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Stereocontrol by Intrinsic Antiparallel Double Repulsion on Diacetone-D-Glucose Template.
Diastereoselective Synthesis of 3(S)-Isothiocyanato-3-deoxy-3-C-vinyl glucose via
(3,3)-Sigmatropic Rearrangement of Allylic Thiocyanates
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Abstract: A stereoselective synthesis of the branched-chain sugar 3(S)-isothiocyanato-3-deoxy-3-C-
vinyl glucose via (3,3)-sigmatropic rearrangement of allylic thiocyanates prepared from D-glucose is
presented. The side chain at C-4 of the substrates 4-Z, 4-E and 8-E is not a decisive factor for
stereocontrol in the (3,3)-sigmatropic rearrangement of allylic thiocyanates, and the 1,2-O-
isopropylidene group in each isomer profoundly affects the direction of the rearrangement.
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The (3,3)-sigmatropic rearrangement of allylic trichloro-acetimidates has been widely used for the stereoselective
synthesis of amines' and branched-chain amino sugars’. In a previous report we presented a new synthetic route to
diastereomerically pure 1,3-imidazolidin-2-thiones via a tandem of (3,3)-sigmatropic rearrangement of chiral thiocyanates
followed by stereoselective intramolecular amine addition to the arising isothiocyanates’. Now we report an extension of
this methodology to sugar allylic thiocyanates and illustrate its potential for stereocontrolled synthesis of the branched-
chain sugar 3(S)-isothiocyanato-3-deoxy-3-C-vinyl glucose 5 as a suitable synthon for the synthesis e.g. myriocins®,
mycestericins* and branched-chain amino sugar nucleosides”.

The substrates for the aza-Claisen rearrangements were 3-C-(hydroxymethyl)methylene derivatives of 3-deoxy-
1,2:5,6-di-O-isopropylidene-a-D-ribo-hexofuranoses, 1-Z° and 1-E° (Scheme 1). The thermal Overman rearrangement of
trichloroacetimidate 2 (xylene, 139°C, 6h), prepared from 1-Z by the reaction of CCLLCN/NaH in THF, unexpectedly led
to the formation of allylic chloride 3 in 89% (Scheme 1). With the aim to examine similar methodology for introduction of
nitrogen functionality into 3-position of glucose, we investigated the rearrangement of allylic thiocyanate 4-Z. The starting
thiocyanate 4-Z was prepared by SN2 displacement of O-mesyl group in corresponding mesylate, derived from allylic
alcohol 1-Z, by thiocyanate group (KSCN/CH3CN) (Scheme 1). The thermal rearrangement of thiocyanate 4-Z was
carried out at 70°C in xylene under N2 for 4h with high yield of crystalline isothiocyanate 5, as the sole reaction
product™ in 88% yield after silica-gel chromatography. The diastereoisomer 5' was not detected in the reaction mixture.
Although the stereochemistry of the quarternary carbon center (C-3) introduced in § was not established by its NMR
spectral analysis, it was determined by the X-ray analysis as (5)°. Reaction of 5 with thioacetic acid™ (1.3 mol) and t-
ButOK (0.2 mol) in the presence of 18-crown-6-ether in THF at 60°C (4h) gave 3(S)-acetylamino-3-deoxy-3-C-vinyl-
1,2:5,6-di-O-isopropylidene-o-D-glucofuranose 6 in 76% yield.
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Scheme 1

A plausible basis for the exclusive formation of 5 from 4-Z is illustrated in Scheme 2. By considering of the two
transition states possible for (3,3)-sigmatropic rearrangement, it is apparent that the formation of the N-C bond from the
o-face of the furanose ring suffers severe non-bonded interaction between the 1,2-isopropylidene group and the NCS part
(in the case unfavorable transition state). Therefore, the N-C bond formation occured preferentially from the less hindered
B-face of the furanose ring. The calculated transition structures® (AM1 method) for (3,3)-sigmatropic rearrangements 4-
Z->5 (transition state A with AHf (370 K)= -126.14 kcal/mol, Scheme 2) and 4-Z->5' (transition state B with AHf (370

K) = -124.294 kcal/mol, Scheme 2) are in agreement with our observations. The calculated energy difference is 1.846
kcal/mol in favour of transition state A and predicts the formation of diastereomer 5.

Although the transition state argument mentioned above for the stereoselective outcome of the rearrangement seems to
be reasonable, an assumption that the large substituent at C-4 in the furanose ring might participate in the stereoselectivity
could not be excluded. To clarify this possibility, the rearrangement of thiocyanates 4-E (Scheme 1) and 8-E (Scheme 3),
was next investigated. The substrate 4-E was prepared in an analogous manner as 4-Z and the rearrangement of 4-E was
studied under the same conditions as for 4-Z (Scheme 1). In contrast to the nonselective Johnson-Claisen rearrangement of
1-E", the rearrangement of 4-E proceeded with the complete stereocontrol and product 5 was isolated as the sole product
in 89% yield. The calculated energy difference® (AM1 method) between two possible transition states (4-E->5, transition
state C with AHf (370 K) = -124.99 kcal/mol and 4-E->§, transition state D with AHf (370 K) = -121.88 kcal/mol,
Scheme 2) is 3.11 kcal/mol and predicts exclusive formation product 5. The thiocyanate 8-E with a large 5,6-di-O-(r-
butyldimethyl)silyl protecting groups was prepared from known® (E)-, B-unsaturated ester 7 by a series of functional
group manipulations: 1) selective removing 35,6-O-isopropylidene group with DDQ"' (0.2 mol) in MeCN:H,0=9:1 (87%),
2) 5,6-O-silylation of the resulting 5,6-diol with TBDMSCl/imidazole in DMF at 70°C (70%), 3) DIBAH reduction in
THF (83 %), 4) mesylation of the resulting allylic alcohol with MsCI/NEt; in CH,Cl, (90%), 5) displacement of O-mesyl
group by thiocyanate group by KSCN in MeCN (89%), (Scheme 3).

Finally, the aza-Claisen rearrangement of 8-E was accomplished under the same conditions as for 4-Z and 4-E
(70°C, xylene, Ny, 4h) and the isothiocyanate 9 was isolated as the sole product in 88% yield. The absolute
configuration at C-3 in 9 was unambiguously determined by chemical transformations (Scheme 3). Thus, reaction of the
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isothiocyanate 9 with cyclopentylamine led to thiourea 10 in 96% yield.
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Subsequent removing 5,6-O-silyl groups with TBAF in THF afforded unprotected thiourea 11 in 84%. This compound is
in all respect identical with the unprotected thiourea 11 which was prepared from 5 as follows: Treatment of § with
TFA/H,0" (TFA:H,0=9:1) afforded unprotected isothiocyanate 12 in 96% yield, which was converted to thiourea 11 in
94% yield after addition of cyclopentylamine. Surprisingly, the absolute configuration at C-3 in 9 is the same as in 5.
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Scheme 3
These facts led to the conclusion that the side chain at C-4 of the hexofuranosidic substrates 4-Z, 4-E and 8-E is not
a decisive factor for stereocontrol in the (3,3)-sigmatropic rearrangement of allylic thiocyanates, and that the 1,2-0-

isopropylidene group in each isomer profoundly affects the direction of the rearrangement.
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