.15 (lH, m, 
H-2), 1.94 - 1.87 (lH, m, H-2’), 1.38, 1.35 (6H. s, C(CH.&. “C n.m.r.: 5 101.2 @CO), 96.9 (OUW). 
79.1 (C-7), 71.2 (C-l), 70.0 (C-8), 63.7 (C-8a), 59.8 (C-6). 56.0 (OCHJ, 51.0 (C-5), 49.0 (C-3), 33.2 
(C-2). 27.8,25.1 (C(C!I-I.&. HRM!k M-I+ talc. for C,J-I&,O,: 299.1719; obs. 299.1725. 
CAndnoA-N-butyryl44eoxycastanospe~e (Ss). A solution of 6-axidMkIeoxy-1,8-O- 
isopropylidene-7-O-methoxymethylcas we (86) (0.8 g) in ethyl acetate (30 ml) contaiuing 10% 
palladium on charcoal (0.1 g) was stirred in an atmosphere of hydrogen for 3 hours. After removal of the 
catalyst and solvent the residue was dissolved in dichloromethane and tmated with uiethylamine (0.9 ml) 
and then butyryl chloride (0.29 ml). After 0.5 hours the solution was washed with water, dried, 
concentrated and the residue was dissolved in 50% aqueous trifIuomacetk acid (10 ml) and allowed to 
stand at room temperature overnight. The solution was diluted with water, concemrated to dryness and 
then the residue was redissolved in water and eluted down an ion exchange column (Amberlyst A26, OH 
form). Fractions containing the product were combined and evaporated to give the N-butyrate (88) 
(0.41 g, 45%). Recrystallised from methanol/ether it had m.p. 212-213”C, ‘H n.m.r. (4 DMSO) : 4.12 
(lH, t, H-l), 3.66 (lH, dt, H-6), 3.42 (lH, t, H-8), 3.13 (U-I, t, H-7), 2.95 (2H, m), 2.14 - 2.03 (3H. m), 
1.89 (lH, dd), 1.70 - 1.45 (5H, m), 0.85 (3I-I. t). 13C n.m.r. : 173.5 (GO), 77.6.74.3, 71.2, 70.8 (CH), 
56.5, 53.3 (CI-IJ. 52.6 (CI-I). 38.9, 35.0, 20.1 (CI-IJ. 15.1 (C!I-&,). I-IRMS: MI-I+ talc. for C&.&O,: 
259.1658; Ohs.. 259.1650. 
6-Amino-6-N-benmyM-deoxycastanospemdne (89). solution 6axido 
deoxy-7-0-methoxymethylcastanospermine (87) (0.80 g) in ethanol (30 ml) with 10% palladium on 
charcoal (0.1 g) was stirred in an atmosphere of hydrogen for 4 hours. After removal of the solids and 
solvent the residue was dissolved in dry dichloromethane (20 ml) and then triethylamine (1.4 ml) and 
benzoyl chloride (0.6 ml) were added. After 0.5 hours the solution was washed with water, dried, and 
concentrated. The crude product was dissolved in 30% aqueous tritluoroacetic acid (20 ml) and the 
solution allowed to stand at room te mpemmre overnight. then diluted with water and extracted twice with 
dichloromethane. The aqueous phase was evaporated and the residue was stirred iu methanol with excess 
Amberlyst A21 base resin and then applied to a silica gel column. Elution witb CI-I@JMeOH 5:l 
afforded the title N-benxoate (0.66 g, 67%). ‘H n.mr. QO) : 6 7.88 - 7.59 @I-I, m, aromatic), 4.54 (19 
W, 4.22 W-I, m), 3.82 (lH, t), 3.66 (lH, t), 3.33 - 3.19 @-I, m), 2.42 - 2.15 (4H, m), 1.85 (lH, m). “C 
n.m.r.: 6 174.0, 136.2, 134.9, 131.4. 129.8,79.0. 73.9, 72.4, 72.3, 56.1, 54.2, 35.3. HRMS: MD+ talc. for 
C,&,N,o, : 293.1501; Obs. 293.1505. 
6-~w-6-N-benzyl-l~O-cycloheKylidene-6ane (90). A 
solution of 1,8-O-cyclohexylidene-6O-methsnesulfonyl-7-O-methoxymethylcastanospermine (85) (1.0 g) in 
dimethylsulfoxide (10 ml) containing benzyl amine (1.4 ml) was heated at 90°C for 24 hours. 
DichIoromethane was added and the solution was washed with water (x2) dried, and concentrated to a 
syrup. Chromatography (CHQ/EtOAc/MeOH 10&l) gave title compound (90) (0.48 g, 47% yield). ‘H 
n.m.r. (at&) : 7.33 - 7.21 (5H, m, aromatic), 4.96, 4.73 (2H, d, OCHsO), 4.49, (lI-I, t, H-l), 3.86, 3.74 
(2H, d, Ar-0, 3.78 (lH, t, H-8). 3.53 (lH, t, I-I-7). 3.38 (3H, s. OCI-IJ, 3.29 (lH, dd, H-5), 3.02 - 2.89 
(3H. m H-3,6,8a), 2.78 - 2.70 (2I-I, m, H-3’, 51, 2.21 (lH, m, H-2), 1.90 (lH, m, H-2’), 1.75 (lOI-& m), 
i3C n.m.r : 140.3, 128.5, 127.9, 127.0 (aromatic), 100.9 (C), 97.3 (CHJ, 88.2, 70.6, 67.0, 64.0 (CH) 56.0 
(CH,), 55.5 (‘=), 52.0, 51.8, 49.2, 36.6, 34.6, 33.1, 25.3, 23.0 (CIIJ. HRMS: MH+ talc. for C!&I-&NsO~ : 
403.2597; Obs. 403.2601. 
6-Amino-6-N-benzyt-6-deoxycastanospermine (73). A solution of tkmino-6~~benxyl-1,8-0- 
cyclohexylidene-6deoxy-7-O-metboxymethylcastanospermine (90) (0.45 g) in 30% RUFOUS ti~or~a~etic 

mid (30 ml) was ahwed to stand at room temperature for 18 hours. It was then diluted with water and 
extracted (x2) with dichkuomethane. The aqueous phase was concentrated to dryness and then redissolved 
in water and elmed down an ion exchange columu (Amberlyst A26 OH form). The fractions containing 
Product were Combmed and evaporated affording the 6N-benxyl compound (73) (0.29 g, 93%). ‘H n.m.r. 
@@): 6 7.67 - 7.57 (5I-I. aromatics), 4.61 (1H. br s, H-l), 4.09 and 3.94 @I-I, d, NCHJ’h), 3.78 (lH, t, 
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H-8), 3.55-3.46 (W, m, H-5,7), 3.28 (lH, t, H-3) 2.90 (lH, dt, H-6), 2.53 (U-I, m, H-2), 2.41 (lH, dd, H- 
33.2.17 @II, m, H-5’, 8a), 1.90 (1H. m, H-2’). “C n.m.r.: 6 141.7, 131.6, 131.4 and 130.3 (anrmatics), 

80.2 (C-7), 74.3 (C-8a), 72.6, 72.5 (C-1,8), 60.2 (C-6). 55.9 (C-5), 54.5 (C-3), 53.1 @ICI-I@), 35.4 (C-2). 
HRMS: MH+ talc. for C,&N,&: 279.1709; Obs. 279.1702. 
~~~l~-cyd~exylidene-6-d~y-6-~-b~(2’-hy~ye~yl)-7~-~~o~~yl~~~e 
(91). A solution of 

: 6 4.94, 4.79 (2H, d, OCI-&O), 4.44 (lH, dt, H-l), 3.74-3.52 @I, m), 3.43 (3H, s, CC.&), 
3.15-2.57 (lOH, m), 2.24 (lH, m), 1.92 (lH, m), 1.73-1.25 (lOH, m). “C! n.m.r. : 6 101.3 (C), 97.9 (CII&, 
79.1,70.0, 69.0, 64.1 (CH), 60.3 (CHJ, 58.8 Q-I), 56.0 (CI-LJ, 53.0, 49.1, 47.7, 36.2, 34.4, 33.1. 25.3, 
23.0 (CIQ. HRMS: MH+ talc. for mNzOe : 401.2652; Obs. 401.2650. 
6-Amino-6-deoxya-N-b(2’-hydroxyethyl)e (W). A solution of 6-amino-1,8-O- 
cyclohexylidenc~~xy-~~-~s(2’-hydroxye~yl)-7-O-~~ox~~yl~~~e 

: 277.1763; Obs. 277.1767. 
6-Amino-~~-butyl-~s-o-cydohexylidene-6-d~~-~~~~-7~-me~o~yl~~~e (92). 
A solution of 1,8-Ocyclohexylidene-6-O-methanesulfonyl-7-O-me~ox~~ylc~~o~e (85) (1.0 g) 
in dimethylsulfoxide (5 ml) containing N-ethyl butylamine (1.75 ml) was heated at 90°C for 10 hours. 
Then the black solution was diluted with chloroform, washed with water (x2), dried and concentrated 
Chromatography (EtOAc) of the residue gave title compound (92) (0.60 g, 59%). ‘H n.m.r. (CDC13) : 6 
4.86 @-I, dd, OCI-JO), 4.43 (U-I, m, H-l), 3.75 - 3.67 @-I, m, H-7,8), 3.46 (3I-I, s, OCH,), 3.06 - 2.96 
(3I-I, m), 2.81 - 2.46 (7I-I, m), 2.22 (lH, m, H-2), 1.91 (lH, m, H-2’). 1.74 - 1.13 (14H, m), 1.02 (3I-I, t, 
CIQ, 0.90 (3H, t, CH3), t3C n.m.r. : 6 101.1 (C), 97.1 (CHJ, 76.8, 70.2, 68.6, 64.5, 59.3 (CH), 56.0 
(CH,), 50.7, 49.2, 48.8, 44.7, 36.3, 34.6, 33.2, 31.9, 25.4, 23.0, 20.4 (CHJ, 14.9. 14.1 (CH3). HRMS: 
MH+ talc. for C&&tNzO, : 397.3066, Obs. 397.3065. 
6-Amino-6-deoxya-~~,~~yl-l~-~p~py~de~7-~-~~ox~~yl castanospe~e (93). A 
solution of 1,8-O-isopropylidene-6-O-methanesulfonyl-7-O-me~ox~e~ylc~~~e (80) (1.0 g) in 
~~ylsulfoxide (20 ml) and diethylamine (10 ml) was heated in an oil bath at 1OO“C under a reflux 
condenser for 24h. Chloroform was added and the solution was washed with water (x2), tied and 
concentrated to a syrup. Chromatography (EtOAc/MeOH 7:l) afforded title compound (0.72 g, 77%). ‘H 
n.m.r. (CDCl,) : 4.82 (2H, s, CC&O), 4.41 (lH, m, H-l), 3.68 (2H, m, H-7,8), 3.43 (3I-I, s, OCHJ, 3.07 - 
2.95 (3H. m. H-3,5,6), 2.77 - 2.53 (7H, m, H-3’, 5’, 8a. CI-IJV), 2.23 (lH, m, H-2). 1.91 (III, m, H-2’), 
1.38 and 1.36 (6H, s, C(CH,)J, 1.03 (6H, t, CH3). i3C n.m.r. : 6 101.1 (C), 97.0 (CIE;), 76.8 (C-7), 70.8 
(C-l). 68.9 (C-8), 64.5 (C-8a). 59.6 (C-6), 55.7 (OCH,). 49.4 (C-5), 48.7 (C-3), 44.3 (CH.JQ 33.3 (C-2), 
27.3 and 24.9 (CI-IJ. 14.7 (CH,). HRMS: MH+ talc. for C,,H,,N,O, 329.2440, obs. 329.2433. 
6-Amino-6-N-butyl-6-deoxy-6-N-ethylc~t~~pe~ne (95). A solution of 6-amino-6N-butyl-1,8-0- 
cyclohexylidene-6-dy-~~-ethyl-7-O-me~ox~e~ylcas~os~e (92) (0.56 g) in 30% aqueous 
trifhtoroacetic acid (30 ml) was allowed to stand at room temperature for 2 days. It was then diluted with 
water, extracted twice with dichloromethane, and the aqueous phase was then concentrated to dryness and 
eluted in water down an Amberlyst A26 (OH form) column. This material was then chromatographed 
(CH$.XJMeOH 61) to give title compound (95) (0.20 g, 52%). ‘H n.m.r. (D20) : 6 4.44 (U-I, m, H-l), 
3.65 (2H, m, H-7,8), 3.14 (2H, m), 2.98 - 2.54 (5H, m), 2.37 (lH, m, H-2). 2.27 - 2.14 (W, m, H-3’,5’), 
1.99 (lH, dd, H-8a), 1.74 (lH, m, H-2’), 1.58 - 1.44 (2H, m), 1.41 - 1.29 (2H, m), 1.13 (3H, t), 0.95 (3H, 
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t). 13C n.m.r. : 6 76.5, 73.7, 73.1.72.2, 62.3 (CH), 54.5, 52.8, 51.8, 47.6, 35.2, 32.2,22.8 (w, 15.9, 
15.0 (CHJ. HRMS: MH+ talc. for C,.&&Os : 273.2178; Obs. 273.2174. 
6-A~~deoxy~~,&di&byleu&noapermine (%). A solution of 6-amino&deoxy-6?UV-diethyl-l& 
O-isopropylidene-7-O-methaxymethylcastanospermine (93) (0.7 g) in 30% aqueous piflu OroacetiCacidwaS 

allowed to stand at room temperature for 2 days, and then evaporated to dryness. Elution in water down 
an ion exchange column (Amberlyst A26, OH form) afforded 0.44 g (95%) of title compound (96). ‘H 
n.m.r. (CDQ): 4.41 (lH, brs, H-l), 3.79 (lH, t, H-8), 3.36 (lH, t, H-7), 3.13 W-I, m, H-3,5), 2.81 - 2.63 
(3H, m, H-6, NCHJ, 2.43 (2H, m, NCHJ, 2.21 (lH, m, H-2), 2.06 (lH, dd H-5’), 1.94 (1H, t, H-31, l-78 
W, m, H-2’, aa), 1.04 (6H f CH,). 13C n.m.r.: 73.4 (C-7), 72.0 (CSa), 70.5 (C-8), 69.9 (C-l), 61.5 (C- 
6), 52.6 (C-5), 48.8 (C-3), 43.5 (NCHJ, 33.2 (C-2), 14.6 (CHJ. HRMS: MH+ cak. for C,@&&&: 
245.1865; Obs. 245.1863. 
6-O-Butyl-l~O-cyclohexylidene-7-O-methox~ethyl~~~ne (100). A solution of 1,8-O- 
cyclohexylidene-7-0-methoxymethylcastanospermine (84W.O g) in dry dimethylsulfoxide 

stirring to a suspension of potassium paraffin oil with 
dry tetrahydrofuran) 

reaction temperature 
quenched by the of ethanol and partitioned 

afforded the title n-butyl 
ether (100) (0.5 g, 42%). ‘H n.m.r. (CDQ): 4.88, 4.80 (2H, d, OCHzO), 4.47 (HI, t, H-l), 3.75 - 3.46 
(5H, m, and OCH$r), 3.44 (3H, s, OCHJ, 3.15 (lH, dd), 3.00 - 2.76 (4H, m). 2.18 and 1.92 (2H, 
m, 1.75 - 1.22 (14H, m), 0.91 (3H. t, CH,). 13C n.m.r.: 6 101.0 (C), 96.6 (CH&, 79.2, 77.5, (CH), 
70.9 (CHJ, 70.6, 66.6, 63.1 (U-I), 55.5 (CHJ, 51.1, 50.0, 36.5, 34.6, 33.3, 32.3, 25.5, 23.2, 19.4 (CHJ, 
14.1 (CHJ. HRMS: MH+ Calc for CJQJO, 370.2593; 370.2593. 
6-0-Butylcastanospermine (101). A solution of 6-O-butyl- 1,8-0-cyclohexylidene-7-0- 
methoxymethylcastanospermine (100) (0.5 g) in 30% aqueous tritluoroacetic acid (50 ml) was allowed to 
stand at room temperature. for 5 hours, and then diluted with water (50 ml) and extracted (x2) with 
dichloromethane. The aqueous phase was concentrated to a syrup which was redissolved in water and 
eluted down an ion exchange column (Amberlyst A26 OH form) with water. Fractions containing the 
product were combined and evaporated in vucrw to give the n-butyl ether (101) (0.288 g, 86%). ‘H n.m.r. 
@@): 6 4.33 (lH, t). 3.63 - 3.48 (3H, m), 3.29 (3H, m), 3.00 (lH, t), 2.31 - 2.09 (2H, m), 1.94 - 1.86 
(2H, m), 1.68 - 1.57 (lH, m), 1.53 - 1.43 (2H, m), 1.33 - 1.21 (2H, m), 0.82 (3H, t). 13C n.m.r. 6 80.9, 
80.4, 73.8 (CT-f), 73.4 (CHJ, 72.1. 71.6 (CH), 55.6, 54.2, 35.3, 33.8, 21.1 (CHJ, 15.7 (CH,). HRMS: MH+ 
talc. for C&NO, : 246.1705; Obs. 246.1713. 
l,&O-Cyclohexylidene6~~~-7-O-methox~e~yl-6-C-vinyl~~~~~ne (103). Trifluoroacetic 
anhydride (0.67 ml) was added dropwise to a stirred solution of dimethylsulfoxide (0.57 ml) in dry 
teaahydrOfuran (40 ml) at -70°C, and then after 15 mitts. a solution of 1,8-O-cyclohexylidene-7-0- 
methoxymethylcastanospermine (84) (1.0 g) in dry tetrahydrofuran (10 ml) was added slowly maintaining 
the reaction temperatum I-6O’C. After 20 mins. triethylamine (2-3 ml) was added and the solution was 
allowed to warm to room temperature by which time t.1.c. examination (CH&/acetone 4:l) showed the 
alcohol (84) was fully consumed to the less polar ketone (102). The solution was retooled to -70°C and 
viny1 magnesium bromide (1.0 M in THF) was added slowly until t.1.c. examination of the reaction 
indicated the ketone (102) was fully consumed. The resulting mixture was partitioned between saturated 
aqueous ammonium chloride and chloroform, and the organic phase was washed with saturated aqueous 
sodium bicarbonate and processed normally to give a pale yellow solid (1.24 g). Recrystallisation from 
petroleum ether afforded 0.57 g of title compound (103) and chromatography of the mother liquors gave 
another 0.24 g. (total 0.81 g, 74%). Mp 138-139°C. ‘H n.ar. (CDCI,): 5.84 (lH, dd, CH=C), 5.45 and 
5.23 (WV d, =CHJ, 4.96 and 4.63 (2H, d, OCH,O), 4.51 (lH, m, H-l), 4.23 (lH, t, H-8). 3.69 (lH, d, 
H-7), 3.50 (lH, m, H-3), 3.36 (3H, s, OCHJ, 2.99 (lH, t, H-8a), 2.91 (2H, dd, H-5,5’). 2.79 (lH, m, H- 
3’), 2.12 (lH, m, H-2), 1.90 (lH, m, H-2’), 1.76-1.36 (lOH, m). 13C n.m.r.: 6 142.0 (CH=), 115.1 (=C!HJ, 
100.8 (CCC), 96.5 (CcH,O), 78.9 (C-7), 78.0 (C-6), 70.6 (C-l), 64.2 (Cga), 63.9 (C-8), 56.0 (OCH,), 
55.4 (C-5), 49.4 (C-3), 33.1 (C-2), 36.8, 34.8, 25.3 and 23.0 (CH&. HRMS MH’ talc. for C,,HJW& 
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340.2124, ohs. 340.2115. 
6-Epid-C-vinykaatanospermine (105). A solution of 1,8-O~yclohexylidene~epi-7-O-nxzthoxymethyl-6- 
C-vinylcastanospermine (103) (0.39 g) in 30% aqueous uifluoroacetic acid (30 ml) was allowed to stand at 
room temperature overnight. The msulting dark solution was diluted with water, extracted (x2) with 
dichloromethane and the aqueous phase was concentrated to dryness. The residue was eluted in water 
from a column of Amberlyst A26 (OH form) resin affoming tide compound (105) (0.208 g, 84%). ‘H 
n.m.r. GO): 5.83 (lH, dd, CH=), 5.34 and 5.24 (2H, d. =CHr), 4.33 (H-l, m, H-l), 3.79 (H-I, t, H-8), 3.38 
(HI, d, H-7), 3.02 (lH, t, H-3), 2.84 (H-l, d, H-5). 2.23 (lH, m, H-2), 2.20 (1H. d, H-5’). 2.11 (lH, dd, H- 
3’). 1.92 (lH, dd, H-8a), 1.67 (lH, m, H-2’). 13C n.m.r.: 142.4 (CH=), 118.3 (=CH&, 80.1 (C-7), 77.8 
(C-6). 74.3 (C-8a), 73.1 (C-l), 70.8 (C-8), 62.1 (C-5), 54.3 (C-3), 35.4 (C-2). HRMS: MH’+ cak. for 
C,&NO, 216.1236; obs. 216.1232. 
l~-Cycldrexylid~~-7-O-methox~e~yl-6~-~b~~~e (104). 1,8-O- 
Cyclohexylidene-7-0-methoxymethylcastanospemGne (84) (1.0 g) was oxidised and treated in situ with 
methyl magnesium chloride (2M in 77-F) in the same way as described above for the pmpamtion of (103). 
Chmmatography of the crude product gave 0.75 g (72%) of tide compound (104). ‘H n.m.r. (CDCI,): 
5.08 and 4.72 (2H, d, CC&O), 4.45 (lH, t, H-l), 4.14 (lH, t, H-8), 3.49 (lH, d, H-7). 3.44 (3H, s, 
CC&), 3.43 (lH, m, H-3), 3.07 (lH, d, H-5), 2.85 (lH, dd, H-8a), 2.74 (lH, d, H-S’), 2.73 (lH, m, H-3’), 
2.21-2.04 (RI, m, H-2), 1.93-1.86 (lH, m, H-2’). 1.73-1.26 (lOH, m). 13C n.m.r.: 109.9 (C), 97.0 (CH&. 
80.2 (C-7), 74.8 (C-6), 70.4 (C-l), 65.2 (C-8), 64.7 (C-8a), 57.1 (C-5), 56.2 (OCH&. 49.4 (C-3). 36.6. 34.7 
(CHJ, 33.2 (C-2), 25.5 (CH,), 25.4, 23.0 (U-J). HRMS: MH+ talc. for C,,H&TOr 328.2124; obs. 
328.2123. 
6-Epi-W-methykastanospermine (106). 1,8-O-Cyclohexylidene-6-e~i-7-O-methoxymethyl-6-C- 
methylcastanospermine (104) (0.42 g) was hydrolysed and the pmduct was purified in the same manner as 
described above for (105), to give 0.24 g (92%) of tide compound ‘H n.m.r. (DrO): 4.22 (lH, t, H-l), 
3.63 (lH, t, H-8), 3.10 (HI, d, H-7). 2.93 (lH, dt, H-3), 2.79 (H-I, d, H-5), 2.21-2.10 (lH, m, H-2). 2.05- 
1.96 (W, m, H-3’, 53, 1.77 (lH, dd, H-8a), 1.61-1.51 (lH, m, H-2’). 1.07 (3H, s, w). “C n.m.r.: 81.8 
(C-7), 74.9 (C-6). 74.7 (C-8a). 73.3 (C-l), 71.2 (C-8), 63.7 (C-5), 54.5 (C-3). 35.6 (C-2), 25.7 (CHJ. 
HRbB: MH+ talc. for C&,NO, 204.1236; obs. 204.1237. 
~~-Cyclohexylidened-deoxy-7-O-methory~ (98). A solution of 1,8- 
O-cyclohexylidene-6O-methanesulfonyl-7-O-methoxymethylcastanospermine (85) (1.0 g) in toluene 
(20 ml) comaining tetrabutylammonium iodide (2.0 g) was stirred at 80°C for 18 h, and then a further 
1.0 g of tetmbutylammonium iodide was added and the reaction temperature was raised to 100°C for 5h. 
The cooled reaction mixture was washed with water, dried and concentrated to syrupy crude 1,8-0- 
cyclohexylidene-6-deoxy-6-iodo-7-O-methoxymethylcastanospermine (97) (0.75 g). ‘H n.mr. (CDCl,): 
5.02 and 4.77 (2H, d, 00&O), 4.51 (lH, t, H-l), 4.09 (lH, tn, H-6), 3.75 (lH, t, H-7), 3.66 (lH, t, H-8), 
3.55 (3H, s, OCH&, 3.52-3.36 WI, m, H-5,5’), 3.05 (W, m. H-3,8a), 2.76 (1H. t, H-3’). 2.27-2.14 (H-I, m, 
H-2), 1.92 (H-I, dd, H-23, 1.68 - 1.18 (1OH. m). r3C n.m.r.: 101.2(C), 97.3 (CHJ, 80.7 (C-7), 70.8 (C-l), 
68.1 (C-8), 64.0 (C-8a), 57.2 (OCHJ, 57.0 (C-5), 47.7 (C-3), 37.0, 34.8 (CH.&, 33.0 (C-2), 27.4 (C-6), 
25.3,23.1 and 23.0 (CHJ. This material was dissolved in dry THF (10 ml), vinyl magnesium bromide 
(20 ti 1.0 M in ‘H-F) was added and the resulting solution was heated under reflux in an argon 
atmosphere for 1 h. The cooled solution was partitioned between saturated aqueous ammonium chloride 
and chloroform, and the organic layer was washed further with saturated aqueous sodium bicarbonate, 
dried and concentrated. Chromatography of the crude residue afforded tide compound (98) (0.34 g, 41%). 
‘H n.m.r. (CJQ): 5.70-5.58 (lH, m, CH=), 5.10 (2H, dd, =CHJ, 4.89 and 4.55 (2H, d, ocH,O), 4.43 
(1H, t, H-l), 3.72 (lH, t, H-8), 3.45 (lH, t, H-7), 3.31 (3H, s, OCH,), 3.03-2.85 (3H, m, H-3, 5, 8a), 2.78 
- 2.61 (2H, m, H-3’, 5’), 2.51-2.39 (lH, m, H-6), 2.22-2.09 (lH, m, H-2), 1.97-1.83 (H-I, m, H-2’). 1.68 - 
1.21 (10 H, m). 13C n.m.r.: 137.5 (CH), 117.0 (CH& 100.7 (C), 96.7 (CHJ. 78.3 (C-7), 70.7 (C-l), 67.3 
(C-8). 64.2 (C-W 55.7 (OCH,), 52.2 (C-5), 48.4 (C-3), 43.0 (C-6), 36.7, 34.8, 33.1, 25.3, 23.0 (CHJ, 
HRMS: MH+ talc. for C,,HfiO., 324.2175; obs. 324.2156. 
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quat.; 74.2 C-7; 72.3 C-6; 70.5 C-l; 64.1 C-8a; 63.3 C-8; 50.5, 50.4 C-5, C-3; 33.2 C-2; 36.9, 34.9, 25.4; 
23.1; 22.9, cyclohexylidene; 25.7, 18.1, -4.3, -5.0; TBDMS. 
6-Epi-castanospermine (112). A solution of the protected alcohol (111) (1.0 g, 2.6 mmol) in 
trifluomacetic acid - water (7:3) (20 ml) was stirred at room temperature for 2 hr and then evaporated to 
dryness under reduced pressure. The residue was chromatographed on silica gel (dicNoromethane - 
methanol - aq. ammonium hydroxide (25% NH& 5:4:1). Fractions containing the product alcohol (112) 
were concentrated under reduced pressure, dissolved in water and passed through a cohunn of ion 
exchange resin (Amberlyst A-26, OH form). Concentration to dryness under reduced pressure gave 
alcohol (112) (0.37 g. 1.95 mmol, 75%). Accurate mass, talc. for GH,flO, (MI-I+) 190.1079, obs. 
190.1090. ‘H n.m.r. (D20) 4.45 (m H-l) 4.06 (bs H-6) 3.94 (t J=9.6 H-8) 3.59 (dd J=3.5, 9.5 H-7) 3.15 
(m 2H H-3, H-5) 2.34 (m 2H H-2, H-5’) 2.21 (q J=8.9 H-3’) 1.98 (dd J&3. 9.7 H-8a) 1.78 (m H-2’). 13C 
n.m.r. (D20) 78.1 C-7; 74.4 C-8a; 72.9 C-l; 71.6 C-6; 70.0 C-8; 58.0 C-5; 54.4 C-3; 35.5 C-2. 
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