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Abstract

Dehydration of both y— and 3— hexonolactones, either by intramolecular nuclecphilic displacement of triflate le

at (.2

ups at C-2,
or by Mitsunobu typc displacement of the OH-6, pr0v1dcs access to bicyclic lactones which contain tetrahydropyran ri
or nucleophilic ring opening of these bicyclic lactones furnishes polyfunctionalised tetrahydropyrans in good yield.
© 1998 Elsevier Science Lid. All rights reserved.
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Formal dehydration involving ring closure between two hydroxyl groups of a suitably
protected hexonolactone may result in the formation of either an oxetane,’ or a
tetrahydrofuran,™ via a ring contraction reaction, or in the formation of a tetrahydropyran*
by direct cyclisation and subsequent lactone opening (as exemplified by ester formation,
Figure 1).
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Fach of these three heterocveles are widely occurr
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thus important targets for synthesis.*® Cyclic ethers themselves d rived dlrect]y from sugars

are formally classified as anhydrosugars, and the formation and properties of such materials
have been extensively investigated and reviewed.*’
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A non-reductive specific synthesis of tetrahydropyrans from hexonolactones must
necessarily involve ring closure between the C-6 and C-2 hydroxyls. However this could be
achieved in either sense, namely either by displacement of a leaving group at C-6 by the 2-OH
or by dlsplacement of a leaving group at C-2 by the 6-OH. The latter case would be expected
to be accompamea with inversion of conngurauon at C-2. In both cases the reaction proaucts
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members of the rare class of naturally occurring 1,5-anhydroalditols.” Alternatively ring

opening by alcohols or amines would lead to polyhydroxylated tetrahydropyranyl esters or
amides. In this paper we describe various strategies employed in an attempt to acl eve
tetrahydropyran formation in the gluco, allo and altro hexonol,,ctme series and also report
the observation of other competitive processes under particular sets of reaction conditions.

2. Results and discussion

Cyclisation studies were undertaken in the y-gluco, y-allo and &-altro lactone series, with
suitable hydroxyl group protectlon lnvestlgatlons centred on attempts to achieve nucleophilic
cusplacement of a series of C-2 trifiates with a free OH-6 nydroxyl group. Because of the

possibility of competitive rulg contraction reactions a variety of cyclisation conditions were
investigated in order to maximize tetrahydropyran formation. The syntheses of the cyclisation

precursors in all three sugar series are now detailed, before the outcomes of the various
cyclisation reactions are detailed and then discussed

2.1. Synthesis of gluco ylactone triflates

Monoacetone glucose 1,'° was selectively protected by treatment with fer-
butyldiphenylsilyl chloride in DMF in the presence of imidazole, to give the silyl diol 2" in
96% yield (Scheme 1). Benzylation of 2 with sodium hydride and benzyl bromide in DMF
gave the completely protected furanose 3 in 72% yield.
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Scheme 1 (i) AcOH/H,O (2:1), 80% yield (i) ‘BuPh,SiCl, imidazole, DMF, 96% vield (iii) NaH,
BnBr, DMF, BuyNi, 72% yieid (iv) CFaCOgH / dioxan / H2O, (1:1:1), 76% yieid (v) Brp, BaCO3,
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CH,Ch, 98% vield (viii)) CFaCO2H / dioxan / Ho O, (1:1:1), 86% vield.



J. C. Estevez et al. / Tetrahedron 54 (1998) 13591-13620 13593

Concomitant removal of the acetonide and silyl protecting groups by treatment with a
mixture of trifluoroacetic acid / dioxan / water (1:1:1) gave 3,5-di-O-benzyl-glucofuranose 4
in 76% yield. Oxidation with bromine and barium carbonate in dioxan / water (2:1) afforded
the lactone § in 88% yieid Subsequent selective protection of the primary alcohol of §, with

rert-ou[ymlmemylsuyl chioride and lmlaazme in DMF, gave the Sllyl lactone 6 in 89% yleld

Reaction with triflic &Il'ﬂydﬁuc and pyuuulc in dichloromethane then gave the unstable gtuco

triflate 7 (89% yield). Finally, removal of the silyl group by treatment with a mixture of
trifluoroacetic acid / dioxan / water (1:1:1) gave the unstable alcohol 8 in 86% yield (25%
overall yield from diacetone glucose over 8 steps)

2.2. Synthesis of allo ¥lactone triflates

Diacetone allose 9 was prepared (Scheme 2) from diacetone glucose in 84% yield by PCC
oxidation and subsequent reduction.”” Selective hydrolysis of the primary acetonide of 9 with
a mixture of acetic acid / water (2:1) gave the monoacetonide 10" in 98% yield. Selective
protection of the primary hydroxyl of 10 by reaction with rert-butyldiphenylsilyl chloride
and imidazole in DMF gave the silyl diol 11 in 98% yield. Benzylation by treatment with
sodium hydride and benzyl bromide in DMF then gave the completely protected ailo furanose
12 (76% yleld) Removal of the silyl and acetonide protectmg groups with a mixture of
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trifluoroacetic acid / dioxan / watei (11l1) gave .3,J-UI-U-UCHLyl—dllUIUIdIlUbC 1Y (0470
M M el nba i
yield), which was subsequently oxidized to the lactone 14 (bromine and barium carbonate in
a mixture of dioxan / water, 2 : 1, 90% yield)
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Scheme 2 (i) PCC, sieves, CHxCb (i) NaBH,, EtOH / H50, (9:1), 84% vyield over 2 steps
(iii) ACOH / HyO (2:1), 98% yield (iv) 'BuPhy SiCl, imidazole, DMF, 98% yield (v) NaH, BnBr,
DMF, BuygNI, 76% yield (vi) CF3CO2H / dioxan/ Hz O, (1:1:1), 82% yield (vii) Bro, BaCOsg in
dnoxan / HQO (2 1) 90% yield (vm) tBuMeQSK;I imidazole, DMF, 41% yield (ix) THO,

ioxan / Hp0, (1:1:1), 86% yield.

Selective protection of the primary hydroxyl of the allo lactone 14 was attempted by
treatment with zert-butyldimethylsilyl chloride in DMF in the presence of imidazole to give
the allo alcohol 15, with only the C-2 hydroxyl free (41% yield). Reaction of 15 with triflic
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anhydride and pyridine in dichloromethane then gave the unstable silyl triflate 16 in
quantitative yield. Finally, removal of the silyl protecting group with a mixture of
trifluoroacetic acid/ dioxan / water (1:1:1) gave the allo alcohol 17 in 86% yield (16%
overall yield from diacetone giucose over 10 steps).
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18a was selectively silylated at the 6-OH with tprt-hurvldlme-thv]m]vl chloride and imi 1
in DMF to yield the alcohol 19a (83% yield). Treatment with triflic anhydride and pyrldme
in dichloromethane then yielded the silyl triflate 20a (quantitative yield). A directly
analogous series of reactions, which has been previously described,” was performed in the
more readily available cyclohexylidene protected series, and extended to the synthesis of the
hydroxy triflate 21b. Thus, the cyclohexylidene alcohol 21b was produced by desilylation of
the known silyl triflate 20b" by treatment with 80% aqueous acetic acid (70% yield); i

should be noted that attempts at desilylation with tetra-n-butyl ammonium fluoride in THF led

to complete decomposition, presumably due to base sensitivity.
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a) Series R=Me b) Series R=cyclohexylidene
Scheme 3 (i) Bu'Me, SICl, imidazole, DMF, a) 83% b) 92% vyield (i) THO, pyridine,
CHxCh, a) quant. b) quant. yield (iii) 80% agueous AcOH, b) 70% yield.
2.4. Studies on gluco triflates

2.4.1. Reactions in basic and neutral media (Scheme 4)
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resuited 1n ne formaiocn o1 tne oxetane 4 4 as the soi€ 1soiated proauct in /5% Yyieiq, wilh an
inversion of conficuration at C-2 16 Hawever when the same reaction conditions were annlied
S guration at C-2." However when the same reaction condifions were appiied

to the gluco triflate 8, possessing a free OH group at C-6, a mixture of the oxetane 23 (60%

yield), and the tetrahydropyran 24 (20% yield) was obtained. Thus, in the latter case
nucleophilic dlsplacement of the triflate at C-2 by the free 6-OH hydroxyl competes to some
extent with the ring contraction reaction.

Reaction conditions that may promote only this intramolecular nucleophilic substitution
reaction were therefore investigated. Thus, when the triflate 8 was treated with pyridine in
acetone the bicyclic tetrahydropyran 25 was obtained in 88% yield. Similarly, treatment of 8
with sodium acetate in DMF led to the formation of 25, albeit with a siig‘htiy reduced yield

(64%). When compound 8 was treated with pyridine in methanol the tetrahydropyran methyi
ester 24 was obtained in 65% yield as the sole isolated product.
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catalytic methoxide may occur first, to yield the open chain material 26 (itself unobserved).
This material can then undergo either one of two possible cyclizations: the 4-OH onto C-2 to
give the oxetane 23, or the 6-OH onto C-2 to give the tetrahydropyran 24. However with
pyridine in methanol ring closure of the 6-OH onto C-2 to give the bicyclic material 25
probably occurs first and is then followed by opening of the bicyciic factone by methanol to
give the methyl ester 24; such a sequence of events would explain the absence of
tetrahydrofuran product in thls case. The formatlon of the blcychc material 25 by treatment

h sodium acetate in

1 t1 a t+
1 L 3 8 LW g L.
by OH-6, with no competitive ne opening processes. The bicyclic material 2§ itself could
also be readily ring opened under acidic conditions; treatment with 1% HCl in methanol gave
the methyl ester 24 in 90% yield
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Scheme 4 (i) CF3COOH / dioxan/ HoO (1:1:1), 86% vyield (i) K» COs, MeOH, 75%yield (iii)
acetone / pyridine, 88% yield (iv) NaOAc, DMF, 64% yield (v) DMF, 85% yield (vi) pyridine,
MeOH, 65% yield (vii) KoCO3, MeOH, 60% yield of 23, 20% vyield of 24 (viii) HCI, MeOH,

90% yield.
2.4.2. Reactions in acid media {(Scheme S)

ctone 7 under acidic ring contraction

Reaction of the compl etely protected gluco la
) ]  of tetrahydr f' uran 27 (70% vlpld\ and t
y

conditions® (1% HCI in methanol
tetrahvdronvran 24 (15% vyiel

results were obtained with lactone 8, which lacks the OH-6 silyl group, and gave a mixture of
the tetrahydrofuran 27 (52% yield) and the tetrahydropyran 24 (30% yield). The increased
proportion of 6-ring product results from the lack of OH-6 protection and an increased rate
of cyclisation of the 6-OH onto C-2, but again no oxetane product was observed.

Almost all of these the observations may be explained by the initial formation of bicyclic
intermediates, containing either tetrahydrofuran (the 5-OBn onto C-2) or tetrahydropyran
(the 6- U[Si] onto C- L) rmgs before subsequent openlng of the lactone by methanol to yleld
27 or 24 respecuveny However the mtermecnacy of an open ¢ chain intermediate such as 26
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Scheme 5 (i) HCI, MeOH, 70% yield of 27, 15% yield of 24 (| ) HCI, MeOH, 52% yield of 27, 30%
yield of 24 (iii) camphorsulphonic acid, MeOH, 45% yield of 27, 40% yield of 24 (iv) camphor
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An increased yield (40%) of the tetrahydropyran 24 was obtained by changmg the acid to
gﬂmnhnrqnlfnm(‘ Continuing this trend it was found t ‘h rh erent results were obtained when
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the two gluco lactones 7 and 8 were treated with camphorsulfonic acid in a mixture of THF
and methanol (3 : 5). In both cases under these modlﬁcd conditions only the tetrahydropyran
24 was isolated (90% yield from 7 and 82% yield from 8). Following on from these results
further investigations of the reactivity of compounds 7 and 8 were undertaken, involving

both changes in the nature of the acid and the solvent, and are detailed in Table 1.
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SOLVENT ACID PRODUCTS
% Methanol %THF HCI CSA % Furan 27 % Pyran 24
100 - excess - 52 30
37 63 excess - 21 60
37 63 2.5 equiv. - 10 65
- 100 excess - No Reaction
100 - - 2.5 equiv. 45 40
37 63 - 2.5 equiv. 0 82
- 100 - 2.5 cquiv. No Reaction
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2.5. Studies on allo triflates

When the same set of reaction conditions were applied to the allo lactone triflates 16 and
17 very different results were obtained. These are outlined as follows:
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2.5.1. Reactions in basic and neutral media (Scheme 6)

Treatment of the silyl allo triflate 16 with potassium carbonate in methanol surprisingly
gave a 1:1 mixture of the tetrahydrofuran 28 (40% yield) and the oxetane 29 (40% yield). In
an attempt to facilitate closure of OH-6 onto C-2 the desuylatcd trifiate 17 was subjected to

i men e Ao TE n s

the same reaction conditions. However again a mixture of a furan 30 (45% yield) and an
oxetane 31 (41% yield) was obtained; no tetrahydropyran product was isolated. Attempted
cyclisation of triflate 17 under neutral conditions by simply stirring in DMF at room
temnerature nroduced the formate 32 in 50% vield: no tracec of anv hicvelic material were
TVAMMPRVAGLRAY AV ULYLLE WAV LVLLARWY W e Ll U Y lexu, LIV uidavwway U Ll.ll] Ul\.«J\tll\/ 111t 111l Yy wia
observed
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7 32 Scheme 6 () K,COs, MeOH, 40%

yieid of 28, 40% yieid of 29 (i) DMF,
50% vyield (jii) K2CO3, MeOH, 41%

HO— h o _ yield of 31, 45% yield of 30.
< >=coMe + HO \(_7 wee
Bn(j 2 Q .
OBn HO OBn
31 30

2.5.2. Reactions in acidic media (Scheme 7)

After the failure of the base catalyzed reactions to furnish any pyran products in the allo
series attention was turned to an acid catalysed process. However again the reactivity of the
allo compounds was found to be in marked contrast to that of the gluco counterparts. Thus
treatment of either of the triflates 16 and 17 with HCl in methanol simply produced the
chloride 33 (45% and 50% yields respectively). We observed no tetrahydropyran formation

n the Allh geriag
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Scheme 7 (i) HCI, MeOH, 45% yield (ii) HCI, MeOH, 50% yield
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kinetic, and presumably electronic, effect. It might be expected that the unobserved allo
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derived  bicycle 34  would be H \AOE" H \/;;3”
thermodynamically more stable than the d d
gluco derived counterpart 25 as the former H O Bn :
has the C-3 substituent in a equatorial rather | o | o]
than an axial orientation. However it should OBn H
also be born in mind that since the chair is a 34 25

i al Allo series Gluco series

tetrahydropyran then this C-3 axi
e

substituent onlv  encounters o

------------ i J 2 LRt

hydrogen atom.

2.6. Studies on altro lactones

2.6.1. Reactions in basic media (Scheme 8)

Treatment of the cyclohexylidene altro silyl triflate 20b with potassium carbonate in
methanol yielded the cyclonexyudcne allo silyl tetrahydrofuran 35b as the major product
(68% yield), with inversion of conhguratlon at C-2! (Schem 8). The identity of this material
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il
ring contractlon of the 1sopropylldene silyl lactone 20a proceeded to yleld the allo
tetrahydrofuran acetonide 35a in 58% yield.
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a) Series R= Me ™ 0 . A o
b) Series R= cyclohexylidene /4[]\\0 3’?’ xo
R™ R
39 40

Scheme 8 (i) K,CO3, MeOH, a) 58% yield, b) 68% yield (ii) LiAlHg, THF, 94% yield (iii)
Bu'Me, SiCl, imidazole, DMF, 88% yield (iv) Ko COs, MeOH, 94% yield (v) AcOH / H,0, (4:1),

60% yieid (vi) NaOAc, DMF, 46% of 39b and 26% of 40b (vii) Ko COj3, MeOH, 63% yield.

" A small amount of the epimeric altro material was also obtained.
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Removal of the silyl protecting group would allow possible competition of tetrahydropyran
formation with this ring contraction process. Thus, the cyclohexylidene triflate 21b was
treated with potasqium carbonate in methanol. However the sole isolated product was found to
be the ring contracted metnyr ester 38b. This material was also syntnesrzed by desrlylatron of
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reactlon.

2.6.2. Mitsunobu reactions (Scheme 9)

Due to the effective competition of THF over THP formation observed above, an

alternative strategy for the synthesis of tetrahydropyrans in the altro series was investigated.

It should be noted that cyclisation of the 6-OH onto C-2 in the altro case requires

epimerisation of the triflate at C-2 before nucieophilic displacement can f
S ..

Unfortunately the previous set of results seemed to indicate that tetra hyurofuran formation
would be the major product under basic conditions where we may be able to achieve this
epimerisation. Therefore the alternative strategy for tetrahydropyran formation, consisting of
cyclisation of the 2-OH onto C-6 was investigated. The first approach involved the use of the
Mltsunobu reaction to achieve this and proved very successful. Thus simple treatment of

S SH1 $ at
either the isopropylidene 18a or cyclohexylidene 18b lactone diols with triphenylphosphine
and diethyl azodicarboxylate in THF resulted in formation of the bicyclic pyrans 40a and
40D as the sole reaction products in both cases (60% and 69% yields respectively).

OH
0._.0 L o M, 0 HQ,,
(i) AW) (i) L _an @
QY ToH QP oY
R-Y© AR RO OH S cl,‘
R R
18 40 a1 42

Scheme 9 (i) PhgP, EtO,CN=NCO,Et, THF, a) 60% yield b) 69% yield (ii) LiBHs, THF, 93% yield
(iii) CF3COzH / Hy0, (2:3), 89% yield.

b) Series R= cyclcohexylidene
The identity of the bicyclic cyclohexylidene pyran 40b was confirmed by conversion to the
known 2,6-anhydro-D-altritol 42" by reduction with lithium borohydride to produce the
alcohol 41b and subsequent removal of the cyclohexylidene protecting group.

3. Summary and conclusion
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their C-2 triflates. The possible mode of cychsamon of these materials, an nd in p articular the
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In the gluco series base catalysed reaction allows access either to oxetane or
tetrahydropyran products; tetrahydropyran formation can be maximized by judicious choice
of the reaction conditions. Under acidic conditions tetrahydrofuran and tetrahydropyran
formation are the competing processes; again high yields of tetrahydropyran products can be

mmeantime nnam A iAo

achieved Uy choice of the reaction conditions.

HO— HO
}—ﬂo)--"COgMe 0 ..COsMe
Bnd a_ HO-— &
OoBn S v
o Base v 0,0 Acid HO - OBn
OR Bna" e OR
~COzMe Bnd” Ot [o I\\cone
BnO™ Yy ~OBn BnO™ ™ ~OBn
OH OH

In the allo series the reactivity of the C-2 triflates completely contrasted with those of the

gluco compounds. Under basic conditions oxetane and tetrahydrofuran formation were

complctely competitive; no tetrahydropyran formation was achieved. Under neutral or acidic
conditions intermolecular nucleophilic displacement was found to be the predominant process;

again no tetrahydropyran formation was achieved.

H
g—{“’)-co?_Me
BnO 6 B HO HO
Base O._.o Acid
"Q AND ~——— g \__:f —— gno F
\<Q7...\002Me Bro®  OTt BnQO" X
HO . .'"OBn

In the altro series, where cyclisation of the OH-6 onto C-2 must be preceded by
epimerisation of the leaving group at C-2, under basic conditions tetrahydrofuran formation
was always the dominant, but not exclusive, process. However tetrahydropyran formation was
simply and efficiently achieved by ring closure of the OH-2 onto C-6 by a Mitsunobu

reaction.
OH
L o .o OH
Base O _,COzMe
R —i—
o' Y TOTf $ b
Qg G
n)\' 0 <
! i
H HQ,
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Melting points were recorded on a Kofler hot block. Proton nuclear magnetic resonance
(8,) spectra were recorded on a Varian Gemini 200 (200 MHz) or Bruker AM 500 (500
MHz) spectrometers. Carbon nuciear magnetic resonance (8.) spectra were recorded on a
Varian Gemini 200 (50.3 MHz). Multiplicities were assigned using DEPT sequence. Spectra
run in DO were referenced to dioxan (8. 67.3) or methanol (3. 49.7) as internal standards.

P SR R - - PRy PR TR P, [
All chemical shifis are quoted on the o-scale. Infrared spectra were recorded on a Perkin-
Elmer 150 Fourier Transform spectrophotometer. Mass spectra were recorded on VG
Micromass 30F, ZAB 1IF, Masslab20-250 or trio-1 GCMS (DB-5 column) spectrometers,

w

1
using desorption chemical ionization (NH, DCI), electron impact (EI), chemical ionization

(NH, CI) and fast atom bombardment (FAB) techniques as stated. Optical rotations were
. A oo Darlbinm Eliaar Y41 mnlarimaatas sgrith o math Tamath ~Ff 1 e D vonmbrat g o
HITAMUICU ULl 4 TCIRNHITELHLCT L4 }I\JlalllIlCLCl WILl a P LIl 1 lglll Ul 1 Ulll. COoncCoIiitatlvuin aic
given g/100 ml. Hydrogenations were run under an atmosphere of h“dmgen gas maintained

“wi
by inflated balloon. Microanalyses were performed by the microanalyses service of the Dyson
Perrins laboratory. Thin layer chromatography (t.l.c.) was carried mlt on aluminium sheets

il S === SESEEEETTTOTTII TS ATFESE =7 = rESEEEE

coated with 60F, silica. Plates were developed using 0.2% w/v cerium (IV) sulfate and 5%
ammonium molybdate in 2M sulfuric acid. Flash chromatography was carried out using
Sorbsil C60 40/60 silica. Solvents and available reagents were dried and purified before use
according to standard procedures; methanol was distilled from magnesium methoxide,
pyridine was distilled from calcium hydride and stored over potassium hydroxide, and
tetrahydrofuran was distilled from a solution of sodium benzophenone ketyl immediately
before use. p-Toluenesulfonyl chloride and imidazole were recrystallised from hexane and
ethanol respectively. Hexane was distilled at 68 °C before use to remove involatile fractions.

4.1. 6-O-tert-Butyldiphenylsilyl-1,2-O-isopropylidene- c-D-glucofuranose 2.

The monoacetonide 1 (8.03 g, 0.036 mol) was dissolved in dry DMF (70 ml) and cooled to
20 °C nnder nit ogen. Imidazole (4.97 g, 0.073 mol), nﬂnwed hv tert-

2 h at - 20 °C. At this point tlc. (ethyl acetate: hexane, 1:1) then showed no starting material
(R; 0.1) and a single product (R, 0.5). Removal of the solvent gave a yellow o1l which was
dissolved in ethyl acetate (100 ml) and washed with water (3 x 20 ml). The organic layer was
separated, dried (anhydrous sodium sulfate), filtered, and concentrated. Purification by flash
chromatography (diethyl ether:hexane, 1:1) gave the silyl diol 2 (16.07 g, 96%) as a clear
gum; [0, -17.6 (¢, 0.9 in CHCl,) [Lit. -18.7 (¢, 0.8 in CHC1 ' 8y (200 MHz, CDCl,) 1.08
(9H, s, 3 x CH,), 1.33 and 1.48 (6H, 2 x s, 2 x CH)), 286(1H br s, exchange w1thDO OH),
3.31 (IH, br s, exchange with D O, OH), 3.82 (IH dd,J, 5.1 Hz, J  10.7 Hz, H- 6), 3.92
(1H, dd, J, . 3.7 Hz, H-6"), 407420 (2H, m, H-5 andH4) 4.39 (lH d, H-3), 4.55 (1H, d,
J 3.7 Hz, H-2), 5.97 (1H, d, H-1), 7.36-7.70 (10H, m, 10 x Ar-H).

4.2.  3,5-Di-O-benzyl-6-O-tert-butyldiphenylsilyl-1,2-O-isopropylidene- a-D-glucofuranose 3.

Sodium hydride (60 % dispersion in oil, 1.08 g, 27.0 mmol) was washed with hexane (3 x
10 ml) under nitrogen. The silyl diol 2 (4.94 g, 10.8 mmol) was dissolved in dry DMF (50
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ml), added slowly to the sodium hydride, and then the resulting mixture stirred for 1 h.
Benzyl bromide (3.93 ml, 32.4 mmol) and tetra-n-butylammonium iodide (1.0 g) were then
added and the reaction was stirred for 24 h at room _temperature. After this time, t.l.c.

1 1 h ] 4 4 N oNnes

(diethylether:hexane, 1:5) snowea no starting materiai (R; 0.05), and the titie compouna (R,

e b J_ S PRy [P S U, I [N [T E. Y & o, L
uct. ClldllUl was aadacda SIOWI1Y Ulllll CIICIVESCCIILT LCdbCU d.[l(.l uic
- .
1

a further 10

diethyl ether (200 ml) was added, an sulting solu

€ re ti
filtrate was then concentrated and ourification b

ether:hexane, 1:5) gave the furanose 3 (4.50 g, 7.05 mmol, 65 %) a
)

”m t,mﬂn f1i1ra Thn nnl-vav\t 7o ramavuad

) 5 1

(¢, 1.0 in CHCL,); 8 (200 MHz, CDCl,) 1.07 (9H S, 3xCH

CH,), 3.91 (1H, dd, J, 112Hz 15649Hz H-6), 3.97 (1H, d
5), 4.07 (1H, dd, Hﬁ

SR
Il
l\.)
—/
1;
n 3
(.} |
-l

4.3. 3,5-Di-O-benzyl-glucofuranose 4.

The furanose 3 (1.74 g, 2.73 mmol) was dissolved in dioxan (30 ml). and a mixture of
trifluoroacetic acid / water (1:1, 60 ml) was added slowly to the resulting solution. The
reaction mixture was then stirred for 45 h at room temperature after which time t.l.c. (ethyl
acetate:hexane, 5:1) showed partial conversion of the starting material (R; 0.9) to a major
product (R 0.2). Evaporation of the solvents and purification of the residue by flash
Cnromatograpny (etnyl acetate:hexane, 5:1) gave the lactol 4 (0.75 g, 2.08 mm01 76%) as a
clear gum; [0],”° -48.5 (¢, 0.8 in CHCL); V py (film) 3400 (br, OH) cm’'; &, (200 MHz,

CDCl)) 3.05 (3H, br s, exchange with D. O, 3 x OH), 3.86 (3H
(0.4H, s), 4.46 (3H, m), 4.62 un m), 5.16 (0. s, H-a-1),
7 .

ki

~AO 74 NTY Pa) a Vet Y / o

7.28 (10H, m, 10 x Ar-H); ); 6. (CDC,) 60.8,
d),5549/5uxaL1aL1p)17,u7 x d, Ar
(2 x s, Ar C); m/z (CI, NH,) 378 (MNH,', 28%), 361 (MH', 13%), 360 (M

91 (CH,", 100%). (Found: C, 66.84; H, 6.47; C,H, O, requires: C, 66.65; H, 6.71%).

4.4. 3,5-Di-O-benzyl-D-glucono-1,4-lactone 5.
Tlﬁ.-\ ‘f\f\"!\.‘ A {1 qn 2 Ve n A’7 mmr\l\ fYrno f‘i(‘ﬂf\l‘7nl‘] ';ﬂ (Y m:vf'nrn I\‘F r‘1r\vnn ﬂ“A ‘xrr)far 10‘1 0
111G idvilul = (1 /V 1llg, V.7 L1HIV1) aAd UIOdDULVUAL 111 a4 LILIALULLY ULl UlUAALL dllu ywatvl \ 4.1, 7
ml). Barium carbonate (102 mg, 0.52 mmol), and then bromine (0.06 ml, 1.18 mmol) were
added, and the reaction stirred for 2 h at room temperature in the dark. T.l.c. (ethy] acetate
hexane, 5:1) then shnwed 10 starting matenal (R; 0.35) and the formatlon of a single Droduc,l

the resultmg mixture then extracted with ethyl acetate (3 x 25 ml). The ethyl acetate extracts
were then combined, dried (anhydrous sodium sulfate), filtered and the solvent evaporated to
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glve a crude residue that was punhed by flash chromatography (ethyl acetate:hexane, 1:1) to
glve the lactone 5 (139 mg, 0.39 mmol, 66%) as a clear gum; LOLJD“ +10.0 (¢, 1.0 in CHCI ),

v, (film) 3420 (br, OH), 1785 (C=0) cm; §,, (500 MHz, CDCl3) 3.80 (1H, dd, Jes . 12.0 Hz
J.. 4.0 Hz, H-6), 3.91 (1H, dd, J, 4.3 Hz, H-6'), 3.96 (1H, ddd, J,_ 5.1 Hz, l-l5) 437 (1H,
dd,1236 | HZ,JM67HZ H-3), 461 (2H, ABq, J,, 11.4 Hz, CHPh) 4.65 (1H, d, H-2), 4.75
(1H, dd, H-4), 4.79 (2H, ABq, J,, 11.7 Hz, CH,Ph) 1.277- 736 (10H, m, 10 x Ar-H); 6.
(CDCl ) 60.7 (t, C-6), 72.5, 72.7 (2 x t, CH,Ph), 71.8, 77.6, 78.8, 80.0 (4 x d, C-2, C-3, C-4,
C-5), 128.0, 128.3, 128.7 (3 x d, Ar CH), 137.0, 137.8 (2 x s, Ar C), 175.5 (s, C-1); m/z (Cl,
NH,) 376 (MNH,", 15%), 359 (MH", 15%), 91 (CH,", 100%). (Found: C, 67.17; H, 6.11;
Conzzoé requires: C, 67.03; H, 6.19%).

4.5. 3,5-Di-O-benzyl-6-O-tert-butyldimethylsilyl-D-glucono- 1,4-lactone 6.

The lactone 5 (650 mg, 1.81 mmol) and imidazole (2 45 mg, 36 mmol) were dissolved in
A, MRARALD 77 & . Y naAd  tlaa armlaats e xrem e PRy, | [0 L U Sy
Uly JiVIE (/7.0 1111) dlld  UIic >OUIUUUIL wds LLIU[CU |.U "UJ | W UllUCl lllLlUgCll L(” L'
D“*‘!]f‘"\]n"f\f‘;mﬂ"“\"l(“:]ﬂ“ﬂ {OQn Tmmgar 1 Qn mmr\l\ ((((( ’)AI"QI’] ﬂ“lq fl’\n rnnr\f 1AM IIIagc l‘f I'fﬂA Fl’\" f’
UULbelllUlUUllllbLll-yLollallb \ <OV 111z, 1.0V 1i111iV1) vwad auucu aliul ulv i1vavtiivil wad duilivu 1t o
h. T.l.c. (ethyl acetate:hexane, 1:2) then showed the complete conversion of the starting

t S

material (R 02)toa qmole prvd__l_ct_ R 0.55). The reaction was (mpn('hed with methanol (1.5
ml) and the solvent was removed under reduced pressure. The remdue was dissolved in ethvl
acetate (30 ml) and washed with water (2 x 15 ml). The organic layer was then dried
(magnesium sulfate) and concentrated. Purification by flash chromatography (ethyl
acetate:hexane, 1:3) gave the silyl lactone 6 (767 mg, 1.62 mmol, 89%) as clear gum; [o],* +
22.5 (¢, 1.0 in CHCL); v, (film) 3440 (br, OH), 1790 (C=0) cm’'; 8, (500 MHz, CDClL)
0.04 (6H, s, 2xCH) 0.90 (9H, s, 3 x CH,), 2.70 (1H, bs, exchange w1thD() OH), 3.92 (3H,
m, H-5, H-6, H-6"), 4.38 (1H, t, H-3), 4.60 (2H, dq, CH,Ph), 4.76 (4H, m, C[{_,Ph H-4, H-2),
7.28-7.34 (10H, m, 10 x Ar-H); 8. (CDCL) -5.7 (q, CH,),), 18.1 (s, C(CH,);), 25.7 (q,
C(CH,),), 62.5 (t, C-6), 72.6, 73.8 (2 x t, CH,Ph), 72.1, 77.7, 79.9, 81.0 (4 x d, C-2, C-3, C-
4, C-5), 127.8, 127.9, 128.1, 128.6 (4 x d, Ar CH), 137.5, 138.2 2 x s, Ar C), 175.6 (s, C-
1); m/z (DCI, NH,) 490 (MNH,", 5%), 473 (MH", 4%), 91 (CH,", 100%). (Found: C, 65.81;
H, 7.49; CLHNO6 Si requires: C, 66.07; H, 7.68%).

4.6. 3,5-Di-O-benzyl-6-O-tert-butyldimethylsilyl-2-O-trifluoromethanesulfonyl-D-glucono-
1,4-lactone 7.

The silyl lactone 6 (100 mg, 0.21 mmol) was dissolved in dry dichloromethane (2.5 mi)
and cooled to -50 °C wunder nitrogen. Pyridine (0. 064 ml 0.79 mmol) and
- ITY L oo y

stirred for 1 h at - .l.c. (ethyl acetate uexane, 1:3) then showed no starting materia
(R; 0.3) and a major product (R; 0.6). The reaction was diluted with dichloromethane (20
ml), washed W1th dllute hydrochloric acid (10 ml) and brine (10 ml). The organic layer was

dried (anhydrous sodium sulfate), filtered, and concentrated. Purification by flash
chromatography (ethyl acetate:hexane, 1:4) gave the silyl triflate 7 (123 mg, 0.2 mmol 96
%) as an unstable gum; [o],* + 23.5 (¢, 1.1 in CHCl 5V max (film) 1810 (C=0) cm™; &, (200

MHz, CDCl,) 0.04 (6H, s, 2 x CH,), 0.90 (9H, s, 3xCH7) 3.89 (3H, m, H-5, H-6, H6) 4.68
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(6H, m, 2 x CHzp'ﬂ, H-3, H-4), 5.83 (1H, d, Jz3 7.6 Hz, H-2), 7.25-7.40 (10H, m, 10 x Ar-H);
8¢ (CDC'3) -5.8 (q, CH,),), 18.0 (s, C(CH,),), 25.7 (q, C(CH,),), 61.6 (t, C-6), 73.4, 74.2 (2 x
t, CH,Ph), 77.1, 78.4, 79.9, 81.8 (4 x d, C-2, C-3, C-4, C-5), 118.5 (g, SO,CF,), 128.1,
128.3, 128.7, 128.9 (4 x d, Ar CH), 136.0, 137.2 (2 x s, Ar C), 166.8 (s, C-1); m/z (DCI,
ANET N £ /RANTLT + 1NN\ £NE ANALTH A7
NH,) 622 (MNH,", 100%), 6U5 (MH", 2%).

The silyl triflate 7 (750 mg, 1.24 mmol) was dissolved in dioxane (20 ml) and a mix_mre
of trifluoroacetic acid and water (1:1, 40 ml) was added. The reaction mixture was stirred a

room temperature for 15 min after which time t.l.c. (ethyl acetate:hexane, 1:1) showed no
starting material (R; 0.7) and the formation of a major product (R; 0.4). The reaction was
quenched by addition of water (25 ml). Evaporation to dryness followed by flash
chromatography (ethyl acetate:hexane, 1:1) gave the triflate 8 (520 mg, 1.06 mmol, 86%) as
an unstable gum; &, (200 MHz, CDCl,) 3.86-3.98 (3H, m), 4.53-4.80 (6H, m), 5.69 (1H, d,

1,, 6.3 Hz, H-2), 7.22-7.44 (10H, m, 10 x Ar-H).

Tl =

Pyndinium chiorochromate (25.8 g, 0.12 mol) and powdered molecular sieves (4A, 30 g)
were added to solution of diacetone glucose (15.67 g, 0.06 mol) in dry dichloromethane (100
ml) and tha mivtnre wag ctirrad at ranm tammnaratuura foar 2 h Tha crngneancinn wwac than
llll}, ALlU UiV I11IALULY YvAD Dlil1ivUu au auvuii L\Jllll}\zlalul\/ i1uULr U 11 i111v DUDP\JIIDIUII wad uivil
diluted with ether (100 mI). and filtered throuch a <ihica nluo (elutine with ether) he
NELAMA VNS VY AvAl W AL WA \J» A AN lllJ/, SHALANG AZAVWA WS CALA V“&ll Ao d VEAAW WA tl‘.“é \V‘“‘-All& VY AVAL W LAAWL }. A Rl
resulting colourless solution was concentrated, affording the crude ketone, which was
dissolved in a mixture of ethanol (90 ml) and water (10 ml) and cooled to 0° C. Sodium

borohydride (6 g, 0.16 mol) was then added and the reaction mixture stirred for 1 h. After
this time an excess of solid ammonium chloride was added to quench unreacted borohydride
and then the resulting solution was concentrated. The crude residue was dissolved in
chloroform (200 ml) and washed with water (2 x 100 ml), dried (anhydrous sodium sulfate),
filtered and concentrated to afford diacetone allose 9 (12.37 g, 84%) as a colourless solid that
was recrystallized from toluene, m.p. 70-72 °C [Lit. m.p. 75-76 0C“J”' [a],® + 34.6 (¢, 1.0 in

LﬂLl ) [Lit. +37.2 (c, 0.8 in CHCI )] &y (200 MHz, LHLI) 1.39, 1.40, 1.50 and 1.60 (i2H,
4xs, 4XLH),265 (1H, bs, exchangewnhl_)() ()H),:SBS (1H, dd, J, SSHZ J 46HZ

H3) 405(3H m, H-4, H-6 and H-6"), 435(1H ddd, H-5), 4.67 (1H, dd H-2), 585 (1H, d,
3.8 Hz, H-1).
1,2
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(c, 1 in HO) [Lit. +43 (¢, 1.5 in K0)]"; 8, (200 MHz, D,0) 1.16 and 1.33 (6H, 2 x s, 2 x
(H,), 3.35-3.55 (m, 2H, H-6 and H-6"), 3.71-3.81 (m, 2H, H-5 and H-4), 3.94-4.02 (m, 1H,
H-3), 4.48-4.51 (m, 1H, H-2), 5.64 (d, 1H, J , 3.7 Hz, H-1); m/z (CI, NH,, %) 238 (MNH,",
25), 220 (MH", 10), 180 (100)

The monoacetonide 10 (14 g, 63.7 mol) was dissolved in dry DMF (126 ml) and cooled to
-20 °C under nitrogen. Imidazole (875 g, 1274 mo‘) followed by ftert-

i 75 n

butylchlorodlphenylslldne (17.5 ml, 63.7 mol) was added and the mixture then stirred for 2
h at - 20 °C. After this time t.l.c. (ethyl acetate: hexane, 1:1) qhowed no starting material (R,
0.05) and the formation of a single product (R, 0.2). Removal of the solvent gave a yellow oil
which was dissolved in ethyl acetate (250 ml) and washed with water (3 x 50 ml). The
organic layer was separated, dried (anhydrous sodium sulfate), filtered, and concentrated.
Purification by flash chromatography (diethyl ether: hexane, 1:1) gave the diol 11 (28.5 g,
98%) as a white solid that was recrystallized from (ether hexane, 1:1), m.p. 72-74 °C; [01],”
+5.6 (¢, 1 in CHCL); v, (film) 3500 (br, OH) cm™; 6, (200 MHz, CDClL) 1.09 (9H, s, 3 x
H,), 156and158(()H 2xs,2xCH,), 2.84 and 3. 10 (2H, 2 x bs, excha.ngew1thDO 2 X
OH) 3.81-4.01 (m, 4H), 4.58-4.62 (m, 1H), 5.77 (1H, d, J,, 3.7 Hz, H-1), 7.37- 7.43 (5H, m,
5 x Ar-H), 7.69-7.74 (5H, m, 5 x Ar-H); d, (CDCl,) 192 (s, C(CH),, 26.5, 26.6 (2 x q,
C(CH,),), 27.0 (g, C(CH,),), 64.6, (t, C-6), 72.1, 72.3,79.3 (3 x d, C-2, C-3, C-4, C-5),
103.9 (d, C-1), 112.8 (s, C(CH,),), 127.8, 129.9 (2 x d, Ar CH), 132.8 (s, Ar C), 135.5,
135.6, (2 x d, Ar CH); m/z (CL, NH,, %) 476 (MNH,*, 11), 459 (MH", 8), 418 (100), 221
(84), 196 (90), 180 (54), 91 (20). HRMS Calcd. for C,;H,NO,Si (MNH,") 476.2468. Found
476.2475.

PN s =)

4.11 3,5-Di-0-benzyl-6-O-tert-butyidiphenyisiiyi-1,2-O-isopropylidene-a-D-allofuranose
iz
Sodium hydride (60 % dispersion in oil, 3.23 g, 81 mmol) was washed with hexane (3 x 20
11 UHULL MIUUEUIL. 1w UiVl 3 & 1V 5, SJL.0 11IIIVL) Wad Uulddulvueu 1 Ul_y L1Vl \(1JV 1111),
added slowly to the sodium hydride and stirred for 1 h. Benzyl bromide (11.8 ml, 994
mmol) and tetra-n-butylammonium iodide (3 g) were then a,_d_ed and the reaction was stlrrpd
0

material (R; 0.05), and the tltle compound (K 0. 25) as the rna|or product Methanol was
added until effervescence ceased, and the reaction was stirred for further 5 minutes at room
temperature. The solvent was removed, diethyl ether (250 ml) added to the residue and the
solution then filtered through Celite. The filtrate was concentrated and purification by flash
chromatography (diethyl ether:hexane, 1:4) gave the furanose 12 (16 g, 76 %) as a clear
gum; [0, +35.6 (¢, 1 in CHCI s 8y (200 MHz, CDCl,) 1.09 (s, 9H, 3 x CH,), 1.38 (s, 3H,
CH,), 1.62 (s, 3H, CH,), 383436 (m, 5H), 4.48 and 466 (ABq, 2H, J 11.7 Hz, CH, Ph),
454 (t, 1H), 4.70 and479 (ABq, 2H, J, 11.7 Hz, CH,Ph), 5.73 (d, lH J 3.6 Hz, H 1),
6.26-6.44 (m, 14H, 14 x Ar-H), 7.63- 779 (m, 6H, 6 x Ar-H); 6. (CDCl,) 192 (s, C(CH,)),,

26.7, 269 (2 x q, C(CH,),), 26.8 (q, C(CH,),), 63.8, (1, C-6), 72.0, 73.9 (2 x t, 2 x CH,Ph),
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— - A N P PRV g~
%

76.7,77.8, 79.1, 79.4 (4 x d, C-2, C-3, d, C-1), 112.9 (s, C(CH),), 127.3,
127.5, 127.7, 128.0, 128.2, 128.3, 296( ‘3 4 (s, ArC), 135.6, 135.7, 2 x
d, Ar CH), 137.6, 139.0 (2 x s, Ar C); m/z (CI, NH,, %) 653 (MNH,,, 14), 598 (4), 365

(31), 91 (100). HRMS Calcd. for C,;H,,)NO, S MNH,") 656.3407. Found 656.3409.

an)

4.12. 3,5-Di-O-benzyl-allofuranose 13
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4.13. 3,5-Di-O-benzyl-D-allono-1,4-lactone 14.

Lactol 13 (460 mg, 1.27 mmol) was dissolved in a mixture of dioxane and water (2:1, 25
ml). Barium carbonate (275 mg, 1.4 mmol), and then bromine (0.16 ml, 3.19 mmol) were
added and the reaction was stirred for 2 h at room temperature in the dark. At this point t.I.c.
{ethyl acetate: hexane, 1'1) showed no remaining starting material (R; 0. 1) and a singie

'pr(‘)d‘act (P\f 06) lllU 1CdA lUll was qUCllLllCU Wllll aatuxawu quCUUb bUU.lLllll llLlUbulldlC
solution and then extracte d into ethyl acetate (3 x 25 ml). The ethyl acetate extracts were then

dried (anhydrous sodium sulfate), filtered, and the solvent evaporated to give a crude residue
that was purified by flash chromatography (ethyl acetate:hexane, 1:1) to give the lactone 14
(412 mg, 90%) as a white solid that was then recrystallized from diethyl ether / hexane (1:1),
m.p. 87-89 °C; [0],” -6.0 (¢, | in CHcg) v_.. (film) 340 (br, OH), 1764 (C=0) cm; &,

(500 MHz, CDCl,) 2.94 (2H, bs, exchange with D,O, 2 x OH), 3.67- 3.70 (3H, m), 4.35 (1H,
d), 4.47 and4§9 (2H, dd, ABq, J,, 11.9 Hz, (‘HPh\ 4.54 (1H, d), 4.61-5.28 (3H, m), 7.21-

SRR = it Il

723 (2H, m, 2 x Ar-H), 729736(8H m, SXAr-H) O (CDCl)604(t C-6), 68.6, 72.2,
73.3,74.2, 782, 82.9 (4 x d, 2 x t, CH,Ph, C-2, C-3, C-4, C-5), 1777 128.0, 128.1, 128.3

d, 2 x t, CH,Ph, C-2, C-3, C-4, C-5), 127.7, 128.0 , 128.1, 1283 ,
128.7 (5 x d, Ar CH), 136.7, 137.0 2 x s, Ar C), 175.9 (s, C-1); m/z (CL, NH,, %) 376
(MNH,", 23), 267 (14), 181 (19), 108 (21), 91 (100). HRMS Calcd. for C,HyNO, (MNH,")

376.1760. Found 376.1764.
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4.14. 3,5-Di-O-benzyl-6-O-tert-butyldimethyisilyl-D-allono-1,4-lactone 15
The lactone 14 (580 mg, 1.62 mmol) and imidazole (220 mg, 3.2 mol) were dissolved in dry
DMF (R ml d thP solution was cooled to -65 °C under nitrogen tert-

ASAVAA 2xii; and TiaN SRR A Ra ORI RS (29 [R50 LW AN § iiivaU man.

Butvlch.lorodlmethvlvLlan_e (252 mg, 1.67 mmol) was added and the reaction stirred for 2 h.
After this time t.l.c. (ethyl acetate:hexane, 1:2) showed the presence of a mixture of
compounds including starting material (R; 0.2) and a major product (R; 0.6). The reaction
was quenched with methanol (1 ml) and the solvent removed under reduced pressure. The
residue was then dissolved in ethyl acetate (60 ml) and washed with water (2 x 15 ml). The
organic layer was dried (magnesium sulfate), filtered, and concentrated. Purification by flash
chromatography (ethyl acetate:hexane, 1:3) gave the silyl alcohol 15 (317 mg, 41%) as clear
gum; [o),* -11.0 (c, 1 in CHCL); v,,,, (film) 3470 (br, OH), 1789 (C=0) cm’'; 8, (200 MHz,
CD(,l) 0.07 (6H, s, XCH) ()91 (9H, s, 3 x CH) 2.84 (d, 1H, J 9.6 Hz, OH), 3.60-3.75
(3H, m), 4.30 (1H, m), 4.46-4.76 (5H, m), 7.21-7. 35 (10H, m, 10 x Ar-H); &, (CDC1,) -5.4

(q, CH,),), 18.2 (s, C(CH,),), 25.7, 25.8 (2 x q, C(CH,),), 61.4 (t, C-6), 68.7, 72.0, 73.7,
73.8, 78.7, 82.6 (4 x d, 2 x t, CH,Ph, C-2, C-3, C-4, C-5), 127.8, 128.1, 128.2, 128.3, 128.4,
128.4, 128.6, 128.7 (8 x d, Ar CH), 1.5(‘)() 137.0 (2 x s, AI'L), 175.7 (s, C-1); m/z (Ll NH

%) 490 (MNH,*, 12), 376 (11), 373 (MH’, 6), 181 (21), 108 (27), 91 (100). HRMS Calcd. 1‘01‘
C,H,,0,Si (MH') 473.2359. Found 473.2362.

The silyl alcohol 15 (200 mg, 0.33 mmol) was dissolved in dry dichloromethane (5 ml)
and cooled to -50 °C under nitrogen. Pyridine (0.13 ml, 1.58 mmol) and
trifluoromethanesulfonic anhydride (0.13 ml, 0.76 mmol) were added and the mixture stirred
for 1 h at -50 °C. After this time t.l.c. (ethyl acetate:hexane, 1:3) showed no starting material
(R; 0.3) and the formation of a major product (R; 0.5). The reaction was diluted with
dichloromethane (40 ml), and washed with dilute hydrochloric acid (20 ml) and brine (20
ml). The organic layer was dried (anhydrous sodium sulfate), filtered, and concentrated.
Purification by flash chromatography (ethyl acetate:hexane, 1:4) gave the silyl triflate 16

{255 mg, quantitative) as an unstable g‘um; 6, (200 MHz, CDCL;‘ 0.16 (6H, s, 2 x CHz), 0.90
(OH, s, 3 x CH,), 3.60-3. 79 (3H, m), 4.45-4.83 (6H, m), 5.58 (1H, d, J., 3.6 Hz, H-1), 7.21-
7.40 (10H, m, 1UxArH‘)
4.16. 3,5-Di-O-benzyl-2-O-trifluoromethanesulfonyl-D-allono-1,4-lactone 17.

The silyl triflate 16 (100 mg, 0.17 mmol) was dissolved in dioxane (3 ml) and a mixture

15y Ve LIOOUVI VAL 111

of trifluoroacetic dud nd water (1:1, 6 ml) was added. The reaction mixture was then stirred
at room temperature for 15 minutes after which time t.l.c. (ethyl acetate:hexane, 1:1) showed
no starting material (R, 0.7) and the formation of a major product (R; 0.4). The reaction was
quenched by addition of water (25 ml). Evaporation to dryness followed by flash
chromatography (ethyl acetate:hexane, 1:1) gave the triflate 17 (69 mg, 86%) as an unstable
gum; 8y (200 MHz, CDCl,) 3.67-3.70 (2H, m), 3.75-3.78 (1H, m), 4.45-4.76 (6H, m), 5.56
(1H,d, 1, 5.6 Hz, H-1), 7.20-7.35 (10H, m, 10 x Ar-H).
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formatron of a smgle product (R O 7). “The solvent was removed in vacuo and ether (20 ml)
was added. The mixture was shaken with water (20 ml), which was then further extracted
with ether (2 x 20 ml). The combined organic extracts were then dried (magnesium sulfate),
filtered, and the residue purified by flash chromatography (hexane:ethyl acetate, 3:1) to yield
the silyl alcohol 19a (378 mg, 83%), as a white crystalline solid, m.p. 140-143 °C (ether/
hexane); [at],*° +78.2 (¢, 1.04 in CHCL); V. (CHCL) 3500 (br, OH), 1760 (C=0) cm’; 8,

(CDCL,) 0.11 (6H, s, Me,Si), 0.92 (9H, s, Bu)), 1.39 (3H s, Me), 1.54 (3H, s, Me), 3.35 (IH
br, OH), 3.88 (1H, dd, H6 Js 4.5 Hz, J . 12.0 Hz), 4.03 (1H, dd, H-6', J_ . 2.0 Hz), 4.16
(1H, m, H-5), 4.28-4.30 (2H, m H-3, H4) 442(1H d, H-2,J,, 7.7 Hz); 6. (CDC]) -5.6 (q,
Me,Si), 18.2 (s, SiCMe,), 24.3, 26.6 (2 x q, Me,C), 25.7 (q, Bu) 61.8 (t, C-6), 700 70.8,
77.4,778.5 (4 x d, C-2, C-3, C-4, C-5), 112.2 (s, CMe,), 172.9 (s, C-1); m/z (NH,, DCI) 350
(MNH,", 100%), 333 (MH"). (Found: C, 54.37; H, 8.72. C,H,0O.Si requires: C, 54.19; H,

8.49%). we

4.18. 6-O-tert-Butyldimethylsilyl-3,4-O-isopropylidene-2-O-trifluoromethanesulfonyl-D-
altrono-1,5-lactone 20a.

then added. The reaction mixture was then shaken with water (5 ml, containing a few drops
of IM HCIl). The aqueous layer was then further extracted w1th dichloromethane (2 x 5 ml).
The combined organic extracts were then dried (magnesium sulfate) and filtered. The solvent
was then removed and the residue purified by flash chromatography (hexane:ethyl acetate,
4:1) to yield the silyl triflate 20a (420 mg, quantitative) as a colourless oil; v, (film) 1784
(C=0) cm™ ; §; (CDCL) 0.11 (6H, s, Me Si), 0.92 (9H, s, Bu), 1.41, 1.55 (6H, 2 x s, Me,C),

3.89 (1H, dd, H-6,J, 4 Hz, ], 12 Hz), 4.03 (1H, dd, H-6", J, . 2.2 Hz), 4.25 (1H, m, H-5),

\\\\\

4.51-4.56 (2H, m, H-3, H-4), 5.23 (1H, d, H-2, J,, 7 Hz); SC(CDCI) -5.7 (g, Me,S1), 18.2 (s,
Me,CS1i), 24.5, 26.5 (2 x q, Me,C), 25.6 (q, Bu) 617(t C-6), 704 74.2,78.8,81.7 (4 x d,
C2 C-3, C4, C-5), 113.2 (s, CMe) 164.2 (s, C-1); m/z (NH, DCI) 482 (MNH,", 100%).

4.19. 3,4-O-Cyclohexylidene-2-O-trifluoromethanesulfonyl-D-altrono-1,5-lactone 2 1 b.

The cyclohexylidene silyl triflate 20b" (492 mg, 0.98 mmol) was stirred in a mixture of
acetic acid (8 ml) and water (2 ml) at room temperature. After 13 h, t.l.c. (hexane:ethyl
acetate, 3:1) indicated the formation of a single product (R; 0.2). The solvent was removed,
the residue co-evaporated with toluene (2 x 5 ml) and purified by flash chromatography

Fo TR IS Ve Y e Ta¥s: 4

(nexane emyl acetate, 2:1) to y1€lCl the cycronexynaene alcohol Z1ib (£0/ mg, /U"/o) as a white



J. C. Estevez et al. / Tetrahedron 54 (1998) 1359113620 13609

20 ,Ay N 7 Y X

crystalline solid, m.p. 109-111 °C (ether / hexane); [a],” +29.0 {(c, 0.9 in CHCL); v, (KBr)
3614 (OH), 1786 (C=0) cm''; §, (CDCI,) 1.39-1.76 (10H, m, cyclohexylidene), 2.93 (iH, br,
OH), 3.85 (IH, br d, H-6, 166 12.3 Hz), 4.09 (1H, br d, H-6"), 4.27-4.32 (1H, m, H-35), 4.54-
4.63 (2H, m, H-3, H-4), 526(1H, d, H-2,J,, 2.4 Hz); 6. (CDCL) 23.3, 23.6, 24.6, 34.0, 36.5
Sxt, cyclohexyhdene) 61.0 (t, C-6), 69. 9 73.8, 79.1, 81.9 (4 x d, C-2, C-3, C-4, C-3),
[14.5 (s, cyclohexylidene), 165.0 (s, C-i) /z (Nrg ULl) 4uzs (MNH4 , ‘100%), 390

6
(MNH,"-H,0). (Found: C, 40.09; H

notaccinm carhonate (36 m

The silyl triflate 7 (150 mg,
d
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([26 m}’nn]\ was then added. The reactio mi

sti nvd at room temperature nndg; pifrg en

hexane, 1:3) ehowed complete consumpt ing material (F and the t
a major product (R; 0.4). "The reaction mlxture was then partmoned between ethyl acetate (15
ml) and water (10 ml). The organic layer was then washed with brine (10 ml), dried
(anhydrous sodium sulfate) and filtered. Removal of the solvents followed by flash
chromatography (ethyl acetate: hexane, 1:4) gave the silyl oxetane 22 91 mg, 75%) as a
clear gum; [a],” -29.0 (c, 0.8 in CHCI )5 Vg (film) 1759 (C=0) cm'; Oy (500 MHz, CDCl,)
0.069 and 0.074 (6H, 2 x s, 2 x CH,), 092(9H s, 3 x CH,), 3.76 (1H, dd J,,66Hz, ]  11.1
Hz, H-6), 3.81 (3H, s, CH,), 400(1H dd, J, . 2.5 Hz, H- 6), 4.23 (1H, ddd, J,5 8.9 Hz H-S)
4.56-4.65 (3H, m, CH,Ph and H-3), 4.62-4. 89 (1H, ABq, J, 11.1 Hz, CH,Ph) 4.78 (1H, dd,
J,, 6.5 Hz, H-4), 5.05 (1H, d, J,, 4.8 Hz, H-2), 725734(10H m, 10 x Ar-H); 8. (CDCI,)
—5 6 (g, SiMe,), 18.2 (s, CMe,), 25.8 (q, Me,C), 52.4 (g, Me), 63.2( t, C-6), 71.7, 73.1 (2 x t,
2 x CH,Ph), 75.5, 77.8, 82.8, 83.9 (4 x d, C-2, C-3, C-4, C-5), 127.6, 127.9, 128.1, 128.4,
128.6 (5 x d, Ar-C), 137.4, 139.1 (2 x s, Ar-C), 171.2 (s, C-1); m/z (DCI, NH,, %) 504
(MNH_", 5), 487 (MH", 10), 91 (100). (Found: C, 66.37; H, 8.11; C_H, O,Si requires: C,
66.63; H, 7.87%).

PrAGSSIURIL VAL UULIAW \JU 1

4.21. Methyl-2,4-anhydro-3,5-di-O-benzyl-D-mannonate 2 3.

The trifiate 8 (230 mg, 0,47 mmol) was dissolved in freshiy distilied methanol (16 ml) and
potassium carbonate (104 mg, 0.75 mmo‘l) was added. The reaction mixture was stirred at

room [emperature UHUC[ ﬂllIUg(:Il 10r lJ Hll[l dllGI' WlllLIl llIIlC t. l C. (Cl[lyl acoLatc. IIEXdﬂC,
1: 1) showed complete consumptlon of starting material (R; 0.45), and the formation of a

MatAar e Annf D N2AY and a minnr nradn~t (D N S\ Tha roartinn mivinre wace than
lllaJUl Pluuu\/ \ \r . J} CALINL 4 LiniiInrgy PLUU wL \l.\f v J}- 211V fLUAVUIULL LMAALUL W «ao Liiwil
nartitioned hetween ethvl acetate ( mD and water (30 m1) The oroanic laver was washed
y“Ll—LtlUll\au UINVL VY WAL V‘ll]l “Uvvrivw \JV Llll/ CALING “AvNi \JV ‘\‘l‘l A kiAW Ulbulll\d A“J A2 s . YV LATA AN
with brine (30 ml), dried (anhydrous sodium sulfate) and filtered. Removal of the solvents
followed by flash chromatography (ethyl acetate:hexane, 1:1) gave the tetrahydropyran 24

(34 mg, 20%) as a clear gum, (identical to the material descnbed below) and the oxetane 23
(100 mg, 60%) as clear gum; [0, -45 (¢, 0.4 in CHCI D5 Vi (film) 3490 (br, OH), 1754
(C=0) cm™; 3,, (500 MHz, CDCL) 3.79 (1H, dd, J_, 41 Hz, J . 12.0 Hz, H-6), 3.82 (3H, s,
OCH,), 390(1H dd, J, . 4.1 Hz, H6),423(1H dt J 83H7 HS) 4.56-4.69 (5H, m, 2 x
(‘HPh and H-3), 4.92 (IH ddd,J. , 6.6 Hz and J , 0.7 Hz H-4), 5.05 (1H, dd, J,, 4.7 Hz, H-
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2), 7.26-7.35 (10H, m, 10 x Ar-H); 6. (CDCL,) 52.3 (g, Me), 60.9( t, C-6), 71.8, 72.3 (2 x t,
2 x CH,Ph), 75.5, 76.6, 83.8, 84.1 (4 x d, C- 2, C-3,C-4, C-5), 127.7, 127.8, 128.1, 128.4,
128.5 (5 x d, Ar-C), 136.9, 138.4 (2 x s, Ar-C), 170.6 (s, C-1); m/z (DCI, NH,, %) 390
(MNH,", 10), 373 (MH*, 10), 91 (100). (Found: C, 67.09; H, 6.85; C,H,O, requires: C,
67.36; H, 7.00%)

s = s ran 11 P’ ~ s W~

4.22. (55, 8R)-5,8-Di-O-benzyl-3,7-dioxa-bicycle [3.2.1] octane-2-one 2 5.

42271

Todalaa

The triflate 8 (0.054 g, 0.11 mmol) was dissolved in dry acetone (2.5 ml) and dry pyridine

(0.1 ml) was then added. The resulting solution was stirred at room temperature under

111 LIl 11 Litie _ililly 2v 1132 e ety 4 i (S S L€ L3 &

nitrogen for 8 h. After this time t.l.c. (ethyl acetate:hexane, 1:1) showed no starting material
(R; 0.4) and the formation of a single product (R, 0.65). The solvent was then removed in
vacuo and the residue purified by flash chromatography (ethyl acetate:hexane, 1:4) to give the
bicycle 25 (0 033 g, 88%) as a clear gum; [0],* -31.2 (¢, 1 in CHCL,); V. (film) 1791
(C=0) cm'; &, (500 MHz, CDCl,) 3.60-3.65 (1H, m), 4.05 (1H, dd), 4.12-4.17 (3H, m),
4.49-4.58 (3H m), 4.70 (1H, d, ABq, J,z 11.8 Hz, CH Ph), 4.76 (1H, d), 7.21-7.41 (10H, m,
10 x Ar-H); 8. (50.3 MHz, CDCl,) 64.94, 71.82 and 72.16 (3 xt, C-6, 2 x CH,Ph), 69.86,
71.06, 75.53 and 77.39 (4 x d, C- 2 C-3, C-4, C-5), 127.97, 128.31, 128.51, 12878 128.97
(5 x d, Ar-C), 136.67, 137.66 (2 x s, Ar-C), 170.78 (s, C-1); m/z (CI, NH,, %) 359
(MNH,+17%, 16), 358 (MNH,", 95), 108 (56), 91 (100). (Found: C, 70.38; H, 5. 89; C,H,O,

requires: C, 70.57; H, 592%)

4.22.2.

The triflate 8 (58 mg, 0.12 mmol) was dissolved in dry DMF (3 ml) and sodium acetate
(30 mg, 0.3 mmol) was added. The resulting suspension was stirred at room temperature
under nitrogen for 12 h. After this time t.l.c. (cthyl acetate:hexane, 1:1) showed no starting
material u(f 0.3) and the formation of a smgle proauct (R; 0.65). The solvent was removed in

vacuo and the residue suspe nded in water (JU rm) and extracted with chloroform \L x 15 I'Ill)
The combined organic layers were then dried ( \aunyuluus sodium \LlldeC}, filtered, and

J
evaporated to give a residue that was purified by flash chromatography (ethyl acetate:hexane,
e bicyc!e 2526 mg 64%) as a clear gum

xiigy S ViIvaGL g uaai.

4.22.3.

The triflate 8 (0.5 g, 1.02 mmol) was dissolved in dry DMF (23 ml) and the resulting
solution stirred at room temperature under nitrogen for 24 h. After this time t.l.c. (ethyl
acetate:hexane, 1:1) shown no residual starting material (R; 0.4) and the formation of a single
product (R; 0.65). The solvent was removed in vacuo and the residue purified by flash
chromatography (ethyl acetate:hexane, 1:4) to give the bicycle 25 (0.3 g, 85%) as a clear
gum.

I* 1

4.23. Methyl-2,6-anhydro-3,5-di-O-benzyl-D-mannonate 2 4.

The triflate 8 (89 mg, 0.19 mmol) was dissolved in dry methanol (3.5 ml) and dry
nvridine (0.5 mD) was added The reaction mixture was then stirred at room temnerature
pyridin e (V.0 mi) was added. lhe reaction mixture was then stirred at room temperature
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nnAdar nitracan far 24 b A ftor thic tisma + 1 ~ (athul anatatahavana 1:1) alharrrard s abosbs e
(23 9LN Lw § uluUé\«u 1U1 4% 11l. 21801 RO LLILIU L., \C‘vllyl avilalc.l1iCAaaiic, l.l} SHO U 11U dldl il
material (R, 0.4) and the formation of a main nroduct ( N [Y The reaction miytiurae wag
ARRALVIIGE Iy V) QaS uae VREREALIVIL VI G dAdalll pivUiULL Iy Ued e LIV VALV UV LITAIULLY WA

The combined organic layers were then washed w

poured into aqueous hydrochloric acid (25 ml) and extracted with ethyl acetate (2 x 30 ml).
ith bri S ( dro

"c
5
Rt
o
o
<

sulfate), filtered, and the solvent removed in vacuo to produce a residue that was 3
flash chromatography (ethyl acetate:hexane, 1:1) to give the tetrahydropyran 24 (43 mg,
65%) as a clear gum; [a],” -17.5 (¢, 1 in CHCL,); &, (500 MHz, CDCl,) 2.44 (1H,

exchange with D,O, J 4.9 Hz, OH), 3.58 (1H, dd, J, 12.3 Hz, J ; 3.3 Hz, H-5) 3.75 (3H, s,
(H,), 3.84-3.86 (1H, m, H-4), 3.93-3.94 (1H, m, H-3), 4.03-4.07 (2H m, H-2 and H-1), 4.18
(lH ddJ,, 6.1 Hz, H-5", 4.52 (1H, d, ABq, J, 11.7 Hz, CH,Ph), 4.66-4.75 (3H, m, CH,Ph),
7.26-7.39 (IOH m, 10 x Ar-H). &. (50.3 MHZ CDCL) 52.21 (g, OCH,), 63.68, 71.42, 73. 78
(3xt, C-6, 2 x CHPh), 70 76, 73.78, 75.46, 77.68 (4 x d, C-2, C-3, C-4, C-5), 128.10,

128.31, 128.67, 19827 4 xd, Ar-C), 137.80, 138.10 (2 x Ar-C

s,
(CI, NH %) 391 (MNH,+1+ 8) 390 (MNH+ 20) 108 (29), 91
6.37. C H O_requires: C, 67.71; H, 6.50).

2172476

\r-C),
(100).

4.23.2.

The bicycle 25 (40 mg, 0.12 mmol) was dissolved in a solution of MeOH/HC1 (1%) (3 ml)
and stirred under nitrogen at room temperature for 12 h. After this time, t.l.c. (ethyl
acetate:hexane, 1:1) showed no starting material (R; 0.6) and the formation of a single
product (R; 0.5). The reaction mixture was then added to ethyl acetate (20 ml) and the
mixture extracted with water (2 x 10 ml). The organic layer was then dried (anhydrous
sodium sulfate), filtered, and the solvent removed in vacuo to give the crude tetrahydropyran
24 (39 mg, 90%) as a clear gum.

Q..

issolved in a mixture of dry THF and MeOH (5:3,

was
0.35 mmol) was added and the reaction mixture then
ge

S 1110,
stirred at room temperature under ni
in vacuo to and ethyl acetate (50 ml) was then added. The resulting solution was extracted
with 10% aqueous sodium hydroxide solution (15 ml) and water (15 ml). The organic layer
was then dried (anhydrous sodium sulfate), filtered, and concentrated to give a residue that
was purified by flash chromatography (ethyl acetate:hexane, 1:2) to give the tetrahydropyran

24 (44 mg, 90%) as a clear gum.

or 12 h. After this time the solvent was removed

o A -- LS +& 23s L£LILG =2215 L1122 IV AL 202

4.23.4.

The trifiate 8 (100 mg, 0.2 mmol) was dissolved in a mixture of ary THF and MeOH (5:3,
8 ml) and camphorsulfonic acid (120 mg, 0.5 mmol) was then added. The reaction mixture
was then stirred at room temperature under a nitrogen atmosphere for 48 h. After this time
t1 ~ {pﬂnv] aratatachavana 1:1Y chawead nn ctartino mv:-fpriql (R OA and the farmatinn of a
LS S W .yl u\/\.dlul.\.'.ll\-'/\ull\/’ P L} 2LIV VY WAL LIV Owdl Lllls ARREALAAL 1CRE \ \f v _l'} CALINE L1IV 1Vi111AtivViIE UL G
major product (R; 0.7). The solvent was then removed in vacuo to give a residue that was
dissolved into ethyl acetate (50 ml) and then washed with 10% aqueous sodium hydroxide

solution (15 i)m;nd"w;&er (15 ml). The_orgamc layer was then dried (anhydrous sodium
sulfate), filtered, and concentrated to give a residue that was purified by flash
chromatography (ethyl acetate:hexane, 1:2) to give the tetrahydropyran 24 (63 mg, 82%) as a
clear gum.
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A N2 &
+.L0.J.
TUL () § N A ot: A
The triflate 8 (34 mg, 0.07 mmol) was dissolved in dry THF (2.5 ml) and stirred at room
temperature under nitrogen. A solution of HCl in MeOH (1%, 1.5 ml) was then added and the

=
=}
-

{
<
resulting mixture stirred for room temperature. After this time the reaction mixture
was concentrated in vacuo and 10% aqueous sodium hydroxide solution (20 ml) was then
added. The resulting mixture was extracted with chloroform (2 x 15 ml) and the organic
layers were then combined, washed with water (20 ml), dried (anhydrous sodium sulfate),
filtered, and concentrated to give a residue that was purified by flash chromatography (ethyl
acetate:hexane, 1:1) to give the tetrahydropyran 24 (16 mg, 60%) as a clear gum and the

tetrahydrofuran 26 (4 mg, 21%) also as a clear gum.

4.24. Methyl 2,5- anhydro-3-0-benzyl-D-mann0nate 27 and methyl-2,6-anhydro-3,5-di-O-

pm ey N PP 5

Uffll(,yl LI IUrLrLornuLe 4"'

4.24.1.

The silyl triflate 7 (300 mg, 0.5 mmol) was dissolved in a 1% solution of HCl in MeOH (9
ml) and stirred under nitrogen at room temperature for 6 h. After this time t.l.c. (ethyl
acetate:hexane, 1:1) showed no starting material (R; 0.8) and the formation of a major
product (R; 0.1) and a minor product (R; 0.6). The reaction mixture was then suspended in
ethyl acetate (50 ml) and the mixture extracted with water (50 ml). The orgamc layer was
dried (anhydrous sodium sulfate), filtered, and the solvent removed in vacuo to give a residue
which was purified by flash chromatography (ethyl acetate:hexane, 1:1) to yield the
tetrahydropyran 24 (28 mg, 15%) as a clear gum, identical to the material described
previously. Further elution (ethyl acetate:hexane, 3:1) gave the tetrahydrofuran 27 (98 mg,
70 %) as a clear gum; [a],* +45.0 (c, 0.4 in CHCl )5 Vi, (film) 3420 (br, OH), 1740 (C=0)

SANN L ATTY /ATY

cm™'; 3, (200 MHz, CDCL,) 3.10 (2H, bs, exchange with D,0, 2 x OH), 3.77 (5H, m, 2 x CH,
OCH,), 4.14-4.24 (3H, m), 4.61-4.66 (3H, m), 7.27-7.35 (10H, m, 10 x Ar-H):; d. (50.3

MHz, CDCl,,) 52.53 (g, OCH,), 62.01, 72.11 (2 x t, C-6, (H,Ph), 76.30, 81.05, 86.48, 87.93
(4xd, C-2, C3 C-4, C-5), 12808 128.28, 128.75 (3 x d, Ar-C), 137.23 (s, Ar-C), 172.46
(s, C-1); m/z (CI, NH,, %) 300 (MNH,", 79), 283 (MH’, 15), 108 (30), 91 (100). HRMS

Caled. for C,H,,0, (MH") 283.1181. Found 283.1187. Calcd. fo r C, H,NO, (MNH,")
300.1447. Found 300.1447.

A 24 "D
S LT L.

The triflate 8 (37 mg, 0.075 mmol) was dissolved in a 1% solution of HCI in MeOH (3 ml)
and stirred Lnder nitrogen at room temperature for 12 h. After this time t.l.c. (ethyl
acetate:hexane, 1:1) showed no startmg material (R; 0.4) and the formation of a major

product (R; 0. 2), together with a minor product (R; 0.6). The reaction mixture was dissolved
in ethyl acetate (50 ml) and then extracted with water (3 x 15 ml). The organic layer was then
dried (anhydrous sodium sulfate), filtered, and the solvent evaporated in vacuo to produce a
residue that was purified by flash chromatography (ethyl acetate: hexane, 1:1) to give the
tetrahydropyran 24 (8.4 mg, 30%) as a clear gum, and the tetrahydrofuran 27 (11 mg, 52%)
as a clear gum.

4.24.3.
The triflate 8 (53 mg, 0.11 mmol) was dissolved in dry methanol (5 ml) and
camphorsulfonic acid (63 mg, 0.27 mmol) was added. The reaction mixture was then stirred
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at rrnnt tammaratizea ndar niteagan fiar 1Y h A ftar thic timae t1 +~ (athul acatate-havana 1-1)
at foom lemperature unaclr mIWoEen iofr 12 4. ARGT WIS Ume, 1.1.C, (\Clly: alliaitneXxans, 1.1
shawed no startine material (R 0.4) and the formation of a maior nroduct (D 0.7) and a
DRIV VY LALL 11U OLaid Lill ALLCAN/E LOAR \l e ¥ )y LAV AL a2 llluJ (¥4 77 Qaane &

id the for product (k
minor produc R, 0.2). The solvent was then evaporated in vacuo to give a r681due that was
dissolved in aqueous sodium hydroxide (20 ml) and extracted into chloroform (2 x 15 ml).
The organic layers were combined and then washed with water (20 ml), dried (anhydrous
sodium sulfate), filtered, and concentrated to give a residue that was purified by flash
chromatography (ethyl acetate:hexane, 1:1) to give the tetrahydropyran 24 (18 mg, 45%) as

a clear gum, and the tetrahydrofuran 27 (12 mg, 40%) as a clear gum.

4.25. Methyi-2,5-anhydro-3-0-benzyi-6-tert-butyidimethyisilyl-D-aitronate 28 and methyl-
2,4-anhydro-3,5-di-O-benzyl-6-tert-butyldimethylsilyl-D-allonate 2 9.

PR yiw] Dll]‘» L1il1l1QGlw A U \ T iv llls’ AV AV i lll.ll.l.U.l} YWAD UWUIODOUILIVYLULAL 111 ll\/Dlll_y VIOLLILIVAL 111V LIaLIVvL \‘4 -
N and notassit carbonate (10 me. 0.07 mmol) was then added. The reaction mixture was
ml) and potassium carbon 1g, U.U/ mmoi) was i ad 1€ reaction mixture was

stirred at room temperature under nitrogen for 15 min, after which time t.l.c.
acetate:hexane, 1:3) showed no starting material (R, 0.75), and the formation of a major
product (R; 0.4) and a minor product (R; 0.7). The reaction mixture was then partitioned
between ethyl acetate (30 ml) and water (15 ml). The organic layer was then washed with
brine (15 ml), dried (anhydrous sodium sulfate) and filtered. Removal of the solvents
followed by flash chromatography (ethyl acetate:hexane, 1:3) gave the silyl oxetane 29 (14
mg, 40%) as a clear gum; [o],” +13.8 (c, 0.6 in CHCIl D> &, (200 MHz, CDCl ) 0.04 (6H, s, 2
x CH,), 0.89 (9H, s, Si(CH,),), 3.59-3.69 (SH, m, 2xH OCH,), 4.53-4.34 (4H m), 4.99 (1H,
d), 720 7.33 (10H, m, 10 x Ar-H); &. (50.3 MHz, CDCl,) -5.69 (g, 2 x SiCH,), 25.75 (q, 3 x
CCH,), 52.00 (g, OCH,), 61.47, 71.25, 73.38 3 x t, C- 6,2 x CH,Ph), 76. 12, 78.98, 82.23,
86.19 (4 x d, C-2, C-3, C-4, C-5), 127.71, 127.91, 128.05, 128.46, 128.60 (5 x d, 5 x Ar-0O),
128.13, 137.50, 138.83 (3 x s, 3 x Ar-C), 170.89 (s, C-1); m/z (CI, NH,, %) 487 (MH", 7),
108 (20), 91 (100). (Found: C, 66.50; H, 8.03. C_H, O, Si requires: C, 66.63; H, 7.88%).
and the silyl tetrahydrofuran 28 (10 mg, 40%) as clear gum; [ot],* -0.7 (¢, 1 in CHCI )i Oy

(CDCI,, 500 MHz) 0.04 (3H, s, SiCH,), 0.05 (3H, s, SiCH,), 0.09 (%9H, s, Si(CH,),), 3. 74 (lH
dd,J66 11.1 Hz, J, 3.9 Hz, H-6), 3.75 (1H, s, OCH,), 379(1H dd, J, 34Hz H-6"), 4.02
(1H, dd, J, 80Hz H-5), 4.06 (m, 1H, H-4), 420(t 1H,J., 5.1 Hz, J, 51HZ H-3), 4.50 (d,
1H, H-2), 465 4.75 (2H, ABq, J,5 11.7 Hz, CH Ph), 732739 (5H m, 5 x Ar-H). o,
(CDCl,, 50.3 MHz) -5.08, -5.70 (2 x q, 2 x SLCH) 25.76 (q, C(CH,),), 52.20 (q, OCH)),
63.66, 72 70 (2 x t, C-6, CH,Ph), 71.57, 80.00, 81 11, 85.58 (4 x d C 2, C-3, C-4, C-5),
128.27, 128.46, 128.82 (3 x d, 5 x Ar-CH), 128.17, 131.15 2 x s, 2 X Ar .
m/z (CI, NH %) 414 (MNH* 19), 397 (MH* 100), 339 (3() 108 (21),

60.69; H, 789 C,H,,0,Si requires: C, 60.58; H, 8.14%).

200732

4.26. Methyl-2,4-anhydro-3,5-di-O-benzyl-D-allonate 31 and methyl-2,5-anhydro-3-0-
benzyl-D-altronate 3 0.

The triflate 17 (54 mg, 0.11 mmol) was dissolved in freshly distilled methanol (3 ml) and
potassium carbonate (17 mg, 0.12 mmol) was then added. The reaction mixture was stirred at
room temperature under nitrogen for 15 min after which time t.l.c. (ethyl acetate:hexane,
1:1) indicated a compound with the same R; as the starting material (R; 0.5), and the
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acetate:hexane, 1:1) showed no starting material (R; 0.4) and the formation of a maj
product (R; 0.6). The solvent was removed in vacuo and the residue purified by flash
chromatography (ethyl acetate:hexane, 1:1) to yield the formate 32 (40 mg, 50% yield) as a
clear gum; [a], + 51.4 (¢, 1.0 in CHCL); v,,,. (film) 3468 (OH), 1796 (C=0), 1733 (CHO)
cm’; 8y (200 MHz, CDCl,) 3.69-3.73 (2H, m), 3.86-3.93 (1H, m), 4.53-4.74 (7H, m), 5.68
(14, d,J,, 5.6 Hz, H-2), 7.28-7.40 (10H, m, 10 x Ar-H), 8.02 (1H, s, CHO); . (50.3 MHz,
CDCL,) 60.68, 72.78 (2 x t, C-6, 2 x CH,Ph), 73.70, 77.46, 77.68, 80.74 (4 x d, C-2, C-3, C-
4, C-5), 128.30, 128.39, 128.63, 128.82 (4 x d, Ar-C), 136.64, 137.58 (2 x s, Ar-C), 159.10
(d, CHO), 169.40 (s, C-1); m/z (CI, NH,, %) 405 (MNH,"+1, 8), 404 (MNH,*, 18), 377 (5),
376 (11), 108 (60), 91 (100). HRMS Calcd. for C,H,xNO, (MNH,") 404.1709. Found
404.1716.

4.28. 3,5-Di-O-benzyl-2-chloro-D-altrono-1,4-lactone 3 3.
4.28.1.
Lo cilel 2t fT i T L AN o NEE e I o AT 1 X S 107 aaliialo . TTrM MA_NTT
The silyl triflate 16 (330 mg, 0.55 mmol) was dissolved in a 1% solution of HCl in M
(18 1N A otisea mAdas saitensnm nfk ramiaa taramaratizea Fae 1) hh A Lfea thio $#31:van 1 {ath«
\10 1i1l1) dliu dLIILIT j LV {e3 § lllllUéC 1 ait 1l 111 LCllllJCl LUl I & 1. AALLCL Uil LG, 1. \Cil
acetate:hexane, 1: i
product (R; 0.35). The reaction mixture was then dissolved in ethyl acetate (50 ml) and
extracted with water (3 x 15 ml). The organic layer was dried (anhydrous sodium sulfate),
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filtered, and the solvent evaporated in vacuo to give a residue that was purified by flash
chromatography (ethyl acetate:hexane, 1:3) to give the chloride 33 (93 mg, 45%) as a clear
gum; [a],* +30 (¢, 1.0 in ) Ve (film) 3467 (OH), 1795 (C=0) cm; &, (200 MHz,
CDClL,) 3.56-3.61 (2H, m), 3.72-3.76 (1H, m), 4.42-4.46 (3H, m), 4.52-4.58 (3H, m), 4.71
(1H, d, ABq, J , 11.4 Hz, (H Ph), 7.16-7.30 (10H, m, 10 x Ar-H); 8. (50.3 MHz, CDCl,)
60.48, 72.58, 73.51 3 x t, C-6, 2 x CH,Ph ), 55.74, 77.30, 81.22, 81.80 (4 x d, C-2, C-3, C-
4, C-5), 128.24, 128.36, 128.57, 128.76 (4 x d, Ar-C), 136.40, 137.35 (2 x s, Ar-C), 170.12
(s, C-1); m/z (CI, NH,, %) 394 MNH_*, 19), 288 (17), 286 (31), 108 (89), 91 (100)
(Found: C, 63.67; H, 5.26. C H O _Cl requires: C, 63.75; H, 5.62%).

2002175 1 /
4.28.2.

The triflate 17 (100 mg, 0.21 mmol) was dissolved in a 1% solution of HCl in MeOH (8
ml) and stirred under nitrogen at room temperature fo 36 h. After this time, t.l.c. (ethyl
acetate:hexane, 1:1) showed no starting material (R, 0.4) and the formatlon of a major
product (R; 0.7). The reaction mixture was added to ethyl acetate (50 ml) and extracted with
water (3 x 15 ml). The organic layer was then dried (anhydrous sodium sulfate), filtered, and
the solvent evaporated in vacuo to give a residue that was purified by flash chromatography

(ethyl acetate:hexane, 1:1) to give the chloride 33 (38 mg, 50%) as a clear gum.

ml). Potassmm carbonate (566 mg, 4.1 mmol) was added and the resultant mixture stirred at
room temperature. After 10 min, t.l.c. (hexane:ethyl acetate, 3:1) indicated complete
consumption of starting material (R, 0.7) and the formation of a major product (R; 0.6),
together with a small amount of more polar material (R; 0.5). The solvent was removed and
the residue shaken with dichloromethane (75 ml). The resultant suspension was filtered, the
solvent removed and the residue purified by flash chromatography (hexane:ethyl acetate, 7:1)
to yield the cyclohexylidene silyl tetrahydrofuran 35b (1.07 g, 68%, R; 0.6) as a colourless
oil; [a],” -36.7 (c, 1.2 in CHCL); v,,,, (film) 1761, 1741 (C=0) cm™; §,, (CDCL) 0.05, 0.07
(6H, 2 x s, Me,S1), 0.89 (9H, s, Bu), 1.39-1.79 (10H, m, Cyclohexylldene) 3.73 (2H d, H-6,
H-6', 1 3.9 Hz), 3.77 (3H, s, Me), 4.30 (1H, m, H-5), 4.50 (1H, d, H-2, ], 3.3 Hz), 4.69 (1H,
dd, H-4,J,,6.1 Hz,J,, 1.2 Hz), 4.96 (1H, dd, H-3); d. (CDCL) -5.8, -5.7 (2 x q, Me,Si), 18.2
(s, Me CSi), 23.5, 23.8, 24.8 (3 x t, cyclohexylidene), 25.7 (q, Bu'), 34.6, 36.8 (2 x t,
cyclohexylidene), 52.1 (g, MeQO), 61.4 (t, C-6), 82.2, 83.3, 84.8, 86.2 (4 x d, C-2, C-3, C-4,
C-5), 114.1 (s, cyclohexylidene), 171.2 (s, C-1); m/z (NH,, DCI) 404 (MNH,"), 387 (MH’,

100%). (Found: C, 59.24; H, 8.98. C H, O Si requires: C, 59.04; H, 8.87%).

1973476

4.30. Methyl 2,5-anhydro-6-0-tert-butyldimethylsilyl-3,4-O-isopropylideneylidene-D-
allonate 35a.

The isopropylidene silyl triflate 20a (119 mg, 0.26 mmol) and potassium carbonate (36
e N NNL o 1IN sxrmea ofs ire A 2em Huwsr wmmantlhhamal 710 caal) At cnnzan tasmrmarntizra trnmdar mitr~aan
lllg, U.£O 11 U} WUIC SULIICU 1 1 Ul_y lllUUlculUl \1U llll} dal 10Ul ClllPCldLLuc urucil lllllugcll
AfFtar 1N min tha cnlvant vrace ramavad and tha ragidne nnv-;f;nrl k\: ﬂrxoh nkvnmofnnror\h‘r
AT 1vu min tne Soivent was rémoved ana wie resiGul puriiild 0y unasa ChnromaitGgrapiy
(havana-athar 2-1) tn vield tha icanranvlidensa cilyl tatrahvdrafiiran 38a (51 mo 589,
\IIUAu‘.lUcUlllUl, -~ 1/ ww ]L\Jlu LA AOUBIUFJ LI BN UL‘JJ tv‘v*u‘l] MIVIWVIAN s \J 1 lll&, ~I T U, l\f



13616 J. C. Estevez et al. / Tetrahedron 54 (1998) 13591-13620

0.6) as a white crystalline solid, m.p. 33-34 °C (ether / hexane); [, -32.8 (¢, 1.0 in CHCL);
v, (film) 1762, 1740 (C=0) ecm’; §,, (CDCl,) 0.06, 0.07 (6H, 2 x s, Me,Si), 0.89 (9H, s,
BuY), 1.38, 1.56 (6H, 2 x s, Me,C), 3.70-3.76 (2H, m, H-6, H-6"), 3.77 (3H, s, Me), 4.29 (1H,
dt, H-5,J,, 1.7 Hz, J, 4.0 Hz, J; . 4.0 Hz), 451 (IH, d, H-2, J,, 3.4 Hz), 4.71 (iH, dd, H4,
J b 1 HZ) 4.96 (1H, dd, H-3); Oc ( ‘DClz) 59,-572x q, Me bl), 18.2 (s, Me Lbl) 25.1,
270(2xq,MeC) 257 (g, Bu), 52.2 (q, MeO), 64.1 (1, C-6), 82.6, 82.7, 84.6, 86.2 (4 x d.

C-2, C-3, C-4, C-5), 1134 (s, QMez), 171.1 (s, C-1); m/z (NH,, DCI) 364 (MNH,"), 347
(MH", 100%). (Found: C, 55.24; H, 8.84. C, H, O, Si requires: C, 55.46; H, 8.73%).

4.31.  2,5-Anhydro-1-O-tert-butyldimethylsilyl-3,4-O-cyclohexylidene-L-allitol 3 6b.

PR YT
1

s o TN e al 1 A =L 711N
ine meinyr ester JoD (1142 mg, 0.29 mm()l) was stirred in
- T

temperature under nitrogen. Lithium aluminium hydride (12 mg, 0.29 mmol) was added and
after 5 min t.l.c. (hexane:ethyl acetate, 3:1) indicated complete consumption of starting
matarial (R 0 6) and formation of a cnole nrodnet (R 0 4Y The reactinn wae anenched hv
AEASALNALR ARAR \l\f l-\l] A WA ANFL AZARARLANZIRIL WS A4 ulllbl\: FLU\JM\JL. \L\f \J T/ A LiN LWV VAV/AL YY L0 \1“\4[1\.{‘.\.{\.‘ lIJ
addition of ethyl acetate (1 ml), the resulting solution filtered through a silica plug (e-La--!
hexane:ethyl acetate, 3:1) and the solvent removed to yield the alcohol 36b (98 mg, 94%) as a
colourless oil; [(x]rfo +13.6 (¢, 1.04 in CHCL); v, (film) 3435 (br, OH) cm’'; & (CDCI)

0.11 (6H, 2 x s, Me,Si), 0.93 (9H, s, Bu'), 140 1.77 (10H, m, cyclohexylidene), 3.00 (1H, br
OH), 3.62 (1H, brm H-6), 3.79-3.84 (2H, m, H-6', H-1"), 3.90 (1H, dd, H-1, J 27HzJ |

A N

, 359 (MH*, 100%). (Found: C, 60. 28 H 9.74, c H o Si 1 requlrcs: C,

18773475

4.32.  2,5-Anhydro-3,4-O-cyclohexylidene-1,6-di-O-tert-butyldimethylsilyl-allitol 37b.

The alcohol 36b (56 mg, 0.16 mmol) and imidazole (43 mg, 0.63 mmol) were stirred

under nitrogen in dry DMF (3 ml) at 0 ©C. tert-Butyldimethylsilylchloride (47 mg, 0.31
mmol) was added and the reaction mixture was allowed to warm to room temperature. After
1 h, t.l.c. (hexane:ethyl acetate, 3:1) indicated complete consumption of starting material (R,
0.4) and formation of a single product (R, 0.8). The solvent was removed and ether (10 ml)
was added. The mixture was shaken with water (10 ml) and the aqueous layer further
extracted with ether (10 ml). The combined organic extracts were dried (magnesium sulfate)
filtered, the solvent removed and the residue purified by flash chromatography (hexane:ether,

A1\ b~ <riald slaa Aioils, PO T J-A: i XM (LE cns QQUIN ne o mrdeeselace ~:1. Tl 20 0N/
“4.1) 10 yl 14 e Ulbllyl LCUd.Il_y aroiuidall 9/ (VO 111E, 0070) adv d CO10uriess oi s Wdp TU.U ((,
QQ ! MY Y. K8 ZMMYINNNT /IOLT o YV v Ma QY NOT 71QLT o 7 v DY 1 20 1 77 10T
Jo i1 urivl, ), UH \L/U\/lz'} U.U/7 (1411, >, &« A 1v1c2ox), U.71 \10In, b, £ A DU), 1.30-1.717 1url,
J ]

1.
m, cyclohexylidene), 3.68 (2H, d, H-1, H

s'h
L]
_.
S
3

L [ W)
6, J,.,4.7 Hz), 4.05 (2H, ddt, H-2, H-5, J,, 2.2 Hz, J,, 0.9 Hz), 4.54 (2H, dd, H-3, H-4); Oc
(CDCI ) -5.6 (q, Me,Si), 18.2 (s, Me,CS1), 23 5,239,249 3xt, cyclonexyhdene), 5.8 (q,
Bu'), 35.0, 37.2 (2 x t, cyclohexylidene), 64.1 (t, C-1, C-6), 81.7, 85.3 (2 x d, C-2, C-3, C-4,
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C-5), 114.0 (s, cyclohexylidene); m/z (NH,, DCI) 490 (MNH,"), 473 (MH", 100%). (Found
C,6086: H 10.15. C H O.Si reauires: C, 6097: H 10.23%)
Ty MR [ ¥ wl’ - etk e et s e

4.33. Methyl 2,5-anhydro-3,4-O-cyclohexylidene-D-allonate 3 8b.

4.33.1.

The silyl tetrahydrofuran 35b (90 mg, 0.23 mmol) was stirred in a mixture of acetic acid
(4 ml) and water (1 ml) at room temperature. After 24 h, t.l.c. (hexane:ethyl acetate, 1:1)
indicated the formation of a single product (R; 0.4). The solvent was removed, the residue co-
evaporated with toluene (2 x 5 ml) and purified by flash chromatography (hexane:ethyl
acetate, 1:1) to yield the tetrahydrofuran alcohol 38b (36 mg, 60%) as a colourless oil; [o],”
-58.3 (¢, 0.47 in CHCL); v,,,, (film) 3400-3200 (br, OH) 1741 (C=0) cm’; 8, (CDCL,) 1.39-
1.79 (10H, m, cyclohexylidene), 3.55 (1H, dd, H-6, J,, 3.7 Hz, J_ 12.6 Hz), 3.82 (3H, s,
Me), 3.85 (1H, dd, H-6’, J . 2.7 Hz), 4.40-4.43 (1H, m HS) 461 (IH d, H-2, J 3 1 Hz),
4.75 (1H, dd, H-4, J 60Hz J 16HZ) 4.86 (1H, dd, H-3); o, (CDCI) 23.5, 238 24.8,
34.5,36.7 (5 x t, cyclohexyhdene) 52.7 (q, Me0O), 63.1 (t, C-6), 82.0, 84 3,84.4,87.6 (4x
d, C-2, C-3, C-4, C-5), 114.4 (s, cyclohexylidene), 173.9 (s, C-1); m/z (NH DCI) 290
(MNH,"), 273 (MH"). (Found: C, 57.30; H, 7.47. C,;H,(O, requires: C, 57.34; H, 7.40%).

ML . 41 a. 1L /O ... N N1 o SIN Y et L e AN ~ N 1N JR 1
11C ULdIC 410D (64 11IE, U.41 IINOL) alld pOwSSIulll Caroondate (¥ Img, U.£L1) were Surrea
i A mathanal A4 1) ot ranrm tamnasatizesn 1ndas  sdtensan Afeane TN ¢1 A
jS81 U.ly Hicuianul =+ Hii) at i1vvul lllPCldtulC Uuiiuci llllUsC 1. A1l 11U 1, La.C.
(hexane:ethyl acetate, 1:1) indicated complete consumption of starting material (R, 0.5) and

-

the formation of a single product (R; 0.4). Acetic acid (0.5 ml) was added, the solvent
removed and the residue purified by flash chromatography Xane:e : ie

to

the alcohol 38b (52 mg, 94%) as a colourless oil, 1dent1ca1

4.33.3.

The tetrahydrofuran bicycle 39b (19 mg, 0.08 mmol) and potassium carbonate (11.5 mg,
0.08 mmol) were stirred together in dry methanol (2 ml). After 30 min, acetic acid (0.1 ml)
was added, the solvent removed and the residue purified by flash chromatography
(hexane:ethyl acetate, 2:1) to yield the tetrahydrofuran alcohol 38b (13 mg, 63%) as a
colourless oil, identical to the material described above.

4.34.
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1

The triflate 21b (50 mg, 0.13 mmol) and sodium acetate (53 mg, 0.64 mmol) were stirred
in dry DMF (3 ml) at room temperature under nitrogen. After 3 h, t.l.c. (hexane:ethyl
acetate, 2:1) indicated the formation of two products (R; 0.5 and R; 0.4). The solvent was
removed and the residue purified by flash chromatography (hexane:ethyl acetate, 3:1) to yield
the tetrahydrofuran bicycle 39b (14 mg, 46%, R; 0.5) as a white crystalline solid, m.p. 76-80
°C (ethyl acetate / hexane); [a],** +40.9 (¢, 0.64 in CHCL); v, (KBr) 1751 (C=0) cm™ ; §,
(CDCl,) 1.40-1.78 (10H, m, cyclohexylidene), 4.22 (1H, d H-6,J . 11.5 Hz), 444 (1H, 4,
4.1 Hz), 4.56 (1H, dd, H-6’, J__ 4.2 Hz), 4.65 (1H, s), 4.80-4.87 (2H m); . (CDCI,) 23.5,

> Y56

23.8, 24.6, 34.3, 35.5 (5 x t, cyclohexylidene), 69.7 (t, C-6), 77.6, 81.0, 81.9, 82.9 (4xd, C-
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2, C-3, C-4, C-5), 115.0 (s, cyclohexylidene), 165.8 (s, C-1); m/z (NH,, DCI) 258 (MNH,",
100%), 240 (MH 0) together with the tetrahydropyran bicycle 40b (8 mg, 26%)

identical to the materral described below.

4.35. 2,6-Anhydro-3,4-O-cyclohexylidene-D-altrono-1,5-lactone 40b.

The cyclohexylidene diol 18b (1.26 g, 4.8 mmol) and triphenylphosphine (1.92 g, 7.3
mmol) were stirred in dry THF (40 ml) at room temperature under nitrogen. Diethyl
azodicarboxylate (3.5 ml, 38% soln in toluene) was added and after 1 h t.l.c. (hexane:ethyl
acetate, 1:1) indicated the consumption of starting material and the formation of a major
product (R; 0.6). The solvent was removed and the residue purrfred by flash chromatography

(hexane:ethyl acetate, 2:1) to yield the cyclohexylidene tetrahydropyran mcycre 40b (813 mg,
69%) as a white crystalline solid, m.p. 204-205 °C (ethyl acetate / hexane); [a],> -43.8 (c, 1.1
in CHCL); v, (KBr) 1765 (C=0) cm™' ; 3, (CDCL) 1.39-1.74 (10H, m, cyclohexylidene),
3.78 (1H, d, H-6, J . 10.5 Hz), 4.03 (1H, dd, H-6', Jis 2.5 Hz), 436 (1H, dd, H-4, ], , 7.4 Hz,
J,s2.3Hz), 444 (1H, d, H-2,J,, 44 Hz), 4.59 (iH, dd, H-3), 4.85 (1H, m, H-5); BC' (CDCL)
23.5,23.7, 24.8, 33.9, 35.2 (5 x t, cyclohexylidene), 62.8 (t, C-6), 70.6, 72.4, 73.5, 73.6 (4 x
d, C-2, C-3, C-4, C-5), 112.1 (s, cyclohexylidene), 168.0 (s, C-1); m/z (NH,, DCI) 258
(MNH,*, 100%), 241 (MH"). (Found: C, 59.88; H, 6.67. CH O, requires: C 59.99; H,
6.71%).

4.36. 2,6-Anhydro-3,4-O-isopropylidene-D-altrono-1,5-lactone 40a.

mmol) were stirred in dry THF (4 ml) at room temperature ‘under nitro D1ethy1
azodicarboxylate (0.26 ml, 38% solution in toluene) was added and after 1 h, tl.c.
(hexane:ethyl acetate, 1:1) indicated the disappearance of starting material and the formation
of a major product (R; 0.5). The solvent was removed and the residue purified by flash
chromatography (hexane:ethyl acetate, 2:1) to yield the isopropylidene tetrahydropyran

bicycle 40a (44 mg, 60%) as a white crystalline solid, m.p. 190 192 °C (ethyl acetate /
hexane); [a],” -46.0 (c, 0.88 in CHCL); V0 (KBr) 1772 (C=0) cm’'; &y (CDCL) 1.37, 1.48

(bl‘l 2Xs, MCL),jBI(lHdHOJ IUDHZ),4U5(1H dd, H-6', J ZSHZ)437(1H
dd, H-4, J 74HZ J 22HZ) 444(1H d, H-2, J 44HZ),4()1 (1H, dd H-3), 4.85 (1H, t,
H-5); bC(CDCN)234 23.6 2 x q, Mg, 0), 62.5 (t C6) 70.3, 72.5, 73.7, 73.8 (4 x d, C-2,
C-3, C-4, C-5), 110.5 (s, CMe)), 168.6 (s, C-1); m/z (NH,, DCI) 218 (MNH,’, 100%).
(Found: C, 54.06; H, 6.01. CH O, requires: C, 54.00; H, 6.04%).

The isopropylidene diol 18a (80 mg, 0.37 mmol) and triphenylphosphine (144 mg, 0.55
ogen

4.37. 2,6-Anhydro-3,4-O-cyclohexylidene-D-altritol 41b.

The cyclohexylidene re[ranyaropyran Drcycle 40b (111 mg, 0.46 m oi) was dissolved in
dry THF (10 ml) and stirred at 0 °C under nitrogen. Lithium Dor()h /dride (0.46 ml, 2.0 M
solution in THF) was added and the mixture allowed to warm to room temperature. After 4
h, t.lc. (ethyl acetate) indicated complete consumption of startin marerial (R; 0.8) and the
formation of a single product (R; 0.2). Ammonium chloride (50 mg) was added carefully,
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4.38. 2,6-Anhydro-D-altritol 4 2.

The diol 41b (105 mg, 0.43 mmol) was stirred in a mixture of trifluoroacetic acid (4 ml)
and water (6 ml) at room temperature. After 12 h, tl.c. (ethyl acetate) indicated complete
consumption of starting material (R; 0.2) and the formation of a single product (R, 0.0). The
solvent was removed, the residue co-evaporated with toluene (2 x 5 ml) and then purified by
flash chromatography (ethyl acetate:methanol, 9:1) to yield the tetrol 42 (63 mg, 89%) as a
viscous gum; [a],™ -7.5 (¢, 0.72 in H,O)(Lit. -11.5 (¢, 4.85 in H,0))""; v, (film) 3600-3200
(br, OH) cm™; §, (D,0) 3.46 (iH, ddd, H-2,J ,4.0 Hz, J ., 8.0 Hz, J,, 1.0 Hz), 3.56 (1H, dd,
H-6,J 1.0 Hz, J . 12.7 Hz), 3.62 (1H, dd, H-1,J . 11.8 Hz), 3.69 (1H, d, J 3.4 Hz), 3.71
(1H, dd, H-17), 3.80 (1H, m), 3.85 (1H, m), 3.94 (1H, dd, H-6’, J, 2.2 Hz); 8. (CD,0OD)
61.6 (t, C-6), 68.8, 69.8, 70.1, 79.9 (4 x d, C-2, C-3, C-4, C-5), 70.9 (t, C-1); m/z (NH,, CI)
182 (MNH,"), 165 (MH", 100%).
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