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Abstract: A synthetic route towards conduramine and carbasugar derivatives based on the
transformation (i.e. two-carbon Wittig olefination and ester reduction) of the Vasella
rearrangement product derived from D-galactose followed by either a [3,3] Overman or a
{2,3]-Wittig-Still sigmatropic rearrangement, and subsequent ring-closing metathesis, is
presented. © 1999 Elsevier Science Ltd. All rights reserved.
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Studies'” from this laboratory revealed that sugars are versatile starting compounds for the
construction of scaffolds featuring two terminal olefinic functions suitable for ensuing ring-closing
metathesis (RCM).* The success of this approach was illustrated in the construction of oxepines',
pyranopyrans’ as well as spiroketals.’ More recently, we reported that this methodology could be
extended (Scheme 1) to the synthesis of the acetonide derivative of (3S, 4R, 5S)-4,5-dihydroxycyclopent-
1-en-3-ylamine (3), a key compound en route to the hypermodified nucleoside Q.° Thus, Wittig
olefination of 2,3-di-O-isopropylidene-a.-D-lyxo-hex-5-enofuranose at the anomeric centre, followed by
RCM of the resulting 1,6-diene scaffold 1 and subsequent Overman rearrangement® of the corresponding

hexose
Wittig olefination l derivative I Vasella rearrangement
O

HO.,..Q oP oF
<RC_M P /H/\ W o 2-Cal'b0l_: /\H\'/\/\oH
0)8 o OH OP OP homologation oP OP
2 1 4 5
- . . 3,3} or[2,3)-
j [3,3]-Sigmatropic rearrangement Sigmatropic rearrangement
X
.-\NH2 PO 1
&
M AN
S b PO ' op opP
= P = protecting group op
3 7a: X = NHP 6a: X = NHP
b:X= CHzOH b: X =CH,OH
Scheme 1

0040-4039/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(99)00911-9



imidate derivative of 2 gave after further elaboration the aminocyclopentenediol 3. It occurred to us that
RCM of the 1,7-diene constellation 6 bearing different substituents (i.e. nitrogen or carbon) on the C-6
position would lead (see Scheme 2) to similarly substituted cyclohexitols 7. The construction of the
highly functionalised eight carbon framework 6 can in principle be achieved in transforming the Vasella
rearrangement’ product 4 via Wittig extension, subsequent reduction followed either by a [3,3] Overman
or a [2,3) Wittig-Still® sigmatropic rearrangement of 5. We here wish to report that the Vasella
rearrangement product 4 serves as a convenient chiral source for the preparation of stereodefined
carbocycles 7a,b.

In the first instance, attention was focused on the preparation, as outlined in Scheme 2, of the
conduramine derivative 17. To this end, the known® p-methoxyphenyl-B-D-galactopyranoside (8) was
converted into the primary iodide 10'° via the following well established five-step sequential procedure:
regioselective silylation and acetonation, benzylation, desilylation of the r-butyldiphenylsilyl group and
treatment of resulting 9 with 2,4,5-triiodoimidazole and triphenylphosphine according to the method of
Garegg."" Vasella rearrangement of 10 proceeded smoothly'? to give the open-chain aldehyde 11,
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Reagents and conditions: i. a) TBDPSCI, pyridine, b) acetone, dimethoxypropare, pTsOH (cat.), c) NaH, BnBr, DMF, d)
TBAF, THF. ii. imidazole, 2,4,5-triiodoimidazole, (Ph),P, toluene, reflux. iii. Zn, EtOH, reflux. iv. (Ph),P=<CHCO,Me (1.5 eq.),
CH,CN, reflux. v. LiAlH,, THF, 0 °C. vi. CCI,CN, DBU, CH,Cl,, 0 °C. vii. PdCl,(MeCN), (8 mol%), toluene, rt, 12 h. viii. a)
NaOH, EtOH, H,0, 70 °C, b) Boc,0, Et,N, CH,Cl,. ix. CL(PCy,);Ru=CHPh (10 mol%), CH,Cl,, 40 °C, S days. x. a) H,, Pd/C,
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Scheme 2

which was subjected without further extensive purification to a Wittig two carbon elongation. Thus,
reaction of crude 11 with methyl triphenylphosphoranylidene acetate in acetonitrile’® resulted in the
exclusive isolation of the E-alkene 12 in a yield of 95% (based on 10). The requisite trichloroacetimidate
14 was in turn readily accessible by the reaction of the allylic hydroxyl group in 13, generated by LiAIH,
reduction of 12, with trichloroacetonitrile in the presence of the base DBU. Overman rearrangement of 14
with catalytic PdC1,(MeCN), in toluene'* gave the 1,7-diene 15. Unfortunately, compound 15 resisted,



despite prolonged heating, in undergoing the expected RCM under the agency of the Grubbs catalyst
Clz(PQ',)zRu=CHPh." Gratifyingly, RCM of the corresponding N-Boc protected derivative 16, obtained
by deacetylation of 15 and reaction of the free amino group with di-z-butyl dicarbonate, gave after
prolonged heating the conduramine 17 in 65% yield. The stereochemistry of 17 was determined as
follows: hydrogenation (H,/Pd-C) and acetylation (Ac,0O, pyridine) of HO-5 led to 18, the NMR data of
which were in full accord with those reported for the same compound by Ogawa et al.'® The latter finding
also implies that the RCM precursor (15/16) has the 5,6-anti-configuration. 1

Apart from the successful metal catalysed 1-aza-[3,3] sigmatropic rearrangement of 13(E) to
15(5,6-anti), it was envisaged that 13(E) would also be amenable, due to the presence of the allylic
stereocentre at C-5, to a diastereocontrolled [2,3] Wittig-Still rearrangement'® resulting in the 1,7-diene 6b
(Scheme 1). Accordingly, the o:-methoxystannylidene adduct 19(E) (see Scheme 3), prepared by reaction
of 13(E) with Bu,SnCH,I® in the presence of potassium hydride, was subjected to n-butyllithium in THF"”
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Scheme 3

to give, after separation by flash chromatography, the individual isomers 21(5,6-anti) and 20(5,6-syn) in a
ratio of 3:2. Subsequent RCM of both diastereoisomers proceeded slowly to give the expected
diastereomeric carbasugars 22 and 23 in a yield of 79 and 68%, respectively. The stereochemistry of the
newly created stereocentre at C-6 in the two isomers 20 and 21 as determined by NMR spectroscopy was
also established independently by executing the following experiment. It was anticipated'® that [2,3]
sigmatropic rearrangement of the corresponding Z-isomer 26 would lead to the main formation of the 5,6-
anti-1,7-diene 21. The requisite precursor 25(Z) was accessible by submitting 11 to the Mulzer™ variant
of Wittig’s (methoxycarbonyl)methylenation. Separation of the resulting E- and Z-isomers and reduction
of 24(Z) with LiAlH, gave after o-methoxystannylidenation the adduct 26(Z). Tin-lithium exchange of
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26(Z) led to the exclusive formation of the 5,6-anti product 21, which was in every aspect identical with
the same product derived from [2,3] sigmatropic rearrangement of 19(E).

The results presented in this paper clearly show that Vasella rearrangement products are versatile

chiral synthons for the construction of highly functionalised and stereodefined carbocycles. Application of
this strategy to the synthesis of biologically interesting conduramines and carbasugars will be reported in

due course.
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